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PREFACE 

There are plenty of books about emergency medi
cine (or accident & emergency medicine) so why 
have we written another one? 

Practical Emergency Medicine has been written to 
fulfil a particular need that no other currently avail
able book addresses. There are many excellent 
'pocketbooks' and there are a number of excellent 
highly referenced definitive multi-volume texts but 
no other medium-sized, profusely illustrated intro
ductory textbook is currently available. Practical 
Emergency Medicine has been designed to fill this gap. 

This book is designed principally for senior 
house officers seeking an introduction to the spe
cialty and a source of information during their 
early months in the emergency department, 
although it also contains more than enough mate
rial to be used as a reference by registrars and more 
senior staff. Because of the range of topics it covers, 
general practitioners will also find it useful. 

The text has been designed to be attractive 
and easy to read with maximum use of tables, key 
points, summary boxes and two-colour text. The 
information is presented in a manner intended to 
illuminate rather than overwhelm. We hope that 
readers will enjoy reading it as much as we have 
enjoyed preparing it. 

This is the first edition of Practical Emergency 
Medicine and if any reader notices any sins of omis
sion or commission, we would be most grateful if 
these could be brought to our attention for correc
tion in the future. 

Emergency medicine has a breadth and variety 
unmatched in any other specialty: we hope that 
this book conveys its fascination and becomes a 
valued aid in improving patient management. 

Ian Greaves 
Graham Johnson 
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PART ONE 

BASIC PRINCIPLES 





CHAPTER ONE 

CLINICAL ASSESSMENT AND 

DOC UMENTATION 

• Introduction 

• History taking 
• Mechanism of injury 

I NTRO DUCT ION  

The skills of taking a history and performing a 
clinical examination are the most important com
ponents of the accurate assessment that is a pre
requisite for correct diagnosis and appropriate 
treatment. Whilst in the relative calm and unhur
ried environment of a ward a doctor can usually 
take a detailed history and perform a complete 
examination before initiating treatment, medical 
staff in emergency departments often have to act 
rapidly in order to preserve life and prevent dis
ability. Even in patients with non-life-threatening 
injuries or illness, pressures of work in busy depart
ments dictate that only a brief assessment needed 
to define a plan of investigation and treatment is 
carried out. Within this space of time it is not only 
important to obtain information relevant to the 
patient's condition but a doctor-patient relation
ship needs to be established in which the doctor 
demonstrates that he is competent, caring and 
trustworthy. Documenting the clinical findings and 
subsequent investigation and treatment appropri
ately and in a concise format is also a skill that is 
new to a doctor starting work in an emergency 
department. 

This chapter examines the three areas of history 
taking, examination and documentation in relation 
to emergency department work. Each patient in 
each department requires a different approach but 

• Examination 

• Documentation 
• Further reading 

certain principles underlie safe and effective emer
gency medical care and these are emphasized. 

H ISTO RY TAK I N G  

The time and workload pressures in an emergency 
department determine that a more focused clinical 
history is obtained. More detail can be added later 
when this is required. The important components 
of an emergency department history can be remem
bered with the aid of the mnemonic AMPLE 
(Table 1 . 1 ) .  

Often a complete history is  not available from 
the patient and other witnesses to the illness or 
accident should be interviewed. The most import
ant of these is the paramedic who has transported 
a patient from the scene of their accident or illness. 
They can give vital information on the mechanism 
of injury (Fig. 1 . 1 )  that forms one part of the 
diagnostic jigsaw in the multiply injured patient. 

Table 1.1 :  The AMPLE history 

A Allergies 
M Medication 
P Past i l lness 
L Last ate or drank 
E Events and environment of injury or i l lness 



C L I N I C A L  A S S E S S M E N T  A N D  D O C U M E N TAT I O N  

Figure 1.1 :  A high-energy frontal road traffic accident. 

Similarly in the comatose patient, clues to diag
noses such as self-poisoning, hypothermia and 
carbon monoxide poisoning can be obtained from 
the ambulance service staff. The ambulance staff 
are, however, busy and if the correct questions are 
not asked early, vital information will be lost. The 
patient's friends and relatives are often not only 
witness to the accident or illness but may be able to 
give more information on a patient's general med
ical background. 

Listen to what the paramedics have to tell you. 

Additional details are often provided by or can 
be obtained from the patient's general practitioner. 
There may have been a recent contact with the 
patient which is relevant to the emergency depart
ment or details of past medical history or medica
tion that are important to the assessment and 
treatment of the patient. It is vital that the history 
obtained and documented by the triage nurse is 
carefully checked. Other aspects of the case may be 
brought to light, and at other times variations in 
the explanation of injury may lead to the suspicion 
of child abuse. 

ALLERG I E S  

Allergy may be the cause of a patient's presenta
tion to the emergency department or may influence 
the choice of treatment of their condition. The 
patient may be able to give a clear history of previ
ous allergic reactions but on occasions warning 

bracelets, pre-existing hospital records or history 
from the general practitioner or relatives may be 
the only clue. 

M ED ICATIONS  

Care should be taken to examine and document 
the medications being taken by a patient. These are 
not uncommonly the cause of the patient's pre
senting complaint or may indicate intercurrent 
disease or influence the physiological response to 
injury or illness. In conditions for which another 
doctor has already initiated treatment, the 
response to treatment may be helpful in determin
ing further therapy. 

PAST I LLNESS  

The past medical history should b e  determined, as 
the presenting complaint may be a new manifest
ation of an established disease. Previous episodes 
of similar symptoms and their course and subse
quent investigation and treatment may give clues 
to the nature of the current episode. 

LAST MEAL 

The time and content of the last meal or drink may 
determine the timing of treatment, particularly 
general anaesthesia. Many traumatic and non
traumatic emergencies result in gastric stasis and 
therefore carry a risk of vomiting and aspiration if 
the patient's level of consciousness is reduced. 
Measures to prevent this, for example by decom
pressing the stomach with a nasogastric tube, may 
be necessary. 

EVENTS AND E N V I RO N M ENT  

Whether the patient is presenting with an illness 
or injury the important components of the history 
are 'what happened and when?' In the first 
instance it is advisable to pose an open question 
allowing the patient to describe the circumstances 
of their illness or injury and the evolution of their 



symptoms. This can then be followed by a series of 
closed questions designed to search for specific 
features of the history of diagnostic importance to 
the doctor such as the radiation of pain, sweating 
and nausea which often accompanies ischaemic 
cardiac pain. 

Pain is the commonest presenting complaint 
in an emergency department yet due to its subjec
tive nature it is a difficult symptom to assess. In 
determining severity, a visual analogue score may 
provide a more objective measure of severity and a 

baseline to help assess the effect of intervention to 
reduce pain. The type of pain may be described 
by a number of adjectives but the site, radiation 
and factors that exacerbate and relieve the pain 
will give important diagnostic clues. The effect of 
analgesics taken or administered prior to arrival in 
the department may also give an indication of 
severity. 

M ECHAN I S M  OF IN JURY 

An understanding of the mechanism of injury will 
help predict the pattern of injury that will be found 
on subsequent examination and investigation. 

This applies both to relatively minor injury 
when the patient will usually be able to provide 
the required information (Table 1.2) but also to 
major injury when a reliable description of the 
mechanism of injury can often only be obtained 
from emergency services staff present at the scene 
of the accident (Table 1.3). 

A set of mechanisms of injury which predict 
serious injury (Table 1.4) are also recognized and 
when these are present, the doctor should be 
aware of the possibility of serious occult injury in 
an apparently well patient. 

EXAM I N AT ION (f I G .  1.2) 
The assessment of injury or illness in the history 
will allow the examination to be focused on spe
cific areas and systems for important positive and 
negative findings. It is rarely necessary to examine 
the patient completely other than in major injury 
when an absolutely comprehensive examination is 
in order to ensure that no injury is missed. 

E X A M I N AT I O N  

Table 1.2: Some mechanisms of injury and related 

patterns of injury 

Inversion injury of ankle Lateral ligament injury 
Fracture of lateral 

malleolus 

Flexion rotation 
injury to knee 

Fall on outstretched 
hand 

Bimalleolar fracture 
Tibial collateral ligament 

injury 
Medial meniscus tear 
Anterior cruciate 

rupture 
Greenstick fracture 

radius 
Calles' fracture 
Fracture of radial head 
Fracture of neck of 

humerus 

Table 1 .3 :  I njuries associated with specific 

mechanisms of injury 

Fall from height 

Frontal impact 
road accident 

Side impact 
car passenger 

Fractures of both calcanei 
Pelvic fracture 
Thoracolumbar spinal fracture 
Facial injuries 
Fracture sternum with blunt 

myocardial injury 
Fracture dislocation of hip 
Patellar fracture 
Spinal injury 
Side of impact chest injury 
Side of impact abdominal injury 

Table 1 .4: Mechanisms of injury associated with 

l ife-threatening injury 

Road traffic impact > 40 mph 
Fall greater than 2 m 
Ejection from vehicle 
Death in vehicle 
Pedestrian coll ision speed greater than 30 mph 

The process of examination starts at the first 
contact with the patient and important informa
tion can be gleaned from the patient's appearance 
and the way questions are answered. In all patients 
in whom a serious illness or injury may exist an 
initial assessment often called the primary survey 
is carried out (Chapter 4) . An appropriate response 
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Figure 1.2: Examining the victim of major multi

system trauma. 

to questions indicates that the patient has a clear 
airway, a good respiratory effort allowing them to 
talk and good cerebral perfusion allowing an alert 
mental state and orientated and appropriate 
responses. In the seriously ill or injured patient the 
detection of any life-threatening abnormality 
should be followed by attempts to correct it before 
the assessment moves on. 

Prior to the patient being seen by the doctor, the 
nursing staff will have often recorded a number of 
observations. These will usually be the baseline 
observations of pulse, temperature and blood 
pressure but will vary from case to case. In chil
dren a record of weight is vital to the correct calcu
lation of drug doses. The Glasgow Coma Score 
(p. 31) may also be recorded where there is 
actual or potential impairment of conscious level. 
Increasingly, a pulse oximeter reading is provided 
though in interpreting this it is important to know 
the amount of oxygen the patient was breathing 
at the time and appreciate the limitations of the 
technique. 

Examination of many emergency department 
patients involves assessment of musculoskeletal 
injuries. New senior house officers in emergency 
departments often have little experience of these 
injuries and as a result misdiagnosis and inappro
priate treatment are not uncommon. Each limb 
injury should be examined by looking, feeling and 
moving. 

Limb injuries - look, feel and move. 

The injury should first be inspected for bruis
ing, swelling and deformity. Wounds, both old 
and new, are also noted. Then the area should 
be palpated to localize tenderness and to assess 
circulation and nerve supply distal to the injury. 
Finally, movement should be assessed: initially 
active movement by the patient to determine the 
range of movement that can be achieved, followed 
by passive to detect abnormal movement as a 
result of major ligarnentous injury. 

DOCUMENTATI O N  

Good-quality clinical care requires good note
keeping. The ability to produce accurate yet con
cise documentation is an essential skill in emergency 
medicine. Patients may return to the department 
with unresolved problems and are then seen by 
other doctors. Without accurate notes of previous 
attendances, continuity of care is further ham
pered. The records may also be needed several 
years later in order to defend an allegation of med
ical negligence or provide evidence in criminal 
proceedings. Accurate records are therefore benefi
cial for both the patient and the doctor. Certain fea
tures are essential (Table 1.5) and are common to 
all cases but the actual content of the record will 
obviously largely vary with the content of the con
sultation. 

A large number of abbreviations are used in 
emergency department records (Table 1.6) and 
these may vary from department to department. 
Although sometimes humorous at the time, 
remarks and abbreviations that are insulting to 
patients should be omitted as the doctor may later 
be called to account for them. 

Various proformas have been produced in 
order to encourage accurate record-keeping in 
particular types of cases. These are particularly 
helpful in ensuring complete data collection in 
complex cases such as multiple injuries (Fig. 1.3); 
however, when printed on separate sheets these 
are often difficult to store and become separated 
from the patient's main record. All such inclusions 
should be securely attached to the patient's main 
record. 

While it is self-evident that all important posi
tive findings are recorded, it is also important to 
document potentially important negative findings. 
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Table 1 .5: Essential features of emergency 

department records 

Each entry is legible, timed and signed with the 
writer's name also printed. 

The notes should contain the history, examination, 
diagnosis, treatment and arrangements for further 
treatment. 

Discussions with and referrals to other doctors 
should be documented, including the other 
doctor's name. 

The investigations and their results should be 
noted. 

Recognized abbreviations ·are acceptable. However, 
write RIGHT and LEFT in full. 

Table 1.6: Commonly used abbreviations 

BID 
DID 
DNB 
DOA 
FB 
FDP 
FDS 
FPL 
FOO SH 
GCS 
HIA 
LoC 
NV 
PERL 
POP 
RoS 
SS 
TRIN 

Brought in dead 
Died in department 
Digital (or ring) block 
Dead on arrival 
Foreign body 
Flexor digitorum profundus 
Flexor digitorum superficialis 
Flexor pollicis longus 
Fall on outstretched hand 
Glasgow Coma Score 
Head injury advice 
Loss of consciousness 
Neurovascular 
Pupils equal and reacting to light 
Plaster of Paris 
Removal of sutures 
Steristrip 
To return if necessary 

Under most legal systems something that was 
not documented was not done. However, the 
production of many pages of meticulous notes 
about every patient with a minor injury will delay 
the care of other patients and frustrate a colleague 
who subsequently has to review the patient. 

Anatomical outlines are also available for use in 
indicating the location of injuries and are particu
larly valuable in the subsequent completion of 
police statements (Fig. 1.3). Information initially 
recorded in words ('a 2-cm laceration over the 
right eye . . .  ') should never be transcribed to a 
visual record on such an anatomical chart. 

D O CU M E N TAT I O N  

Examples of the application of these principles 
with good-quality documentation for patients 
with an acute myocardial infarction (Fig. 1.4), a 
minor head injury (Fig. 1.5) and a hand laceration 
(Fig. 1.6) are given below. Positive and negative 

findings which affect decision making with respect 
to investigation, diagnosis and treatment are 
included. 

The assessment of a patient with chest pain is 
focused on identifying life-threatening conditions 
that benefit from immediate treatment, principally 
acute myocardial infarction (Fig. 1.4) . The nature, 
duration and distribution of the pain are noted 
with a search for symptoms that commonly 
accompany cardiac pain, such as sweating and 
nausea. Examination focuses on situations that 
might complicate acute myocardial infarction or 
other potential diagnoses. Results of investigations 
are documented as is the treatment administered. 
It is particularly important to document the time 
thrombolysis was started for subsequent audit. 

The objective in the head-injured patient is to 
identify the seriously injured patient and a group of 
apparently well patients who are at increased risk of 
the subsequent development of an intracranial 
haematoma. In assessment of a head injury, the his
tory will elicit the mechanism of injury, duration of 
loss of consciousness and the development of 
symptoms such as headache and vomiting since the 
injury. Certain mechanisms of injury (falls) are asso
ciated with a higher incidence of intracranial haem
orrhage than others (road traffic accidents). Specific 
factors in the past medical history such as anticoag
ulation or a further recent injury may influence 
management. It is often necessary to elicit informa
tion from friends, bystanders and observers. 

The examination should include a description 
of the local signs of injury to the head, such as a 
scalp laceration or haematoma, and their position. 
The Glasgow Coma Score (recorded as its E, M and 
V components if not normal), the pupillary reac
tions and the presence of any focal motor neuro
logical signs are noted. A meticulous neurological 
examination will add no further information and 
will only delay management. The investigations 
performed (particularly skull X-ray) and their 
results are noted. If a decision is made to discharge 
the patient, the identity of the person who will be 
responsible for them after discharge should be 
recorded, as should the nature of the instructions 
given regarding return to hospital. 



Name _______ Age/D.O.B. ____ Date _____ Time of arrival _____ _ 

Address ______________________ NE No: ____ _ _ 

CAUSE TYPE OF INJURY DETAILS OF RTA PROTECTIVE DEVICES 

FALL> 2m D BLUNT D PEDAL CYCLIST D SEATBELT D 
FALL< 2m D PENETRATING D MOTOR CYCLIST D CHILD RESTRAINT D 
RTA D CHEST CRUSH D PILLION D HELMET D 
ASSAULT D BURN D VEHICLE DRIVER D AIRBAG D 
STABBING D INHALATION D FRONT PASSENGER D NONE D 
SPORT D JNTRUSTION D BACK PASSENGER D MODE OF ARRIVAL I 
COLL APSE D EJECTED D PEDESTRIAN D AMBULANCE D 

NAI D TRAPPED D SPEED MPH HELICOPTER D 
OTHER (STATE) ANY OTHER D OTHER (STATE) CAR D 

DEATH INVOLVED OTHER D 

PRIMARY SURVEY 

D AIRWAY 

H oNormal 

0 BREATHING 

ASSESSMENT 
0Normal Gag YIN 

0 Unconscious 
0 Facial fractures 

CERVICAL SPINE 
0 Suspect injury 0 Firm collar Din line traction 

I RR ON ARRIVAL . . . . . . . . . . . . . ........  ../min I 
0Trauma (blunVpenetrating) 
D Pneumothorax (open I closed I tension) 
0 Haemothorax 
0 Flail segment 

RESUSCITATION 
D Spontaneous 

Mask/mask+ airway ___ % 02 
0 Ventilated 0 ETT - size __ _ 
ON·G tube 

D Chest drain 
Left 
Size __ _ 

Righi 
Size ___ _ 

lsYSTOL/CBPONARRIVAL .............. mmHgl IV (1)-si/e ____ Size ____ _ 
0Haemorrhage IV (2)-site ____ Size ____ _ 

0 External Blood ordered Do Neg 
0 CIRCULATION O Internal O Chest I Time hrs / 0Grouped 

0Abdomen Ox-match 

D Pelvis OG + S 
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Figure 1.3: Trauma chart. 
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Figure 1.3: (Continued). 
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JONES 0439 
64y male 
I hour crushing central chest pain radiating neck and left arm 
Sweaty, SoB, Vomited x I 
Known angina 3 years 
GTN - no relief 

Other fit and well No allergies 
Meds GTN only 
Smokes 20/day 
Family history negative 

O/E 
Pale Sweaty 
P 76 BP 145/80 JVP normal HS 1+11+0 
Chest clear 
No oedema 
ECG Acute anteroseptal myocardial infarct 

Plan Aspirin 300 mg oral 
Diamorphine 5 mg IV 
Metoclopramide I 0 mg IV 
Streptokinase 1.5 megaunits in I h (0500 h) 
Refer Medicine (05 10 h) 

Sally Jones 
JONES 

Figure 1 .4: Sample documentation for chest pain. 

SMITH 1029 
23y male 
Playing football - clash of heads I h ago 
LoC < 30 s Not vomited. Local headache 
Normally fit and well. No other injuries 

O/E 
GCS 15 PERL Neuro intact 
Right parietal scalp haematoma 

For SXR 

DS 1 115 
SXR NBI 
Diagnosis Minor head injury 
Home with head injury instructions (with wife) 
TRI N 
Discharge I 120 h 

David Smith 
SMITH 

Figure 1 .5 :  Sample documentation for a patient with 

minor head injury. 

Most injuries presenting to emergency depart
ments occur to the limbs. The nature and time of 
injury should be recorded. Whether the patient is 
right- or left-handed is pertinent as even minor 
injuries to a dominant limb in the elderly can 
reduce their ability to live independently. In 
assessing a hand injury it is vital to document the 
position of any wounds and the results of a sys
tematic examination of each tendon and nerve 
which may be affected by the injury. 

DAVIES 1232 

F U RT H E R  R E A D I N G  11 

Laceration to right (non-dominant) wrist with glass 2 h ago. 
Tripped and fell through window 
No other injuries 

Tet. Immune 

O/E 

3 cm laceration transverse pa/mar aspect right wrist 

Palmaris /ongus tendon visible divided 

FDS intact all 4 digits 
FDP intact all 4 digits 
FPL intact 

Median nerve sensory - reduced 
motor - no contraction 

Ulnar nerve motor and sensory intact 
DD and elevate 
X-ray - ?FB 

DAVIES 
1320 

X-ray - no FB 
Refer Hands for exploration and repair median nerve ( 1325 h) 

Peter Davies 
DAVIES 

Figure 1 .6: Sample documentation for patient with a 

hand injury. 

Table I .  7: Variabil ity of fracture patterns with age 

Shoulder Elderly 
Young adults 

Elbow Adults 
Chi ldren 

Wrist Elderly 
Young adults 
Children 

Fracture neck of humerus 
Fracture clavicle 
Fracture radial head 
Supracondylar fracture 
Calles' fracture 
Scaphoid fracture 
Greenstick fracture of 

radius 

Certain mechanisms of injury, such as a fall on 
an outstretched hand, can be associated with a 
variety of bony injuries at different levels of the 
limb in a range of age groups (Table 1.7). 

FURTHER  REA D I N G  

Guly, H.R. (1996) History Taking, Examination and Record 
keeping in Emergency Medicine. Oxford University 
Press, Oxford. 



CHAPTER TWO 

INVESTIGATIONS IN 

EMERGENCY MEDICINE 

• Introduction 

• Radiology and imaging 
• Haematology 
• Biochemistry 
• Microbiology 

I NTRO DUCT ION  

Diagnosis in emergency departments, as in other 
areas of medical practice, is largely dependent on an 
adequate history and examination. Investigations 
should rarely play a major role and are not a substi
tute for good clinical technique. With the greater 
availability of more sophisticated tests, it is increas
ingly common to see patients submitted to a bat
tery of investigations which are unlikely to alter 
clinical care within the emergency department. As 
in treatment decisions, the selection of appropriate 
investigations should be based on sound evidence 
that they are likely to aid the diagnosis and treat
ment of the patient. The use of mmecessary inves
tigations costs the National Health Service money 

and causes delays to patient care. 

The indiscriminate use of investigations is no substi

tute for a careful history and examination. 

Therefore, in general, investigations should be 
limited to those that are likely to alter the immedi
ate management of the patient. On occasions when 
an intravenous crumula has been inserted it is sens
ible to remove blood for routine tests to save the 
patient from receiving a further venepuncture. 
However, these samples can then either be sent 
with the patient to the ward or be despatched to 

• Electrocardiography (ECG) 

• Near-patient testing 
• Other investigations 
• Further reading 

the laboratory but should not delay decisions 
on treatment. Other tests are either completely 
mmecessary or can be left to staff on the in-patient 
wards or in general practice to perform. 

Improvements in teclmology have resulted in 
the ability to provide mru1y tests at the patient's 
'bedside'. Simple tests such as urinalysis and 
blood glucose estimation have been accepted prac
tice for some time. Now many emergency depart
ments are able to carry out a wider battery of tests 
including sensitive pregnancy tests, blood gas 
analysis and simple haematological and biochemi
cal assays. Ready availability should not encour
age exces-sive use. 

The appropriate use of different types of inves
tigation is now addressed under the broad head
ings of radiology and imaging, haematology, clinical 
chemistry, microbiology, electrocardiography and 
near-patient testing. 

RAD I O LOGY A N D  I MAG I N G  

Most patients attending an emergency department 
will undergo a radiological investigation. Man_ 
expect to be X-rayed and may be dissatisfied if an 
X-ray is not requested. In order to expedite the care 
of patients with minor injuries many departments 
now train their triage nurses to request a limited 



range of X-rays prior to the patient being seen by a 
doctor. Diagnostic imaging is responsible for a 
major proportion of the population's radiation 
exposure and it is therefore appropriate that we try 
and limit radiological examinations to those that 
are necessary for the management of illness and 
injury. Some plain radiographs, such as lumbar 
and thoracic spine films, are associated with par
ticularly large radiation doses. 

Always ask - will this X-ray alter my treatment? 

Few junior doctors starting work in emergency 
departments have experience in interpreting radi
ographs and therefore missed abnormalities are 
common. Many radiology departments now have 
a 'hot reporting' service, which provides a report 
from the radiologist at the time the X-ray is per
formed. All hospitals should have a system 
whereby X-rays of patients discharged from the 
emergency department are subsequently checked 
by experienced radiologists. Any omissions of care 
can then be rectified by recalling the patient to the 
department. 

Increasingly robust and easily applicable guide
lines are being produced which can guide a doctor 
in making a decision about whether an X-ray is 
necessary. These aim to identify a group of patients 
needing an X-ray while reducing the numbers of 
X-rays performed. A well researched and proven 
example of these guidelines are the Ottowa ankle 
rules. In general, X-rays in trauma should only be 
performed where there is a history of significant 
injury which is accompanied by bone tenderness 
or significant bruising, swelling or loss of function. 
Examples of good X-ray requesting practice are 
included in the specific chapters. A good summary 
of indications for radiological examination is avail
able in a booklet entitled 'Making the Best Use of a 
Department of Clinical Radiology' published by the 
Royal College of Radiologists (see Further Reading). 

At the same time it has been recognized that 
certain X-rays are of little value, as they do not 
alter patient management even if they demon
strate a fracture. For example, nasal bone X-rays 
(Table 2.1) will not assess deformity, which is the 
main criterion for assessing whether a nasal injury 
needs further treatment. 

In order to achieve the maximal benefit from a 
radiology department it is vital that relevant clinical 
information is provided on the request card so 
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Table 2.1:  Unnecessary X-rays 

Nasal bone X-rays 
Rib views for chest trauma 
Lumbar spine X-rays in most young patients with 

atraumatic back pain 
X-rays of the minor toes for injury when no 

deformity is present 
Soft tissue neck X-rays for foreign body 
Skull X-rays with persisting reduced level of 

consciousness (CT needed) 
Erect abdominal films 

Table 2.2: Indications for emergency ultrasound 

Vaginal bleeding in pregnancy 
Suspected deep venous thrombosis 
Gynaecological pain 
Possible ruptured abdominal aortic aneurysm 
Irritable hip 
Abdominal pain ?cholelithiasis 
Scrotal pain 
Radiolucent soft tissue foreign body 

that the radiologist can understand the clinical prob
lem that needs resolution. If there is doubt about 
whether a radiological examination is likely to be 
helpful or which type of investigation is appropri
ate, discussion with a radiologist may prevent a 
pointless X-ray being performed. 

U LTRAS O U N D  

Access to a good ultrasonography service is an 
increasingly important part of an emergency depart
ment's diagnostic capability (Table 2.2). Ultrasound 
has the advantage of being portable, which allows 
it to be brought to the patient when the patient is 
too sick to go to the X-ray department. It also does 
not involve exposing the patient to radiation. An 
experienced operator is, however, required if good 
diagnostic accuracy is to be achieved, and few hos
pitals can supply a staffed 24-hour service. 

Most ultrasound investigations will be requested 
to investigate vaginal bleeding in pregnancy or 
pelvic pain in women. Increasingly, the investiga
tion of suspected deep venous thrombosis is carried 
out with ultrasound though in some cases further 
investigation may still be needed even if the scan is 
normal. 
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In children with a clinical diagnosis of irritable 
hip, ultrasound can detect the presence of an effu
sion in the hip joint and guide its aspiration. The 
aspirated fluid can than be examined with micro
scopy and cultured. Symptomatic relief is often 
good simply from removal of the fluid. Torsion of 
the testis is largely a clinical diagnosis; however, 
where there is uncertainty ultrasound can detect 
other intrascrotal pathology and colour Doppler 
techniques can be used to assess the blood flow 
through the affected testis. In trauma of the testis, 
ultrasound can also detect the degree of injury and 
determine whether surgery is indicated for disrup
tion of the tunica albuginea. 

Focused abdominal sonography for trauma 
(FAST) is increasingly recognized as a simple rapid 
tool for the investigation of intra-abdominal 
bleeding in trauma. Like other ultrasound studies 
it relies on the skill and experience of the operator. 

C O M P UTER IZED  TOMOGRAPHY (CT) 

CT scanning, especially of the head and the 
abdomen, is now more widely available than ever 
before (Fig. 2.1). Whilst it provides sensitive and spe
cific diagnostic information, transfer of the patient to 
the CT suite is necessary. Radiation doses from the 
examination are substantial. Patients, especially 
those who have potentially sustained major injury, 
should not be transferred to the CT scanner unless 
they have protected airways and are haemodynam
ically normal. The decision to carry out a CT scan 
should therefore be made by a senior doctor. 

Other early indications for the use of CT include 
the investigation of possible intracranial haemor
rhage. In these case the request for a CT mandates 
further investigation (lumbar purlcture) if the scan 
is normal. 

CONTRAST RAD I OGRAPHY 

There are few immediate indications for contrast 
radiography in the emergency department. 
Generally, patients will be submitted to these inves
tigations only after consultation with the relevant 
specialist. Radiation doses from investigations such 
as intravenous urography or arch aortography are 
particularly high. 

Figure 2.1 :  Abdominal CT scan showing a large 

retroperitoneal haematoma and non-perfusion of the 

left kidney. The patient had fallen on to h is abdomen 

and avulsed the kidney from the renal artery. 

HAEMATOLOGY 

Requests for blood counts outnumber those for 
other blood investigations but rarely alter patient 
management. On occasions this investigation 
unexpectedly detects anaemia and will give some 
information regarding its cause. More commonly 
it is the white-cell count that attracts interest. The 
presence of a leucocytosis in patients with abdom
inal pain, particularly when appendicitis is sus
pected, is widely sought by junior surgeons but is 
of little help in diagnosis and decision making. 
A raised white-cell count should raise the doctor 's 
index of suspicion that significant pathology is 
present but should not alone change decisions on 
treatment. 

An increasing proportion of the population 
takes anticoagulant drugs for a wide variety of 
indications. They not uncommonly present to 
emergency departments with problems related to 
the medication, particularly excessive bleeding 
either from minor injuries or into normal tissues. 
There should therefore be a low threshold for 
checking the patient's international normalized 
ratio (INR) as many will be fow1d to be over anti
coagulated and will need referral back to their 
supervising clinic. The INR should be in the thera
peutic range of 2.0-4.5. 



Table 2.3: Patients at risk of disseminated 

intravascular coagulation 

Trauma, particularly fol lowing massive transfusion 
Severe sepsis 
Post transfusion reaction 
Near drowning 

Other groups of patients requmng coagula
tion studies include those with liver disease and 
where disseminated intravascular coagulation is 
suspected (Table 2.3) . In the early stages of resus
citation it is good practice to assess coagulation 
to establish a baseline against which subsequent 
estimates can be compared. 

B IO C H E M I STRY 

Urea and electrolyte analyses are often requested 
on patients as part of a diagnostic screen. Again 
these investigations rarely result in change of man
agement, especially in previously fit patients with 
an acute illness. Blood sugar analyses from near
patient finger-prick testing are accurate and formal 
laboratory analysis adds little. 

Serum amylase is a valuable investigation in 
that high levels are diagnostic of acute pancrea
titis. However, in patients with chronic or acute 
relapsing pancreatitis the amylase level may 
remain normal. Amylase estimation also lacks sen
sitivity and specificity in the diagnosis of pancre
atic trauma. 

For patients who have taken overdoses, serum 
salicylate and paracetamol levels are valuable in 
determining treatment. There is, however, no value 
in taking these samples within 4 h  of ingestion. 
Otherwise 'drug screening' is not routinely per
formed, as there is no potential benefit to the man
agement of the patient. Similarly, estimations of 
serum ethanol levels, whilst popular in the United 
States, are not routinely performed and when 
required for forensic purposes should be taken by 
a police surgeon. Some departments provide stand
ard 'breathalysers' for the rough assessment of the 
level of intoxication. 

Arterial blood gas analysis has a valuable role to 
play in assessing the severity of illness in a number 
of groups of patients (Table 2.4). In interpreting the 
results of arterial blood gas analysis it is important 
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Table 2.4: I ndications for arterial blood gas analysis 

Post cardiac arrest 
Diabetic ketoacidosis 
Respiratory failure 
Overdoses (tricyclics, salicylate) 
Trauma in the head-injured patient 
Renal fai lure 

Table 2.5: Technical factors affecting results of blood 

gas analysis 

Time from sampling to analysis 
Presence of air in the syringe 
Excessive volume of heparin in the syringe 
Patient temperature 

Table 2.6: Arterial blood gas analysis - pH values 

If pH <7.35 acidosis is present 
If pH > 7.45 alkalosis is present 

to consider the patient's status when the sample 
was taken, particularly the inspired concentration 
of oxygen and whether the patient was receiving 
ventilatory support. If the sample is analysed 
within 15 min by the laboratory, precautions such 
as packing the sample with ice can be avoided. 
Other technical considerations in sampling which 
may affect the results are listed in Table 2.5. 

Sampling can be from either the radial, the 
brachial or the femoral artery. Radial artery sam
pling is painful for the patient and should be pre
ceded by an Allen test to ensure that the hand is 
not totally dependent on the artery for blood sup
ply. It is important to ensure that a minimum of 
3 min of constant pressure is applied to the punc
ture site and that normal distal circulation resumes 
after removal of pressure. Because of the small size 
of the radial artery there is a much higher failure rate 
when this vessel is used for blood gas sampling. In 
shocked patients the femoral artery should be used 
mtless there is an obvious contraindication. 

In interpreting the results the first priority is to 
determine whether the patient has an acidosis or an 
alkalosis (Table 2.6). The partial pressure of oxygen 
(Pa02) is then assessed but relative normality or 
abnormality can ortly be assessed with knowledge 
of the inspired oxygen concentration (Table 2.7). 
For example, a patient with a normal Pa02 despite 
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Table 2.7: Normal values i n  arterial blood gas analysis 

Pa02 9.3 1 - 1 3 . J kPa (70- 1 00 mm Hg) 
PaC02 4.5-6.0 kPa (34-45 mm Hg) 
Standard and actual 23-28 mmo1 1- 1 

bicarbonate 
Base excess 0 :±: 2.0 mmo1 1- 1 

Table 2.8: Causes of metabolic acidosis 

Lactic acidosis - shock, post-resuscitation 
Renal failure 
Diabetic ketoacidosis 
Drugs - salicylates 

Table 2.9: Causes of respi ratory acidosis 

Central respiratory depression - drugs, head injury 
Upper or lower airway obstruction 
Parenchymal pulmonary d isease 
I nadequate ventilatory mechanics -

haemopneumothorax, Guil lain-Barre syndrome 

breathing a high inspired concentration of oxygen 
has a significant problem. In assessing patients 
with chronic respiratory disease it is important 
to remember that an abnormal result may not 
represent an acute deterioration but their normal 
condition. 

The PaC02 represents the degree of alveolar 
ventilation. A high result suggests inadequate 
ventilation and a low result hyperventilation. The 
actual bicarbonate is derived from the pH and 
PaC02 whereas the standard bicarbonate is the 
value corrected for a normal PaC02 and tempera
ture and therefore reflects metabolic changes. The 
base excess is also a derived value, which represents 
the buffering capacity. 

In metabolic acidosis the pH is reduced and 
bicarbonate levels are low with a negative base 
excess and hyperventilation, resulting in a normal 
or reduced PaC02. Causes are given in Table 2.8. 

In respiratory acidosis (Table 2.9) the pH is 
decreased and the PaC02 increased as a result of 
reduced alveolar ventilation. In some cases meta
bolic compensation allows the pH to remain normal 
despite the carbon dioxide retention. The bicarbon
ate levels rise and the base excess is positive. 

In metabolic alkalosis there is an increase in 
plasma bicarbonate levels and a positive base 

Table 2. 1 0: Causes of metabolic alkalosis 

Alkali ingestion 
Repeated vomiting - pyloric stenosis 

Table 2. 1 I :  Causes of respiratory alkalosis 

Hyperventilation as a result of: 
Hypoxic drive 
Salicylate ingestion 
Anxiety 
Hyperventilation syndrome 
Therapeutic hyperventi lation (in head injury) 

Table 2. 1 2: The alveolar-arterial oxygen gap 

Alveolar-arterial oxygen gap = 

( 1 50 - 1 .25 X Measured PaC02) - (Measured 
Pa02) 

For a patient breathing room air 
Normal value < I  0 mm Hg in young patient 

<20 mm Hg in older patient 

excess either as a result of loss of acid from the 
gastrointestinal tract or from increased ingestion 
of alkalis (Table 2.10). The PaC02 may rise as the 
patient attempts to compensate by hypoventilation. 

With respiratory alkalosis, hyperventilation has 
occurred as a result of one of a number of factors 
(Table 2.11 ) .  The PaC02 is therefore reduced and 
there is a compensatory reduction in bicarbonate 
levels with negative base excess. 

It is not Lmcommon in critically injured or ill 
patients to see mixed pictures of blood gas abnor
mality. For example, following a prolonged cardiac 
arrest there is likely to be a mixture of respiratory 
acidosis as a result of carbon dioxide retention 
and metabolic acidosis as a result of a build-up of 
lactic acid. 

Arterial blood gases are also of use in the 
assessment of suspected pulmonary embolism. 
The alveolar-arterial oxygen gap (Table 2.12) can 
be calculated from the results of a blood gas analy
sis with the patient breathing air. A widened gap 
is suggestive of pulmonary embolism. However, 
this information should not be relied on alone to 
determine whether to discharge the patient or refer 
them for further investigation and treatment. 



M I C RO B IOLOGY 

In most clinical conditions presenting to emergency 
departments, treatment cannot be delayed for the 
results of bacterial cultures. Antibiotics are therefore 
often prescribed on the basis of an informed guess as 
to the nature of the causative organism and its sensi
tivity to antibiotics. This, however, should not deter 
the doctor from taking samples for microbiological 
analysis prior to treatment. This is particularly 
important in septicaemia as once antibiotics have 
been administered, subsequent attempts to identify 
the causal organism may be w1successfuL 

Diagnosis of infection may be made by examin
ing samples such as urine or fluid aspirated from 
a joint. Previously urine microscopy and Gram 
staining was a common examination in the evalu
ation of abdominal pain. As near-patient testing 
has improved, the microscope has been replaced 
by quantitative analysis of the contents of the urine, 
including protein, blood, leucocytes and nitrite. 
These tests accurately predict the results of urine 
microscopy in that samples negative for protein, 
blood and nitrite are also clear on microscopy. 
Routine microscopy can therefore be omitted in 
these cases. 

Microscopic examination of fluid aspirated 
from a joint is helpful in the diagnosis of inflam
matory arthropathies. Gram staining may detect 
organisms giving the diagnosis of septic arthritis. 
More commonly non-specific inflammatory reac
tions are seen, althoug0 when crystals are seen in 
the joint fluid the differential diagnosis is nar
rowed down to one of the crystal arthropathies. 

ELECTROCARD I O G RAPHY  ( E C G) 
Most obviously, ECG is used in the differential 
diagnosis of chest pain. It caimot be over-stressed 
that whilst a positive ECG may be diagnostic, a 
negative ECG cannot exclude the presence of an 
ischaemic cardiac process. It is important, espe
cially in the presence of continuing symptoms suo-
gestive of myocardial infarction, that the ECG �s 
repeated regularly. 

A normal ECG does not exclude ischaemic heart 

disease. 

N E A R - PAT I E N T  T E S T I N G  17 

Table 2. 1 3 : Indications for performing an 

electrocardiograph (ECG) 

Chest pain 
Undiagnosed dyspnoea 
Palpitations 
Col lapse of unknown cause 
Overdoses of cardioactive drugs 
Electric shock 

As with X-rays, mai1y jwuor doctors have little 
experience in interpreting ECGs and errors are not 
uncommonly made. Mai1y modem machines con
tain diagnostic software and interpret the reading 
but, similarly to an X-ray report, responsibility for 
correct interpretation of the investigation rests with 
the doctor treating the patient. If there is any doubt, 
a senior opinion should be sought. 

On occasions cardiac disease can present 
occultly, especially in the elderly. It is therefore 
wise to have a low tlu·eshold for performing this 
relatively cheap investigation, which causes no 
untoward side-effects {Table 2.13). Other than the 
changes of cardiac ischaemia the ECG will also be 
helpful in diagnosing cardiac dysrhythmias and 
acute pericarditis. More rarely electrolyte disturb
ances, pulmonary embolism, hypothermia, drug 
toxicity and intracerebral haemorrhage may cause 
characteristic changes in the ECG. 

N EAR-PATI ENT  TEST I NG  

Modem technology has allowed the analysis of 
blood and urine to be taken to the patient's bed
side. Tlus may include haematological and bio:hemical analysis ai1d blood gas analysis, though 
m most departments these tests are still performed 
in the laboratory. Urine testing is a simple investi
gation, wluch can be performed rapidly within the 
emergency department. As noted above, modem 
dipstick tests include an analysis of urinary iutrites 
and leucocytes and are highly sensitive in the diag
nosis of urinary infection. A normal dipstick test is 
strongly predictive of a normal microscopic exam
ination ai1d essentially rules out lower urinary 
tract infection in the differential diagnosis of 
abdominal pain. Urine analysis is a vital compon
ent of the investigation of a pyrexial child, although 
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Table 2. 1 4: Conditions detected by urine testing 

Urinary tract infection 
Ureteric colic 
Diabetes mell itus 
Trauma to the urinary tract 
Genitourinary malignancy 

collecting specimens from infants requires the use 
of a 'U bag' and an inevitable degree of contam
ination of the specimen. 

A list of conditions in which urine testing plays 
an important role in diagnosis in the emergency 
department is given in Table 2.14. 

More recently, bedside kits to allow testing for 
cardiac enzymes and D-dimers have become avail
able and it is likely that the next few years will see 
these assume a major role in the early diagnosis 
and exclusion of acute coronary syndromes and 
venous thromboembolic disease in the emergency 
department. 

OTHER  I NVEST IGAT I O N S  

The pregnancy test may be helpful in the differen
tial diagnosis of abdominal pain in women and the 

management of the complications of pregnancy, 
such as ectopic pregnancy. Tests are now available 
as kits, which can be used in the emergency depart
ment. These are extremely sensitive and give a 
positive result within a few days of the patient's 
first missed period. 

In carbon monoxide poisoning, carboxyhaemo
globin levels are a valuable aid to diagnosis. The 
presence of raised carboxyhaemoglobin levels indi
cates that the patient has been exposed to carbo 
monoxide. However, the level does not correlate 
well with the patient's clinical condition as a result 
of variations in the duration of exposure, time 
and treatment since removal from the gas. It is 
not therefore used in determining the need for 
treatment, particularly hyperbaric therapy (see 
Chapter 15). 
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CHAPTER TH R EE 

COMM UNICATION 

• Introduction 
• Communications with the ambulance service 

• General practitioners 

I NTRODUCT ION  

An emergency department is a unique environ
ment in which to practise medicine. In a short 
space of time a doctor needs to assemble all the 
pieces of information available to formulate a dif
ferential diagnosis of a patient's condition and 
plan investigation and treatment. Often the infor
mation required for diagnosis is not available from 
the patient and other sources such as paramedics, 
friends and relatives need to be interviewed. The 
expertise needed to provide optimal treatment is 
often only achieved by integrating the efforts of a 
number of professions, both medical and non
medical. The emergency department doctor is piv
otal in this process of integration of those involved 
in the past, present and future care of a patient and 
it is only by effective communication that optimal 
care will be achieved. 

C O M M U N I CATI O N S  WITH THE  
AMBULANCE  SERV I C E  

Good patient care requires a smooth transition of 
responsibility from prehospital care to the hospital 
environment. Local arrangements between the 
ambulance service and hospital will vary; however, 
some system for notifying the hospital in advance 
of the arrival of a seriously ill or injured patient 
is essential. This allows the hospital to assemble 
the personnel and resources needed to treat the 

• Referring patients to colleagues 

• Breaking bad news 
• Communicating with the police 

patient. Most obviously this will consist of a 
trauma team. 

In most areas, messages from the ambulance 
crew will be relayed through the ambulance con
trol room. Unfortunately, this often leads to distor
tions and delays. It is preferable and increasingly 
common to have the ability to talk directly to the 
crew via radio or a cellular phone. Experimental 
schemes of transmitting video pictures back to the 
hospital are being assessed. 

When the patient arrives in the department, the 
ambulance crew will often be under pressure to 
hand over the patient rapidly in order to release 
themselves for another call. The crew will have 
important information on the circumstances in 
which the patient was found, changes in their con
dition during the transfer to hospital and the treat
ment they have received. Failure to obtain that 
information early and effectively will lead to it 
being lost. The crew should also provide a patient 
report form with details of vital signs and the treat
ment administered (Fig. 3.1) .  

G EN E RAL  P RACTIT ION ERS  

The general practitioner (GP) provides the patient 
with access to medical services on a continuing 
basis. Communication is a two-way process and 
therefore consists of receiving and obtaining infor
mation from GPs about the patient and feeding 
back the results of consultations and investigations 
to help achieve continuity of care. The GP is often 
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Date: I I Call time 6 East Anglian Ambulance NHS Trust 
Location Arrival IN CONFIDENCE EAAT/ T 4 7 4 4 4  Depart 

Hospital TRAUMA Patient Report Form 
Call siqn: I Attendant: Address 
PATIENT I Surname Forename 

M I  F I 
d.o.b I I I GP: Cal l  Type: 0 999 0 G P  Urgent 
Relevant Medication I P M H  Bvstander Action: 

Drugs o Entonox 0 Failed Venous Access 

Type Dose Box # Route Time 
Allergies 

ASSESSMENT I Incident type: 
History I Mechanism of Injury 

: 
Secondary Survey Injuries 

� /I If RTA: 0 Pedestrian 0 Motorcyclist 
(..Jlxf?) 0 Driver 0 Front/ Rear Passenger fl 
O Airbag 0 Helmet D Seat belts ' f,'Jf\I IL \ � n�  if Trapped, for how lonq: � (� ;/'I � 0 Unconscious prior to arrival 0 Vomited 1 0 Fittinq prior to arrival 0 Alcohol \ PRIMARY SURVEY & INTERVENTION .� ( '� Airway 0 Clear D Obstructed ii I 
O OP 0 Nasal 0 ET Tube \ 
D Surgical 0 Suction Oxygen ___ % . . · I  /1i 
C-spine 0 Normal 0 Manual Control ""'u) �·� 
Breathing o Adequate R 0 Sounds 0 L C# Closed Fracture 

O Ventilated 0 Chest drain 0# Open Fracture L Laceration 

Circulation/ 0 External 0 Possible Internal B Burn (shade area) A Abrasion 

Bleedinq 0 None/ sliqht O Radial pulse (v/x) F Foreign body c Comusion 

IV fluid tvoe: I D ECG attached Arrhythmia: 
L size: __ I Vol. Time Vol. I Tim� COMMENTS 
R size: 
Disability D A  D V  D p D U  
SECONDARY SU RVEY & MANAGEMENT 

Time 
Pulse (rate I reqularity} 
Respiratorv Rate 
Blood pressure I I I 
Sp02 I Cap. refil l  (v/x) 
Response (GCS) Eye - /4 - /4 - 14 

Verbal /5 15 15 - - -
Motor /6 /6 /6 - - -
Total /1 5 /1 5 /1 5 

or Response (AVPU) A V P U  A V P U  A V P U  
Trauma score 
Pain score - / 1 0 - / 1 0 - I 1 0  
Skin colour I texture 
Skin temperature 
Pupils R L R L R L GP letter attached D 

Dilated 0 0 0 0 0 0 Condition unchanged during transport 0 
Normal 0 0 0 0 0 0 

Constricted 0 0 0 0 0 0 PATIENT DISPOSAL I Time I 
React? (v/x) D D D D D D Hospital: I Other: 

Immobil isation Signed 
0 Spinal Board 0 Ex. Device 0 Frac straps By Staff Nurse I Midwife I Doctor on behalf of hospital 

D Box 0 Cx. Collar D Traction Signed 
D Traction Other: By Paramedic I Technician of EAA T 

Figure 3.1 :  An ambulance report form. 



a vital source of information on the patient's past 
medical history, current medications and the cir
cumstances surrounding an illness. Therefore it is 
often important to talk to the GP when one of their 
patients presents to the department. 

Feeding back information to the GP can be 
achieved by a number of routes. Many modern 
emergency department computer systems have the 
facility to generate a letter giving brief details of the 
presenting complaint, investigation and treatment. 
For more complex cases this may be insufficient 
and further detail may need to be added to the let
ter or the GP contacted directly by telephone. 

REFERRI NG  PAT I ENTS  TO 
COLLEAG U ES 

The ability to make a good referral to a colleague 
from a different specialty is a vital component of 
the skills needed to work effectively in an emer
gency department. Doing this well involves giving 
an impression that you are competent and have 
assessed the patient thoroughly. The information 
needed should be communicated succinctly and 
fluently. 

Few people have the ability to summarize a 
complicated case instantly without at least a few 
moments of preparation. It is therefore always 
worth mentally rehearsing the way the case is to 
be presented. The referral should be succinct but 
comprehensive. A framework for this is given in 
Table 3.1.  The referring doctor in particular must 
be clear about what is required of the doctor 

Table 3 . 1 :  Framework for a referral 

I ntroduce yourself and confirm the identity of 
the person you are talking to 

Tell them what you want (advice, to see the 
patient, admit the patient) 

Identify the patient and their age 
Presenting complaint 
Significant past history 
Positive examination findings 
Relevant results of investigation 
Treatment given in emergency department 
Diagnosis or differential diagnosis 
What further investigation or treatment is required 
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receiving the referral (advice, an opinion or admis
sion) and why that is necessary. 

The time of the referral, and the name of 
the doctor to whom the patient has been referred, 
must be recorded in the notes; the grade of doctor 
should also be recorded. 

B REAKING  BAD N EWS 

Death, major injury and serious illness can strike 
randomly and unpredictably. The relatives of 
patients called to an emergency department are 
often placed in a situation for which they are com
pletely unprepared. Communicating with rela
tives is an important part of managing a patient 
but the suddenness and often h·agic nature of the 
events presents special difficulties. Few doctors 
receive adequate training in breaking bad news. It 
is an unpleasant task for the medical and nursing 
staff but one that if done badly will add further 
distress both to the relatives and to the inexperi
enced staff responsible. Although there is no single 
correct way to perform this task, a number of gen
eral points should be considered (Table 3.2). 

The relatives of deceased or seriously ill patients 
will usually be shown to a specially designated room 
where a senior nurse will look after them. This nurse 
will therefore have had some opportunity to get to 
know the relatives and assess tl1eir expectations. 

Table 3.2: Breaking bad news 

Prepare yourself, remove bloodstains, gloves, 
aprons and masks 

Confirm the identity of the patient and the relatives 
Find out about the relatives from the nurse who 

has sat with them 
On entering the room position yourself close to 

the next of kin and at eye level 
I ntroduce yourself, establish eye contact with 

everyone 
Confirm the identity of the relatives and friends 
Be honest and unambiguous. Clarify and repeat 

the news if necessary 
Allow time for the relatives to react 
Be empathic and concerned. Touch or hold the 

relative 
Do not rush 
Make yourself available for further questions later 
Contact the coroner and GP 
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Table 3.3: Reactions to bad news 

Denial 
Anger: 
Guilt 
Distress 
Neutrality 
Acceptance 

Prior to entering a room to speak to relatives 
in these circumstances it is important to find out 
to whom you are to speak and what they may 
already know about their relative's condition. It is 
wise to sit close to the nearest relative and make 
eye contact whilst introducing yourself and confirm 
that you know their relationship to the patient. In 
such a stressful situation the relatives will only take 
in a small proportion of what is said to them. The 
patient's current condition should be explained 
early and in unambiguous terms. Use phrases such 
as 'I am sorry your husband has died'. Avoid using 
euphemisms such as 'we've lost him' or 'he has 
passed on'. These only produce periods of uncer
tainty and confusion. Similarly, trying to support 
the relatives by offering ideas such as 'at least he is 
at peace now' is inappropriate. The relatives feel 
only their loss and there is rarely any consolation 
in bereavement. 

The initial intensity of the relatives' reaction is 
rarely what is anticipated and any one of a number 
of emotions may occur, alone or in combination 
(Table 3.3) . Guilt, that some omission on the part 
of the nearest relative has resulted in the tragedy, 
is a common emotion and it is usually appropriate 
to provide reassurance that nothing would have 
changed the outcome. There will often also be ques
tions about the mode of death and whether the 
patient was aware or suffered. In most emergency 

Table 3.4: Revealing patient details to the police 

With the patient's consent 
Following a road traffic accident 
When a patient is suspected of a serious criminal 

offence 

department situations with sudden death, it is 
often the case that the patient experienced no prior 
distress. 

Always give the impression of having plenty 
of time, even if you do not. Allow periods of 
silence for the relatives to absorb the news and 
produce questions. Be prepared for questions con
cerning the possibility of organ donation and the 
procedures that are to be followed with respect to 
investigation of the death. 

C O M M U N I CATI N G  WITH THE  P O L I C E  

Emergency department work inevitably regularly 
interfaces with that of the police. Historically, the 
two have enjoyed good relations but on occasions 
this is strained by a perception that the police are 
trying to breach patient confidentiality and that 
the hospital is obstructing the police. The doctor 's 
first duty is to his or her patient and confidential
ity must be maintained, except in specific defined 
circumstances (Table 3.4) . Following a road traffic 
accident the police are entitled to be told the 
patient's name, address, age and a brief descrip
tion of the injuries and their consequences. In the 
event of the police requesting information in the 
investigation of a serious criminal offence (e.g. rape, 
murder) the matter should be dealt with between 
senior doctors and police officers. 



CHAPTER F O U R  

APPROACH TO THE TRA UMA 

PATIENT 

• Introduction 
• The ATLS approach 
• Organizing a response 

• The primary survey 

• Monitoring, tubes and in itial radiographs 

I NTRODUCT ION  

Trauma is the leading cause of death in the first 
four decades of life. It is also responsible for maim
ing many young people in their most productive 
years. Historically, severe trauma has been poorly 
managed in the UK. When the Royal College of 
Surgeons of England studied trauma deaths in 1988 
they found that up to a third of deaths were poten
tially avoidable and produced a series of recom
mendations for the future development of trauma 
management (Table 4.1) .  Patients were dying as a 
result of easily treatable conditions such as airway 
obstruction and tension pneumothorax, or because 
the presence of haemorrhage was either not recog
nized or inadequately treated. 

In the 10 years since the report on the manage
ment of major injuries, the treatment of the severely 
injured has improved. One component of this 
improvement has been the introduction to the UK 
from America of the Advanced Trauma Life Support 
(ATLS) course. This teaches a didactic prioritized 
system of assessment and resuscitation of the 
patient in the first hour after injury (Table 4.2) 
which has now become the benchmark for the 
early management of patients with severe injury 
in the UK. 

• The trauma history 
• The secondary survey 
• Transfer to definitive care 
• Other considerations 
• Further reading 

THE ATLS A P P ROACH 

The assessment and management of the h·auma 
patient requires the rapid identification and correc
tion of life-threatening injuries. Attention is focused 
first on those conditions that are most rapidly fatal. 
Therefore the airway is opened and protected 
whilst immobilizing the cervical spine. Major life
threatening breathing abnormalities are identified 
and corrected. The presence of shock is sought, any 
bleeding controlled and intravenous fluid infusions 
started. A brief assessment of neurological status is 
performed and the patient is fully exposed but 
protected from hypothermia. This initial sequence 
of assessment and management is known as the 
primary survey (Table 4.3). The primary survey is 
regularly revisited to ensure that any interventions 
performed have corrected the problem and that 
there has been no deterioration. 

The aim of the primary survey is to identify and 

correct immediately l ife-threaten ing conditions. 

Once immediately life-threatening conditions 
have been treated and resuscitation commenced, 
a more detailed secondary survey is carried out to 
detect all the patient's injuries, no matter how 
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Table 4. 1 :  Recommendations for the development 

of trauma services 

Multid isciplinary team approach to the 
management of major i njury 

Increased consultant involvement in patient 
management 

Improved training for ambulance crews 
Adoption of Advanced Trauma Life Support 

courses 
National audit of trauma outcome 

Table 4.2: Assessment and management of the 

trauma patient 

Primary survey 
Resuscitation 
Secondary survey 
Re-evaluation 
Transfer 
Definitive care 

Table 4.3: The primary survey 

Airway with cervical spine control 
Breathing 
Circulation with haemorrhage control 
Disability 
Exposure and environment 

minor. Even relatively minor injuries can result in 
life-long disability if not recognized and treated 
early. Assessment may be rendered difficult by the 
presence of other injuries or the use of drugs or 
alcohol that impair the patient's ability to co-operate 
with examination. Early screening radiographs are 
taken and monitoring devices used to give objec
tive estimates of the patient's progress. 

Primary survey and resuscitation take place 

simultaneously. 

O RGAN IZ ING  A RESPONSE  

The most critical period for any severely injured 
patient is the first 60 min from the time of injury -
the so-called 'golden hour ' .  Within this time the 

patient should receive initial management at the 
scene of the accident from paramedics, be trans
ported to a hospital capable of dealing with their 
injuries and be receiving definitive treatment for 
life-threatening injuries. The shorter the time to 
the initiation of definitive care, the better the sur
vival rate. 

The optimal management of the multiply injured 
patient is a complex task that requires a co-ordinated 
approach from a team of senior doctors experienced 
in the management of these patients. These cases 
should not be managed by unsupervised junior 
doctors. Most hospitals in the UK now have a formal 
response to trauma in the form of a trauma team. 
This usually consists of emergency, orthopaedic, 
anaesthetic and general surgical specialists who 
are summoned to the resuscitation room when 
a severely injured patient is being received or is 
expected. In the hospitals achieving the best 
results in trauma care, consultants are directly 
involved in providing this care at all times. At its 
most effective the trauma team works to a prede
fined plan of assessment and management under 
the control of a team leader. 

Preparation for the arrival of the patient should 
involve the arrival of the members of the trauma 
team in the resuscitation room (Table 4.4). On the 
basis of information from the ambulance service 
it is often possible to anticipate which specialties 
will be required. A designated team leader should 
allocate areas of responsibility to each member 
of the trauma team but will ideally remain a 
'hands-off' observer who directs the process of care. 
Other technicians and specialties may need to be 
alerted. Specifically, the radiographer, radiologis t 
and the blood-bank technician will usually be 
required. 

Each member of the team must take precautions 
to protect themselves against the spread of viral 
diseases such as human inununodeficiency virus 
(HIV) and hepatitis from tl1e patient by blood con
tamination (Table 4.5). There is no time when a 
patient is received to attempt to assess the risk they 
pose to carers, and it should therefore be assumed 
that they carry viral diseases and appropriate pro
tective precautions should be taken. Each member 
of a trauma team must be immunized against hepa
titis B. All staff should also, as a minimum, wear 
gloves, an apron and eye protection and should 
be responsible for the safe disposal of any sharps 
they use. 



Table 4.4: Composition of a trauma team 

Emergency consultant, registrar and SHO 
Orthopaedic consultant and registrar 
General surgery registrar 
Anaesthetic registrar or consu ltant 

Table 4.5: Viral diseases with potential for 

transmission to healthcare workers 

Hepatitis B 
Hepatitis C 
Human immunodeficiency virus (HIV) 

THE PR I MARY S U RVEY 

The primary survey is a prioritized process of 
assessment and resuscitation. Once identified, each 
immediately life-threatening abnormality must be 
corrected before moving on with the assessment. If 
only a single doctor is present this is done sequen
tially; however, with multiple doctors acting under 
the control of a team leader, the process is accom
plished more rapidly simultaneously. 

Any immediately l ife-threatening abnormal ity must 

be corrected before assessment continues. 

AIRWAY WITH C E RV ICAL  S P I N E  
CONTROL 

An occluded airway will kill a patient in 3 min. 
Some techniques used to open the airway also move 
the cervical spine. Although cervical spine injury is 
present in only a small percentage of patients with 
major injuries, movement of the cervical spine in 
opening the airway may damage a previously intact 
spinal cord rendering the patient paraplegic or 
quadriplegic. 

The safest policy is therefore to assume a cervical 
spine injury is present in any patient w1til it can be 
proved otherwise. Therefore the cervical spine is 
immobilized, initially by manual in-line immo
bilization (Fig. 4.1) and later by a semi-rigid cervical 
collar with sandbags and head tapes (Fig. 4.2). 
This immobilization is left in place until a suitably 
experienced clinician, often with the help of a 
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Figure 4. 1 :  Manual inl ine cervical immobil ization. 

Note that the ears are not covered in order to 

preserve the patient's hearing. 

Figure 4.2: Cervical immobil ization with collar sand 

bags and tape. 

complete set of adequate X-rays, clears the cervical 
spine as normal. 

Adequate cervical control requires a well-fitting 

semi-rigid cervical collar, sandbags and head tapes. 

Manual in-line immobil ization may be used instead of 

any or all of the above. 

All traumatized patients should be given oxy
gen at the maximal concentration possible from 
the earliest point in their treatment. This requires 
the use of a well-fitting oxygen mask with a reser
voir bag and the wall oxygen supply at 15 l min-1 .  
Oxygen masks without reservoir bags and devices 
such as nasal prongs are inadequate. 

Assessment of airway patency is accomplished 
by speaking to the patient and then listening to air 
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Table 4.6: Airway management techniques 

Removal of foreign bodies and suction 
Simple airway manoeuvres - chin lift, jaw thrust 
Airway adjuncts - oropharyngeal airway, 

nasopharyngeal airway 
Definitive airway - orotracheal intubation, 

nasotracheal intubation, 
needle or surgical 

cricothyroidotomy 

movement. A patient who can vocalize normally 
has, by definition, a clear airway. One with noisy 
breathing has a partially obstructed airway and 
one who is not breathing may have a completely 
obstructed airway. Failure to manage airway 
obstruction adequately is a result of either failure 
to recognize that a problem exists or failure to 
relieve a recognized obstruction effectively. 
Although it is always wise to involve an anaes
thetist in the management of airway problems, 
there may be some delay in their arriving. Once 
an airway problem is recognized, action to relieve 
it must start immediately. It is therefore essential 
that every doctor managing trauma patients is able 
to perform the techniques described in Table 4.6. 

Initially, simple interventions are used and the 
response to these assessed. The mouth is searched 
for obstructing foreign bodies and suction with a 
Yankauer catheter is used to remove any blood or 
secretions. 

If this fails to correct the airway obstruction 
simple airway manoeuvres are tried. The com
monest cause of airway obstruction is the tongue 
occluding the airway by falling on to the posterior 
pharyngeal wall. Simple airway manoeuvres are 
designed to pull the tongue away from the pha
ryngeal wall. This is done by lifting the mandible 
forwards. Since the tongue is attached to the 
mandible the tongue will also be lifted forwards. 
Of the two techniques available jaw thrust is pre
ferred, as it tends to move the cervical spine less 
than the chin lift manoeuvre. In jaw thrust fingers 
are placed behind the angles of the mandible and 
the jaw is pushed upwards. The patient is then 
reassessed to see if the manoeuvre has corrected 
the airway obstruction (Fig. 4.3) . 

If simple airway manoeuvres are unsuccessful 
or obstruction recurs when the airway manoeuvre 
is released, then the next step is to try simple airway 
adjuncts. These are the oropharyngeal (Guedel) and 

Figure 4.3: The jaw thrust manoeuvre. 

Figure 4.4: Oropharyngeal (Guedel) and 

nasopharyngeal airways. 

nasopharngeal airways (Fig. 4.4). The former is 
more widely used though the latter is gaining 
increasing popularity. 

The oropharyngeal airway is designed to fit 
over the tongue and keep the tongue off the pos
terior pharyngeal wall. It will normally only be of 
benefit in maintaining an improvement produced 
by one of the simple ain\'ay manoeuvres. The air
way needs to be sized b; measuring the length of 
the airway against the distance between the inci
sors and the angle of the jaw (Fig. 4.5). There 
are two methods of insertion. Most commonly the 
airway is initially inserted with its convex aspect 
towards the tongue. When the soft palate is reached 
it is rotated through 90° and inserted fully. Alter
natively, the tongue is held down with either a 
tongue depressor or a laryngoscope blade and the 
airway inserted directly with its convex surface 
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Figure 4.5: Sizing an oropharyngeal airway. 

towards the palate. The airway may not be tolerated 
by patients who retain their protective airway 
reflexes and may provoke vomiting. 

The nasopharyngeal airway is gaining popular
ity as it is better tolerated by patients and is par
ticularly useful in cerebrally irritated patients 
when the mouth cannot be opened. However, its 
use should be avoided in patients with potential 
frontal basal skull fracture, where there is a risk of 
the airway passing through the cribriform plate 
into the cranium. Similarly to the oropharyngeal 
airway, it works by keeping the tongue off the pos
terior pharyngeal wall. The airway is sized by 
comparison with the nostril. The airway is lubri
cated and inserted into the nostril that appears 
largest. It should be remembered that the air pas
sage through the nose passes directly backwards 
and not upwards to the nasal bridge. The airway is 
therefore passed gently backward using its curve 
to pass over the upper aspect of the soft palate and 
into the oropharynx. Prior to insertion, a safety pin 
is passed through the flange of the airway to pre
vent it being aspirated. Once inserted, the airway 
is reassessed to determine if the intervention has 
relieved the obstruction. 

The next stage of the hierarchy of airway inter
vention is the provision of a definitive airway. This 
involves the insertion of a (usually cuffed) tube 
into the trachea. This may be carried out through 
the anatomical routes of the mouth (oral endo
tracheal intubation) or the nose (naso-endotracheal 
intubation) .  Alternatively, it may be necessary to 
surgically create a passage into the trachea . The 
recommended technique for this is cricothyroid
otomy, which may involve the passage of a cannula 
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(needle cricothyroidotomy) or a tube (surgical 
cricothyroidotomy) through the cricothyroid 
membrane. 

The commonest route for insertion of a definitive 
airway is oral endotracheal intubation. This often 
requires the use of muscle relaxant drugs by some
one experienced in their use (usually an anaethetist) 
but on occasions it may be desirable to intubate 
the trachea in a deeply unconscious patient prior to 
the arrival of an anaesthetist. The technique is best 
learnt from an anaesthetist in theatre, having gained 
some familiarity with the equipment and technique 
by using an intubation manikin. 

Naso-endotracheal intubation in trauma is per
formed blind in that the larynx is not visualized 
with a laryngoscope during the procedure. It has 
the advantage of causing less movement of the cer
vical spine and being better tolerated by patients 
who have not been anaesthetized. The tube is 
directed towards the laryngeal inlet by listening to 
the sounds of the patient's spontaneous respiration 
at the tip of the tube. Although there are many 
enthusiasts for this technique who successfully util
ize it in the USA, it has failed to gain popularity 
in the UK and should not be practised by non
anaesthetists. 

The surgical techniques for inserting a definitive 
airway are used when the airway cannot be opened 
by other means. This therefore often follows a failed 
attempt at endotracheal intubation. It is particularly 
useful when the larynx cannot be identified on 
laryngoscopy, as in major maxillofacial trauma, or 
when a tube caimot be passed through the laryngeal 
inlet, as in severe inhalation burns. 

N EEDLE  CR ICOTHYROI DOTOMY 

The simple teclmique o f  passage o f  a large-calibre 
intravenous cannula through the cricothyroid 
membrai1e into the airway allows the supply of 
some oxygen (Fig. 4.6) . This is carried out by 
attaching the cannula to a wall oxygen supply by a 
piece of oxygen htbing. By cutting a side hole in 
the oxygen tubing and covering the hole for 1 s and 
uncovering it for 4 s, jet insufflation (but not venti
lation) is performed. This buys time until an air
way can be formally established. Although oxygen 
is insufflated, relatively little expiration of carbon 
dioxide occurs and the patient becomes increas
ingly hypercapnic. 
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Figure 4.6: Needle cricothyroidotomy. 

It is essential to remember that needle cricothy
roidotomy will be ineffective when the threat to 
the airway is from major haemorrhage from facial 
injuries. 

SURG I CAL C R I C OTHYROI DOTO MY 

A more effective technique is to formally open the 
airway tlu·ough an incision into the cricothyroid 
membrane. A tracheostomy tube (or even a size 6 
endotracheal tube) can then be inserted through 
the incision to allow ventilation. In practice, this 
teclmique of surgical cricothyroidotomy often takes 
no longer than needle cricothyroidotomy. Formal 
surgical cricothyroidotomy will protect the airway 
from haemorrhage from above (Fig. 4.7) .  

C O N F I R M I N G  E N D OTRACH EAL TUBE  
P LAC E MENT  

Following insertion of a definitive airway i t  is 
vital to check the position of the tube (Table 4.7). 
Malpositioning of the tube in the oesophagus will 
rapidly result in hypoxia and death. Visualizing 
the tip of the tube passing through the vocal cords 
is an important component of this assessment. 
The chest movements should be assessed and the 
thorax auscultated to ensure equal air entry on 
both sides. Passage of the endotracheal tube too far 
through the vocal chords is most likely to intubate 
the right main bronchus which lies more vertically 
than the left. Unequal air entry is suggestive of 

(a) 

(b) 

Figure 4.7: Surgical cricothyroidotomy. 

Table 4.7: Confirming endotracheal placement 

Auscultate over the lung apices and in the axillae 
Auscultate over the epigastrium 
Check for equal chest expansion 
Apply end-tidal carbon dioxide detector 

either endobronchial insertion of the tube or intra
thoracic pathology. The endotracheal tube should 
be attached to an end-tidal carbon dioxide moni
tor. The presence of carbon dioxide in the expired 
gases is a strong indicator of correct tube place
ment. If a chest X-ray is subsequently taken, this 
can also be used to check that the tube has not 
inadvertently been inserted into the right or left 
main bronchus. Pulse oxirnetry will also give an 
objective assessment of the state of oxygenation 
and, following insertion of a definitive airway and 
ventilation with high concentrations of oxygen, 
saturation should be near 100%. 



B REAT H I N G  

After the airway has been secured, attention is 
turned to the identification of immediately life
threatening chest conditions. Major chest injuries 
result in both hypovolaemia and hypoxia until 
corrected. The immediately life-threatening con
ditions are recognized by clinical examination 
without the need for radiology. The technique for 
assessing the chest is the same as in any clinical 
examination, but the limitations imposed by carry
ing out the examination in a noisy environment 
with a patient who is often unable to co-operate 
are accepted. The first stage is to look at the visible 
thorax for wounds, bruising and abrasion, and to 
assess the presence and symmetry of chest move
ment. Paradoxical respiratory movement suggest
ive of flail chest may also be seen. Palpate the 
chest for surgical emphysema and the position of 
the trachea. The chest is then percussed and 
auscultated for breath sounds and heart sounds. 
Added information may be obtained from looking 
at the jugular venous pulse. 

The six immediately life-threatening conditions 
that may be detected and need treatment in the pri
mary survey (Table 4.8) are described elsewhere. 
The methods of treatment are usually simple and 
consist of decompressing the pleural or pericardial 
spaces with either a chest drain or a needle, admin
istering supplemental oxygen and initiating fluid 
replacement. The goal is the correction of hypoxia 
and hypovolaemia. Definitive treatment in the 
form of a thoracotomy to control bleeding may be 
necessary in a minority, but in most cases specialist 
involvement is not required. 

C I RC U LAT I O N  WITH HAEMORRHAG E 
CONTROL 

Shock in a trauma patient i s  haemorrhagic until 
proven otherwise. 

There are a number of causes of shock (Table 4.9) in 
a trauma patient, although it should be presumed 
that the cause is haemorrhage and hypovolaernia 
w1til proven otherwise. The failure to recognize a 
patient who is hypovolaemic as a result of haem
orrhage and to provide adequate surgical control 
of bleeding was one of the main causes of avoidable 
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Table 4.8: Immediately l ife-threatening chest 

injuries detected in the primary survey 

Airway obstruction 
Tension pneumothorax 
Open pneumothorax 
Massive haemothorax 
Flail chest 
Cardiac tamponade 

Table 4.9: Causes of shock in a trauma patient 

Haemorrhagic 
Non-haemorrhagic: 

Cardiogenic 
Neurogenic 
Septic 

death found in the Royal College of Surgeons report 
on the Management of Major Injuries. Again, assess
ment techniques in the primary survey are those 
of simple clinical examination. The pulse rate and 
volume are assessed. The adequacy of the periph
eral circulation can be assessed by noting the capil
lary refill in the nail beds. More subtle factors such 
as changes in mental state also add to the diag
nosis of shock, especially in its early stages when 
the more obvious clinical signs may be absent. 
Blood pressure is not an essential component of this 
assessment as it may only fall when the patient has 
already lost a third of their circulating blood vol
ume. Hypovolaemia is better detected in its early 
stages before hypotension occurs, though the early 
signs are subtle. The physical signs of shock may 
be approximately correlated with the percentage 
loss of circulating blood volume (Table 4.10).  

Increasing emphasis is placed on the control 
of haemorrhage in the management of shock 
(Table 4.11) .  While it is possible to normalize the 
haemodynamic variables by infusing large vol
umes of crystalloid or colloid solution, it is better 
to preserve the patient's own red cells by pre
venting further bleeding. The clinician must there
fore formulate a differential diagnosis of potential 
sites of bleeding in the shocked patient and inves
tigate appropriately. Haemorrhage control may be 
achieved simply by applying local pressure to a 
bleeding wow1d (the use of tourniquets or clips is 
frowned upon). However, the control of haemor
rhage from a ruptured spleen needs a laparotomy 
and that from a major pulmonary vessel requires 
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Table 4. 1 0: Classification of haemorrhagic shock 

Class I Class I I  Class I l l  Class IV 

% Blood volume loss 0- 1 5  1 5-30 30-40 > 40 
Pulse < 1 00 > 1 00 > 1 00 > 1 00 
Blood pressure Normal Reduced pulse Reduced Reduced 

pressure 
Capillary refi l l  Normal Delayed Delayed Delayed 
Mental state Anxious Lethargic Obtunded Coma 
Urine output Normal Reduced Reduced An uric 

Table 4. 1 I :  Locations of haemorrhage in the trauma 

patient 

External 
Internal: 

Thoracic 
l ntra-abdominal/retroperitoneal 
Pelvic 
Mu ltiple long bone fractures 

a thoracotomy. The patient may therefore have to 
leave the resuscitation room to be taken to theatre 
for haemorrhage control as part of the primary 
survey. 

Intravenous access is secured as part of the man
agement of the circulation. The preferred method 
of venous access is with two wide-bore intraven
ous cannulae in the ante-cubital fossae. This has the 
advantage of providing high flow rates for fluid 
infusion without the complications associated with 
central venous access. Cannulation of the common 
femoral vein should be used if the upper limb veins 
cannot be used. If adequate veins are not accessed 
percutaneously, cutdown onto the long saphenous 
vein at the ankle (in an adult) or intra-osseous access 
(in a child) is attempted. Once access is gained, 
bloods are taken for routine analysis but most 
importantly to allow cross-matching of blood for 
transfusion. Central venous access has relatively 
little role as the catheters used are long and thin 
and therefore have a higher resistance to fluid 
flow. However, they may be useful for monitoring 
the heart's response to a fluid challenge in more 
complex shock situations. 

The choice of intravenous fluid for infusion has 
until recently been controversial. However, there is 
now good evidence that crystalloid solutions such as 
Hartmann's solution or normal saline are preferable 
to synthetic colloids. The fluid should be warmed 

and given in boluses, following which the patient 
should be reassessed. Blood should be used early. 

In most laboratories, blood will be provided 
as either fully cross-matched, type specific or 
0 negative depending on the urgency of the request. 
0-negative blood (the universal donor) is available 
immediately from a fridge and is therefore used 
mostly when the patient is in extremis. Type
specific blood is of the same blood group as the 
patient's but the full battery of cross-matching 
tests has not been performed and the incidence of 
transfusion reaction, though still low, is therefore 
higher than for fully cross-matched blood. It is usu
ally available in 10-lS min. Fully cross-matched 
blood usually takes 40-60 min to be available. 

The diagnosis of non-haemorrhagic shock is 
based on a failure of the patient to respond to 
intravenous fluid infusion and the absence of an 
injury causing significant haemorrhage. In prac
tice, it is not uncommon for shock in a multiply 
injured patient to have both haemorrhagic and 
non-haemorrhagic aetiology. A search should be 
made for an injury that might be associated with 
non-haemorrhagic shock, such as a cervical spinal 
cord injury or a precordial penetrating injury, which 
might be associated with a cardiac tamponade. 

Neurogenic shock follows a cervical or high 
thoracic spinal injury that results in disruption 
of the thoracolumbar sympathetic outflow. There 
is therefore tmopposed vagal action on the heart 
resulting in bradycardia and vasodilatation of the 
vascular tree as a result of loss of the sympathetic 
mediated vasoconstrictor tone. Central venous 
monitoring should be instituted to guide fluid 
infusion and any degree of hypovolaemia should 
be corrected first. Evidence of reduced organ per
fusion is best judged by monitoring urinary output 
and, if present, should be corrected by the use of 
vasopressors by those experienced in their use. 



Table 4. 1 2: AVPU scale for level of consciousness 

A Alert 
V Responds to vocal stimulus 
P Responds to painful stimulus 
U Unresponsive 

Cardiogenic shock following trawna is usually 
the result of a pericardia! tamponade or blunt 
myocardial injury. The treatment of these condi
tions is dealt with in Chapter 23. Septic shock as a 
result of injury does not occur until several hours 
later, and therefore will only be seen in an emer
gency department following late presentation or 
missed diagnosis. 

D I SAB I L ITY 
{N E U ROLOG ICAL  EVALUAT I O N) 
The mini-neurological examination in the primary 
survey consists of an assessment of conscious level 
and examination of the pupillary reactions. The 
use of the AVPU scale (Table 4. 12) allows a rapid 
though rather crude assessment of conscious level. 
The Glasgow Coma Scale (Table 4.13) is more sen
sitive and provides a better baseline for subse
quent re-evaluation. The pupillary sizes and their 
reaction to light are compared. 

The objective of this is to provide a baseline 
assessment of neurological status against which sub
sequent assessments can be compared for improve
ment or deterioration. Specifically, the clinical signs 
of an expanding intracranial haematoma are sought. 

The classic picture associated with the expan
sion of an intracranial haematoma is of deteri
orating conscious level, an ipsilateral fixed dilated 
pupil and a contralateral hemiparesis. The latter 
two signs usually occur at a late stage when sub
stantial deterioration in conscious level has already 
taken place. If good results are to be achieved by 
surgical evacuation for intracranial haematomata, 
the deterioration in the patient's condition should 
be detected before this.  

EXPOSURE  A N D  ENV I RON M ENT 

For assessment a trawna patient must be fully 
exposed by removing their clothes so that each 
part of them can be seen and assessed. However, 
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Table 4. 1 3: The Glasgow Coma Scale 

Eye opening 4 Spontaneous 
3 To voice 
2 To pain 
I None 

Motor response 6 Obeys commands 
5 Purposeful 
4 Withdrawal 
3 Flexion to pain 
2 Extension 
I None 

Verbal response 5 Alert and orientated 
4 Confused 
3 Inappropriate words 
2 Incomprehensible sounds 
I None 

this exposure renders them liable to hypothermia 
as they are cooled by the ambient temperature and 
occasionally by inadequately warmed intravenous 
fluids. Children are particularly at risk of 
hypothermia as a result of their high surface area 
to body weight ratio. 

Precautions should therefore be taken and the 
patient covered with a warming blanket as soon as 
examination is complete. Intravenous fluids, par
ticularly blood, should be given tlu·ough a fluid
warming device. 

At the end of the primary survey it is good prac
tice to repeat the assessment paying particular 
attention to the effect of any interventions that 
have been carried out. If all is well the assessment 
can move on to a stage of further interventions and 
investigations. If, at any stage during the primary 
survey or subsequently, the patient shows signs of 
deterioration, a formal but brief reassessment of 
ABCDE is carried out until a cause is identified. 

Any deterioration mandates reassessment of the 

whole primary survey from airway. 

M O N ITOR I N G ,  T U B E S  A N D  I N IT IAL  
RAD IOGRAPHS  

The procedures described in tltis section may be 
carried out at any point in the resuscitation, depend
ing on the injuries found and the resources available. 

3 1  
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Table 4. 1 4: Monitoring severely injured patients 

ECG 
Pulse oximetry 
Blood pressure - invasive or non-invasive 
End-tidal carbon dioxide (if intubated) 
Urine output 
Central venous pressure 

They are brought together at this point in that they 
are usually performed before the secondary sur
vey is commenced. 

The monitoring used on a severely injured 
patient (Table 4.14) should consist of a minimum 
of ECG, non-invasive blood pressure monitoring, 
pulse oximetry and recording of urinary output. 
The ECG will give an accurate reading of the pulse 
rate and rhythm. Non-invasive blood pressure moni
toring gives regular readings that allow trends to 
be detected and responses to fluid boluses assessed. 
Care should be taken to avoid the temptation of 
relying too heavily on blood pressure readings, as 
the cardiovascular system can compensate well for 
blood loss and blood pressure may not fall till 
more than a third of the circulating volume has 
been lost. 

The clinical detection of hypoxia is difficult. 
Many of the clinical signs are not present until 
late and are inconsistent. The pulse oximeter gives 
a continuous and non-invasive assessment of oxy
gen saturation. It measures the absorption of light 
by a capillary bed, estimating the ratio of oxy
genated to deoxygenated haemoglobin in relation 
to the arterial pulse. The oxygen saturation is 
related to the arterial partial pressure of oxygen by 
a sigmoid curve that can be shifted by factors such 
as acidosis and temperature. 

Although it gives important information there 
are a number of drawbacks to pulse oximetry. It is 
often difficult to obtain accurate readings from 
patients who are peripherally vasoconstricted by 
cold or hypovolaemia. Pulse oximetry will also 
give invalid readings in the presence of carbon 
monoxide poisoning. The oximeter does not give 
an index of ventilatory adequacy, and patients may 
be capable of maintaining good oxygen sah1ration 
despite inadequate ventilation if they are breath
ing high concentrations of oxygen. Ventilatory 
inadequacy may result in carbon dioxide retention, 
which causes raised intracranial pressure in the 

head-injured patient. Arterial blood gas analysis 
may therefore still be necessary and is desirable in 
many patients to confirm the in.formation pro
vided by the pulse oximeter and provide further 
data on pH and carbon dioxide levels. 

The urinary output is a good way of assessing 
the perfusion of the capillary bed of a vital organ. 
As the patient bleeds, the kidneys are one of the 
first organs to experience a reduction in blood sup
ply and oliguria results. 

To assess urine output accurately a catheter 
should be inserted, having first confirmed by local 
and rectal examination that there is no evidence 
of urethrnl injury. Once the bladder has been 
emptied, timed collections into a mometer will 
allow an accurate assessment of Lu-ine output. 
Examination of the will also give diagnostic infor
mation on the presence of injury to the urinary tract. 
A urine output of more than SO rnl h-1 implies that 
the renal capillary bed is well perfused and that the 
patient has an adequate circulating blood volwne. A 
lower output should raise the possibility of inade
quate fluid resuscitation or continuing bleeding. 
Measures should be taken to investigate and correct 
these possibilities. 

In an intubated patient monitoring of end-tidal 
carbon dioxide provides confirmation of successful 
tracheal intubation and alerts the team to the pos
sibility of the tube being displaced. Many portable 
and fixed monitors have the capability to monitor 
carbon dioxide levels in the expired gases, and 
small disposable colorimetric devices are available 
which connect to the endotracheal h1be. 

In addition to the urinary catheter, a gastric tube 
should also be inserted. This provides diagnostic 
information on the presence of bleeding in the 
stomach. More importantly, it allows the stomach to 
be drained and therefore reduces the risk of vomit
ing and aspiration of gastric contents. In injured 
children, the stomach often distends with air and 
the presence of an acute gastric dilatation makes 
abdominal assessment difficult. Decompression of 
the stomach with a gastric tube is again beneficial. 
In any patient with a suspected midface or basal 
skull fracture the gastric tube should be inserted 
through the mouth. If the nasal route is used, the 
h1be may be passed through the cribriform plate 
and into the cranial cavity. 

The initial radiographs are taken in the resuscita
tion room and should not be allowed to interrupt the 
process of assessment and resuscitation. The pelvic 



(a) 

(b) 

Figure 4.8: Primary survey X-rays. (a) Normal chest 

X-ray. (b) Normal pelvic X-ray. 

and d1est X-rays are important (Fig. 4.8) as they may 
detect significant injuries which require early man
agement but which are difficult to detect clinically. 
A lateral cervical spine X-ray was formerly carried 
out at this stage, but as long as the patient's neck 
has been securely immobilized the findings on a 
lateral cervical spine film will not alter manage
ment in the first hour. The radiological assessment 
of the neck can therefore be safely deferred to 
a later time. Further radiography, particularly of 
extremity injuries, can also be delayed until the 
patient is sufficiently stable to leave the resuscita
tion room and all life-threatening injuries have 
been dealt with. 

T H E  T RAUMA H ISTORY 

As in any medical assessment, the history plays an 
important role in diagnosis. In the multiply injured 
patient, life-saving interventions often have to be 
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Table 4. 1 5 : The AMPLE trauma history 

A Allergies 
M Medications 
P Past i l lnesses 
L Last ate and drank 
E Events and environment 

Table 4. 1 6: Events and environment 

Blunt trauma: 
Speed and d irection of impact 
Height of fall 
Protective devices 

Penetrating trauma: 
Type of weapon 
Direction of impact 

Paramedic interventions 
Exposure to cold, chemicals and radiation 

made before the full history is known. Often the 
patient is unable to provide the history and many 
of its components, particularly relating to the mech
anism of injury, will be obtained from witnesses 
to the accident and paramedics who attended the 
scene. The important components of the trauma 
history are easily remembered using the mnemonic 
AMPLE (Table 4.15) .  

The presence of allergies obviously affects the 
choice of medications administered to the patient. 
Many medications, particularly cardiac ones such 
as beta-blockers and diltiazem, can alter the car
diovascular response to haemorrhage. The medi
cines a patient takes can also give a clue as to the 
presence of intercurrent disease. Knowledge of a 
patient's past illnesses and operations can affect 
the way injuries are managed. Any major pre
existing illness increases the mortality rate follow
ing injury. The last meal eaten or the last drink is 
likely to be retained in the stomach, as gastric 
emptying is delayed following trauma. It is better 
to remove the contents from the stomach with a 
gastric tube than to attempt to suction them out of 
the lw1gs after aspiration has occurred. 

The events and the enviromnent in which the 
injury occurred are pieces of a jigsaw which when 
assembled with the examination and investigation 
findings allow us to gain a picture of all the patient's 
injuries and w1derstand them in terms of the acci
dent {Table 4.16) .  In bltmt trauma, the energy and 
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direction o f  the impact will help determine the 
injuries sustained. Protective devices such as seat 
belts and air bags may offset this. For example, in 
a frontal collision the driver may strike their head 
on and break the windscreen ('bulls eye the wind
screen') and sustain facial fractures. They may also 
hit their chest on the steering wheel, causing a frac
ture of the sternum with myocardial contusion or 
an anterior flail chest. Finally, their knees are 
thrown against the dashboard, producing fractures 
of the patella and posterior fracture dislocation 
of the hip (Fig. 4.9). It is vital that assumptions 
about the likely injuries do not lead to other 
injuries being overlooked. 

In penetrating injuries from a knife, the pattern 
of organ damage can be predicted by knowing the 
insertion point of the knife, how far it went in, and 

Figure 4.9: Frontal impact injuries. I ,  Head and neck 

injuries; 2, chest injuries; 3, posterior hip dislocations; 

4, knee injuries; 5, foot and ankle injuries with 

entrapment. 

in what direction. In gunshot wounds the pattern 
of injury is less predictable. The path of the bullet is 
unpredictable. The type of weapon used may pro
duce either high or low-energy transfer, and the 
severity of the wounds and tissue injury will be 
more severe in the former (see Chapter 29) .  

The environment in  which the injury occurs is 
also important. A skier who falls and breaks their 
leg but is not found for several hours is likely to b 
hypothermic. Wounds sustained in agricultural 
surroundings are prone to infections such as gas 
gangrene and tetanus. More rarely, the victim of an 
accident may become contaminated with either 
chemicals or radioactivity. In these circumstances 
the doctors and nurses treating the patient should 
ensure that they do not become victims themselves. 
Patients should be decontaminated before treat
ment is initiated. In chemical incidents the help of 
the emergency services may be required to identify 
the substances involved and provide information 
on potential toxic effects and the treatment required. 

THE S ECONDARY S U RVEY 

Prior to conducting the secondary survey, all 
inunediately life-threatening injuries should have 
been identified and treated. The secondary survey 
is a meticulous and methodical head-to-toe exam
ination of the patient that should identify every 
injury. On occasions, the need to take the patient t 
theatre as part of the primary survey will result in 
the secondary survey taking place on an intensive 
care unit or a ward. It is vital that doctors working 
in these departments recognize this and conduct 
the necessary assessment. This will involve 
reassessment of many areas that have already been 
examined in the primary survey. A thorough neu
rological examination is also performed. 

If an injury is missed at the initial presentation, 
delays in diagnosis lead to increased morbidity 
and mortality. Even relatively trivial injuries to the 
extremities can result in significant long-term 
problems if they are not identified and promptly 
treated. Further radiographs are performed as 
guided by the clinical examination. When required, 
analgesia should be given as intravenous opiates 
in small boluses titrated to achieve the desired 
effect. Consideration should also be given to 
tetanus and antibiotic prophylaxis. 



TRANSFER  TO D E F I N IT IVE  CARE 

The decision t o  transfer a patient is based on the 
recognition that the patient's needs are greater 
than the capabilities of the initial hospital. Any 
transfer of a seriously injured patient is a time of 
high risk, whether the transfer is by ambulance 
to another hospital or simply along the corridor to 
an operating theatre, CT scanner or intensive care 
unit. During transfer, patients regularly experience 
periods of oxygen desaturation and hypotension. 
Displacement of endotracheal tubes, vascular 
access and other monitoring and treatment devices 
is common. Prior to any transfer all patients 
should have a protected airway, monitoring, and 
be accompanied by an experienced doctor with 
suitable equipment. 

Most interhospital transfers in the UK are 
to neurosurgical units. In general, head-injured 
patients should be paralysed and intubated for the 
transfer and an experienced anaesthetist should 
accompany the patient. Any haemorrhage should 
be surgically controlled before the patient leaves 
the initial hospital, even if this means a laparotomy 
prior to the transfer. There must be direct consult
ation between the referring and receiving doctors. 

OTH ER  C O N S I DE RATIO N S  

Major injury occurs randomly and relatives often 
arrive at hospital with little knowledge of the 
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severity of the injury. The trauma team leader 
should ensure that the relatives are kept informed 
of the patient's progress, and as early as possible a 
senior doctor should discuss with them the nature 
of the injuries. In most cases the relatives will want 
to know a prognosis, though this is often difficult to 
make in the early stages. Where possible, and espe
cially when the patient is a child, the relatives 
should be allowed access to the resuscitation room 
in the company of a nurse designated to support 
them and answer their questions. The relatives and 
friends may also be a useful source of information 
regarding the patient's past medical history. 

Accurate documentation of the patient's assess
ment and treatment is vital, especially when care is 
transferred to another department or hospital. In 
many departments a trauma chart (Fig. 1 .3) will be 
available which provides a suitable format in 
which to document the management of a seriously 
injured patient. 
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CHAP TER F I VE 

WO UND MANAGEMENT 

• I ntroduction 
• Wound healing 

• Principles of wound assessment and management 

I NTRODUCTION 

Approximately one in four emergency department 
attendances is for the treatment of wounds. Most 
wounds are of a minor nature but a few are life 
threatening and many may maim and disable. The 
correct management of wounds requires a careful 
assessment by history taking, examination and 
selective investigation, followed by the choice of 
appropriate treatment and, on occasions, continu
ing out-patient supervision. Inadequate manage
ment will encourage infection and poor healing, 
resulting in delayed healing, scarring and loss of 
function, thereby turning a minor injury into a 
major problem. Rarely, relatively minor wounds 
may cause life-threatening infections such as 
tetanus and gas gangrene. 

This chapter outlines the principles of wound 
management by revising the process of wound 
healing and examining aspects of the history, 
examination and documentation of wounds. The 
general principles of investigation and treatment 
are then discussed, followed by specific discussion 
of the more difficult wound management prob
lems that present to emergency departments. 

WOU N D  H EAL ING  

After haemostasis has occurred an acute inflam
matory reaction takes place, with exudation and 

• Specific types of wound 

• Further reading 

the migration to the wound area of phagocytic 
cells that remove necrotic tissue. Over the course 
of the next few days granulation tissue is formed 
in the wow1d and epithelial cells at the wound 
edges proliferate and start to cover the surface. 
Fibroblasts migrate into the granulation tissue and 
start to produce collagen. Over subsequent weeks 
and months the collagen becomes organized and 
the strength of the wound increases towards nor
mal. The red scar fades to a white line as the vas
cularity of the wound r.eturns to normal. 

The main complication of WOlmd healing is 
infection. The cause is usually multi.factorial and 
will include contamination at the time of injury, 
delay in wotmd management, the presence of 
dead or devitalized tissue and inappropriate 
handling and closure of the wound. Infection 
results in delayed healing and the formation of 
unsatisfactory scars. Prevention is better tl1an cure. 
Thoroughly toiletting a wound, handling the 
edges atraumatically and avoiding closure when 
the wound is contaminated are more effective than 
prescribing prophylactic antibiotics. 

P R I N C I PLES  O F  WOU N D  ASSESSMENT  
AND MANAG EM E N T  

In any injury the identification and treatment of 
life-threatening ir).juries and conditions should 
take precedence. 



H ISTORY 

As with any injury, it is important to determine 
how, where and when a wound occurred. The 
mechanism of injury allows us to build up a pic
ture of the types and magnitude of forces to which 
the patient has been exposed. It helps us to recog
nize which patients may have a serious underlying 
injury that may not be apparent on initial exam
ination of the wound. Specific risks are associated 
with wounds occurring in certain environments, 
such as gas gangrene from agricultural injuries 
and the risk of leptospirosis in relation to wounds 
in sewer workers. Wounds sustained abroad may 
have greater significance, such as the potential 
for rabies from a dog bite in continental Europe. 
A prolonged time lapse before treatment of the 
injury will influence the infection risk and help 
determine whether it is justifiable to close a wow1d. 
In children, it is important always to be aware that 
a wow1d may not be the result of an accident. If the 
wound is not consistent with the explanation 
offered the matter must be pmsued in line with 
local child protection guidelines. 

Factors in the general medical history may 
influence the treatment of wounds. Patients on 
steroids sustain wounds easily and heal poorly. 
Minor wounds in ischaemic or anaesthetic tissues 
such as diabetic feet may eventually lead to loss of 
the limb. It is important always to determine a 
patient's tetanus status and provide the appropri
ate immw1izations. In prescribing medication and 
applying dressings, a history of allergy is also 
required. 

Tetanus toxoid 0.5 ml  deep IM injection. 

EXAM INAT I O N  AND D O C U M ENTATI O N  

The wotmd should be carefully examined and the 
examination findings documented. This is particu
larly important in cases where the wound is the 
result of an assault, as the doctor may subsequently 
be expected to provide a statement for the police 
or even to appear in court. The examination 
should, where relevant, search for potential under
lying injuries to tendons, major nerves, vessels and 
vital organs. The wotmd, its size and its position 
should be carefully described. Certain terms are 
particularly useful in the description of wounds 
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Table 5. 1 :  Terms used in describing wounds 

Wound 

Incised wound 

Laceration 

Penetrating 
wound 

A full-thickness breach in the 
skin or mucosa 

A wound caused by a sharp 
object such as glass or a knife 

A wound caused by a blunt 
object. The skin is torn rather 
than cut 

A wound usually from a fine 
object with a fine path of 
subcutaneous injury 

(Table 5 .1 ) .  It is often helpful to record the exam
ination findings as a diagram in the notes. 

PROPHYLAX I S  

Any wotmd can act as the portal for entry for 
tetanus. The most important factor in tetanus pro
phylaxis is adequate management of the wound, 
with cleaning, debridement, removal of foreign 
bodies and, on occasions, delayed closure. All 
patients with wounds must therefore have their 
tetanus immunity checked. If they are not tetanus 
immune or there is tmcertainty regarding their 
tetanus status, action must be taken to protect 
them (Table 5.2). Certain wounds, particularly 
those in which there has been a delay in presenta
tion, those containing devitalized tissue and for
eign bodies and contaminated wounds, are at 
higher risk of producing tetanus. 

Cleaning and debridement are the most important 

techniques for preventing wound infection. 

General antibiotic prophylaxis for wounds 
should be considered but is needed only in a 
minority of cases. The routine use of depot peni
cillin preparations for wounds only encourages 
the development of antibiotic resistance and is no 
longer accepted practice. Again, the most important 
factor in wound infection prophylaxis is adequate 
care of the wound, especially avoiding closure of 
potentially infected wmmds. In the emergency 
department the main indications for antibiotic 
prophylaxis are bite wotmds (human or animal), 
an tmderlying minor fracture (such as distal pha
lanx) in patients where bacteraemia might lead to 
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Table 5.2: Tetanus prophylaxis 

Tetanus·prone wounds are: 
More than 6 hours old 
Infected wounds 
Puncture wounds 
Contaminated wounds or those with devitalized tissue 

For tetanus-prone wounds: 
If last booster or completed course < I 0 years 
If last booster or completed course > I 0 years 
If not immunized or status unknown 

Clean wounds: 
If last booster or completed course < I 0 years 
If last booster or completed course > I 0 years 
If not immunized or status unknown 

Toxoid booster is 0.5 ml of tetanus toxoid given IM 

No action 
Toxoid booster and immunoglobulin 
Toxoid course plus immunoglobul in 

No action 
Toxoid booster 
T oxoid course 

lmmunoglobul in is 250 IU of human tetanus immunoglobulin given IM to a different site from toxoid 
Toxoid course is three monthly injections of 0.5 ml of tetanus toxoid 

Table 5.3: Indications for antibiotic prophylaxis for 

wounds 

Bite wounds 
Open fracture or joint injury 
Patient at risk of bacterial endocarditis 
Contaminated puncture wounds 
Leptospirosis risk 

endocarditis, and puncture wounds from con
taminated sources which cannot be fully cleaned. 
These are dealt with in more detail in Table 5.3. 

Certain specific circumstances may demand 
prophylaxis. People sustaining wounds whilst 
working in sewers or where there are rats are at 
risk of contracting leptospirosis. The appropriate 
anti.biotic prophylaxis is penicillin. In animal bite 
wounds sustained abroad the need for rabies pro
phylaxis should be considered. Advice in these 
cases should be sought from a consultant in com
municable diseases. For needlestick injuries local 
protocols are established for the prevention of hepa
titis B and for HIV prophylaxis. An outline of these 
is given later in this chapter. 

I NVEST IGAT I O N S  

Investigations i n  relation to wounds are largely 
focused on the detection of an underlying bone or 

joint injury or a foreign body in the wound. X-rays 
should be used to detect underlying bone injury 
based on the mechanism of injury and local exam
ination findings when a fracture seems likely. I t  
should be remembered that any fracture detected 
in proximity to a wound is presumed to be an open 
fracture and will usually require formal surgical 
treatment, although fractures of the distal phalanx 
are generally considered to be an exception. Any 
penetrating wound in proximity to a joint should 
raise the possibility that the wound has penetrated 
the joint. A risk of septic arthritis therefore exists. 
X-rays taken of the joint may show intra-articular 
air; however, if there is any clinical suspicion of 
penetrating joint injury the patient should be 
referred for exploration of the wound with possible 
debridement and lavage. 

One of the commonest errors in wound man
agement that often results in litigation for medical 
negligence is failure to detect a retained foreign 
body (Fig. 5.1) .  Foreign bodies are often easily 
detectable by careful examination and exploration 
of the wound. Any possibility of a radio-opaque 
foreign body in a wound should lead to a request 
for an X-ray. Glass, metal, crockery and painted 
wood or plastic are all potentially radio-opaque. 
Fragments of teeth may sometimes be found in 
bite wow1ds from small animals such as cats, 
although they may also rarely occur in dog bites 
and hand wounds sustained in punching an 
adversary in the mouth. Radiolucent foreign 



Figure 5. 1 :  Radio-opaque glass foreign body in a 

hand wound. 

bodies such as wood or thorns may be detected 
and localized with ultrasound. 

Taking routine bacteriological swabs from a 
clean wound is of no value. If the wound is already 
infected a swab may be of value if the infection 
fails to respond to the first antibiotic prescribed; 
however, the organisms present in infected 
wounds are usually predictable and antibiotics can 
be prescribed rationally without the guidance of 
the microbiology deparhnent. 

ANAESTHES IA  

Adequate anaesthesia is an essential prerequisite 
not only to closing a wound but to allow adequate 
cleaning and debridement. It is certainly justifiable 
to anaesthetize a wound, or even in some cases the 
whole patient, with a general anaesthetic, just to 
dean a wound. Any combination of topical, locally 
and regionally injectable local anaesthetics or 
Entonox may be used. Local anaesthetics are cov
ered elsewhere in this volume, but caution must 
always be exercised in relation to toxic doses. 
Local anaesthesia for large wounds is often limited 
by the maximum safe dose of the anaesthetic 
agent. Vasoconstrictors (such as adrenaline) or 
dilute solutions may be useful when large areas of 
wound have to be treated. 
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Maximum safe dose for lignocaine is 3 mg kg- 1 body 

weight. 

C LEAN I N G  A N D  D E B R I D E M E NT 

Debridement is the removal of devitalized tissue 
and foreign bodies from a wound. This is the most 
important step in adequate w01md management, 
particularly in relation to the prevention of infec
tion. All wOLmds presenting to emergency depart
ments are by definition already contaminated. The 
patient should be placed in a room where there 
is adequate lighting and the appropriate surgical 
equipment should be used. Prior to commencing 
h·eatment the wound should be fully anaesthetized. 
The person treating the wow1d should be aware of 
the potential for transmission of infection from the 
patient and should take appropriate precautions. 

Cleaning the wound generally requires the use 
of large volumes of fluid. This may be normal 
saline or even tap water. Disinfectant or antiseptic 
solutions such as povidone-iodine, chlorhexidine, 
cetrimide or hydrogen peroxide should be avoided 
as they are toxic to the cells. Using a syringe with a 
fine needle attached to irrigate a wotmd is a useful 
and effective technique, but spray may cause eye 
contamination and is a potential route of spread of 
viral infections. 

Often sin1ple irrigation with saline or water 
will be insufficient to remove all foreign material 
and contamination from the wound. Mechanical 
methods of cleaning then become necessary. In 
the first instance the use of a brush (e.g. a sterile 
toothbrush) may help, but often the only way of 
removing all contaminated material is to excise it 
using a scalpel. In some cases the most efficient 
way to debride an untidy contaminated wound is 
to excise the whole wound to healthy clean tissue, 
leaving incised edges which it may be justifiable to 
close primarily. 

It is important to recognize the limitations of 
what is possible in an emergency department and 
to refer patients with large complex contaminated 
wounds for treatment by a surgeon in an operating 
theatre tmder a general anaesthetic. Extensive and 
prolonged explorations of wounds for foreign bod
ies should be avoided, especially in areas near 
major neurovascular structures. The h·eatment may 
do more harm than good. Blind probing of a wound 
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for foreign bodies that have not been visualized or 
located on X-ray is almost invariably fruitless. 

HAEMOSTAS I S  A N D  WOU N D  CLOSURE 

Before wound closure is considered, active bleeding 
should have stopped. Dus will usually happen 
spontaneously. Elevation and tl1e application of 
local pressure will aid the natural process of 
haemostasis. Following the application of pressure 
to a bleeding wound it should be left undishrrbed 
for at least 5 min and the temptation to look and see 
if bleeding has stopped earlier should be resisted. 
Elevation of wounds, particularly on the extremi
ties, is effective and is usually helped by a high arm 
sling or, for the lower limbs, by placing the patient 
on a trolley and tipping it to a head-down position. 

If simple measures fail to control bleeding, 
other tech11iques, such as the injection of a local 
anaesthetic with a vasoconstrictor or the use of a 
haemostatic dressing, may help. If a single bleed
ing vessel is the source of blood loss, it can be isol
ated and tied off with an absorbable suhire. 

Prior to closing a wotmd, the balance of benefits 
and potential side-effects of closure should be 
assessed. If closure is not indicated at the time 
of presentation (primary closure), it is worth con
sidering closing the wound several days (delayed 
primary closure) or even weeks later (secondary 
closure). Factors that should indicate and con
traindicate primary wow1d closure are shown in 
Table 5.4. If there is any doubt regarding closure, 
it is always safer to leave the wound open, apply 
a dressing and bring the patient back for review 
2 days later. 

If a wow1d is suitable for primary closure, a 
suitable method then has to be chosen. There is 
currently a wide range of options and these are 
dealt with individually, although it is acceptable 
and good practice to combine more than one tech
mque in a single wound. 

S u t u re 

Suturing is a surgical procedure and appropriate 
selection of wounds for suhiring, good tecluuque 
and aftercare are vital to aclueving good healing 
with miillmal scar formation. Prior to suturing the 
wound must be clean, dry, uncontaminated and 
anaesthetized. Almost always simple interrupted 
sutures are used. The commonly used suture sizes 

Table 5.4: Factors influencing wound closure 

Indications Contraindications 

Wound less than More than 6 hours old 
6 hours old 

Clean -
Incised. Tidy 

Contaminated 
Lacerated or contused. Untidy 
Contains devitalized tissue 

Table 5.5: Preferred suture sizes and materials 

Adults Children 

Face 510 6/0 
Scalp 310 absorbable 410 absorbable 
Arm and forearm 410 510 
Hand 510 510 
Trunk 310 410 
Lower l imbs 310 410 

Table 5 .6: Guide times to suture removal 

Face 
Scalp 
Arm and forearm 
Hand 
Trunk 
Lower l imbs 

5 days (4 for chi ldren) 
7 days if non-absorbable used 
7 days 
7 days 
J O  days 
I 0 days ( 1 4  if extensor 

aspect of knee) 

and materials used in each body region are shown 
in Table 5.5, and the lengths of time the sutures are 
left prior to removal are shown in Table 5.6. 

For general skin use a monofilament, non
absorbable, synthetic suh1re such as nylon pro
duces the best results. Braided non-synthetic 
sutures, such as silk, despite being easier to handle 
and knot, produce poorer scars and higher rates of 
wow1d infection. Absorbable sutures, such as 
catgut and Vicryl, are useful in tissues which heal 
well and where suture removal may be difficult, 
particularly in the scalp or the finger tips of chil
dren. Good teclu1ique requires the use of fine 
sutures with careful wound handling to rilltumize 
trauma to the wound edges and the miillmum f 
tension. Only enough tension to appose the wound 
edges should be used. If apposition cannot be 
easily achieved it is better to delay wound closure 
until swelling has subsided and undertake 
delayed primary closure. Excessive tension on the 
sutures will promote further swelling and increase 



Figure 5.2: Poorly inserted sutures causing wound

edge ischaemia. 

ischaemia at the wow1d edge, thereby delaying 
healing (Fig. 5.2). 

A d h e s i v e  w o u n d  t a p e s  

The use of wow1d tapes (Steristrips®) to close 
wounds is popular, as it does not require local 
anaesthetic. This technique is suitable for closing 
wounds on flat surfaces of the body where there is 
relatively little movement, such as the forehead. 
The tapes are also particularly useful where the 
skin is friable and the use of sutures would render 
the wound edge more ischaemic, as in pretibial 
laceration in an elderly person. They should not, 
however, be used in proximity to joints, and par
ticularly not on the hands. 

One risk of the use of wound tapes is that 
adequate cleaning and debridement will not be 
performed, as local anaesthetic is not used. This 
must be avoided and the wow1d anaesthetized if 
necessary for preparation. To achieve good adhe
sion of the strips the skin surrounding the wound 
must be dry, and the use of Benzoin Tincture (Tinct. 
Benz.) increases adhesion. The tapes are applied 
with the minimum ammmt of tension to achieve 
apposition of the wound edges, but with gaps 
between the tapes. 

T i s s u e  g l u e  

The use of medical tissue adhesives has become 
increasingly popular, especially for the closure of 
lacerations in children. Good cosmetic results are 
generally achieved. Again local anaesthetic is not 
routinely used, but adequate wound preparation 
must still be performed. The wound edges are 
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manually apposed and then glued together with 
interrupted spots of adhesive. Care needs to be 
taken arotmd the faces of uncoopera-tive children 
to avoid overflow of the glue into the eyes. It is 
also easy for the doctor or nurse to become stuck to 
the patient! Tissue adhesives are not suitable for 
use near joints. 

S t a p l e s  

Surgical stapling gtms have found some popular
ity, especially for the closure of scalp wounds. 
Again, they can generally be used without local 
anaesthesia. This is a quick but relatively expen
sive form of closure, especially as a staple remover 
needs to be provided. 

H a i r  t y i n g  

A long-standing method of closing scalp wounds 
is to tie the hair across the wound to appose the 
edges. The knotted hair is cut off when the wound 
is healed. This is not recommended as a sole 
method of wotmd closure. 

D RESS INGS  

Some wounds, particularly those on the face or 
scalp, do not require dressing. If a dressing is to 
be applied there is a wide and bewildering array 
of materials to choose from. They are often better 
known by their trade names (Table 5.7). Local 
guidelines may be available to determine the 
choice of dressing. It is important to be aware that 
some patients are allergic to certain dressings and 
adhesives. In general the types of dressings used 
can be subdivided as follows. 

A b s o r b e n t  d re s s i n g s a n d  wo u n d  

d re s s i n g  p a d s  

For most dry wounds all that is necessary is a 
dressing of sterile gauze or a low-adherence pad 
held in place by either a bandage or adhesive tape. 
Some dressings are manufactured from charcoal 
cloth to deodorize smelly wounds. 

Tu l l e  

These dressings are commonly used for a wide 
range of wounds to prevent adherence of the 
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Table 5.7: Types of dressings and thei r trade names 

Absorbent dressings and wound dressing pads: 
Perforated film absorbent Melolin® 

dressings Release® 

Knitted viscose primary N-A dressing® 

dressing 
Charcoal cloth dressings Actisorb Plus® 

Carbosorb® 

Tulle: 
Paraffin gauze 

Chlorhexidine-impregnated tulle 
Framycetin-impregnated tulle 

Gels and colloids: 
Hydrogels 

Hydrocolloids 

Jelonet® 

Paratulle® 

Bactigras® 

Sofra-Tulle® 

Kaltostat® 

Sorbsan® 

Granuflex® 

Comfeel® 

Vapour-permeable films and membranes: 
Vapour-permeable adhesive film Opsite® 

dressing Tegaderm® 

wound to the dressing. In practice they will adhere 
to most moist wounds if left in place for more 
than a few days. The tulle is either impregnated 
with paraffin or medicated with chlorhexidine 
or framycetin. Generally, there appears to be little 
benefit in using the medicated tulle dressings, 
which can potentially provoke allergy and are sig
nificantly more expensive. 

G e l  a n d  c o l l o i d s  

Although expensive, these dressings have 
achieved popularity because they can be left on 
moist wounds for periods of up to 7 days, thereby 
reducing the costs associated with regular redress
ing. They absorb some moisture from the wound 
to form a gel. They are thought to promote healing 
by maintaining a moist environment whilst absorb
ing excess fluid from the wound. 

Va p o u r- p e r m e a b l e  fi l m s  a n d  
m e m b r a n e s  

These are transparent and have the advantage of 
allowing the wound to be monitored in a sterile 
environment. 

TYPES OF  WOU N D  AND U S E  O F  
DRESS I N G S  

Other than recent wounds treated by primary clo
sure, a number of more complicated wound man
agement situations can occur, and with the advent 
of a number of new dressings there are a variety of 
treatment options. 

I n fe c t e d  w o u n d s  

These require local cleaning and debridement of 
any residual necrotic or foreign material. A bac
teriological swab may be helpful if at review the 
wound has not responded to the first-choice 
antibiotic. Gel and colloid dressings can absorb 
woLmd exudate and are easy to remove. Charcoal 
cloth-based dressings have the advantage of reduc
ing the unpleasant smells from the wound. 

E p i t h e l i a l i z i n g  wo u n d s  

Wounds undergoing epithelialization need an 
appropriate environment to encourage healing. 
Infrequent dressing changes will lead to conven
tional dressings drying out and, on removal of the 
dressing, avulsion of the healing cells. Hydrocolloid 
dressings provide a moist sealed area over the 
wound, do not adhere, and can be left intact 
between changes for up to a week. 

N e c ro t i c  a n d  s l o u g h y  wo u n d s  

Wounds containing dead tissue are best treated by 
the physical removal of slough and debridement. 
An alternative approach is to use a hydrocolloid to 
aid in the removal of slough and separation of 
necrotic tissue. The use of hypochlorite solutions is 
still defended by many but the toxicity of the solu
tion to the tissues in the wound probably out
weighs any benefit. 

G r a n u l at i n g  wo u n d s  

These require a moist environment but dressings 
should not damage the friable granulations when 
they are removed. Tulle dressings are acceptable, 
but again there are advantages to using a hydro
colloid. 



C l o s e d  wo u n d s  

Such wow1ds have had their edges apposed, usu
ally by suturing. In general a simple dry dressing 
is required to absorb any blood or exudate from 
the wound. 

AFTERCARE 

I n  order to achieve an optimally healed wound, 
appropriate aftercare should be provided and 
the patient needs to be warned of potential compli
cations so that these can be recognized and treated 
early. In general, the wound should be elevated to 
minimize swelling. In the upper limb this requires 
a broad arm or high arm sling, in the lower limb 
advice to elevate the limb at home. Particularly 
with hand wow1ds, early movement should be 
encouraged w1less an underlying nerve or tendon 
injury requires splintage. Advice or prescriptions 
for analgesic medication should also be provided. 

Wounds closed by adhesive tapes should be kept 
dry and managed similarly to sutured wounds, 
with arrangements for follow-up and removal of 
the tapes. Following the use of tissue adhesives, 
any moisture will weaken and separate the adhe
sive leading to dehiscence. Eventually the glue 
will form into something similar to a scab and will 
separate when the underlying wound has healed. 

If a dressing has been applied the patient needs 
to be advised when this can be removed or when it 
requires changing. Generally, the patient should be 
advised to return to the department if they are con
cerned about their progress. 

S P E C I F I C  TYP E S  O F  WOU N D  

PRETI B IAL  LAC ERAT IONS  

Lacerations to the pretibial area are common and 
tend to occur predominantly in elderly people 
with relatively trivial injury. They are also com
monly seen in patients on long-term steroid medi
cation. The pretibial skin is fragile and because of 
its poor vascular supply heals poorly. The wotmds 
often result in large flaps of poorly vascularized 
skin. Attempts to suture the flap back in place 
often result in varying degrees of skin necrosis 
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Figure 5.3: Pretibial lacerations. 

from the wow1d edges back to the base of the flap, 
and secondary infection. 

As in any wound, the object should be to aim for 
primary wound healing in as short a time as possi
ble with the minimal inconvenience to the patient. 
As a result a large number of methods of treating 
pretibial lacerations have been described. The most 
aggressive approach is to excise tlw flap surgically 
and replace it with a split skin graft. This has the 
disadvantage of requiring an operation, although it 
can often be done under a local anaesthetic so that 
the patient can be rapidly mobilized. More com
monly the flap is cleaned, with any underlying 
haematoma being removed, and the skin is replaced 
and held with adhesive wound tapes. In the latter 
case the skin is essentially being used as a split skin 
graft back on to its own donor site (Fig. 5.3). 

If the skin flap is ragged, cannot be apposed 
and is obviously non-viable, the best option is to 
refer at initial presentation for the wow1d to be 
excised and grafted by a plastic surgeon before 
infection complicates treatment. If the skin is 
potentially viable, careful cleaning and apposition 
of the flap with wound tapes or tissue adhesive is 
tried. The patient can then be reviewed 3-5 days 
later and the viability of the skin flap reassessed. 
Suturing these wounds is conh·aindicated as the 
skin is often so friable that the stitches cut out or, if 
retained, increase the am0tmt of skin necrosis at 
the edges of the flap. 

H U MAN B ITES  

A s  witl1 any animal bite wound, human bite 
w0tmds are liable to infection. However, whereas 



44 W O U N D  M A N A G E M E N T  

most patients will readily admit to having been 
bitten by a dog or a cat, the circumstances in which 
human bite wounds occur may leave the patient 
preferring to offer an alternative explanation. 

Typically, the patient presents with a wound 
dorsal to the little finger metacarpophalangeal 
joint as a result of injury against their opponent's 
teeth. The wound commonly penetrates to the 
joint, disrupting the extensor tendon and the joint 
capsule. Fractures of the little finger metacarpal 
neck and retained foreign bodies in the form of 
fragments of the other person's teeth are also 
common. Untreated, the potential complications 
include soft tissue infection, septic arthritis of the 
metacarpophalangeal joint and osteomyelitis. 

It is important to maintain a high index of sus
picion that any wound dorsal to the knuckle joints 
might be caused by a human bite whatever the 
patient's explanation. An X-ray is valuable to rule 
out an underlying fracture or retained foreign 
body (tooth). Above all the wound must be thor
oughly cleaned and debrided and then left open. 
Prophylactic antibiotics, usually co-a.moxicla.v, 
should be provided. The hand must be elevated in 
a sling and the patient brought back for review at 
approximately 2 days. If the patient presents late 
with established infection, admission for formal 
surgical debridement and a period of intravenous 
antibiotics should be arranged. 

Other human bite wowi.ds may occur. The 
pinna is a common target in rugby scrums. These 
should be treated as any contaminated wound, 
with thorough toilet and the use of prophylactic 
antibiotics followed by reassessment at approxi
mately 2 days. Involvement of cartilage is an 
indication for specialist referral. With any human 
bite wound there is a small risk of the transmission 
of viral diseases such as hepatitis B and HIV. The 
advice of an expert on these diseases should be 
sought regarding prophylaxis. 

ANIMAL  B ITES  

Wounds from animal bites a.re common, and 
although dogs are the commonest source, may 
occur from a wide variety of animals. Similarly to 
the human bite, the predominant factor determin
ing management is the risk of infection, particu
larly from atypical organisms such as Pnsteurella 
multocida. Again, adequate wound debridement 

and toilet is vital and the wotmds should not b 
closed primarily, though delayed primary closure 
may be considered. The only exceptions to thi 
rule are significant bite wotmds to the face. In sue 
cases it would be tmrea.sonable for the wound to 
be left unrepaired, and therefore formal surgical 
excision wi.der a general anaesthetic followed by 
wotmd closure is acceptable. 

Antibiotic prophylaxis, usually with co-a.moxi
clav, will help reduce the rate of wound infection. 
It is not, however, needed in every case but must 
be used with wounds to the hand and where the 
wowi.d has penetrated the dermis to the subcuta
neous fat. 

fAC IAL LAC ERAT I O N S  

Repair of facial lacerations requires meticulous 
tecluuque to produce a scar that is cosmetically 
acceptable. Always be a.ware of the potential for 
injury to the major nerves of the face, such as th 
facial nerve, and other structures such as the parotid 
and lacrima.l ducts. Lacerations involving the ver
milion border of the lip, the nostril, the pi.mi.a or 
the eyelid need particularly accurate repair and 
should only be tackled by doctors with appropri
ate training. Fine synthetic non-a.bsorbable sutures 
are used with ca.re to restore tissues accurately in 
correct apposition. Wotmd healing is usually rapid 
and sutures can be removed early (5 days in an 
adult, 4 days in a child) to minimize scarring. In 
cluldren with significant facial lacerations a gen
eral anaesthetic is often necessary for accurate 
wmmd closure. 

HAND WOU N DS 

A more detailed description of hand rn1uries is 
given elsewhere (see Chapter 27). The principal 
pitfalls with hand wounds a.re a failure to recog
nize a significant underlying nerve or tendon 
injury. Also infections, particularly from bite 
wowi.ds, can enter spaces such as the tendon 
sheaths and produce damage that permanently 
restricts hand function. All hand wotmds must be 
trea.t�d with care, with a low threshold for referral 
for exploration of wounds that may involve the 
tendons, nerves or vessels. If possible, the hand 
should be remobilized early, and if splintage is 



necessary it should be in the position of function of 
the hand. 

SCALP WOU N DS 

The scalp is highly vascular and bleeds profusely 
when injured. Because of its good blood supply it 
heals well, with a low risk of infection. In assessing 
a scalp wound, the base of the wound should be 
gently palpated with a sterile gloved finger. On 
occasions a skull fracture will be discovered. If the 
laceration has penetrated the galea aponeurotica, 
this should be repaired separately with inter
rupted absorbable sutures. The scalp itself is best 
closed with an absorbable suture such as vicryl, as 
scalp suhires are notoriously difficult to find in 
hair when the time comes for removal. 

P UNCTURE  WOU N DS O F  T H E  FOOT 

Patients who have sustained injury by standing 
upon something often have painful injuries which 
appear on initial inspection to be trivial. It is 
important to recognize that a nail which has pene
trated a foot through a patient's boot will inoculate 
into the soft tissues of the foot micro-organisms 
from the boot, sock and skin, in addition to what 
was present on its surface to start with. The nail 
may also carry with it foreign material from the 
boot and sock, and leave it within the foot. Pw1Cture 
wounds are difficult to assess and without wide 
surgical exposure cannot be fully debrided. It is 
wise to prescribe a prophylactic antibiotic such as 
flucloxacillin, to check tetanus stah1s and to 
arrange for review if the wow1d fails to settle. 
Extra care should be exercised when the foot is 
neuropathic. 

N EE D LEST I C K  I N J U RY 
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These wow1ds rarely require specific treatment but 
there may be concern over the potential transmis
sion of viral diseases to the injured person. 
Hepatitis B immunization is now provided to all 
health staff; however, it is increasingly common 
for an adult or a child to receive a needlestick 
injury from a needle disposed of in the comrnW1ity, 
usually by intravenous drug abusers. In these 
cases the source of the needle and therefore the 
hepatitis B and HIV stah1s of its previous user are 
unknown. The risk of infection is low; however, 
active hepatitis B irnmW1ization on an accelerated 
schedule is usually provided following consult
ation with local public health specialists. 

In the case of health staff, locally stipulated pro
cedures for protection against hepatitis B and HIV 
should be followed. There is now good evidence 
that the low rate of infection with HIV from 
needlestick injury can be further lowered by pro
viding combination antiviral therapy to those at 
risk. However, this is time dependent and therapy 
must be started with some urgency, though only 
when the injury has come from a known HIV
positive source. The therapy is potentially toxic 
and should only be started following consultation 
with local experts. 

F U RTHER  READ I N G  

Simon, B. (1998) Principles of wound management. 

In Emergency Medicine Concepts and Clinical Practice, 
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CHAP TER S I X  

DEALING WITH CHILDREN 

• I ntroduction 
• History 

• Examination 
• Special tests 
• Radiographs 

I NTRODUCT ION  

One-quarter of patients presenting to emergency 
departments are w1der 16 years old (Fig. 6.1) .  An 
average emergency senior house officer (SHO) will 
see more children in 1 week than an average paedi
atric senior house officer. However, most emer
gency department SHOs have no postgraduate 
training in paediatrics. Nationally, there are a mun
ber of dedicated paediatric emergency departments, 
which have a number of advantages over general 
emergency deparhnents (Table 6.1) .  

There are also a number of disadvantages 
to dedicated paediatric emergency departments 
(Table 6.2). 

Figure 6. 1 :  Dealing with a child in an emergency 

department. 

• Analgesia 
• Sedation 
• Consent 
• Further reading 

The majority of children seen in British emer
gency departments a.re seen in general departments. 
However, general departments should ensure that 
child care is given a high priority (Table 6.3). 

The purpose of this chapter is to outline 
an approach to children for staff who have no 

Table 6. 1 :  Advantages of dedicated paediatric 

departments 

Staff become more familiar with the management 
of chi ldhood emergencies. 

Education and training of staff is focused on children. 
Staff who are interested i n  chi ldren wil l  gravitate to 

these departments, improving the qual ity of care. 
The physical environment is designed to cope with 

chi ldren. 
The resuscitation room is designed for chi ldren. 
Children are protected from violent and abusive 

adult patients, who can often be found at general 
emergency departments. 

Research is aimed at chi ldren's problems. 

Table 6.2: Disadvantages of dedicated paediatric 

departments 

Injured family members are separated for treatment. 
It costs more money to maintain two emergency 

departments. 
The local population must be aware of the 

distinction between the two departments. 
Paediatric emergency departments are confined 

to areas with sufficiently high population 
densities to make their 'unction viable. 



Table 6.3: Facilities for chi ldren in a general 

emergency department 

A separate area in the waiting room where 
children can play. 

Senior medical and nursing staff with additional 
training and responsibil ity for chi ldren. 

A separate resuscitation area, with appropriate 
equipment. 

A dedicated social worker or health visitor to help 
with suspected non-accidental injury. 

postgraduate training in paediatrics. Staff will find 
dealing with children easier if they have children 
of their own, or play with well children. The sys
tem of assessing children is exactly the same as for 
adults, namely history, examination, and special 
tests. However, the details do differ. 

H ISTO RY 

Children under 5 years old are unlikely to give 
much meaningful history. The accompanying adult 
will usually provide the majority of the history. The 
relationship of the accompanying adult to the child 
must be ascertained and recorded in the notes. It 
may seem unimportant at the time, but becomes 
very important if child abuse is later suspected. 
Older children may give the best histories, as 
they do not interpret and distort their symptoms. 
Parents may interpret their children's symptoms 
and it is important to bear this in mind when tak
ing the history. A common example is limping that 
the adult assumes must be due to trauma. 

Feeding is a good indicator of a well child. It is 
importai1t to ask how much the child has eaten: 
a hungry child who can describe all his favourite 
foods is probably well. As a rough guide an infant 
requires 150 ml kg-1 day-1 of milk. The parents 
will be surprisingly accurate about intake. If vom
iting and diarrhoea are present ask exactly what 
the parents mean. Similarly, it is useful to ask what 
colour the vomit is: bile is only ever green. An 
enquiry about soiling ai1d wetting of nappies is 
essential. More than four wet nappies in the pre
ceding 24 h usually implies a well-hydrated baby, 
the exception being diabetic ketoacidosis. Unwell 
children are not interested in play and lack the 
energy to indulge in their normal activities. 

Table 6.4: Developmental mi lestones 

90 % of chi ldren should be able to: 
Gross motor: Lift head at 2 months 

Roll over at 4 months 
Walk well at 1 4  months 

Fine motor: Grasp a toy at 4 months 
Pincer grip a small object at 

1 6  months 
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Language: Say 'Dada' or 'Mama' at 1 2  months 

Social: Smile spontaneously at 5 months 
Indicate wants at 1 4  months 

Table 6.5: Vaccination schedule for chi ldren in 

Britain (Department of Health ( 1 992) Immunization 

Against Infectious Disease. H MSO) 

3 days 
BCG (if TB in family in last 6 months) 

2 months 
Diphtheria, pertussis and tetanus (DPT), 
Haemophilus in�uenzae type B (HIB) and oral polio 
Meningitis C 

3 months 
DPT, H IB  and oral polio 
Meningitis C 

4 months 
DPT, H IB  and oral polio 
Meningitis C 

1 2  months 
Measles/mumps/rubella for both sexes 

4-5 years 
Diphtheria, tetanus and polio 

I 0- 1 4  years 
BCG 

1 5- 1 8  years 
Tetanus and polio boosters 

Children experiencing pain and fear regress. A 
developmental assessment performed on an acutely 
ill or distressed child usually indicates greater devel
opmental delay than is actually present. It is useful 
to ask the child's mother about developmental mile
stones (Table 6.4). The need for this is greater the 
younger the child is, and will depend on the pre
senting complaint. For instance, a developmental 
history is important in a 1-year-old with fits, but less 
importai1t in a 5-year-old d1ild with diarrhoea. 

Immrnlizations should be recorded (Table 6.5). 
The diseases vaccinated against are now rare. 
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Howeve1� a n  incomplete vaccination record may 
suggest a degree of neglect. The reasons for incom
plete vaccination should be recorded. A programme 
is currently w1der way to offer meningitis vaccine 
to all children. 

All vaccines should be avoided if there is an 
acute febrile illness or primary immunodeficiency, 
or if the child is taking more than 2 mg kg-1 of 
prednisolone. Expert advice should be sought if 
the patient is receiving chemotherapy. 

The past medical history should include ques
tions about the delivery and the immediate post
natal period. Again, the younger the child, the more 
important this aspect is. Also, the relevance to the 
presenting complaint will vary. A prolonged stay 
in neonatal intensive care is extremely relevant in a 
breathless 1-year-old child. 

Drugs and allergies should be enquired about. It 
is important to document what is meant by 'allergy', 
as the term has very different meanings for doctors 
and many patients. A social history should always 
be taken. It is essential to find out who is living at 
home and whether there are any siblings. 

EXAMI NAT I O N  

The examination of children should aim to answer 
similar questions to the examination of adults, 
although the method is very different. Observation 
and inspection of injured parts is much more fruit
ful than moving and feeling. Observation should 
begin after introducing yourself to the patient. 
Children should not be asked for their permission, 
as their natural response is to refuse. A firm, 
friendly approach with an explanation is usually 
appropriate. It is best to be at eye-level with chil
dren as this is less frightening (Fig. 6.2). The exam
ination needs to be opportunistic. If you w1dress a 
baby, the parents will appreciate it if you dress or 
offer to dress them after the examination. A sug
gested method for examination is shown below: 
this will vary with the nature of the presenting 
complaint. A feverish child will need a full examin
ation; a twisted ankle will not. 

G E N ERAL 

The first priority i s  to assess the general appear
ance of the child. Is it alert, interactive, interested, 

Figure 6.2: Examining a chi ld. 

happy and smiling? Or is  it drowsy, lethargic, irri
table and Lminterested? 

SK IN  

Acute rashes are a source of great alarm to many 
parents because of the fear of meningococcal dis
ease. It is therefore important to look at the distribu
tion and see if the rash blanches on pressure, bearing 
in mind that the classic purpuric rash of menin
gococcal septicaemia is a late sign, ai1d that early 
rashes may even look urticarial and may blanch. 

H EAD 

The anterior fontanelle should be assessed if pres
ent. The fontanelle becomes tense with crying, 
and with raised intracranial pressure. Raised intra
cranial pressure is usually due to head irljuries or 
meningitis. The ai1terior fontanelle closes at approxi
mately 18 months of age. It is also important to 
look at the eyes, asking the child to pull the lower 
eyelid down, if they are old enough, to permit 
inspection of the conjunctiva. The throat and exter
nal auditory meati must be inspected. This part of 
the examination is invariably upsetting for chil
dren and best left until last. It is vital to explain to 
the child's mother what one is going to do and 
how she should hold the baby. (An experienced 
nurse may be better at this than an inexperienced 
or diffident mother.) The correct way to hold a 
child for an ear examination is shown in Figure 6.3. 



Figure 6.3: Examining a young child's ears. 

N EC K  

The neck should always be exar:n.ined for lym
phadenopathy. Neck stiffness can be assessed by 
asking the child to kiss their knee. Kernig's sign is 
resistance to straightening the knee with a fully 
flexed hip. Brudzinski's sign is when the hips flex 
when the neck is flexed. 

CARD IOVAS C U LAR SYSTEM 

The capillary refill test i s  a useful marker of periph
eral perfusion. The pulses must be examined, look
ing particularly for radiofemoral delay suggesting 
coarctation of the aorta. If cyanosis is present and 
does not correct with oxygen a right-to-left cardiac 
shunt may be present. The presence of murmurs 
and dyspnoea should be recorded. 

CH EST 

Inspection and observation are much more use
ful than plain auscultation. Particular attention 
should be paid to the upper airway. Small airways 
tolerate disease poorly. Stridor is an inspiratory 
noise caused by obstruction above the carina. If  
the obstruction is at or above the larynx then the 
noise is purely inspiratory. Below the larynx and in 
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Table 6.6: Normal respiratory rates for chi ldren 

Age 

Newborn 
1 2  months 
4 years 
8 and older 

Respiratory rate (breaths 
per minute) 

40--50 
30--35 
20--25 
1 2- 1 5  

the trachea a soft expiratory component will be 
added. The respiratory rate is higher in children 
than in adults (Table 6.6). 

Chest retraction is the indrawing of tissue 
beneath the costal margin, above the clavicles and 
between the ribs. In severe respiratory distress 
the sternum may be seen to bow inwards. Retraction 
will occur with upper and lower respiratory tract 
disease. Nasal flaring occurs on inspiration and 
indicates increased respiratory work. Expiratory 
grw1ting is produced when the glottis is partially 
closed, causing a delay followed by a forceful, 
noisy expiration. Grunting only occurs with lower 
respiratory tract disease. 

ABDOMEN  

I t  is most revealing to ask the child to point to ten
der areas and to blow his or her abdomen out and 
cough. If this is painless then peritonism is w1likely. 
Palpation should be gentle; rebound tenderness 
can be elicited with percussion. Herniae should be 
looked for, and in boys the testicles should always 
be inspected . A rectal examination is rarely war
ranted and a vaginal examina ti.on never in an 
emergency department. 

L I M B S  

Examination of the injured limb is discussed in 
the section on paediatric trauma and below in the 
section on the limping child. 

SPEC IAL  TESTS 

Blood tests are often not necessary. If they are nec
essary and time permits, EMLA (eutectic mixture 
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of local anaesthetics) or amethocaine cream should 
be applied to anaesthetize the skin. Amethocaine 
has a quicker onset of action (30 min) and lasts 
longer (4-6 h). 

RAD I O G RAPHS 

Children are more likely than adults to fracture 
bones than to have simple sprains. Guidelines such 
as the Ottawa ankle rules do not apply to children. 
A higher index of suspicion is necessary if frac
tures are not to be missed. Children are also harder 
to assess after head injuries and a more liberal 
approach to skull radiographs is justified. Chest 
radiographs are less often necessary in asthmatic 
children than in adults. 

ANALGES IA 

Children often receive suboptimal analgesia in 
emergency departments. This is usually due to 
ignorance of doses, and concern about potential 
overdose. Paracetamol is a very common first-line 
analgesic and is suitable for mild pain. A dose of 
80 mg kg-1 day-1 is usually appropriate. A loading 
dose of 40 mg kg-1 is given. 

Severe pain requires opiate analgesia. If the 
child can swallow, morphine solution is effective 
in about 20 min. Children who require fasting 
before an operation or who are vomiting are best 
treated with intravenous morphine in a dose of 
0 . 1-0.2 mg kg-1 . As with all analgesia, the end 
result is more important than the dose. The amount 
of morphine given should be titrated to the pain of 
the child. Intramuscular morphine has a less pre
dictable onset of action, and should not be given 
to shocked children. Opiates probably cause less 
vomiting in children and the use of antiemetics is 
not routinely required. If an antiemetic is required, 
cyclizine is safe at a dose appropriate for the child's 
weight. 

Local anaesthesia can also be very useful in pro
viding analgesia. A femoral nerve block is often 
the best analgesia for a fractured femoral shaft. 
It may be less useful for knee injuries and hip 
injuries. Digital nerve blocks are useful for finger 
injuries. 

SEDAT ION  

For simple and quick procedures, such as placing a 
single stitch, distraction may be all that is required. 
The presence of the child's parents reduces anx
iety. The parents should have an idea of what you 
are going to do before you do it. Most parents will 
instinctively distract upset children. Useful way 
to do this include playing with a favourite toy, 
making silly faces and playing music. 

For many procedures it is desirable to sedate 
the child. Sedation is a reduction in conscious level 
while maintaining verbal contact. Loss of verbal 
contact implies excessive sedation. Safety is of para
mount importance. 

Sedation, analgesia and anaesthesia are different states. 

C H O I C E  O F  S EDATIVE  

Midazolarn is a short-acting benzodiazepine which 
is used extensively in adults. It has variable seda
tive properties but is not an analgesic. There i 
concern that it interacts with opiates to produce 
hypotension . It can be given orally at a dose of 
0.5-0.75 mg kg-1 . It tastes bitter and needs disguis
ing. Peak absorption occurs at 1 h and it is usually 
eliminated in 2 h. It does not require an intra venous 
cammla to be inserted, but has a number of disad
vantages over intravenous midazolam: 

• Gastric stasis increases the risk of aspiration. 
• The pharmacodynamics are very variable. 
• Onset and recovery take a long time. 
• If reversal is necessary then flurnazenil is 

unlikely to be successful because of its short 
half-life. 

• Intranasal midazolarn is another effective, non
invasive method of administering sedation; 
0.5 mg kg-1 should be drawn up in a syringe 
and slowly squirted up the child's nose. It is 
important to have the child head down when 
this is done, otherwise the midazolam will end 
up on the child's clothes. The best way to do this 
is by lying the child head down on the parent's 
lap. Older children can be placed head down on 
a tipping trolley. 

Intravenous midazolam is also used, at a dose 
of 0.05-0.15 mg kg- 1 . It is the best sedative for 



Table 6. 7: Side-effects of ketamine 

Increased salivation can provoke laryngospasm: this 
can be reduced by combining the injection with 
atropine 0.0 I mg kg- 1 • 

Dysphoric reactions such as hallucinations and 
nightmares may occur during recovery. These 
are less common than in adu lts and can be 
minimized by allowing the chi ld to wake up in 
a quiet, dark room. 

Vomiting can occur, usually during recovery, 
particularly if the chi ld is disturbed. 

Myoclonic twitches occur at higher doses: these 
are benign and not related to seizure activity. 

It raises intracranial pressure and is contraindicated 
where there is a significant head injury. 

older children. Flumenazil is a specific antagonist 
for benzodiazepines. 

I ntravenous sedation should only be performed by 

experienced staff. 

Ketamine is a phencyclidine derivative. It pro
duces a state of 'disassociative anaesthesia' by gen
erating a functional barrier between the cortical 
and limbic systems. It is an exh·emely effective 
analgesic. Sedation is achieved with a dose of 
2.S mg kg-1 intramuscularly and usually occurs 
after 10 min. It has usually worn off by 90 min. 
There are a number of adverse effects of ketamine 
(Table 6.7) and it should only be administered by 
experienced staff. Despite these problems, it is an 
extremely useful sedative and analgesic. 

As with all drugs, it is important that staff 
become familiar with the use of sedatives. It is much 
better to use one preparation extensively, than to 
use a variety of mixtures infrequently. 

CONSENT 

Any procedure that has the potential for harm 
requires informed consent. This includes radio
graphs, sedation and treatment. Consent may be 
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either implicit or explicit. The need will depend on 
the intended procedure. For instance, implied con
sent is appropriate before obtaining a radiograph. 
Sedating a child will require a thorough explana
tion and signing of a written consent form. When 
children are involved, the issue of who gives con
sent is important. Usually the parents are available 
to provide consent. Other adults, such as teachers, 
are able to provide consent by acting in loco paren
tis. The local authority provides consent for chil
dren who are in care. 

Where adults are not available, an attempt 
should be made to contact the parents. Consent 
over the telephone is acceptable, provided that this 
is recorded in the notes. Children may consent to 
minor investigations and treatment, provided the 
doctor can satisfy him or herself that the child is 
competent to give consent. Usually this means that 
the dli.ld is over 12 years of age. Occasionally, the 
child's condition dictates urgent, life-saving treat
ment before consent can be obtained. There is no 
legal problem with this. Even more occasionally, 
parents may refuse to allow their child to be treated. 
A commonly quoted example is blood transfusions 
and Jehovah's Witnesses. In these cases, the duty 
consultant and the social work department should 
be contacted to make the child a ward of court. 

If consent is refused and treatment is necessary, the 

child can be made a ward of court. 

The issue of consent is discussed in greater 
detail in Chapter 9. 
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CHAPTER S EVEN 

THE ELDERLY IN THE 

EMERGENCY DEPARTMENT 

• Introduction 

• Assessment 

I NTRODUCT ION  

As the population of the U K  continues to age, eld
erly people will represent an increasing proportion 
of any emergency department's workload. Not 
only do elderly people need emergency care more 
often than the younger population but the prob
lems they present with are often more complex, 
with often more than one disease process present. 

The functional capabilities of the patient rather 
than their chronological age best determine when 
specific age-targeted resources and approaches are 
required. Nevertheless, most hospitals have a rigid 
age limit at which a patient becomes elderly. Many 
elderly patients fear illness and infirmity more 
than death. In consequence, investigation and 
treatment must reflect this. Some of the problems 
of managing elderly patients in the emergency 
department include: 

• Mental incapacity due to dementia may cause 
difficulties in obtaining an accurate medical his
tory and informed consent. Deafness may also 
make communication more difficult. 

• Physical incapacity resulting in poor mobility 
limits the activities of daily living and renders 
elderly people more susceptible to loss of pri
vacy and dignity. Relatively minor injury or ill
ness may result in a loss of ability to cope in 
their own home, and the doctor must have a 
lower threshold for seeking admission for the 
elderly patient. 

• Specific c l inical problems in the elderly 
• Prior to discharge 

• The presence of multiple physical and social 
problems is demanding of clinical and nursing 
time. 

• Involvem.ent of relatives, general practitioners, 
social services and other agencies is necessary 
to obtain information about the patient and to 
plan care. 

Age alone is not a barrier to the consumption of 

healthcare resources. 

Elderly patients with major illness may present 
atypical symptoms and signs. They should be 
managed as aggressively as yotmger patients. For 
certain conditions there is often an even greater 
benefit in older patients, for example in the use of 
thrombolysis in acute myocardial infarction. 

ASSESSMENT 

An accurate history is the most important compo
nent of a patient's assessment and is vital to correct 
diagnosis and treatment. The presence of cognitive 
and physical deficits makes this process more dif
ficult; however, patience, perseverance and access 
to members of the family, friends and the general 
practitioner (GP) will often result in the required 
information being found. Many elderly patients 
are stoical and tmderstate the severity of their 
symptoms. 



Table 7. I :  The abbreviated mental test 

I .  Age 
2. Time to nearest hour 
3 .  Address for recall at end of test 
4. Year 
5. Name of institution 
6. Recognition of 2 persons 
7. Date of birth (day & month) 
8. Year of First World War 
9. Name of present monarch 

I 0. Count backwards from 20 to 
Each correct answer scores I 
Normal = 8 - 1 0  
Moderate impairment = 4-7 
Severe impairment = 0 -3 

Observations of temperature, pulse and blood 
pressure should be interpreted with caution. Many 
elderly patients with infections do not have a 
fever. Blood-pressure measurements regarded as 
normal for young adults are often abnormal for the 
elderly and the pulse rate may be affected by the 
presence of intercurrent disease or use of medica
tion such as beta-blockers. Other physical signs 
such as tenderness and guarding on abdominal 
examination may be absent despite the presence of 
significant intra-abdominal pathology. 

Assessment of cognitive ftmction is essential to 
determine the accuracy of the history and the 
safety of the patient if they are to be discharged. 
The abbreviated mental test score is an appropriate 
tool (Table 7.1 ) .  

S P E C I F I C  C L I N ICAL PROBLEMS  IN 
THE ELDERLY 

'COLLAPSE ?CAUSE ' 

All collapses or falls must be assessed and man
aged appropriately. Isolated events with a clear 
cause, such as a trip on uneven groLmd, may 
require little medical intervention other than the 
treatment of resultant injury. But where the cause 
of the patient's collapse is not obvious, and espe
cially if the episodes are recurrent, a full assess
ment is required with the aim of detecting a 
treatable cause (Table 7.2) . 
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Table 7.2: Differential d iagnosis of collapse in the 

elderly 

Environmental Poor lighting, lack of hand rails 

Musculoskeletal Arthritis, myopathy 

Visual fai lure Cataracts, glaucoma 

Drugs Sedatives, tricyclics, 
anti hypertensives 

Syncope Stokes-Adams attacks, vertebro
basilar insufficiency, carotid body 
hypersensitivity 

Cerebral Parkinson's, cerebrovascular 
accident (CVA). transient 
ischaemic accident (TIA) 

Metabol ic Electrolyte d isturbance 

ACUTE C O N F U S IONAL STATE 

A breakdown in the patient's normal behaviour can 
be classified into three broad categories, the '3Ds': 

• delirium (toxic confusional state) 
• dementia (organic confusional state) 
• depression (psychiatric confusional state). 

D e l i r i u m  ( t o x i c  c o n fu s i o n a l s t a t e) 

The hallmark of toxic confusional states is the 
presence of a diminished or fluctuating level of 
consciousness. Commonly the patient's behaviour 
is restless and may become aggressive. Halluci
nations may occur, especially at night. Again 
a differential diagnosis should be considered 
(Table 7.3) and assessment focused on detecting a 
treatable cause. 

Fluctuating level of consciousness in a confused 

patient is highly suggestive of a toxic confusional 

state. 

Treatment should be directed at the underlying 
cause, avoiding the use of sedation wherever 
possible. Reassurance and a calm, warm, quiet 
environment with familiar faces will often make 
management much easier and sedation wmec
essary. Sedation when w1avoidable should be 
titrated to response in small aliquots (e.g. 2.5 mg 
haloperidol intramuscularly). 
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Table 7.3: Differential diagnosis of toxic confusional 

state 

I nfection 

Metabolic 

Endocrine 

Neurological 

Respiratory 

Cardiac 

Drug related 

Chest, urine, cellul itis 

Hyponatraemia 
Dehydration 
Hypo- or hyperthermia 
Uraemia 
Hepatic encephalopathy 

Hypo- or hyperglycaemia 
Hypo- or hyperthyroidism 

Meningitis, encephalitis, cerebral 
abscess 

Tumour 
Subdural haematoma 
Postictal 

Infection 
Hypoxia 
Hypercapnia 

Low-output states 

Withdrawal (alcohol, 
benzodiazepines, opiates) 

Sedatives, diuretics, 
antiparkinsonism 

D e m e n t i a  ( a c u t e o rg a n i c  s t a t e )  

The typical findings are disorientation in time and 
place associated with impairment of short-term 
memory, cognitive function and insight. Clouding 
of consciousness is not a feature. If a patient with 
known dementia experiences an acute deterior
ation it is often due to a coexisting delirium state 
and the causes listed above should be sought. 

D e p re s s i o n  ( a c u t e  p s y c h i at r i c  s t a t e )  

There may b e  typical biological symptoms (poor 
sleep and appetite) together with hypochondriasis 
or social withdrawal. Some patients may appear 
demented ('pseudodementia') but respond well 
to treatment of depression, with return of normal 
cognitive ftmction. 

TRAUMA I N  THE  ELDERLY 

Trauma is the fifth leading cause of death in people 
over 65 years of age. The elderly patient will have 
a reduced cardiovascular and respiratory reserve 

and often has significant antecedent illness which 
results in a poor prognosis. For injuries of compa
rable severity the mortality rate in people over 75 
years of age is five times that of younger people. 
Above 80 years of age the mortality is 25 times 
greater. 

I n j u r y m e c h a n i s m s  

The doctor should always be aware that an elderly 
patient's fall or road traffic accident may be the 
result of an underlying medical problem such as a 
transient dysrhythmia. Simultaneous management 
of both the injury and its cause may therefore be 
necessary. 

FALLS 

One in four patients over 75 years of age falls at 
least once each year. Of these, half fall repeatedly. 
Twenty-five per cent of patients who have fallen 
will sustain a fracture, and of these 50% will die 
within 12 months. Many falls are due to under
lying medical problems. Thus all patients who 
have fallen must be thoroughly evaluated for such 
problems. 

BURNS 
The dermis of  elderly patients is  much thinner and 
thus burns tend to be deeper. The mortality rate 
rises sharply with age, and overall mortality in 
those over 60 years of age is twice that of younger 
patients. 

N O N -ACC I DENTAL I NJ U RY 
In the USA this is termed elder abuse. Patients sel
dom inform medical staff for fear of abandonment 
by their farnil y. There is often a degree of denial or 
acceptance by the victim. Medical staff should 
have a high index of suspicion when dealing with 
a patient in whom there is evidence of physical 
neglect, Lmexplained medication overdoses or 
multiple injuries of varying ages. 

Key d i ffe re n c e s  

H EAD I NJURY 
There is an increased incidence of subdural haema
toma because of increased dural vein fragility and 
the tendency of the brain to atrophy with age, thus 
allowing it greater movement within the craniwn. 

I 
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The overall prognosis for elderly patients with 
a significant head injury is poor, with over two
thirds of patients over 65 years of age who present 
as an unconscious head injury dying. 

C H EST I NJ U RY 
Advancing age reduces the compliance of the 
thoracic cage, and thereby reduces the ability of 
the thorax to withstand blunt trauma. Beyond 
middle age the functional residual capacity falls 
and the alveoli begin to collapse at the end of expi
ration. This phenomenon is exaggerated by recum
bency. Consequently, any injury to the chest is 
likely to further impair an already reduced ventila
tory capacity, increasing the incidence of ventila
tory failure. Allied to this is the rising incidence of 
osteopenia with age. In consequence, even a minor 
fall may lead to rib fractures and even a flail chest. 

Finally, because congestive cardiac failure and 
chronic obstructive airways disease are more com
mon in this age group, even minor chest injuries 
may cause significant pulmonary compromise. 

CARD I OVASCULAR RESPONSES A N D  I NJ U RY 

Elderly patients are less able to increase cardiac out
put on demand since ageing reduces the ventricular 
wall compliance, atrial fibrillation when present 
reduces cardiac output by up to 30%, and elderly 
patients are more likely to be taking beta-blockers, 
which are negatively i.notropic and chronotropic. 

Calcification of the aorta reduces its elasticity, 
increasing the risk of traumatic rupture following 
sudden deceleration. 

ABDOM I NAL I NJ U RY 

Lack of abdominal wall musculature reduces 
guarding and the signs of peritoneal irritation are 
more subtle in the elderly. 

O RTHOPAED IC  IN JURY 

Osteopenia becomes ubiquitous with advancing 
age and in consequence fractures occur following 
relatively minor injuries (e.g. the high incidence of 
fractures of the femoral neck following a fall). The 
reduced pain perception seen in some elderly 
patients increases the likelihood that subtle frac
tures may be missed. Fractures may also be more 
difficult to detect radiologically, and a radio
isotope bone scan should be done when clinical 
suspicion is high but radiographs do not show a 
fracture. 
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RESUSCITATI O N  

To minimize mortality and morbidity resuscitation 
must combine vigorous treatment of haemorrhage 
with close monitoring to prevent fluid overload. 
Urinary output should be measured hourly and 
there should be a low threshold for measuring 
central venous pressures. 

MYOCARD IAL  I N FARCT ION 

Atypical presentation with acute myocardial infar
ction becomes increasingly common with age and 
over the age of 85 years chest pain is not present in 
half of all patients. Atypical symptoms include syn
cope, vomiting, confusion and weakness. However, 
the prognosis for patients with these features is no 
worse than for patients presenting with the classic 
features of acute myocardial infarction. 

I N FECT IONS  

Elderly people are a t  increased risk of developing 
infections, and the resultant morbidity and mortal
ity are common. Significant infections may be pres
ent even in the absence of a pyrexia and a raised 
white-cell count. Pneumonia and urinary tract 
infections are particularly common and the doctor 
should have a low threshold for considering these 
diagnoses and treating the patient early and 
a ggressi v el y. 

ABDOM INAL PA I N  

In comparison with younger patients, abdominal 
pain frequently has a serious underlying cause and 
surgical intervention is commonly required. Again, 
life-tlu·eatening illness may present with non
specific symptoms and signs. Specifically, as the 
abdominal wall musculature atrophies patients 
are less likely to demonstrate important physical 
signs such as guarding or rebound. The omentum 
also shxinks with age, reducing its ability to localize 
disease processes such as perforation. The emer
gency department doctor is therefore justified in 
investigating elderly patients with abdominal pain 
and referring for a period of in-patient observation 
when there is any diagnostic uncertainty. 
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Table 7.4: Conditions inappropriately overtreated 

Parkinson ism 
Dependent oedema 
Epilepsy 
Diabetes 
Hypertension 

I NAPPROPR IATE  TREATMENT  

The elderly are particularly likely victims of poly
pharmacy and the consequent problems of drug 
interactions and adverse effects. Certain conditions 
are frequently overtreated (Table 7.4). 

Conversely, other conditions are undertreated, 
especially mental illnesses and, in particular, depre
sion. When prescribing new medication to the 
elderly, particular caution should be exercised to 
reduce the incidence of adverse reactions and drug 
interactions. Overdose and other forms of suicidal 
behaviour are especially serious in the elderly. 

PR IOR  TO D ISCHARGE  

Before discharging any elderly patient the follow
ing must be assessed: 

• Can the patient walk safely with or without 
an aid? 

• Can the patient get home safely? 
• Once home, can they cope with the activities 

of daily living - dressing, washing, toileting, 
shopping and cooking? 

• Can the patient understand new or existing 
medication? 

• Can relatives or friends continue to provide 
sufficient support? 

If the answer to any of the above is no then 
either the patient will require admission or assis
tance must be sought from the GP, social worker 
and district nurse. 

If a patient cannot mobil ize safely they must be 

admitted for further investigation and rehabi l itation. 
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I NTRODUCT ION  

Pain is the commonest cause of presentation to an 
emergency department. Effective analgesia must 
therefore be a high priority and a number of meth
ods for pain relief are available to the emergency 
doctor. As well as oral, intramuscular and intra
venous analgesia, local anaesthesia in the form of 
infiltration or nerve blocks is commonly used to 
relieve the pain of procedures such as suturing or 
manipulation of fractures. In addition, sedation of 
patients is often important to prevent distress dur
ing procedures. However, if sedation is not prop
erly performed, this can result in w1controlled and 
dangerous general anaesthesia. Finally, techniques 
of general anaesthesia are often required to gain 
definitive control of the airway and to ensure ade
quate ventilation. This chapter provides a descrip
tion of the techniques available and appropriate for 
use in the emergency department. 

ANALG ES IA  

The majority of patients attending the emergency 
department present with pain requiring some form 
of analgesia. Pain prevention and treatment must 
therefore form part of the management of each of 
these patients. It is important to evaluate each 
patient separately and to formulate an individual 

• Sedation 
• Emergency general anaesthesia 
• Further reading 

treatment plan. There are many factors that should 
be considered in determining the type and route of 
administration of analgesic drugs; these include 
the cause, character and severity of the pain as 
well as the patient's age, size, personality and any 
co-morbidity. 

PAI N  PHYS IOLOGY 

Pain begins when local tissue damage occurs, 
resulting in the release of inflammatory mediators 
which in turn results in the generation of electrical 
impulses at the peripheral sensory nerve endings 
or nociceptors. These impulses are conducted to 
the spinal cord either by thin myelinated A fibres 
(sharp localized pain) or by slow W1ffiyelinated C 
fibres (burning diffuse pain). Visceral pain is trans
mitted by vagal and sympathetic nerve fibres, 
is often difficult to localize, and is often referred. 
Further relay to the higher centres in the brain 
is modified within the spinal cord before the indi
vidual perceives the painful stimulus. Pain can 
therefore be controlled or modulated by using 
drugs that act at the various levels of this complex 
chain. 

The mode of action of non-steroidal anti
inflammatory drugs (NSAIDs) is to reduce the 
peripheral inflammatory response by inhibiting 
prostaglandin synthesis. Some of the analgesic 
effects of aspirin and all of those of paracetamol 
are due to the inhibition of cyclo-oxygenase in the 
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central nervous system. Opioid drugs modulate 
pain by binding to opioid receptors in the spinal 
cord and higher brain centres. Moreover, opioids 
can influence the perception of pain by binding 
to opioid receptors in the cerebral cortex. Local 
anaesthetics provide analgesia by blocking the 
transmission of impulses from the periphery to the 
central nervous system. Local anaesthetics injected 
into the epidural space block impulses at the 
spinal cord level by acting on the spinal nerve 
roots. Although epidural analgesia can offer excel
lent pain relief in other clinical settings, such as 
fractured ribs, it is w1suitable for emergency depart
ment use and is not discussed further in this chapter. 

M ETHODS  O F  PA I N  MANAG E M ENT 

S i m p l e  m e a s u re s  

Although the use of drugs is often unavoidable, 
the use of non-pharmacological methods of pain 
relief should not be ignored. Simple measures such 
as immobilizing a fracture, elevation of a swollen 
limb and the application of ice to a recent injury 
can be of significant benefit. The treatment of the 
underlying cause of the pain may also be a rapid 
and effective method, for example the insertion of 
a urinary catheter in the patient with acute reten
tion or the reduction of a dislocated patella will 
produce immediate and gratifying relief. Finally, 
most patients in pain are anxious about the nature 
and severity of their condition. Anxiety heightens 
the perception of pain and simple reassurance may 
reduce the patient's distress. 

l n h a l a t i o n a l  a n a l g e s i a  

Entonox® is a valuable adjunct in providing tem
porary pain relief, especially for minor procedures 
or during the reduction of dislocations and simple 
fractures. It is a 50/50 mixture of nitrous oxide and 
oxygen which can be safely delivered using a self
administered demand valve system. Entonox® 

needs to be inhaled for at least 45 s before maxi.mum 
analgesia is achieved. Clear instruction to take 
slow, deep breaths is essential. Its effect quickly 
subsides once the drug is stopped, without any 
hangover effect. Side-effects include temporary 
dizziness and drowsiness. Because the drug diffuses 
into air spaces, its use is absolutely contraindicated 

in patients with decompression sickness and un
drained pnetm1othorax. Relative contraindications 
include head-injured patients owing to the risk of 
pneumoencephalus. In many cases it may not be 
sufficient to provide adequate analgesia, and there
fore it may be used in combination with a region 
local anaesthetic or an intravenous analgesic. 

Entonox is contraindicated in head injury, pneu

mothorax and decompression i l lness. 

E n t e r a l  a n a l g e s i a  

Oral analgesia can be used for mild to moderate 
pain. The opioids and NSAIDs are the lvvo classes 
of analgesics that include the majority of drugs 
which are commonly used in the emergency depart
ment. For mild pa.in paracetamol 1 g 6-hourly is 
often adequate. It has centrally acting analgesic 
and antipyretic properties and is rapidly absorbed 
from the gut to produce analgesia within 30 min 
which lasts about 4 h.  

O P IO IDS  

There are a variety of  oral opioids of  various 
strengths that can be used for moderate pain. 
These may be prescribed alone or in compound 
preparations with paracetamol or aspirin. Codeine 
is a natural alkaloid which has weak analgesic 
effects and produces constipation. Dihydrocodeine 
is a semi-synthetic derivative of codeine that has 
better analgesic properties than codeine but can 
cause confusion and disorientation in children and 
the elderly. Coproxamol contains paracetamol and 
the synthetic opioid dextropropoxyphene. It has a 
similar potency to codeine and is best avoided, as 
in overdose it may induce respiratory depression 
or death. Other compound analgesics include cody
dra.mol (paracetamol and dihydrocodeine) and 
cocodamol (codeine and paracetamol) . Most depart
ments will have a prescribing policy for compound 
analgesics and this should be followed. It is usu
ally sensible practice to restrict prescribing to one 
of the compound analgesic drugs only. Tramadol is 
a new centrally acting analgesic with opioid agonist 
properties. It is ideal for moderate to severe pain 
and has fewer gastrointestinal and respiratory 
side-effects than morphine. Buprenorphine is asso
ciated with an unacceptably high incidence of 
vomiting and its use is not recommended. 



N O N -STERO IDAL  ANT I - IN FLAMMATORY DRUGS 

NSAIDs have analgesic and anti-inflammatory 
properties and are rapidly absorbed into the sys
temic circulation by the oral and rectal routes. 
Salicylates such as aspirin are the oldest class 
of NSAIDs. Enteric coating of aspirin may red
uce some of its gastrointestinal side-effects. The 
phenylacetic acids such as diclofenac are newer 
and can be given orally, rectally or intramuscu
larly. Diclofenac can also be used parenterally in 
the treatment of acute biliary and renal colic. 
Propionic acids such as ibuprofen, ketoprofen and 
naproxen are the best tolerated of all NSAIDs. 
They are particularly useful for acute soft tissue, 
bone and joint injuries as well as renal colic. 
NSAIDs can be used in conjtmction with opioids 
such as dihydrocodeine to provide analgesia in 
patients presenting with clu·onic pain conditions 
such as low back pain. However, NSAIDs have 
their own side-effects, such as gastric irritation, 
nephrotoxicity, impaired haemostasis owing to 
decreased platelet aggregation, exacerbation of 
astluna and sodium retention. There is some theor
etical evidence suggesting that NSAIDs may 
reduce bone healing in fractures, and they may 
be better avoided for long-term use in this group 
of patients. Misoprostol, a synthetic analogue of 
prostaglandin E1, may be given with NSAIDs such 
as diclofenac to reduce some of the gastrointestinal 
side-effects. 

Avoid NSAIDs in patients with known peptic ulcer 

disease and severe asthma. 

P a re n t e r a l  a n a l g e s i a  

Parenteral analgesics are ideal for moderate to 
severe pain and can be broadly classified into opi
oid and non-opioid types. Opioid medications 
remain the mainstay of acute visceral pain therapy. 
The selection of drugs should be based on the 
duration of action and side-effects. The intramus
cular or intravenous routes of administration are 
commonly used in the emergency department set
ting. The intravenous route is preferred as it pro
vides a predictable and rapid onset of action. 
Plasma concentrations are rapidly attained, allow
ing easy assessment of benefit and appropriate 
titration of the drug. The intramuscular route has a 
variable absorption rate as it relies on perfusion at 
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the site of injection and the peak plasma concen
trations can be inconsistent. 

Intramuscular analgesia should be avoided in patients 

with hypovolaemia or cardiac fai lure.  

O PIO IDS  

The most serious side-effect o f  opioid analgesics is 
respiratory depression, possibly leading to respir
atory arrest (Table 8 .1 ) .  Transient hypoxia with no 
clinical ventilatory abnormalities often occurs in 
the elderly and in obese patients. Careful monitor
ing should prevent such complications. Other 
side-effects include nausea and vomiting caused 
by stimulation of the chemoreceptor trigger zone. 
Centrally acting antiemetics such as cyclizine 
should be given, rather than metoclopramide or 
prochlorperazine, which are peripherally acting. 
Other side-effects include reduced gastric empty
ing, retention of urine and depression of bowel 
ftmction, leadmg to constipation and paralytic ileus. 
Opioids should be carefully titrated and moni
tored in patients with reduced respiratory effort. 
They should be avoided in unventilated patients 
with status asthmaticus or head injuries with sus
pected raised intracranial pressure. Pethidine 
should be avoided in patient taking monamine 
oxidase inhibitors. 

Opioid toxicity is manifested by sedation, respir
atory depression and miosis and can be reversed 
by intravenous naloxone. Naloxone has a duration 
of action of 15-20 min, which is considerably 
shorter than that of many opioids and repeated 
doses may therefore be necessary. On rare occa
sions, establishment of a naloxone infusion may be 
required. In doubtful cases, a sufficient dose of 
naloxone should be given in order to ensure that 
lack of response is due to absence of opiate over
dose. This is usually in the region of 2 mg. 

Table 8. 1 :  Side-effects of opioids 

Respiratory depression and arrest 

Hypoxia 

Nausea and vomiting 

Reduced gastric emptying 

Retention of urine 

Constipation 

Paralytic i leus 
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• Morphine i s  the standard drug against which all 
opioids and opioid-like formulations are com
pared. It produces analgesia and drowsiness at 
higher doses. The parenteral dose is 0. 1-0.2 mg 
kg-1 with a duration of action between 3 and 
4 h. When administered intravenously to an 
adult, an initial bolus of 3-5 mg can be given 
followed by further 1-2 mg boluses at 5-min 
intervals until adequate analgesia with minimal 
side-effects is attained. Titration must be slow as 
its onset of action is slow. 

• Diamorphine is a semi-synthetic opioid which 
is much more lipid soluble than morphine and 
hence faster acting. The parenteral dose is 0.05-
0.15 mg kg-1 and it can be given intravenously, 
intramuscularly or subcutaneously. 

• Pethidine is a synthetic drug which is com
monly given either inh·avenously (0.5-1 mg kg-1) 
or inh·amuscularly (50-100 mg adult dose). It is 
shorter acting than morphine (duration 2-3 h) 
and repeated doses may be required to main
tain analgesia. 

• Nalbuphine is a synthetic opioid with partial 
agonist effects and therefore it is associated 
with a ceiling to its depressant effect on respir
ation. It causes little cardiovascular compromise 
and tl1e dosage is the same as with morphine, 
with an equi-analgesic effect. It is not classed as 
a controlled drug and is therefore commonly 
used by paramedics in the prehospital phase. 
Partial agonist effects may lessen the effective
ness of subsequent doses of opiates and make 
judging adequate dosage difficult. Nalbuphine 
is not recommended for in-hospital use. 

N SA I D  DRUGS 

Parenteral NSAIDs have an increasing role in  the 
management of acute musculoskeletal pain as well 
as of biliary and renal colic. Intramuscular diclo
fenac has been widely used but can be painful at 
the injection site. Ketorolac is a newer NSAID that 
is also available as a parenteral preparation. 

Side-effects are more common in the elderly. 
Patients should not be prescribed more than one 
NSAID at a time and the lower end of the dose 
range should be tried initially and titrated upwards 
according to response. If a patient does not tolerate 
one class of NSAID, a drug from another group may 
be tried. NSAIDs are best avoided in pregnancy. 
Side-effects of parenteral NSAIDs are the same as 
in the enteral group, as previously mentioned. 

NSAIDs are best avoided in the trauma patient as 
they can precipitate renal impairment and deranged 
coagulation. 

It is better to use a few drugs well rather than many 

badly. 

LOCAL ANAESTH ES IA  

I NTRODUCT ION  

Local anaesthetic agents produce a transient and 
reversible loss of sensation in a part of the body 
by blocking nerve conduction. Both sensory an 
motor nerves may be blocked, depending on the 
agent used and the anatomical level at which the 
agent is administered. 

PHARMACOLOGY 

Nerve fibres may b e  blocked a t  any level from the 
spinal cord to the receptor site at the periphery. 
Local anaesthetics block nerve conduction by 
interfering with the permeability of the cell mem
brane to sodium, thus stabilizing the membrane a t  
the resting potential. The speed with which local 
anaesthetics diffuse into the cell membrane 
depends on the degree of myelination, the size of 
the nerve and the relative position of the fibre 
within the nerve. The smaller fibres conducting 
pain are more sensitive to local anaesthetic agents 
than the large motor fibres. Patients can therefore 
move their limbs during a procedure even when a 
local anaesthetic has been used. Similarly, a fibre 
may be readily blocked using a spinal anaesthetic, 
but the same fibre will take longer to be anaes
thetized if it forms part of a larger nerve in the 
periphery, such as the femoral nerve. 

Structurally all local anaesthetics consist of an 
amino group, linked through an amide or an ester 
to an aromatic residue. Classification is therefore 
based on the type of linkage: 

• Ester class: cocaine is most commonly used in 
otolaryngology as a topical anaesthetic agent in 
the nose. Amethocaine and benzocaine are still 
used as topical agents but to a lesser extent. 



L O C A L  A N A E S T H E S I A  

Table 8.2: Summary of pharmacodynamic properties and doses of local anaesthetics 

Relative Toxicity Duration Onset Maximum Typical dose (ml) 
potency of action (min) dose (mg kg- 1) 70-kg adult 

Esters: 
Procaine I I Short 1 8  6-7 I O (of 3%) 
Amethocaine 8 1 0  Long 1 5  1 - 1 .5 6-8 (of 0.5%) 

Amides: 
Lignocaine 2 2 Moderate 5 3 20 (of l %)* 
Prilocaine 2 I Moderate 5 5 40 (of 0.5%) 
Mepivacaine 2 2 Moderate 3 4 1 5  (of 0.2%) 
Bupivacaine 8 1 0  Long 1 0  2 20-25 (of 0.5) 

* 40 ml of I %  l ignocaine can be used when mixed with adrenaline I /200 000. 

• Amide class: lignocaine (lidocaine) remains the 
standard against which the amide local anaes
thetics are compared. It forms the mainstay for 
local anaesthetic practice. Prilocaine is consid
ered the safest agent for intravenous blockade. 
Bupivacaine is a long-acting agent which is com
monly used for epidural anaesthesia. The phar
macodynamic properties and doses of local 
anaesthetics are summarized in Table 8.2. 

Adrenaline can be used as an additive in order 
to increase the duration of action of short- and 
intermediate-acting local anaesthetics by inducing 
local vasoconstriction. Adrenaline also allows 
larger doses of the local anaesthetic to be used 
safely by slowing absorption. 

Adrenaline should not be used in areas supplied by 

end-arteries, such as the toes, fingers, ears, nose 

and penis. 

Caution should be exercised in patients with 
peripheral vascular disease and ischaemic heart 
disease. 

An easy way of converting the percentage concen

tration of a drug to mil l igrams per mil l i l itre is by multi

plying the % concentration by I 0. For example, I %  

lignocaine i s  equivalent to I 0 mg m l- 1 • 

G E N ERAL P R I N C I P LES  

Local anaesthesia i s  cheap, simple and relatively 
safe to administer. It provides good and effective 
pain control with minimal danger to the patient 

Table 8.3: Indications and contraindications for 
intravenous regional anaesthesia 

Indications: 
Any patient in whom a local anaesthetic can be 

used safely and effectively 
Patients with cardiorespiratory problems where 

general anaesthesia would be hazardous 

Contraindications: 
Patients with known allergy to local anaesthetic 
Unwil l ing and unco-operative patients 
Local sepsis 
Uncertain duration of surgery 
Patients with peripheral vascular disease or sickle 

cell disease, as there is a risk of ischaemia 
related to the local hypoxia 

Marked coagulation disorders 
I nexperienced user 

and it is often the technique of choice in high-risk 
patients. Although the procedure is considered 
safer than general anaesthesia, deaths have been 
reported following equipment failure, such as cases 
of premature cuff deflation following Bier's block. 
Although patients do not need to be starved, fast
ing is necessary for intravenous regional anaesthe
sia. Many techniques can be used by the emergency 
doctor without the need for an anaesthetist. The 
indications and contraindications for using 
regional anaesthesia are summarized in Table 8.3. 

The maximum safe dose of lignocaine is 3 mg kg- 1 • 

The maximum safe dose of lignocaine with adrena
line is 7 mg kg- 1 • 

6 1  
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PREOPERATIVE  C O N S I DERAT IONS  

Several factors should be considered before admin
istering a local anaesthetic. These include the 
patient's general health, the type, site and duration 
of surgery, and the availability of appropriate 
equipment, facilities and staff. Ideally, patients 
should be starved because at times the regional 
anaesthetic may be unsuccessful or complications 
may arise that require general anaesthesia. 

G e n e ra l  h e a l t h  

A brief medical history and physical examina
tion should be taken in all cases. Patients with 
ischaemic heart disease, arrhytlunias, myasthenia 
gravis, hepatic impairment and epilepsy are at 
an increased risk of developing toxic reactions. 
Caution should be taken with debilitated frail 
elderly patients and with very yow1g patients, and 
the dosage of the anaesthetic should be exact. 
A clear explanation of the procedure should be 
given to the patient as well as a warning that 
the anaesthetic will offer pain relief but pressure 
and pulling will be felt during the operation. 
It is good practice to point out the advan
tages associated with the chosen technique in 
terms of early recovery and reduced postoper
ative pain. 

P at i e n t  m o n i t o r i n g  

Patients w1dergoing i.v. regional anaesthesia to the 
upper and lower limbs usually require the use of 
large amounts of local anaesthetics. It is therefore 
important to ensure that resuscitation equipment 
is available in the department for basic life support, 
as well as intubation equipment and induction 
agents for emergency general anaesthesia. The 
patient should be placed on a tipping trolley 
and suction should be available for aspiration of 
any secretions or vomit. The patient should be 
monitored using a pulse oximeter, cardiac monitor 
and blood pressure. In addition to the emergency 
medicine specialist or surgeon a second person 
skilled in resuscitation, airway management and 
support of the circulation must be present to man
age any possible adverse events. The doctor 
administering the i.v. regional anaesthetic should 
monitor the patient while a separate person per
forms the operative procedure. 

Ty p e ,  s i t e a n d  d u r a t i o n  o f  

p ro c e d u re 

The chosen method of local anaesthesia should 
provide adequate anaesthesia to the skin as well 
as blocking the stimuli arising from deeper struc
tures manipulated during the procedure. The dif
ferent types of regional blocks that can be used for 
different sites are described in detail in the next 
section. 

The dmation of anaesthesia is an important issue 
in deciding whether sedation or even a general 
anaesthetic should be offered. A mixture of a 
long-acting and short-acting local anaesthetic can 
sometimes be used to allow the procedure to be 
commenced a few minutes after the anaesthetic is 
given but at the same time allow time for a lengthy 
procedure to be perfom1ed. Similarly, extensive 
wounds which would require infiltration of doses in 
excess of the maximum safe dose in order to aclueve 
effective analgesia will require some other form of 
anaesthetic procedure. All the drugs used should be 
checked before drawing up the solution. The correct 
dose should be carefully calculated, especially in the 
elderly and children. The anaesthetic should be 
injected slowly to minimize pain and the patient 
should be asked to report any symptoms of toxicity, 
such as tinnitus or tingling aratmd the mouth. 

S i d e - e ffe c t s  

Adverse systemic effects occur secondary to 
absorption of toxic amounts of local anaesthetic 
into the systemic circulation. Systemic toxicity is 
most commonly caused by accidental intravascu
lar admitustration. 

The most serious side-effects result from the 
action of the local anaesthetics on the central nerv
ous system (CNS) and cardiovascular system. 
Iiutial symptoms of central nervous system toxic
ity include perioral paraesthesiae and light
headedness. With increasing concentrations of the 
drug the patient develops tinnitus, slurred speech, 
twitcl1ing of the facial muscles, irrational conver
sation, unconsciousness and convulsions, followed 
by respiratory depression, hypotension and car
diac arrest. Cardiovascular side-effects include 
conduction abnormalities, arrhythmias, decreased 
cardiac output and cardiac arrest. Severe allergic 
reactions are rare. Ischaemia and gangrene can 
occur if adrenaline is used around an end artery. 
Bupivacaine has the highest lipid solubility, protein 



Table 8.4: Side-effects of local anaesthetics and their 
treatment 

Treatment of toxicity: 
Stop administration of the drug 
Airway - maintenance 
Breathing - oxygen therapy 
Circulation - IV fluids 

Monitor pulse, blood pressure, oxygen saturation, 
respiratory rate, conscious level and ECG 

CNS toxicity: 
For fits - diazepam 5- 1 0  mg IV slowly 

CVS toxicity: 
Hypotension - foot elevation and intravenous 

fluids 
Cardiac arrhythmias - cardioversion if 

haemodynamically compromised 

Anaphylactic reaction: 
Adrenal ine, hydrocortisone, nebulized salbutamol 

Methaemoglobinaemia: 
Methylene blue 

binding and cardiotoxicity. Methaemoglobinaemia 
may result when prilocaine is used in excess of 
7mg kg-1 . Haematoma and bruising around the 
injection site are minor complications. Table 8.4 
summarizes the drugs and management of the 
different side-effects caused by local anaesthetics. 

TYPES OF  REG I O NAL ANAESTHES IA  

L o c a l  i n fi l t r at i o n  a n d  fi e l d  b l o c k  

Theses are the commonest techniques used in the 
emergency department. The anaesthetic is injected 
locally in the subcutaneous tissues in order to 
block sensory nerve endings. In the case of field 
block a wider area of anaesthesia is established by 
blocking the branches of nerve endings arow1d the 
area to be treated. These techniques are normally 
used for suturing of lacerations, cleaning and 
debriding of wo1mds, minor surgical procedures 
and to supplement a nerve block. 

Te c h n i q u e  

Lignocaine (3 mg kg-1 max. dose) is slowly infil
trated into the wound edges, skin or tissues using 
a fine needle. The onset of action is about 2 min 
with a duration of action up to 45 min depending 
on whether adrenaline has been used. Excessive 
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infiltration around the wound with local anaes
thetic may distort the normal anatomy and make 
the operative procedure more difficult. 

U p p e r  l i m b  b l o c k s 

Virtually all operations on the upper limb may 
be performed under local anaesthesia, bearing in 
mind the limitations and extent of anaesthesia pro
duced by the different techniques. A regional block 
to the upper limb may be tmsuitable for a trauma 
patient if the procedure is likely to be very long 
and when other injuries are present requiring gen
eral anaesthesia. Local infiltration or sedation may 
be used to supplement the block. The choice of 
regional anaesthesia for upper limb injuries will 
depend on the advantages and disadvantages of 
each technique, as well as the experience of the 
clinician with the particular block. 

The following techniques are discussed below: 

• Bier's block 
• axillary block 
• median nerve block at the wrist 
• ulnar nerve block at the wrist 
• radial nerve block at the wrist 
• haematoma block at the wrist 
• digital nerve block. 

I NTRAVE NOUS  REG IONAL ANAESTH ES IA  

{ B I E R 'S  B LOCK) 

This is  commonly used in the emergency depart
ment in order to provide regional anaesthesia below 
the elbow. It works by diffusion of the anaesthetic 
out of the vascular system to act on the peripheral 
nerves. It is a superior teclmique to infiltration of 
the fracture site for reduction of Colles' fracture. 
Plain prilocaine 0.5% is the drug of choice with an 
onset of action between 2 and S min and duration 
of anaesthesia of up to 80 min following release of 
the tourniquet. Time limitation is usually due to 
tourniquet discomfort, which cannot be easily 
avoided even if a double-cuff system is used. 
Contraindications These include patients with sic
kle cell disease, Raynaud's disease, severe hyper
tension and obesity, and children under 7 years old. 
Precautions Although it is a simple and reliable 
technique there is a potential risk of toxic reac
tions, therefore: 

• The procedure should be performed on a tip
ping trolley. 
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• Two doctors, including one experienced in  the 
technique and another who will carry out the 
procedure, and a trained nurse must be present 
during the procedure to monitor the patient. 

• Venous access should be established on both 
arms. 

• Resuscitation equipment and drugs should be 
readily available. 

• The tourniquet should be checked for leaks 
before it is applied. 

Technique The arm is fully exposed and the pneu
matic tourniquet is applied high on the arm. 
Venous access is established using a small cannula 
on the dorsum of each hand. The arm is elevated 
with brachial artery digital occlusion and exsan
guinated by applying an Esmarch bandage. The 
cuff is then inflated to 50 mmHg above the systolic 
blood pressure. The prilocaine is injected slowly 
over 2 min (40 ml of 0.5% for a 70 -kg adult; the 
dose is reduced in the elderly and children and 
may be increased to 50 ml in a large adult male). 
The cuff should be monitored throughout the 
procedure and should not be released for at least 
20 min after the injection. The cannula on the 
anaesthetized side should be removed before the 
manipulation is carried out. A double-cuff system 
is sometimes used: the proximal cuff is initially 
inflated and the lower cuff subsequently inflated 
once the underlying skin is considered to be anaes
thetic. The upper cuff can then be deflated. This 
system is designed to reduce patient discomfort 
but can result in potentially catastrophic errors if 
the wrong cuff is deflated. The patient should be 
observed for at least 1 h after the procedure. 

AXILLARY BLOCK ( F I G .  8 . 1 )  

This approach carries the lowest risk of life
threatening complications but produces inconsis
tent anaesthesia above the elbow and inadequate 
blockade for procedures performed in the shoulder 
and upper arm. 
Technique The patient is positioned supine or 
semi-sitting with the arm abducted to 90° and the 
elbow flexed. A dose of 30-40 ml of 1 % lignocaine 
with adrenaline can be used. The axillary artery is 
palpated as high as possible in the axilla. A short 
bevelled needle is inserted superior to the artery or 
as close to it as possible at an angle of 30-40° with 
the skin. A 'pop' may be felt as the needle enters 
the neural sheath and the patient may experience 
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Figure 8. 1 :  Axillary block. 

paraesthesiae. If aspiration shows that the needle 
has entered the axillary artery the needle is 
advanced tlu·ough the artery by piercing its poste
rior wall to enter the posterior part of the brachia! 
plexus sheath. If any resistance is felt while the 
anaesthetic is injected the needle should be slightly 
withdrawn as it may be lying within the nerve. 
In order to encourage proximal spread of the 
anaesthetic the inner arm is squeezed firmly, distal 
to the point of injection, whilst the anaesthetic is 
infiltrated. The block may take 30-45 min to 
work fully. 

M EDIAN N ERVE BLOCK AT T H E  WRIST 

( F I G .  8 . 2) 

The median nerve can be blocked at the level of the 
proximal skin crease as it passes just under and on 
the radial side of the palmaris longus tendon. It is 
indicated for procedures on the volar aspect of the 
hand in the median nerve distribution. A history 
of carpal tunnel syndrome should preclude this 
block. 
Technique The hand is placed in the supine pos
ition with the wrist slightly flexed against resist
ance. A fine needle is inserted between the tendons 
of the flexor carpi raclialis and palmaris longus 
and advanced to a depth of 1 cm. Five millilitres of 
1 % lignocaine are infiltrated, withdrawing the nee
dle if paraesthesiae occur. For onset of anaesthesia, 
5-lO min should be allowed. 



Figure 8.2: Median nerve block at the wrist. 

U LNAR N E RVE BLOCK AT T H E  WRIST 

( F I G .  8 . 3 )  

The ulnar nerve innervates the ulnar aspect of 
the hand by dividing into two cutaneous branches 
5 cm proximal to the wrist. The dorsal branch 
passes under the flexor carpi ulnaris tendon and 
the palmar branch lies between the ulnar artery 
and the flexor carpi ulnaris tendon. Indications for 
ulnar nerve block include procedures on the ulnar 
aspect of the hand and reduction of frachires to the 
little finger and little finger metacarpal. 
Technique With the hand supinated the wrist is 
slightly flexed against resistance in order to iden
tify the flexor carpi ulnaris tendon. A fine needle 
is introduced at right-angles to the skin between the 
ulnar artery and flexor carpi ulnaris. If paraesthe
siae are reported the needle is withdrawn slightly 
and, following negative aspiration for blood, 5 ml of 
1 % lignocaine are injected whilst the needle is 
slowly witl1drawn. The dorsal branch is blocked by 
subcutaneous infiltration of 5 ml of local anaes
thetic arow1d the ulnar styloid. Before the anaes
thetic is given the radial artery should be palpated 
to ensure that a collateral blood supply to the hand 
is present. Adrenaline is best avoided. 
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Figure 8.3: Ulnar nerve block at the wrist. 

Figure 8.4: Radial nerve block at the wrist. 

RADIAL NERVE BLOCK AT T H E  WRIST 

nerve 

The superficial branch of the radial nerve passes 
under the brachioradialis tendon 8 cm proximal 
to the wrist to lie subcutaneously on the extensor 
aspect of the wrist. It then divides into several ter
minal branches to supply the dorsum of the hand. 
Radial nerve block is indicated for procedures to 
areas of the hand iru1ervated by the superficial 
radial nerve. 
Technique With the hand pronated, 5 ml of 1 % lig
nocaine are injected subcutaneously at the level of 
the anatomical snuffbox around the radial border 
of the wrist, from the skin overlying the radial 
artery around to the level of the extensor carpi 
radialis tendon. Care must be taken to avoid intra
venous injection of anaesthetic (Fig. 8.4). 
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I N F I LTRAT ION O F  FRACTU RE HAEMATOMA 

This technique is being used increasingly in emer
gency departments for the reduction of some wrist 
fractures. It can easily be used by accident and 
emergency pers01mel with or without inh·avenous 
sedation, although some critics of the technique 
believe that the analgesia produced is less effective 
than regional anaesthesia (Bier 's block). 
Technique This teclmique works by blocking the 
nerves supplying the periosteum, bone and sur
rounding soft tissues at the fracture site. Using a 
full aseptic technique, a needle is inserted into the 
haematoma and fracture site and 10-15 ml of 1% 
lignocaine slowly injected. The fracture can be 
manipulated 10 min following the injection. The 
block lasts for approximately 1 h and remanipula
tion of the frachire maybe possible during this 
period. 

Haematoma blocks should not be used for frac
tures sustained over 24 h ago and where there is 
infection of the skin overlying the fracture. Careful 
aseptic technique should be used as this method 
essentially converts a closed into an open fracture. 
Rapid absorption of the local anaesthetic from the 
haematoma can cause toxicity, and therefore the 
patient should be monitored and closely observed 
during as well as 1 h after the procedure. 

D I G I TAL N E RVE  BLOCK  ( R I N G  BLOCK) 

Digital nerve block is  commonly used in the emer
gency department for simple operations on the 
distal two-thirds of the fingers or toes and for 
reductions of phalangeal fractures and interpha
langeal joint dislocations. Using the dorsal 
approach a fine needle is introduced at the base of 
the radial side of the digit and 2 ml of plain ligno
caine are injected while the needle is slowly with
drawn. The same procedure is repeated for the 
ulnar aspect. The maximum dose of anaesthetic is 
5 ml .  Adrenaline should never be used (Fig. 8.5). A 
tourniquet formed from the finger of a rubber 
glove can be applied to the base of the finger. 

B l o c k s fo r l o w e r  l i m b  i n j u r i e s  

F EM O RAL N E RVE BLOCK 
The femoral nerve lies just lateral to the femoral 
artery and can be easily blocked at the level where 
it passes under the inguinal ligament. The femoral 
nerve is derived from the anterior divisions of the 
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Figure 8.5: Digital nerve block. 

lumbar plexus (L2-4) and supplies the anterior 
aspect of the thigh and the extensors of the knee. It 
also has a sensory distribution along the path of 
the long saphenous vein. In trauma patients the 
femoral nerve block can be used to provide anal
gesia for a fractured shaft of femur and frach1red 
patella. 
Technique The patient is positioned supine with 
the leg flat and slightly abducted. The femoral 
artery is identified midway along a line drawn 
from the anterior superior iliac spine to the sym
physis pubis. A needle is inserted perpendicular to 
the skin just lateral to the artery as it passes below 
the inguinal ligament. The needle is advanced 
1-4 cm deep and a palpable 'give' may be felt as 
the needle passes through the fascia, or the patient 
may complain of paraesthesiae or pain due to the 
needle penetrating the nerve. If this happens, the 
needle should be immediately withdrawn before 
injection of anaesthetic. Following negative aspira
tion for blood, 10 mJ of 1 % lignocaine is slowly 
injected. The onset of action is between 5 and 
15 min, with duration of up to 1 .5 h (Fig. 8.6) .  

C OM PL ICATIONS  
These include pw1cture o f  the femoral artery and 
haematoma formation. The bleeding usually stops 
spontaneously with pressure. This technique can 
be used for all ages but it is vitally important to 
administer the correct dose, especially in children. 
There is a theoretical risk of the block masking the 
symptoms of a comparhnent syndrome, although 
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Figure 8.6: Femoral nerve block (remember Nerve

Artery-Vein-Y Fronts: NAVY). 

this is unlikely to be clinically relevant especially i£ 
a short-acting local anaesthetic is used. 

l n t e rc o s t a l  b l o c k  

This is a useful and versatile block, which can be 
used to provide analgesia following rib fractures. 
Operative procedures such as chest drain insertion 
are made more tolerable by performing an inter
costal block. The intercostal nerves are the anterior 
primary rami of the thoracic nerves, which run 
in the subcosta1 groove along with the intercostal 
blood vessels. Lateral and anterior cutaneous 
branches are given to supply the i.ntercostal mus
cles and the skin over the front of the thorax. The 
lower six i.ntercostal also supply the anterior 
abdominal wall. 

CONTRA IND ICATI O N S  

These relate to the problems o f  causing a pnewno
thorax. Obese patients can be tecluucally difficult. 
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Patients with chronic airway disease and emphy
sema may be technically easy but if a puncture 
occurs it ca11 be associated with prolonged air leaks. 
Because of the risks of pneumothorax, bilateral 
intercostal blocks are rarely indicated . 
Technique The patient is informed that there will 
be several injections. As a general rule the nwnber 
of nerves to be blocked is determined by blocking 
one level higher a.nd one lower than the specific 
area. The patient is positioned prone or on their 
side with the side to be blocked uppermost. The 
intercostal nerve can be blocked at the posterior 
costal angle or just posterior to the mid-axillary 
line to ensure blocking of the lateral cutaneous 
branch. A fine needle is introduced at 90° to the 
skin and ad vaJ1ced until the needle touches the 
bone. The needle is slightly withdrawn and redi
rected to pass just below the inferior border of the 
rib to a further depth of just 3-4 mm. Following 
negative aspiration for blood 5 m1 of 1 % lignocaine 
with adrenaline or 0.25% bupivacaine are injected 
at each intercostal level. Because of the rapid 
absorption of the local anaesthetic into the circula
tion the toxic dose should not be exceeded. The 
duration of action can last 4-6 h with lignocaine 
and adrenaline and 10-1 6 h  when bupivacaine 
is used. 

TO P ICAL ANAESTHES IA  

Topical skin anaesthesia is particularly important 
for children attending the emergency department. 
It can be used to provide skin anaesthesia prior to 
intravenous ca1mulation or injection. A tluck layer 
of EMLA (eutactic mixture of local anaesthetic) 
cream 5% is applied on the skin and covered with 
an occlusive dressing for at least 30 min. Each 
gram of EMLA cream contains 25 mg of lignocaine 
and 25 mg of prilocaine in an oil-water mixture. 
It is not licensed for use on wounds or mucous 
membranes. 

The cornea and conjunctiva ca.n also be anaes
thetized prior to removal of foreign bodies. One to 
two drops of a local anaesthetic such as lignocaine 
or amethocaine are instilled on to the eye with the 
patient looking up whilst pulling the lower eyelid 
down. The initial instillation is often associated 
with a stinging sensation that lasts about 30 s. The 
onset of action is within 30 s, with a duration of 
action of 15 min. 
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S E DATI O N  

Both light and deep sedation are frequently 
required in paediatric and adult emergency prac
tice. During light sedation the patient is drowsy or 
lightly asleep, with tempered response to mini
mally painful stimuli. Light sedation can be used 
during infiltration of local anaesthetics, insertion 
of chest drains, lumbar p1mcture or foreign body 
removal. It is normally given by the oral or intra
muscular route. Deep sedation is present when the 
patient has a decreased level of consciousness with 
slurring of the speech, although still able to open 
the eyes to voice and spontaneously ventilate and 
protect their airway. Deep sedation is usually 
achieved by the intravenous route. Indications 
include procedures inflicting moderate to severe 
pain, such as the reduction of fractures and dislo
cations, incision and drainage of abscesses. 

PAT IENT M O N ITO R I N G  

The patient should be sedated for as brief a period 
as possible and therefore short-acting agents 
(midazolam) may be more useful than long-acting 
ones (diazepam). Resuscitation equipment must 
be readily available in the department and moni
toring should be consistent with the depth of seda
tion and the degree of risk involved. For light 
sedation pulse oximetry and an experienced nurse 
may be adequate. For deep sedation, the patient 
should be monitored using a pulse oximeter and 
cardiac monitor and regular blood pressure meas
urements should be taken before, during and after 
the procedure. An experienced nurse and a skilled 
doctor should be present throughout the proce
dure and the patient must be monitored even after 
the procedure is finished. 

Supplemental oxygen must be administered to all 

deeply sedated patients. 

D RU G S  

Benzodiazepines such as midazolam or diazepam 
are commonly used intravenously to produce 
sedation, anxiolysis, amnesia and muscle relax
ation. They produce anrnesia if given before the 

procedure but they are not primary analgesic 
agents. There is a large variation in the dose 
required to induce sedation. The dose should be 
slowly titrated to the point at which the patient is 
drowsy but still responsive. Many patients will 
also have received opiates to provide analgesia, 
and particular caution is needed in titrating 
dosages to prevent side-effects and the onset of 
general anaesthesia. Contraindications to benzo
diazepines include patients with chronic chest 
disease, patients who have taken other sedatives 
or alcohol, patients who are very aggressive, and 
patients with hypovolaernia which can decompen
sate following sedation. 

Flumazenil is a specific benzodiazepine antago
nist which can be used to reverse the effects of 
midazolam and diazepam if there is any evidence of 
respiratory depression or overdose. It has a shorter 
half-life than benzodiazepines and tl1e patient must 
be safely monitored in the department. 

E M ERGENCY G E N ERAL 
ANAESTHES IA  

General anaesthesia is a reversible drug-induced 
state of wTiesponsiveness to outside stimuli, char
acterized by non-awareness, analgesia and skeletal 
muscle relaxation. General anaesthesia can be 
administered in the emergency department either 
as part of the resuscitation of the seriously ill 
patient with respiratory failure or overdose, or in 
major trauma such as head injuries. General anaes
thesia in the emergency department for minor 
procedures such as drainage of abscesses and 
manipulation of fractures has many drawbacks. 

Standards for anaesthesia in any hospital loca
tion require a trained anaesthetic assistant and 
full monitoring, including end-tidal carbon dioxide 
and gas-monitoring equipment. For this reason 
there is a tendency to perform all emergency sur
gery in main theatres. Emergency general anaes
thesia can be more difficult than expected and 
often associated with complications related to 
the initial problem or co-morbid conditions. For 
example, injured patients have a significant risk of 
regurgitation and aspiration of gastric contents 
during the induction of anaesthesia. Preoperative 
history may not be available and the fluid resuscita
tion may be underestimated, leading to unexpected 



complications following general anaesthesia. Emer
gency anaesthesia is often performed in the 
evening or during the night when senior help may 
not be readily available. In an emergency, middle
grade emergency medicine specialists may have 
the knowledge and experience to provide general 
anaesthesia in the department; however, this should 
primarily be the role of the on-call anaesthetist. 

Before the patient is anaesthetized it is impor
tant to ensure that they are adequately resuscitated 
and a preoperative history is taken and the patient 
examined. The type of procedure, the timing of sur
gery, the choice of anaesthetic, as well as the avail
ability and adequacy of anaesthetic equipment in 
the department, should be taken into considera
tion by the anaesthetist. 

It is not our intention to give an in-depth des
cription of the physiology and pharmacology of 
general anaesthesia as there are dedicated books 
for this purpose. However, a brief mention of the 
phases of anaesthesia (induction, maintenance and 
reversal) will be useful to any emergency medicine 
specialist as it gives an understanding of the 
processes involved whilst a patient is anaesthetized. 

I N DUCT ION OF  ANAESTHES IA  
(TABLE  8 . 5 )  
H y p n o t i c s  

An intravenous induction agent works via a still 
unknown mechanism to cause unconsciousness as 
long as it is present in the brain at sufficient levels. 
The brain receives a high concentration of the ini
tial dose of the agent owing to its very high blood 
flow. As the drug redistributes into other tissues 
such as skeletal muscle the concentration of the 
drug in the brain is reduced to a subanaesthetic 
level and the patient wakes up. Hence intravenous 
induction agents are short acting and provide a 
smooth entry into general anaesthesia, after which 
a maintenance technique is required. 
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• Thiopentone is a short-acting barbituate which 
produces sleep in 30-60 s. It depresses the 
myocardium and is associated with a 20% drop 
of the mean arterial blood pressure and a 
compensatory tachycardia upon induction of 
anaesthesia. It is therefore used with caution in 
hypovolaemic patients. 

• Propofol has very short half-life and is also asso
ciated with profound hypotension and inhibits 
the compensatory increase in heart rate. The 
induction dose should be reduced to l mg kg-1 

in the elderly and in shocked patients. As it has 
a rapid elimination half-life it is often given as a 
continuous infusion to maintain anaesthesia. 

• Etomidate is a longer-acting induction agent that 
is associated with a higher incidence of postop
erative nausea and vomiting. It is only used for 
induction of anaesthesia as it depresses adreno
cortical function. However, it is more potent 
than barbituates and is the ideal agent for 
patients with poor cardiac reserve, as it tends to 
maintain cardiac output. 

• Ketamine, which can be given by the intra
venous or the intramuscular route, can be used 
in lower doses as an analgesic or in higher 
doses as a dissociative anaesthetic. Ketamine 
raises the pulse rate and blood pressure and has 
less hypotensive effect on induction than other 
agents although, paradoxically, it can produce 
hypotension in shocked patients. Ketamine is 
contraindicated in hypertensive patients, and 
concerns have been raised over its use in head
injured patients. The use of ketamine is associ
ated with better airway protection than other 
agents. Ketarnine is most commonly used in the 
prehospital environment for the release of entrap
ments and other short procedures, although it is 
becoming increasingly common in emergency 
departments as a means of sedating children, 
with associated amnesia. Atropine should be 
given to counter ketamine-induced hypersali
vation. During ketamine anaesthesia, looking 
around with the eyes open and phonating may 

Table 8.5: Dosage, distribution and el imination half-l ife of the most commonly used induction agents 

Drug Intravenous dose (mg kg- 1 )  

Thiopentone 3-5 
Propofol 1 -3 
Etomidate 0.3 

Distribution half-life (min) 

3- 1 4  
2-4 
2-6 

Elimination half-life (h) 

5- 1 7  
4--5 
1 -5 
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occur. Nystagmus i s  typical, and on  occasion 
the limbs may be placed in a position that is 
self-maintaining. Ketamine may be used for 
analgesia but its use is not recommended in the 
emergency department. Ketamine is probably 
better avoided in children under 1 year of age or 
those with a history of airway instability or 
active pulmonary infection or disease. A full 
stomach, significant head injury and poorly 
controlled epilepsy are also contraindications. 
For intramuscular use, 4 mg kg-1 are used with 
O.Ol mg kg- 1 atropine (minimum 0.1 mg, maxi
mum 0.5 mg) in the same syringe. If required, 
2-4 mg kg- 1 additional doses without atro
pine may be given. By the intravenous route, 
1-l.5 mg kg- 1 are administered slowly over 
1-2 min. Additional doses of 0.5 mg kg- 1 may 
be given. Atropine can be given intravenously 
just before the ketamine dose. 

M u s c l e  r e l ax a n t s 

Muscle relaxants are used to facilitate intubation 
and to allow ventilation. They work by blocking 
the neuromuscular junction by either binding to 
the nicotinic receptors and producing depolariza
tion or by binding to the receptors in a competitive 
non-depolarizing manner. 

• Suxamethonium is a depolarizing relaxant which 
has the most rapid onset of all relaxants and 
is used primarily in predicted difficult intuba
tions and rapid sequence induction of anaes
thesia. It is given intravenously at a dose of 
1 .5 mg kg- 1 to produce fasciculations followed 
by paralysis within 30 s, with a duration of 
action between 5 and 10 min. Side-effects 
include bradycardia, generalized somatic pain, 
hyperkalaemia and histamine release, resulting 
in an erythematous rash and only occasionally 
bronchospasm. Very rarely, it causes persistent 
neuromuscular blockade owing to deficiency of 
plasma cholinesterase. 

• Atracurium and vecuronium are examples of 
non-depolarizing muscle relaxants which are 
commonly used at induction and have a more 
delayed onset and prolonged effect (30-40 min). 
Atracurium is broken down in the plasma 
by spontaneous hydrolysis and its reversal is 
easy and complete. Vecuronium does not 
induce histamine release, thus reducing the 

risk of histamine-induced hypotension and 
bronchospasm. 

R a p i d  s e q u e n c e  i n d u c t i o n  o f  
a n a e s t h e s i a  

Rapid sequence induction is mandatory in all non
fasted patients, any emergency trauma patient 
(trauma slows stomach emptying), intestinal 
obstruction or stasis, pregnancy, or in any patients 
with visceral pain and intra-abdominal pathology. 
The patient is pre-oxygenated and intubated 
whilst cricoid pressure is applied to prevent regur
gitation and aspiration of stomach contents. 

Initially the patient is given 1 .5 mg kg- 1 of 
suxamethonium, immediately after the induction 
agent without waiting to observe its effect. A 
skilled assistant applies pressure on the cricoid 
cartilage as soon as the patient begins to feel 
drowsy, compressing the oesophagus between the 
cricoid ring and the vertebral column. The trachea 
can be intubated with a cuffed tube as soon as 
fasciculations have occurred. Cricoid pressure is 
released after the tube is confirmed to be in place 
with the cuff inflated. 

Rapid sequence induction of anaesthesia 
should only be performed by those skilled and 
experienced in its use. 

M a i n t e n a n c e  a n d  re v e r s a l  o f  
a n a e s t h e s i a  

Hypnosis during anaesthesia is usually maintained 
with volatile agents such as isoflurane, enflurane 
or an infusion of propofol. Relaxation during 
anaesthesia is maintained by the use of non
depolarizing muscle relaxants such as pancuro
nium, atracurium or vecuronium. Finally, analgesia 
is provided partly by the analgesic properties of 
the nitrous oxide (usually 70% NO with 30% 02), as 
well as from parenteral administration of opioids 
such as fentanyl, alfentanyl (short-acting) or mor
phine. Modern non-steroidal anti-inflammatory 
agents such as voltarol and ketorolac are increas
ingly used for postoperative analgesia. 

Reversal of anaesthesia is accomplished by 
switching off the maintenance (inhaled or infu
sion) whilst giving 100% oxygen and allowing the 
drugs to redistribute until the concentration in the 
brain falls. If non-depolarizing muscle relaxants 



are used their effect can be reversed by neostig
mine, which is an acetylcholinesterase inhibitor. It 
works by opposing the effects of non-depolarizing 
neuromuscular blockers. An antimuscarinic agent 
such as atropine or glycopyrrolate must be given 
simultaneously to prevent bradycardia, profuse 
sweating and gut overactivity. 

Any technique or procedure that is performed in 
the emergency department should be done safely 
by an experienced doctor. The emergency medicine 
specialists, surgeons and anaesthetists should work 
together in a multidisciplinary team in order to pro
vide the best quality care for the patient concerned. 
At a time when clinical governance plays a pivotal 
role in the NHS, all procedures, ranging from a 
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simple regional anaesthetic to emergency general 
anaesthesia, as well as the usage of analgesic and 
sedative drugs, should be routinely audited to 
improve the quality of healthcare provision. 
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C H A P T E R  N I N E  

LEGAL ASPECTS OF EMERGENCY 

MEDICINE 

• I ntroduction 
• Principles of good practice 
• The medical defence agencies 
• Consent 
• The law and mental health problems 
• Child abuse 
• Religious aspects of emergency medicine 
• Dealing with the police 

• Controlled drugs 

I NTRODUCT ION  

I t  is often stated that i t  i s  only a matter of time before 
any doctor working in an emergency department, 
however competent he or she may be, is faced with 
dealing with either a formal complaint or legal 
action, usually implying negligence. It is sadly true 
that in this increasingly litigation-orientated age, 
the legal aspects of our practice have become more 
and more relevant, and have undoubtedly resulted 
in a change in the way we practise that cannot be 
considered entirely in the patient's best interest. 
Nevertheless, the majority of emergency doctors -
especially those in short-term senior house officer 
posts - will spare themselves a great deal of poten
tial heartache simply by attention to detail, follow
ing a few simple rules, and being aware of a small 
number of legal principles rather than by the prac
tice of overtly defensive medicine. 

P R I N C I PLES  O F  G O O D  PRACTI C E  

N OTE TAK ING  

Accurate, concise and legible records are a n  essen
tial component of good practice in all areas of 

• Requests for information 
• Preservation of evidence 
• Dealing with the coroner 
• Giving evidence 
• Negligence 
• Medical protection societies 
• Seeking appropriate advice 
• Managing complaints 
• Further reading 

medicine. In emergency medicine good notes are 
vital, as statements may subsequently be required 
in connection with a variety of potential legal pro
ceedings. The elements outlined in Table 9.1 
should be included in the documentation of every 
attendance. Documentation is dealt with in more 
detail elsewhere (Chapter 1 ) .  

If it's not written down, i t  wasn't done. 

ADV ICE  AND REF ERRALS 

All emergency departments have 24-h a day con
sultant cover. Increasing numbers have resident 
middle-grade staff for the greater proportion 
of each day. Senior advice should always be 
requested if one is unsure of the most appropriate 
direction in which to proceed. When advice has 
been received, it should be clearly recorded in the 
case notes, together witli. its source. The full name 
of any source of advice should always be given as 
it may prove impossible to identify 'ortho reg· 
after the passage of time. If you are unhappy with 
any advice you receive, discuss the situation 
with the senior emergency doctor available: do not 
'shop around' for opinions, as this will only cause 
irri ta ti on. 



Table 9. 1 :  Elements of note taking 

Date and time 
History 
Examination 
Investigations 
Diagnosis (or differential diagnosis) 
Treatment 
Disposal 

When making referrals, always record the 
name, specialty and grade of the doctor as well as 
the time of referral (this is also useful for audit pur
poses). If you wish a specialty doctor to see and 
assess the patient, insist that they do so and do not 
accept advice over the phone if you do not feel that 
it is appropriate. Always clearly record telephone 
advice. 

Never be afraid to ask advice! 

D EAL ING  WITH D I F F I C U LT PAT I E NTS 

A small minority of  emergency department patients 
appear to have a genuine talent for annoying med
ical and nursing staff, which they are only too keen 
to exercise. Similarly, many patients are under the 
influence of alcohol or drugs rendering them w1co
operative, abusive or violent. Unfortunately, these 
patients tend not only to be repeat offenders, but to 
appear when the department is at its busiest and 
morale is at its lowest. It is therefore all too easy to 
provide these patients with inadequate care and to 
deal with them in an inappropriate, if not hostile, 
manner. Every attempt should be made to deal 
with these patients in a normal way, for their pro
tection (they are at risk of injury and chronic ill 
health) and yours. Manipulative patients are more 
likely to make tr·oublesome complaints which are 
difficult to defend if the management is poor. 

If a patient is being violent, aggressive or con
frontational, it is important to attempt to avoid 
physical harm by unnecessarily provocative behav
iour, although the patient should be informed 
that their behaviour is tmacceptable. If physical 
violence appears inevitable, the patient should be 
restrained where possible by security services 
or the police. The occurrence of both physical and 
verbal aggression should be clearly recorded 
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in the notes and the record cOLmtersigned by a 
witness. 

T H E  M ED ICAL  D E F E N C E  AGE N C I ES 

With the introduction of Crown Indemnity, doc
tors are no longer responsible for providing their 
own professional indemnity for matters arising 
from practice within the NHS. As a consequence, 
subscriptions to these societies have fallen dramat
ically. Nevertheless, all doctors working in emer
gency medicine are strongly advised to be a 
member of a medical defence agency as the cost is 
reasonable. These agencies provide 24-h a day tele
phone legal advice as well as continuing to pro
vide indemnity for work undertaken outside the 
NHS, including attendance at accidents and sport
ing events as well as the provision of medical 
advice and legal reports. 

C O NS ENT 

ADULTS 

For the purposes of  consent, an adult is considered 
to be someone aged 16 years or over. Adults who 
are conscious and of sound mind are considered 
to be capable of giving or refusing consent. If, 
following appropriate explanation, such adults 
choose to withhold consent, however unwise, 
irrational or foolish this may appear, these 
wishes must be respected. Should such a refusal be 
made, this should be stated clearly in the notes, 
ideally with a written description of potential haz
ards as explained to the patient. Such a record 
should, wherever possible, be countersigned by 
a wih1ess, and if they are willing to do so, by the 
patient. 

The only exception to this occurs when the 
patient appears to have been brought under undue 
pressure by other persons to act against their 
best interests, and when the consequences of so 
doing might be serious or life threatening. In this 
extremely rare situation an application to court 
can be made regarding the lawfulness of the treat
ment. Such an application is made by the hospital 
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solicitor following discussion between senior 
medical staff and senior hospital management. 

For the purposes of consent an adult is effectively 

someone aged 1 6  years or over. 

Some adults are considered incapable of giving 
informed consent to a treatment or procedure. This 
might be because of w1consciousness or acute or 
clu·onic mental illness. In such cases it is accept
able to proceed with treatment without consent if 
the treatment is urgently required to save life or 
prevent significant deterioration. If the inability to 
give consent is believed to be temporary, treatment 
should if possible be kept to a minimum pending 
recovery, when a patient will be able to give their 
own consent to further therapy. Wherever time 
permits, and consent is not going to be available 
from the patient, the situation and the options 
available should be discussed with the patient's 
next of kin, carers or guardian. 

Extreme care should be exercised when consid
ering the necessity for consent to treat patients 
from mental hospitals, especially those admitted 
voluntarily. In such cases, a judgement must be 
made as to t11e patient's ability to give valid 
informed consent. Patients suffering significant 
mental disturbance may still be capable of under
standing the medical options open to them and 
giving consent appropriately. Where such consent 
is not possible, h·eatment usually follows discus
sion among medical and nursing staff as well as 
relatives or guardians. If problems arise, applica
tion to the court may be necessary. 

Patients detained under the Mental Health Act should 

not be assumed to be incapable of giving consent. 

Although many patients detained w1der the 
Mental Health Act are incapable of giving consent, 
and certain clauses of the Act specifically allow 
for certain treatments to be carried out without 
consent (for example electroconvulsive t11erapy), 
wherever possible informed consent should be 
sought from the patient. If such consent cam1ot be 
obtained, decisions regarding treatment rest with 
senior medical staff following discussion with rel
atives. In this situation, relatives cannot give or 
withhold consent on the patient's behalf. 

Teclu1ical aspects of the Mental Health Act are 
discussed below. 

C H I LDREN 

The ability of children to give consent should be 
based on an assessment of their ability to tmder
stand the situation which has arisen rather than on 
their chronological age. Any person of 16 years or 
over who is of sound mind is considered able to 
give or refuse consent to treatment on their own 
behalf. The Gillick Case (1985) also established 
that certai11 children under the age of 16 years are 
also able to give or withhold consent on their own 
behalf if it can be demonstrated that they are capa
ble of understanding the consequences of their 
decision (so-called Gillick competence). 

Parents or guardians are not able to overrule t11e 
wishes of a minor aged over 16 years or tmder 1 6  
years who i s  Gillick competent. Clearly, however, 
the degree of understanding required will be pro
portional to the complexity or seriousness of the 
situation facing the child. The court has the power 
to overrule the refusal of any minor to give con
sent, and if the consequences of such a refusal are 
likely to be fatal or serious, an appropriate applica
tion should be made. 

Some chi ldren under the age of 1 6  years are consid

ered legally capable of giving or refusing consent on 

their own behalf. 

Consent to treat a child who is w1der 16 years 
and Gillick incompetent should be obtained from a 
parent or an adult wit11 official parental respon
sibility. Consent from an accompanying adult or 
elder brother or sister without such responsibility is 
not adequate. If such consent cannot be obtained in 
time, and the proposed treatment is necessary to 
save life or prevent significant deterioration, the 
treahTient can proceed without consent. If the par
ents refuse consent for treatment following full dis
cussion, and this appears to be against the child's 
best interest, an application can be made to the 
court for permission to proceed without such con
sent. The consequences of such a refusal should be 
sufficiently serious to warrant this step being take , 
and it should ideally only be taken after a 
second opinion from a senior doctor in the specialty. 
Such an application is made by the hospital solicitor 
on insh·uction from the duty hospital manager. 

If the patient is a child of unsound mind, wher
ever possible consent sh uld be sought from some
one with parental (or eq ivalent) responsibility. 



THE  LAW AND  M ENTAL  H EALTH 
PROBLEMS  

The legislation regarding the compulsory admis
sion to hospital of patients with mental ill11ess is 
found in the Mental Health Act of 1983. 

SECT ION 2: A D M I S S I O N  FOR  
ASSESSMENT  

Section 2 o f  the Mental Health Act 1983 allows 
admission to hospital for assessment, for a period 
of up to 28 days, either in the interests of the 
patient's health or for the protection of others. The 
admission is made on the recommendation of two 
doctors, one of whom must be 'approved' Lmder 
the Act. The initial application is made either by 
the patient's nearest relative or by an approved 
social worker. At the end of 28 days, if not before, 
the patient must be discharged or detained in 
hospital under a different section of the Act. The 
patient can be discharged by the medical staff, 
hospital manager or nearest relative, although 
this course of action by relatives can be prevented 
by hospital authorities if clinically necessary. 

SECT ION 3 :  A D M I S S I O N  FOR  
TREAT M E NT 

Patients are admitted to hospital w1der Section 3 for 
treatment of a mental disorder. The initial duration 
of admission is 6 months, but the doctor responsible 
for the patient's on-going care can extend this. As 
with Section 2, admission is made after two doctors 
have examined the patient, one of whom must be 
approved. The nearest relative or an approved social 
worker makes the initial application. Similar rules to 
those concerning patients detained under Section 2 
apply regarding discharge. The detention of patients 
under Section 3 for more than 6 months is subject to 
regular review by a Mental Health Tribw1al. 

SECT ION 4 :  A D M I S S I O N  I N  AN 
EMERG E N CY 

Section 4 allows the urgent admission of a patient 
on the application of the nearest relative or a social 
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worker for a period of 72 h only. The patient only 
needs to have been examined by one doctor, 
but this must have been within the 24 h preceding 
the admission. This doctor does not have to be 
approved Lmder the Act. At or before the end of 
72 h, the patient must be discharged or an applica
tion made under one of the other sections. 

SECT ION 5 :  P REVENT ION  OF  
D I SCHARGE 

Both medical and nursing staff have certain rights 
Lmder Section 5 of the Mental Health Act which 
allow them to prevent the discharge of a patient 
who has already been admitted to hospital. In the 
case of nursing staff, they may restrain a patient 
for up to 6 h  whilst awaiting medical opinion. 
Powers Lmder Section 5 are not applicable to 
patients in an emergency department. 

SECT ION 1 3 5 :  REMOVAL  TO A 
PLACE OF  SAFETY 

Under certain circwnstances, a police officer 
accompanied by a doctor and an approved social 
worker may, Lmder a warrant issued by a magis
trate following an application by the social worker, 
remove a patient to a place of safety. Reasons for 
such a removal include mental illness, inability to 
look after oneself and ill tr·eatment or neglect. If the 
patient is in a public place removal may occur 
without a warrant. In both cases, the patient may 
be detained for 72 h pending a further application. 
Accepted places of safety Lmder the Act include 
police stations, NHS hospitals and social services 
residential accommodation. 

S U I C I DAL I NTENT 

Patients threatening one form o r  another o f  self
harm are unforhmately comn1on in busy emer
gency departments, and it is usually clear that 
the behaviour concerned is attention-seeking 
rather than representing any genuine risk to the 
patient's life or health. However, great care should 
be exercised as a small number of patients will be 
genuinely at risk, and a proportion of these will 
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b e  patients who have presented repeatedly with 
relatively trivial self-inflicted problems. 

The majority of patients who present following 
one episode of self-harm, or threatening to carry 
out another, will willingly consent to h·eatment. 
Occasionally such a patient will refuse all offers of 
assistance. Although the patient may be threaten
ing to commit significant self-harm, or to take their 
own life, unless they have been detained subject to 
the Mental Health Act the normal rules of consent 
apply. Furthermore, suicidal intent does not con
stitute mental illness and is not itself grow1ds for 
'sectioning' a patient. Such a patient can only be 
warned of the consequences of their action and 
offered appropriate treatment and support. If the 
patient is of unsound mind, and has been sec
tioned w1der Section 2 or Section 3 of the Mental 
Health Act, then treatment can take place without 
their consent for conditions resulting from the 
mental illness. If the patient is rendered incapable 
of making an appropriate judgement of the situa
tion by drink or drugs, treatment intended to save 
life or prevent serious harm can proceed without 
consent, pending the patient's recovery from the 
effects of the substances concerned. 

C H ILD  ABUSE  

The clinical features o f  child abuse are discussed in 
Chapter 39 and summarized in Tables 9.2, 9.3 and 
9.4. The legal implications are discussed below. 

Medical staff working in emergency depart
ments have a clear responsibility to protect chil
dren who they believe have suffered or are at risk 
of suffering from abuse, whether it be physical or 
sexual .  The consequences, to the staff as well as to 
the child, are only too clear from recent public 
enquiries. Nevertheless, it is important not to be 
over-zealous as the consequences of incorrect 
suspicions of abuse can be devastating. Every 
parent will know how common minor injuries are 
among intrepid toddlers and children, and how 
often the perfectly genuine explanation sounds 
unconvincing even to those who know it to 
be true. 

When it is clear, or beyond reasonable doubt, 
that abuse has taken place, the correct action 
required is clear. The child should be admitted 
immediately under the care of the paediatrician 
on call. The case should be referred to a senior 

Table 9.2: Characteristic injuries in chi ld abuse 

Multiple skin bruises and abrasions, including bite 
marks, often of different ages 

Multiple fractures (check old casualty cards: some 
fractures may only become evident on 
subsequent skeletal survey) 

Facial injuries, including injuries to the inside of 
the mouth 

Signs suggestive of sexual abuse 
Burns, especially from cigarettes or with an unusual 

history 
Head injuries 
Abdominal injuries 

Table 9.3: Presentation of chi ld abuse 

Child usually under 3 years 
Delay before presentation 
Inadequate or conflicting explanation of injuries 
More common in girls than boys 

Table 9.4: The social background to chi ld abuse 

Young parents 
Low social class 
The mother's partner is often not the biological 

parent of the chi ld 
Large family with several small chi ldren 
Social isolation 
Father with a history of violent behaviour or a 

criminal record 
Parents themselves abused, or the victims of 

inadequate parenting 

paediatrician and discussed in detail, making any 
concerns clear and recording them in the notes. 
Where the injuries themselves require admission, 
there is usually no problem; however, if it is the 
cause of the injury that prompts admission, the sit
uation requires considerable tact. Where possible 
it is better not to mention the suspicion of child 
abuse until the child has been admitted and appro
priate arrangements for care are in place. The 
emergency department i not the place to make a 
definitive diagnosis of child abuse. 

The emergency department is not the place to make 

a definitive diagnosis of child abuse. 



If abuse or suspected abuse means that a child 
requires admission and the parents refuse consent, 
a Place of Safety Order lasting up to 8 days is obtained 
from a magistrate. Following the initial period, a 
Care Order is sought, transferring the care of the 
child to the local authority if it is believed they 
caimot safely rehirn to the care of their parents. 

Should parents attempt to remove a child who 
is considered to be at risk from an emergency 
department, they can be prevented from doing so 
by a police officer. If this is not possible, the social 
services should be contacted and the child taken 
into care from home under a Place of Safety Order. 
If the danger is considered sufficiently acute, the 
police are allowed to act without such an order in 
the first ins tai1ce. 

Unforhmately, the situation is often less clear. 
The history may be suspicious or the presentation 
late and the family dynamics often abnormal, but 
there may be no clear evidence of anyt11ing more 
sinister tl1an poor parenting. In tl1ese cases, there 
has to be a degree of personal assessment of the pos
sible risks to tl1e ffiild. It is often helpful to seek the 
opinion of nursing staff who have been involved in 
the care of the family. If there is any doubt, the child 
should be admitted. Most departments now have 
attached paediatric social workers and health visi
tors who will arrange to follow up families ai1d chil
dren and offer support to parents, and referral 
should be made if the social circumstances of a child 
are a matter of concern. Couples whose parenting 
skills are poor, often because of t11eir own parents' 
poor parenting of them, require support rather than 
condemnation and open suspicion, in ai1 attempt to 
achieve the best for their clllidren. 

Disclosure of medical information about chil
dren to the child protection agencies is covered 
by the same rules of confidentiality as with all 
other patients. However, it is accepted that appro
priate disclosures may be made if they are gen
uinely in the best interests of the child. 

REL IG IOUS  ASPECTS O F  
E M ERGENCY M E D I C I N E  

D EAL ING  W I T H  j E HOVAH ' S  
WITN ESSES  

Jehovah's Witnesses believe that i t  is wrong to 
receive blood from another person or to w1dergo 
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some forms of organ transplant. However, very 
recently the rules regarding the prohibition of 
blood transfusion have been significantly relaxed. 
Any Jehovah's Witness over the age of 16 years is 
entitled to refuse such treatment, however unrea
sonable this attitude may seem to others. Nothing 
can legally be done to chai1ge their mind unless 
there are strong grounds for suspecting that they 
are not acting of their own free will, having been 
put under unreasonable pressure by others. If the 
patient is a child, however, and consent from a par
ent cannot be obtained in a situation in which the 
life or health of the child is at risk, then an applica
tion can be made to the courts to proceed with 
treatment without such consent. If there is no time 
available to obtain such permission, medical staff 
should carry out the necessary treatment, as it is 
extremely unlikely that legal action against med
ical staff in these circumstances would ever be suc
cessful. Gillick competence applies in these cases. 

If it can be clearly and w1equivocally estab
lished that a patient who is for whatever reason 
unable to give consent is genuinely a Jehovah's 
Wih1ess, this information must be respected and 
the relevant treatments avoided. However, such 
information must be clea1� and a simple statement 
to the effect that a friend 'tl1inks that the patient is 
a Jehovah's Witness' is not adequate. 

D EAL I N G  WITH  T H E  P O L I C E  

Given all the problems all staff in emergency 
deparhnents have to face, particularly on Friday 
and Saturday nights, it does no harm at all to 
remain on friendly terms with local police officers. 
Um1ecessarily confrontational attitudes are there
fore inappropriate. Staff are not employed to be the 
patient's advocate in legal matters. Nevertheless, 
they do have a responsibility to ensure, firstly that 
the patient's treatment and recovery are not com
promised, and secondly t11at no breach of medical 
confidence occurs. 

ACC ESS TO M E D ICAL  I N F ORMAT ION  

Police officers do not have an automatic right to 
see confidential medical records or to remove them 
from the deparhnent. Any statement containing 
such confidential material should only be given 
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with the patient's written consent. I f  such consent 
is refused or carmot be obtained, the doctor may be 
sunm1oned to court, where any refusal may be con
sidered to be contempt of court. In practice, this is 
rarely necessary. Very rarely, ar1 emergency may 
arise when withholding information might jeop
ardize the progress of a case where a rapid solution 
is clearly in the public interest. In such cases, the 
details should be discussed with the senior clinician 
involved in the case and with a medical defence 
organization before information is released: subse
quent legal action would be very unlikely. Requests 
for information are usually best dealt with by a 
senior member of staff. 

The police are not entitled to be told the time 
of a patient's arrival in, or departure from, the 
department. 

Under the Road Traffic Accident Act of 1988 
doctors are obliged to release the identity of 
patients treated as a result of a road traffic acci
dent. In Northern Ireland, the Emergency Powers 
and Prevention of Terrorism Act obliges doctors 
to release information about injuries which may 
be connected with terrorist activity. 

M OTO R I N G  O F F E N C E S  

The commonest request from the police when 
dealing with victims of a road traffic accident is for 
a breath alcohol sample. Samples of breath, blood 
or urine can only be taken with the consent of the 
patient and the doctor looking after the patient, 
who may refuse if the patient's care would be 
adversely affected by the taking of such samples. 
Patients cannot be arrested for drunken driving 
whilst they remain in hospital. If a blood sample is 
required specifically for ar1 alcohol level (a forensic 
rather than clinical test) it should be taken by a 
police surgeon who should be called in to carry out 
this task. Pressure by the police to take the sample 
'in order to save time' should be firmly resisted. 
Diagnostic specimens cannot be used by the police 
without the consent of the doctor in charge of the 
case or the patient. Patients who refuse to give a 
blood or urine sample without an adequate reason 
are committing an offence; intoxication is not an 

Do not take blood for forensic purposes - that is 

what a police surgeon is for! 

excuse. Forensic samples may not be taken from 
w1conscious patients. 

Patients who are wtlit to drive for medical rea
sons have a duty to inform the Drive ar1d Vehicle 
Licensing Authority (DVLA) of this fact. Causes 
include visual disturbances, conditions associated 
with loss of consciousness and chronic alcohol 
abuse. If this situation arises, having warned the 
patient of the intention to do so, doctors have a 
responsibility to inform the DVLC themselves of 
their concern. In the acute situation, patients who 
clearly intend to drive whilst drlli1k should be 
warned that they will be reported, and the police 
informed. 

THE ROLE  OF  THE  POL ICE  S U R G E O N  

The police surgeon is employed to provide med
ical and forensic services to the police force. The 
majority of such doctors are also local general 
practitioners. Police surgeons are trained in the 
medico-legal aspects of practice, and assist in tak
ing forensic samples, examination of the victims of 
assault ar1d sexual assault and assessing fitness to 
be detained. 

C ONTROLLED DRUGS  

Patients with drugs i n  their possession are increas
ingly common in emergency departments, and the 
correct handling of such substances causes con
cern among medical and nursing staff. In fact, the 
correct response to such a situation is clearly 
prescribed by the law. 

Once drugs, by whatever means, have come 
into the possession of medical or nursing staff, 
they must never be returned to the patient or a rela
tive or friend. This could, strictly, be considered 
'supplying'. The only acceptable solution is to 
destroy them in front of witnesses or to har1d them 
over to the police. Unless the police are known to 
be involved in the case, suspecting the patient of a 
drugs offence, staff need not report the matter to 
the police as long as the drugs are destroyed. If the 
police are involved, destruction of the drugs is 
prohibited as they may be required in evidence. 
Medical staff may not disclose any confidential 
details to the police. 



Controlled drugs which are legally possessed 
(e.g. methadone if properly prescribed to a 
registered addict), should be kept safe with other 
hospital-controlled drugs and returned to the 
patient on discharge. 

PRESC R I PT ION  REQU ESTS 

Requests by addicts for a repeat prescription are 
common, usually when it can be argued that the 
normal legitimate source of supply is w1available. 
The story is usually enhanced by much heart
rending detail regarding the consequences of a 
failure to prescribe. However, adequate facilities 
for obtaining legal supplies are now available, and 
the possibility that the patient may be attempting 
to obtain supplies for sale should be considered. If 
the patient does bring a prescription, ensure that it 
has not been altered in any way. Wherever possi
ble, contact the doctor legally responsible for pre
scribing for the patient. Remember that only a 
doctor licensed by the Home Office can legally 
prescribe morphine and related drugs to an addict. 

Emergency deparhnents are not appropriate 
places for the uncontrolled supply of drugs to 
addicts, and deparhnents that readily do so will 
rapidly develop a reputation they do not need and 
a clientele they do not want. Unless there is an over
whelming need to do so, never give prescriptions for 
controlled drugs under these circwnstances. 

REQU ESTS F O R  I N F ORMAT ION  

Requests from relatives and others regarding infor
mation about a patient's condition are naturally 
extremely common, very often taking the form of 
telephone enquiries. A sensible approach should be 
taken, always remembering that medical informa
tion of any kind is confidential. When the relatives, 
or friends, accompany the patient to the depart
ment, the patient will either give consent for the dis
closure of information or circwnstances will render 
it appropriate for some details to be given. Clearly, 
potentially embarrassing information should not be 
disclosed wit11out the patient's consent. 

Care should be taken over telephone enquiries, 
as there is always the possibility t11at the caller is  
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not who they claim to be. There are occasions 
when members of the press have impersonated 
relatives in order to gain confidential information. 
In general, relatives and friends should be given 
broad, non-specific details sufficient to allow them 
to do what is necessary for the patient ('they are 
stable'; 'they are poorly and we think you should 
come to the hospital') .  Unless it ca1mot be avoided, 
information should not be given over the tele
phone that can be given better in person. 

Employers are best advised that no information 
can be given over t11e telephone, alt11ough depend
ing on the circumstances ilie release of broad details 
as above may be appropriate. Specific clinical details 
should not be given. It is as well to bear in mind that 
an accident at work may result in legal action by the 
patient against their employer (or vice versa). 

P RESERVAT ION O F  EVI D E N C E  

Many of the patients attending an emergency 
deparhnent have been involved in road traffic 
accidents or assaults, and will eventually be 
involved in legal action of one kind or another. 
Any property that may be evidence in legal action 
should be listed, bagged, labelled and retained. 

D EAL ING  WITH THE  C O RO N E R  

All deaths occurring in an emergency deparhnent 
must be reported to the coroner as soon as possi
ble. Ideally the report should be made immedi
ately, or first thing the following morning if the 
death has occurred after the close of the previous 
working day. It is important therefore to arrange 
for a colleague to contact the coroner if a shift ends 
before the office opens. The usual point of contact 
is with the coroner 's officer, who is a police officer 
and not medically trained. It is important to keep 
the details of the patient accurate, concise and free 
from mu1ecessary technical jargon. Until the cor
oner is satisfied, a death certificate ca1mot be issued 
and there will be inevitable delays in completing 
the formalities associated with a death. Once a 
death has been reported, the coroner's officer 
may contact the patient's general practitioner, who 
in cases of death due to apparent natural causes 
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may be prepared to issue a death certificate based 
on their previous knowledge of the patient's 
medical history. 

G I V I N G  EVI D E N C E  

There are two types of medical evidence: 

• evidence of fact 
• expert opinion. 

Evidence of fact, the kind of evidence junior 
doctors are usually called upon to give, describes 
what achially happened as far as the facts are 
known to the witness. Opinion evidence is usually, 
but not always, given by consultants and is intended 
to help the court ascertain the significance of infor
mation put before it. Experts also give evidence 
()f fact. Jilllior doctors should be careful in both 
written and oral evidence to restrict themselves to 
details of which they have personal knowledge 
and not be tempted to offer opinions which their 
experience is w1able to justify. 

WRIT I N G  LEGAL R E P O RTS 

All doctors working in an emergency department 
will sooner or later be required to complete a state
ment for the police on a patient they have treated. 
Ideally, each department will be able to provide a 
sample statement demonstrating correct practice. 
Failing this, it is advisable for new doctors to seek 
the advice of a senior doctor before submitting state
ments. A sample statement is given in Figure 9.1 .  

The statement should begin with the time of 
attendance of the patient at the department and 
the time they were seen by a doctor. The grade of 
the doctor should be recorded. 

'John Smith attended the Accident and Emergency 

Department at Blankshire Royal Infirmary at 2 1 .00 

on Wednesday the 24th October 1 997 and was seen 

by me, James Smith M BBS, as casualty officer at 

23. 1 5  . . .  ' 

The statement should included details of the 
medical history and of any injury received. It is 
acceptable, for example, to state that the patient 
attended as the result of an alleged assault, but 

details of any incident obtained from the patient are 
not evidence when repeated by a doctor and shoul 
be included in the form 'the patient stated that . . .  ' . 

A precise description of the nahlre and location 
of all injuries should be given, together with their 
dimensions. Clearly labelled diagrams are accept
able, although ideally injuries should be carefully 
described and their relation to anatomical features 
given. A clear distinction should be made between 
the information gathered by the writer and infor
mation acquired from the notes. It is not the role of 
the junior doctor to offer any opinion regarding 
the causation and timing of the injuries. 

G O I N G  TO C O U RT 

Although medical staff are frequently warned that 
they may be required to give evidence in court, in 
most cases they will not actually be asked to attend. 
If attendance at court is likely, it is essential that the 
original notes and X-rays are obtained and that 
you are familiar with them. It is usually helpful 
to discuss the case with a senior member of the 
department's medical staff. The majority of times a 
senior house officer or registrar is called to court it 
will be as a witness of fact, and it is important not 
to be tempted to give evidence beyond the facts as 
available. Expert witnesses will be called (and 
paid! )  to give expert opinion. 

N EGL IGENCE  

In order for a complaint o f  negligence to succeed, 
three criteria have to be met: there must be a duty 
of care, there must be a failure to fulfil this duty of 
care and, finally, harm must have arisen as a result 
of this failure of care. A doctor who commences the 
treatment of a patient has a duty of care to that 
patient. A hospital doctor does not have a duty of 
care to a patient who collapses in the street, and 
is not negligent if they fail to offer assistance in 
this siruation, although a general practitioner doe 
have a duty of care to such patients within their 
own practice area. Once any doctor conunences 
the treatment of such a patient, a duty of care 
exists. 

The expected standard of care from any medical 
practitioner will depend upon their seniority and 



Form MG 11 

Witness Statement 
(CJ Act 1 967, s.9 MC Act 1 980, ss. SA (3a) and SB MC Rules 1 981 , r.70) 

Statement oL 'Q� ��\ � �9'1\.,�.S 
Age if under 1 8  . 9.� I � .. (if over 1 8  insert 'over 1 8') .  Occupation . �� ltc::.,s,T'TI� 

This statement (consisting of ........ . ... ... pages each signed by me) is true to the best of my knowledge and belief 
and I make it knowing that, if it is tendered in evidence, I shall be liable to prosecution if I have wilfully stated 

anything which I know to be false or do not believe to be true. 

Dated the 2.. \ s'c day of 

Signature .. 

..��� ...... P��@S>.� .... . 

.... l,,v'.'\. ..... 
$ .... ��?., .... ...... B� ....... 4,,)� ......... �k� ....... d\.s<�.16,o,s:::-�cl,., .... . 

P.T.O. 

DECEMBER 99 

Figure 9. 1 :  A sample police statement. 
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experience, although any doctor will b e  expected 
to confine their activities to those at which they are 
competent. 

Failure of that duty of care is usually deter
mined by the Bolam test. The Bolam test implies 
that a doctor is not negligent as long as there is a 
body of expert medical opinion in agreement with 
the treatment given, even if a substantial body of 
medical opinion believes it to be incorrect. In the 
Bolam case, the judge stated: 

'A doctor is not guilty of negligence if he has 
acted in accordance with the practice accepted 
as proper by a responsible body of medical men 
skilled in that particular art'. 

Thus the level of performance required to avoid 
a complaint of negligence will effectively be deter
mined by peer review. This is likely to be particu
larly contentious in matters of clinical judgement 
where no obvious error or malpractice is evident. 
The burden of proof of negligence usually lies with 
the patient unless the medical error is apparently 
so obvious that the doctor is called to refute the 
allegation. 

Common measures of damage caused by or 
attributed to medical negligence include pain, suf
fering, loss of function, disfigurement and death 
(or reduced life expectancy). In addition, the 
patient may allege that loss of employment or 
financial hardship has arisen as a consequence of 
a doctor's actions. 

If it is likely that an incident has occurred that 
might subsequently result in a claim of negligence, 
it is essential firstly that exhaustive and accurate 
notes are made and secondly that a consultant is 
informed. Once litigation has been initiated, the 
involvement of one of the medical defence agen
cies is vital and membership of one of these organ
izations should be taken out by all doctors 
working in emergency medicine. As a conse
quence of Crown Indemnity, introduced as a result 
of the rising costs of private medical defence cover, 
the employing NHS Trust is responsible for the 
negligent acts of its employees. This responsibility, 
however, only extends to work done w1der con
tract, and acts such as stopping at the scene of an 
accident or crowd cover at sporting events are 
specifically excluded. 

It might be said that the commonest cause of 
patients resorting to the formal complaint and 
redress procedure is not that mistakes have been 
made, but rather that the relationship between the 

doctor and patient has failed. Sometimes the atti
tude of the patient may make this inevitable, but 
in general an honest and open explanation wit 
obvious concern and regret will go a long way to 
achieving a more amicable solution to the situa
tion. Admission that a mistake has been made will 
not prejudice any future legal action. Where there 
is any doubt, expert legal advice should be sought. 

M ED ICAL P ROTECT ION  SOC I ET I E S  

In defending a case of negligence, hospitals and 
health agencies will be motivated not only by 
attempts to preserve their reputation, but also by 
attempts to save unnecessary expense. This latter 
concern is all the more important now that damage 
payments can be in excess of £1 000 000, and Trusts 
do not have wuimited funds out of which they can 
be paid. It is possible therefore that the specific 
concerns of individual doctors can be lost in what 
appear to be more important problems. Member
ship of a defence organization allows the provision 
of individual expert advice to each doctor and is 
essential in this increasingly litigious environ
ment. In addition, these organizations are able to 
provide legal advice concerning a broad range of 
subjects, such as consent, contracts, fih1ess to prac
tice and dealing with the police. Doctors taking 
part in regular medical cover for events outside 
their normal employment should also ensure that 
they have adequate cover as such events are not 
covered by Crown Indemnity (see above). 

SEEK ING  APPROPRIATE  ADV I C E  

Emergency medicine is a challenging specialty 
with an inexhaustible range of potential patients, 
illnesses and injuries. -o single doctor can ever 
have seen or read about every condition that they 
might confront. It is essential therefore, that appro
priate help and advice is sought where necessary. 
Alternatively, where the problem is unusual or the 
cause is not immediately obvious, it may be neces
sary to seek the advice of an emergency medicine 
consultant or registrar with more general experi
ence of emergency medicine. Never be afraid to 
ask for advice. Junior staff must not take decisions 



which are beyond their experience. Emergency 
medicine is not about making 'courageous' deci
sions, often w1der pressure from other specialties 
who are reluctant to see or admit a patient, it is 
about making safe decisions in the best interests of 
the patient, and ultimately of the doctor. Where 
departmental or national guidelines are available, 
they should be followed. 

MANAG I N G  C O M PLAINTS 

The majority o f  doctors will, usually through no 
fault of their own, receive a complaint whilst work
ing in emergency medicine. Some actions can be 
taken which will aid in the management of such 
complaints, at the time the patient seen. Always 
keep accurate, legible and thorough notes. 
However great the provocation, always try to 
maintain a civil relationship with the patient. 
Patients are more likely to sue doctors whom they 
perceive to be unpleasant than those they perceive 
to be incompetent. If a patient is aggressive, abu
sive, drlli1k or unco-operative, record it on the casu
alty card and have the statement wih1essed. 
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Complaints are usually sent either to the depart
ment manager or senior consultant or direct to 
the Trust. All Trusts now have a complaints and 
litigation department. When asked for a statement 
following a complaint provide a clear statement 
based on the available records. Ensure that infor
mation is gathered from other members of staff 
who were present. Discuss the case with the con
sultant. If there is any possibility of legal action 
being taken, contact the medical defence agency 
and keep them informed. 
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C H A P T E R  T E N  

CARDIAC ARREST 

• Introduction 
• Heterogeneity of cardiac arrest in the emergency 

department 
• Personnel 
• Equipment 
• Airway and ventilation in cardiac arrest 
• Vascular access 

INTRO D U CT ION 

Optimal outcome for a patient suffering cardiopul
monary arrest (CPA) is dependent on a number 
of time-critical links in the 'chain of survival'. 
Essential amongst these is rapid recognition of the 
emergency, access to early basic and advanced life
support skills, rapid transfer to definitive care and 
treatment of an underlying cause. 

The objectives of this chapter are to describe 
discrete subsets of patients brought to the emer
gency department in CPA and their varying 
outcomes. The personnel, relevant equipment and 
most up-to-date Resuscitation Council (UK) guide
lines on resuscitation of adults and children in CPA 
are included. The importance of post-resuscitation 
care in patients successfully resuscitated is high
lighted, as well as guidance on when it is appro
priate to stop resuscitation. Important additional 
principles in resuscitating patients in certain 'special 
circumstances' are also covered. 

H ETEROG E N E ITY OF  CARD IAC 
ARREST IN THE E M ERGENCY  
D E PARTMENT 

Patients suffering CPA who present to the emer
gency department are a diverse group. Ischaemic 
heart disease is the commonest cause of cardiac 

• Resuscitation algorithms 
• Co-ordinating a resuscitation event 
• When to stop 
• Post-resuscitation care 
• Breaking bad news 
• Cardiac arrest in special circumstances 
• Further reading 

arrest in adults. In practice, however, outcome can 
be disappointingly poor despite the patient being 
given the best possible treatment. It is important to 
anticipate this at an early stage in the resuscitation, 
thus allowing relevant information to be rapidly 
collated during an intense period in which there 
are many different facets to concentrate on. 
Patients fall into a number of broad groups with 
differing chances of survival (Table 10 .1 ) .  

Often patients arrive in the emergency depart
ment having suffered a prehospital cardiac arrest 
and having been resuscitated by paramedic staff 
with advanced life-support skills for at least 
20 min or more following collapse. If CPA persists 
on arrival in the resuscitation room, the outcome is 
extremely poor (less than 5% survival) irrespective 
of the type of initial rhythm. 

Patients arriving at hospital in cardiac arrest despite 

ful l resuscitation procedures by paramedics are very 

unl ikely to survive. 

Table I 0. 1 :  Categories of cardiac arrest patients 

seen in emergency departments 

Prehospital cardiac arrest without return of 
circulation on arrival in resuscitation room 

Prehospital cardiac arrest with return of circulation 
Cardiac arrest during transport to hospital 
Cardiac arrest in the department 
Paediatric cardiac arrest 
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The patient may have suffered a cardiac arrest 
in the prehospital phase and have been success
fully resuscitated by paramedics. These patients 
will often have had a witnessed arrest where the 
primary rhythm was ventricular fibrillation (VF) 
and have been successfully treated by early defib
rillation. They will arrive in the department having 
had basic post-resuscitation care only and may still 
be in an unstable condition. 

However, if the cardiac arrest occurred in the 
presence of paramedic staff or just prior to arrival 
in the resuscitation room and the initial rhythm is 
VF, the expected outcome should be a discharge 
rate from hospital of 30-50%. Non-VF cardiac 
arrest rhythms will still have a poor outcome (less 
than 10% survival) even in the best system. 

A patient who has a cardiac arrest in the 
emergency department with a primarily cardiac 
aetiology and with VF as the first rhythm should 
have a successful outcome, with survival rates 
exceeding 50%. 

Studies in children suffering a prehospital car
diac arrest have shown a uniformly dismal out
come, with a rate of survival to hospital discharge 
of less than 5% irrespective of the initial rhytlun. 
The majority of survivors leave hospital with sig
nificant neurological disability. Those emergency 
medical service (EMS) systems witl1 well-developed 
prehospital paediatric advanced life-support skills 
have results which are only slightly better (less 
than 10% survival rates). 

In order to deal with such variation and the time
critical nahire of the event, appropriate organization 
is a crucial factor. Effective management of a cardiac 
arrest requires a methodical approach, consistent 
adherence to resuscitation guidelines and joint mul
tidisciplinary management for those patients who 
achieve a stable cardiac output in the resuscitation 
room. This also prevents an inordinately prolonged 
resuscitation attempt in a hope-less situation. 

In addition, it is important to appreciate that 
neurological outcome cannot be reliably forecast 
in this acute state tmtil a period of 12-24 h of 
controlled ventilation, cardiovascular and cerebral 
support has been completed. Early input from 
intensive care tmit staff is therefore essential. 
Organization and appropriate use of personnel 
and equipment are described below. 

The quantity and qual ity of survival cannot be pre

dicted early after resuscitation from cardiac arrest. 

P ERSO N N E L  

Expertise in resuscitating patients from cardiac 
arrest comes through training and clearly defined 
roles for team members. Such members should be 
familiar with each of the responsibilities outlined 
in Table 10.2. 

The team leader is pivotal in running a well
organized resuscitation and must be authoritative 
but responsive to useful suggestions from other 

Table I 0.2: Roles of the cardiac arrest team 

Person A (airway): 
Prepare airway equipment 
Support airway and ventilation at 1 2  ventilations 

per minute 

Person B (cardiac compression): 
Institute CPR 
Maintain compressions at I 00 per minute 
Count aloud when CPR is not in progress (one off, 

two off, etc.) 
Inform team leader at I 0 off 
Inform team leader when tiring 

Person C (defibril/ation): 
Place gel pads on chest 
Read rhythm via paddles 
If VF or possibly VF, defibril late; if not, then place 

ECG leads on chest 

Person D (vascular) : 
Gain vascular access 
Give intravenous drugs with chaser fluids 
Take blood samples and arterial blood gases as 

asked to do so by team leader 

Person E (documentation/drugs) : 
Prepare drugs for administration 
Document the rhythm, time and intervention 

performed 

Person F (relatives/runner): 
Take relatives to quiet room or stay with them if 

they wish to stay in the resuscitation room 
Gain a history from relative and inform team 

leader if appropriate (e.g. anaphylaxis, overdose) 

Person G (team leader): 
Prepare team 
Delegate tasks clearly 
Confirm cardiopulmonary arrest, check airway and 

endotracheal tube position 
Co-ordinate resuscitation 
Organize post-resuscitation care if appropriate 
Organize debrief if appropriate 



members of the team. Instructions should be given 
clearly, though in a polite manner. The team leader 
must be supportive towards other members of 
the team during and after the event. Above all the 
leadership role is accomplished in a 'hands off' 
manner unless an essential practical procedure 
has not been adequately performed by the team 
member (failure to intubate the trachea).  

It is important that the team leader also gains 
information from paramedics at an early stage 
regarding the time of arrest, interventions per
formed, the presence of bystander cardiopulmon
ary resuscitation (CPR) and any intervening return 
of circulation. The prehospital times and events 
should be taken into account when deciding on 
how long to persist with efforts at resuscitation 
and the team leader should discuss termination of 
resuscitation, if appropriate, with the other mem
bers of the team so that the decision to stop treat
ment is shared and agreed by the whole team. 

Termination of the resuscitation should be a team 

decision. 

E Q U I P MENT 

All resuscitation equipment should be checked on 
a daily basis and, if time allows, prior to the arrival 
of a patient in the resuscitation room. The team 
leader should ensure that team members are all 
confident in the use of the equipment, especially 
the defibrillator (Table 10.3). 

In the future a technique of hands-free defibril
lation may become increasingly commonplace 
allowing for safer practice. 

AIRWAY A N D  VENT I LAT ION  I N  
CARDIAC ARREST 

Endotracheal intubation i s  the gold standard 
method for controlling the airway and oxygenat
ing the patient. However, this manoeuvre requires 
skilled personnel and appropriate equipment. In 
the meantime, a number of basic airway interven
tions should suffice to maintain some level of ven
tilation. These include mouth-to-mouth ventilation 
with simple airway manoeuvres (jaw thrust or 

Table I 0.3: Defibril lation 
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Do not allow anyone to use a defibril lator who has 
not been trained to do so. 

Apply gel pads to the patient's chest and select the 
energy requ ired. 

Paddles should be charged either whilst in  the 
defibril lator or once on the patient's chest 
(preferably the latter). Paddles should be held 
either on the chest or in the locating slots -
never in mid-air. 

Apply paddles firmly over the apex of the heart and 
to the right of the upper sternum. 

Visually and vocally (loudly) ensure there is no 
physical contact by team members with the 
patient or the trolley. 

Deliver the shock and check for a change in the 
rhythm. If there is no change in the rhythm, do 
not delay defibri l lation to check the pulse during 
a cycle of three defibril latory shocks. 

chin lift), oropharyngeal (Guedel) airway and bag/ 
valve/mask ventilation. The laryngeal mask air
way is achieving increasing popularity as a means 
of securing the airway in order to ventilate a 
patient in CPA. A number of studies have 
suggested that this device is a rapid and easier 
alternative to endotracheal intubation in patients 
with cardiac arrest, especially when staff do not 
regularly intubate. 

High inspired concentrations of oxygen must always 

be provided. 

VASCULAR ACC ESS  

The most commonly used technique is to insert a 
cannula in an antecubital vein. However, during 
cardiac arrest it is essential to have a neutral chaser 
fluid running to ensure entry of drugs to the cen
tral circulation. This is usually accomplished by 
infusing crystalloid through the cannula after drug 
administration. Cannulation of the external jugu
lar veins is also popular as the veins are distended 
in cardiac arrest and this route, though not strictly 
central venous access, offers rapid access to the 
central circulation and heart. 

Alternative techniques include cannulation of 
an internal jugular, subclavian or femoral vein, 
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although these will be  dependent on the expertise 
of the operator. Intraosseous line insertion in chil
dren is a safe, reliable and efficacious route of drug 
administration. Howeve1� it is more difficult to 
insert in children over 6 years of age owing to the 
increase in bone density. 

RESUSC ITATI O N  ALGORITH M S  

The basic and advanced algorithms for adults and 
children in cardiac arrest are shown below. They 
are the result of collaboration between the American 
Heart Association, the European Resuscitation 
Council and other international resuscitation 
councils. The Guidelines 2000 for CPR and Emer
gency Cardiovascular Care are a comprehensive 
evidence-based resource and have now been 
adopted by the Resuscitation Council (UK) . 

BAS IC  L I F E  S U P P O RT I N  ADULTS 
(F I G . 1 0 . 1 )  
Basic life support (BLS) is an essential prerequis
ite for a patient in cardiac arrest until advanced 
life-support (ALS) measures are available. The 
presence of bystander BLS is a major factor in a 
successful outcome, especially for patients suffer
ing a prehospital cardiac arrest. However, even 
when performed optimally it provides only 20-30% 
of a patient's normal cardiac output. 

It is important to consider a number of specific 
issues related to this algorithm. BLS is only a 'hold
ing measure' and experienced help with ALS skilL 
and equipment is essential to achieve a successful 
outcome. Therefore if there is a single rescuer, they 
must decide when to leave the patient to summon 
assistance (dependent upon location). The Resusci
tation Cow1cil (UK) recommends that if the likely 
cause of w1consciousness is trauma, drowning, 

CHECK 
RESPONSIVENESS Shake and shout 

If breathing: 
recovery position 

CIRCULATION PRESENT 
Continue rescue breathing 

Check circulation 
every minute 

OPEN AIRWAY 

CHECK BREATHING 

BREATHE 

ASSESS 
I Os  only 

Head tilt/chin lift 

Look, listen and feel 

2 effective breaths 

Signs of a circulation 

NO CIRCULATION 
Compress chest 

I 00 per minute 
15:2 ratio 

Send or go for help as soon as possible according to guidelines 

Figure I 0. 1 :  Adult basic l ife support. 
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or  if the victim is  an  infant or  child, the rescuer 
should perform resuscitation for about 1 min before 
going for help. This is based on the assumption 
that respiratory support is more likely to have an 
impact on these types of patients. 

ADVANCED  L I F E  S U P PO RT I N  ADULTS 
( F I G .  I 0 . 2) 

However, if the victim is an adult and the cause 
of unconsciousness is not trauma or drowning, the 
rescuer should assume that the patient has a heart 
problem and therefore seek help immediately after 
it has been established that the victim is not breath
ing. In these patients ALS intervention, particu
larly a defibrillator, is essential. 

BLS should not be interrupted whilst waiting 
for ALS manoeuvres unless the patient makes 
a movement or takes a spontaneous breath, in 
which case their carotid pulse should be checked 
for up to 10 s .  

The Europeai1 Resuscitation Council 2000 Advanced 
Life Support (ALS) recommendations have been 
combined into a single algorithm as shown. One of 
the major recent changes is the recommendation 
that following tracheal intubation, cardiac mas
sage should be performed continuously at a rate 
of 100 per minute without interruption for the 
12 ventilations per minute. This maintains a higher 
coronary perfusion pressure. 

VFNT 

The main points to consider are that the doctor 
must interpret the ECG rhythm in the clinical con
text and h·ea.t the patient not the monitor. VF or 
pulseless ventricular tachycardia. (VT) a.re the most 

Cardiac arrest 

Precordial thump 

if appropriate 

BLS algorithm 

if appropriate 

Attach 

defibrillator/monitor 

During CPR 
Correct reversible causes 

If not already: 
check electrodes, paddle 
positions and contact 
attempt/verify: airway and 02 

IV access 
give epinephrine every 3 min 
Consider: amiodarone. 

atropine/pacing 
buffers 

Non-VF/VT 

CPR 3 min* 
*I min if immediately 

after defibrillation 

Potential reversible causes: 

Figure I 0.2: Advanced life support in adults. 
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redeemable rhythms but defibrillation must occur 
with minimal delay in order to achieve success. If 
the rhythm is not VF or VT it is essential to posi
tively exclude pathologies (Fig. 10.2) which are 
potentially reversible causes of asystole or electro
mechanical dissociation. Epinephrine remains the 
drug of choice in resuscitation although evidence 
as to its exact efficacy remains limited. Amiodarone 
has now gained acceptance as the drug of choice in 
patients with resistant ventricular fibrillation and 
tachycardia. 

Stimulate and 

check responsiveness 

OPEN AI RWAY 

Head tilt Chin lift 
(jaw thrust) 

CHECK BREATHING 

Look, listen. feel 

No 

Breathe 

Minimum 2 effective breaths 

Assess for signs 

of a circulation 

Check pulse 

( I D s  maximum) 

No 

Compress chest 

5 compressions: 
I ventilation 

I 00 compression/minute 

Continue 
resuscitation 

Figure I 0.3 : Paediatric basic l ife support. 
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PAED IATR IC  BAS IC  L I F E  S U P PO RT 

The principles of paediatric BLS (Fig. 10.3) are simi
lar. An infant is defined as being w1der the age of 
1 year and a child between 1 and 8 years of age. 
Over the age of 8 years treatment algorithms are 
the same as for an adult, although different tech
niques to attain adequate chest compression may 
be required. 

The commonest cause of childhood cardiac 
arrest is hypoxia and up to five rescue breaths 

If breathing, 

place in 

recovery position 

If no chest rise 

- repositions airway 
- reattempt up to 5 times 

If no success 

- treat as for airway 
obstruction 
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GENITO URINARY EMERGENCIES 

• I ntroduction 

• Renal fai lure 

• Haematuria 

• Acute retention 

• Acute ureteric colic 
• Urinary tract infection (UTI) 
• Urethritis and sexually transmitted diseases 

I NTRODUCT ION 

Genitourinary emergencies represent a broad 
range of conditions from the very common, such 
as urinary tract infection, to the extremely rare. A 
few require rapid treatment to protect life whilst 
others are distressing and embarrassing. An ordered 
assessment will allow accurate diagnosis and the 
initiation of effective treatment. 

RENAL FAI LURE  

Acute renal failure can be life threatening owing to 
biochemical disturbances and the consequent risk 
of cardiac arrythmia. Patients do not, howeve1� 
normally present with such a diagnosis. A range 
of often non-specific symptoms is much more 
common. In many cases, the renal failure is an inci
dental biochemical finding. In rare cases, however, 
the patient will give a clear history of monitored 
worsening renal function. 

The distinction between acute and chronic renal 
failure is often dependent on test results. In the 
emergency department, serious and immediately 
treatable causes and complications should be 
looked for and dealt with, leaving precise diagno
sis for later. Patients are unlikely to have oliguria 

• Prostatitis 
• Scrotal pain and swell ing 
• Balanitis 
• Phimosis and paraphimosis 

• Priapism 
• Penile trauma 
• Further reading 

or anuria as primary presenting complaints unless 
there is a obstructive component to their renal 
impairment. A careful history must be taken since 
non-specific symptoms are common, especially 
nausea and vomiting. Itching, paraesthesia and 
tetany may all result from biochemical abnormali
ties. More specific symptoms may include polyuria, 
nocturia and oedema. It is important to ask about 
difficulty in voiding, poor stream and other symp
toms suggesting obstruction. 

In the past medical history, systemic diseases 
that can cause renal failure (e.g. diabetes mellitus) 
should be sought, as well as details of any previ
ous renal investigations. The family history may 
be relevant, for example in polycystic kidney 
disease. Many drugs can affect renal function and 
a careful drug history should be obtained, espe
cially noting drugs that the patient has recently 
started. 

If renal failure is suspected or discovered, the 
causes can be categorized as follows: 

• prerenal - hypovolaemia; decreased perfusion -
for example heart failure, renal artery stenosis 

• renal - for example glomerulonephritis, renal 
vein thrombosis, accelerated hypertension, con
nective tissue disorders 

• postrenal - obstruction - supra vesicular obstruc
tion needs to be bilateral to produce decreased 
urine flow. 



Table 1 7.8: Treatment of the patient with 

hypercalcaemia 

Correction of dehydration 
Increase renal excretion of calcium 
Reduce osteolysis 
Identification and treatment of underlying cause 

result in bradycardia, heart block and cardiac 
arrest. 

Treat m e n t  

Emergency treatment should be initiated if the cor
rected serum calcium is greater than 3.S mmol l-1 
or if the patient is symptomatic. The principles of 
treatment are given in Table 17.8. 

Expansion of the intravascular volume is the 
most important step in correcting hypercalcaemia. 
Rehydration alone decreases the serum calcium 
and renal calcium clearance is also increased. Up 
to 5 l a day of saline may be required and care 
should be taken to avoid fluid overload in patients 
with reduced cardiac reserve. Renal calcium excre
tion can also be increased by the use of frusemide, 
which reduces renal tubular reabsorption of 
calcium. Reduction of osteolysis is achieved by 
adminish·ation of specific drugs such as the 
biphosphonates (e.g. etidronidate) or steroids, 
which are specifically beneficial in haematological 
malignancies and sarcoidosis. 

The measures described above will temporarily 
correct hypercalcaemia. Its long-term treatment 
and prognosis are dependent on effective treahnent 
of the underlying cause. 

H YPOCALCA E M I A  

C a u s e s  

Hypocalcaemia is a relatively rare diagnosis in 
emergency department practice. A differential diag
nosis of its causes is given in Table 17.9. 

S y m p t o m s  a n d  s i g n s  

General fatigue and irritability are common and 
again the presentation may be of predominantly 
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Table 1 7.9: Causes of hypocalcaemia 

Vitamin D deficiency 

Parathyroid hormone 
deficiency 

Calcium chelation 

Renal disease 
Liver disease 
Malnutrition 
Malabsorption 

Neck surgery 
I nfiltrative diseases 
Sepsis 
Pancreatitis 

F luoride poisoning 
Citrate (blood 

transfusion) 

behavioural abnormality. When the serum calcium 
falls below 2 mmo1 1-1 neuromuscular symptoms, 
including carpopedal spasm, perioral parasthesiae 
and seizures, may occur. Chvostek's sign (tapping 
over the facial nerve causes facial muscle twitch
ing) and Trousseau's sign (spasm of the small 
muscles of the hand after inflation of a tourniquet 
to stop arterial flow) may be elicited. Calcium 
depletion reduces myocardial contractile strength 
and may therefore contribute to cardiac failure. 
The ECG demonstrates QT interval prolongation 
and dysrhythmias are common. 

Tre at m e n t  

Again care should be taken in confirming the diag
nosis by laboratory analysis to take into accow1t 
variations in serum protein levels. Hypertension, 
vomiting and cardiac arrythmias may occur dur
ing calcium administration and the patient must 
be carefully monitored. Symptomatic patients 
should receive 10 ml of 10% calcium gluconate i.v. 
over 10 min. If the serum magnesium is also low or 
suspected to be low, 5 mmol of magnesium sul
phate should be given intravenously over 15 min. 

F U RTHER  READ ING  

Moore, K .  and Ramrakha, P. (1997) Oxford Handbook of 
Acute Medicine. Oxford University Press, Oxford. 



2 1 2  E N D O C R I N E  E M E R G E N C I E S  

should b e  commenced with normal saline and 
200 mg of hydrocortisone administered as an intra
venous bolus. Hyperkalaemia usually improves 
with rehydration and the patient may require 
potassium supplementation later. Any precipi
tating cause of the crisis should be treated. 
Mineralocorticoid therapy in patients with pri
mary adrenal failure is required only after the 
acute crisis has been corrected. 

HYPOP ITU ITARY CR I S I S  

I t  is rare to identify a patient with pituitary failure 
in an emergency department. Nevertheless, patients 
with this condition may present with an inter
current illness or injury and management will 
require some knowledge of their endocrine condi
tion. Failure of the pituitary manifests largely as 
failure of its principal target organs, the adrenal 
cortex and thyroid gland. Treatment involves 
replacement therapy with thyroid and glucocorti
coid hormones. Additionally, if the posterior pitu
itary is affected lack of antidiuretic hormone results 
in diabetes insipidus, which requires replacement 
therapy with desmopressin. 

D I SORDERS OF  CALC I U M  
M ETABOL ISM 

Calcium plays a vital role in many processes a t  the 
cellular and molecular level. Processes such as 
haemostasis, muscle contraction, immune function 
and the maintenance of membrane integrity there
fore rely on the calcium level being tightly regu
lated. Ionized serum calcium is the physiologically 
active entity but most laboratories analyse the total 
serum calcium, which is often a poor indicator of 
ionized calcium levels. 

Most serum calcium is protein bound and phys
iologically inactive. Fluctuations in the serum pro
teins therefore affect the total serum calcium level. 
The normal serum calcium is within a range 
of 2.2-2.6 mmo1 1 - 1 .  When interpreting serum cal
cium measurements it is important to correct the 
reading if hypoalbuminaemia is present. To correct 
for protein binding 0.02 mmol should be added or 
subtracted to the calcium level for each gram of 

Table 1 7.7: Causes of hypercalcaemia 

Malignancy 

Primary hyper
parathyroidism 

Iatrogenic 

Granuloma 

Miscellaneous 

Extensive bone metastases 
Production of parathyroid  

hormone-l ike substances 

Lithium 
Thiazide diuretics 
Calcium and vitamin D 

preparations 
Sarcoid 
Tuberculosis 
Immobil ization 
Hyperthyroidism 
Paget's disease 

albumin above or below 40 g 1- 1 .  Both hypercal
caemia and hypocalcaemia represent medical 
emergencies. 

HYPERCALCA E M I A  

C a u s e s  

In emergency department practice, hypercalcaemia 
is most commonly a result of disseminated malig
nancy or the use of vitamin D preparations. A dif
ferential diagnosis of hypercalcaemia is given in 
Table 17.7. 

S y m p t o m s  a n d  s i g n s  

The symptoms of hypercalcaemia are typically 
non-specific and may be remembered using the 
epiphet 'bones, moans, stones and abdominal 
groans'. Specifically, the patient may present with 
a change of mental state such as drowsiness, con
fusion, psychosis and coma. In the renal tract, cal
cium impairs reabsorbtion in the renal tubules and 
dehydration results, with polydipsia and polyuria 
and ultimately renal failure. In the longer term urin
ary calculi develop. Gastrointestinal symptoms 
such as constipation and ileus are the result of 
reduced smooth muscle tone. Peptic ulcer disease 
and acute pancreatitis are also more common. 
Other symptoms may include pruritus. Cardio
vascular effects are demonstrated on an ECG with 
shortening of the QT interval and widening of the 
QRS complexes. Profound hypercalcaemia may 



Table 1 7.5:  Emergency treatment of hypothyroidism 

Hyponatraemia - flu id restriction (500 ml  in 24 h). 

Hypoglycaemia - 50% dextrose intravenously. 

Hypothermia - slow rewarming to avoid a sudden 
decrease in peripheral vascular resistance and 
vascular collapse. 

Glucocorticoids - hydrocortisone until cortisol 
level known. Treatment of hypothyroidism 
secondary to pituitary fai lure may precipitate 
adrenal crisis. 

Specific thyroid therapy - the choice of thyroid 
hormone and dose regimen is controversial and 
consultation with an endocrinologist is 
recommended. 

of glucose metabolism, temperature regulation, 
electrolytes and glucocorticoid hormones as well 
as specific thyroid therapy (Table 17.5). 

ADRENOCORT ICAL  I N S U F F I C I ENCY 
(ADD ISON IAN  C R I S I S) 

Adrenal insufficiency may be acute or chronic. 
Each adrenal gland consists of the medulla, which 
secretes adrenaline and noradrenaline and is 
largely under neuronal control, and the cortex, 
which is controlled by the pituitary gland and 
secretes glucocorticoids, mineralocorticoids and 
androgens. The secretion of glucocoticoids, princi
pally cortisol, is governed by circulating adreno
cortical trophic hormone (ACTH) produced by the 
pituitary. The secretion of mineralocorticoids, 
principally aldosterone, is controlled by the 
renin-angiotensin system. Symptoms of adreno
cortical insufficiency occur when there is a failure 
(relative or absolute) of glucocorticoid and miner
alocorticoid secretion. 

CAUSES  

The causes o f  adrenocortical insufficiency can be 
classified as primary, where there is failure of the 
adrenal cortex, secondary where the pituitary 
gland fails, or tertiary (Table 17.6). The abrupt onset 
of symptoms often occurs in relation to a physical 
stressor such as injury. 
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Table 1 7.6: Causes of adrenocortical failure 

Primary: 

Idiopathic (autoimmune) 
Adrenal haemorrhage (Waterhouse-Friedrichsen 

syndrome) 
Infiltration (tumour, tuberculosis) 
Drugs (ketoconazole) 

Secondary: 
Pituitary apoplexy (haemorrhage into a pituitary 

tumour) 
Infarction (Sheehan's syndrome) 

Tertiary: 
Withdrawal of glucocorticoid therapy 
Chronic adrenal insufficiency in the face of 

increased cortisol demands (trauma, infection) 

C L I N ICAL FEATURES  

The symptoms of chronic insufficiency are non
specific. They include weakness, lethargy, hyper
pigmentation, anorexia and weight loss. Acutely 
the presentation is of shock or hypoglycaemia in 
a patient known to be on long-term steroids a 
replacement therapy or for the treatment of some 
other condition. Some symptoms and signs are 
specific to the lack of glucocorticoids (hypogly
caemia), of mineralocorticoids (hyponatraemia), 
or to the excess ACTH (hyperpigmentation) of 
secondary hypoadrenalism. Consequently, a high 
index of suspicion of adrenocortical insufficiency 
must be maintained in any hypotensive patient in 
whom the diagnosis is in doubt. Patients with sec
ondary hypoadrenalism are less likely to develop 
shock, hyponatraemia and hyperkalaemia sine 
the production of mineralocorticoids via the renin
angiotensin system is not pituitary dependent. 

I NVEST IGAT ION  

Blood should be taken for cortisol, ACTH and 
aldosterone levels in addition to baseline urea and 
electrolytes and full blood count. 

TREATMENT 

Prompt correction o f  hypoglycaemia may initially 
be necessary. Urgent intravenous fluid replacement 
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infection, surgery, or the recent administration of 
iodine, including radio-contrast media. Thyroid 
crisis usually occurs in known thyrotoxics but may 
be the first presentation of previously undiag
nosed disease. 

C l i n i c a l  e x a m i n at i o n  

High fever, warm peripheries, tachycardia and 
a bow1ding pulse are usually found and thus make 
the differentiation from septic shock difficult. 
Specific thyroid signs, such as tremor, goitre and 
signs of thyroid eye disease, may be found. Central 
nervous system effects include anxiety, proximal 
myopathy and coma. On occasions the presenta
tion may be of a major mental illness. 

I n v e s t i g at i o n  

Baseline full blood count, electrolytes, urea and 
thyroid function tests should be ordered. A raised 
white cell count is common in thyrotoxicosis and 
hypercalcaernia is often found. Treatment must 
commence before the thyroid function test results 
are available. An ECG may demonstrate cardiac 
arrhythmia or myocardial ischaernia and the 
patient should be continuously monitored. 

Tre at m e n t  

There must be careful maintenance of fluid bal
ance with correction of hypokalaemia. 
Dysrhythrnias (usually atrial fibrillation) should 
be controlled by drug therapy, and for hyper
pyrexia external cooling and chlorpromazine 
(50 mg IM) may be used. Specific therapies for 
thyrotoxicosis are shown in Table 1 7.4. Treatment 
of the precipitating cause is the main determinant 
of outcome. 

Table 1 7.4: Specific emergency therapy for 

thyrotoxicosis 

Inhibition of hormone synthesis - propylthiouracil 
Inhibition of hormone release - sodium iodide 
Inhibition of peripheral hormone conversion -

propranolol and prednisolone 
Inhibition of peripheral hormone action -

propranolol 

HYPOTHYRO I D I S M  A N D  
MYXOEDEMA  COMA 

Myxoedema coma is life threatening although 
now very rare. It represents hypothyroidism in its 
most severe form and is most commonly seen in 
elderly women with undiagnosed or undertreated 
hypothyroidism. Infection is again the commonest 
precipitant and mortality may be as high as 50%. 

H i s t o r y  

Because of the confusion or coma often seen in this 
condition the history may be unobtainable from 
the patient, and as a consequence the questioning 
of friends or relatives is essential. There are often 
pre-existing typical symptoms of hypothyroidism, 
including cold intolerance, lethargy, hair loss, 
weight gain and hoarseness. Again the presenta
tion may be of a psychosis (myxoedema madness). 
There may be a history of thyroid disease or the 
use of drugs such as lithium or amiodarone. 

C l i n i c a l  s i g n s  

Confusion may progress to coma and hypother
mia is common. Bradycardia is usual and a chest 
X-ray may demonstrate cardiomegaly and peri
cardia! effusion. The ECG usually shows small 
voltage complexes and a prolonged QT interval.  
The other characteristics of hypothyroidism, such 
as periorbital oedema, macroglossia and slow
relaxing deep tendon reflexes, are often found. 

L a b o r a t o r y  i n v e s t i g at i o n s  

Megaloblastic anaemia is common, as is hypona
traemia as a result of inappropriate antidiuretic 
hormone secretion (SIADH). The patient may also 
present with hypoglycaemia. Thyroid function 
tests will show either primary (low T4, high 
thyroid-stimulating hormone (TSH)), indicating 
thyroid failure), or secondary (low T4, low TSH, 
indicating pituitary failure) hypothyroidism. The 
serum cortisol is often also low. 

Tre at m e n t  

The emergency treatment of hypothyroidism 
requires correction of the associated abnormalities 



Low-dose insulin regimens are simple, safe and 
effective. Soluble insulin has a biological half-life 
at tissue level of 20-30 min. Five units should be 
given as an initial bolus followed by a sliding-scale 
regimen that reduces blood sugar levels at a rate of 
2-4 mmol h-1 .  Continuous insulin infusion should 
be continued until the ketonaemia and acidosis 
have resolved. The patient can then be commenced 
on a maintenance regimen. 

Tre at m e n t  o f  t h e  p re c i p i t a t i n g  

c a u s e  

DKA does not occur in isolation and it is important 
to identify and treat any precipitating causes. 
These are infections, insufficient insulin, infarc
tions (myocardial or cerebral) or other intercurrent 
illnesses. 

C o m p l i c at i o n s  

The major complications are hypoglycaemia, 
hypokalaemia and cerebral oedema. The first two 
can be avoided and the third minimized by regular 
clinical and biochemical reassessment of the 
patient. Early detection of cerebral oedema with 
the institution of hyperventilation and mannitol 
therapy is necessary to reduce mortality. Patients 
are also at risk of venous thrombosis and appro
priate prophylaxis should be provided. 

Serial arterial gas sampling is not required. 

Monitoring of acidaemia can be done perfectly 
well using venous pH measurements since mean 
arterial and venous pH differs by only 0.03 pH 
units. 

Remember identification and treatment of the pre

cipitating cause is essential. 

HYPEROSMOLA R  HYPERGLYCA E M I C  
NON-KETOT I C  COMA (H H N KC ) 
This is usually seen in older non-insulin depen
dent diabetics. There is hyperglycaemia, hyperos
molarity and dehydration but no ketoacidosis. It is 
much less common than DKA. 
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Table 1 7.3:  Management of HHNKC 

If the serum sodium level is > 1 50 mmo1 1- 1 use 
0.45% saline. 

Patients are usual ly extremely sensitive to 
insulin and require lower infusion rates than in  
DKA. 

Thrombotic compl ications are common and 
patients should be ful ly amicoagulated with a 
low molecular weight heparin. 

The condition is usually precipitated by infec
tion, myocardial infarction, stroke or the admin
istration of thiazide diuretics. The mortality rate 
is 50%. In comparison with diabetic ketoacidosis, 
dehydration and hyperglycaemia are severe 
although there is no ketosis or acidosis. Typically, 
the patient presents with an altered conscious 
level, the greater tl1e osmolarity the greater the 
neurological deficit. Focal signs, including hemi
paresis, are common. 

Investigations demonstrate a raised serum 
osmolarity. In HHNKC the serum osmolarity is 
usually around 380 mmo1 1-1 .  Whilst there is no 
ketoacidosis there is often a mild metabolic acido
sis secondary to dehydration and impaired tissue 
perfusion and a subsequent rise in lactate levels. 

Management follows the same principles as 
for DKA with a small number of variation 
(Table 17.3). 

THYRO ID  E M ERG E N C I E S  

THYRO I D  C R I S I S  OR  ' STO RM ' 

This is a life-threatening exacerbation of thyrotoxi
cosis usually occurring in an undiagnosed or 
poorly treated patient. There is acute decompensa
tion of major organ systems with a significant 
mortality from hypovolaemia, cardiac failure and 
arrythmias. 

H i s t o r y  

Known precipitants of thyroid crisis include non
compliance with medication for hyperthyroidis , 



208 E N D O C R I N E  E M E R G E N C I E S  

breathing. The exhalation o f  ketones produces a 
sickly sweet smell. 

Serum osmolarity (in mmol) = 2(Na + K) + urea + 
glucose. 

The level of consciousness correlates poorly 
with most of the biochemical parameters. How
ever, if a patient with OKA has a serum osmolarity 
of less than 340 mmol kg-1 then an alternative 
cause of impaired consciousness should be sought 
(cerebrovascu.lar accident) . Nausea, vomiting and 
abdominal pain are common. 

The diagnosis of DKA is made with a blood glu

cose of greater than I I mmo1 1- 1 , associated with 

ketonuria and a bicarbonate of less than 1 5 mmol 1- 1 • 

M a n ag e m e n t  (Ta b l e  1 7 . 2 )  

The first priority is to assess and ensure a patent 
airway. Cardiac monitoring and pulse oximetry are 
essential and high-flow oxygen must be admin
istered. Venous access must be established and 
urgent samples sent for urea and electrolytes, blood 
sugar, full blood count and blood culture. Urea and 
electrolytes typically demonstrate hyponah·aemia, 
hyperkalaemia and raised urea and creatinine. In 
OKA an arterial blood gas sample will demonstrate 
a metabolic acidosis with a raised anion gap. A chest 
X-ray, urinalysis (including ketones) and ECG 
should be organized. If the patient is unconscious or 
obtunded a nasogastric tube and catheter should 
be passed, as gastric stasis with vomiting and aspi
ration and acute retention are common. Routine 
catheterization is not indicated as it increases the 
incidence of urinary tract infections. 

C o r r e c t i o n  o f  d e hy d r at i o n  

In severe OKA there may be a deficit of up to 1 0 1  of 
body water and 400-700 mmol of sodium. The first 

Table 1 7.2: Management aims for diabetic 

ketoacidosis 

Correct dehydration 
Correct electrolyte disturbances 
Correct insul in deficiency 
Treat precipitating causes 
Prevent compl ications 

litre of intravenous fluid should be given over 
30-60 min. Thereafter the rate of replacement is 
determined by reassessment, both clinical and bio
chemical. Normal saline is the most commonly 
used intravenous fluid but should be exchanged 
for dextrose when the blood sugar falls below 
15 rnmo1 1- 1 .  Furthermore, persistence of keton
aernia and ketonuria is best treated by concomitant 
administration of dextrose and insulin. If shock 
is present the circulating volume should be 
expanded using a colloid prior to correction of 
dehydration. 

C o r r e c t i o n  o_f e l e c t ro l y t e  a n d  

a c i d - b a s e  d i s t u r b a n c e  

Potassium is predominantly an intracellular ion. 
Total body potassium is reduced as a result of 
insulin deficit, acidosis, diuresis and vomiting. 
There is usually a 250-700 mrnol deficit. Because of 
the acidosis and lack of insulin (both of which 
increase extracellular potassium levels) the extra
cellular potassimn is often within the normal range 
or is raised and is therefore misleading. The aim is 
to maintain normal extracellular levels and replace 
the total body deficit over a period of days. This 
requires insulin to normalize function of the 
sodimn/potassium pump and potassium supple
mentation. Potassimn should be given at a rate of 
20 mmol h-1, rising to 40 mmol h-1 if the level con
tinues to fall. Serum potassium should be regularly 
reassessed and supplements not given if the level 
rises above 6 mmol l-1 or if the patient is oliguric. 

There is no compelling evidence that correction 
of acidosis in OKA wit11 bicarbonate improves out
comes even in patients with a pH as low as 6.9. 
Because bicarbonate administration increases car
bon dioxide levels and this diffuses into cells, there 
is an increase in intracellular acidosis. Moreover, 
once ketogenesis ceases (as a result of insulin 
administration) hydrogen ion production ceases 
and acidosis improves. Since intracardiac pH is 
around 6.9 it is unlikely that extracellular acidosis 
is negatively inotropic. 

I n s u l i n  t h e r a py 

The rapid reduction of blood sugar is neither neces

sary nor desirable. 



nerve palsies and hemiplegia (Todd's paresis). 
These respond to correction of blood glucose levels 
although prolonged and profound hypoglycaemia 
may produce permanent neurological deficit. 

Because of the non-specific nature of symptoms 
and signs hypoglycaemia may be misdiagnosed 
as a cerebrovascular accident, seizure disorder, 
migraine, Stokes-Adams attack or psychiatric ill
ness. The value of a routine bedside blood glucose 
measurement for patients in emergency depart
ments patients is obvious. 

Bedside blood glucose analysis is a vital component 

of early assessment in the emergency department. 

T REATMENT  

If the patient is conscious then glucose can be 
administered orally as a sweet drink or chocolate 
bar. If the patient is unconscious, blood should 
be taken and sent for laboratory blood glucose 
analysis and 25-50 ml of 50% glucose given intra
venously as a bolus. In children 50% dextrose solu
tions may cause cerebral oedema and it is safer to 
use 10% dextrose solution in a dose of 5 ml kg-1 . 
Rapid recovery usually follows and it is often pos
sible subsequently to discharge the patient with 
appropriate advice and follow-up. An insulin 
overdose may be deliberately self-administered by 
the patient as a suicidal act. In these cases fur
ther glucose may need to be administered, both as 
boluses and as an infusion. If severe, surgical exci
sion of the subcutaneous area where the insulin 
was injected may be indicated to prevent further 
absorption, although this is extremely rare. 

Hypertonic glucose solutions must be admin
istered carefully as extravasation of the solution 
from the vein will result in necrosis of soft tissues. 
Following intravenous adrninistration, local tlwom
bophlebitis may occur if the vein is not flushed 
with an isotonic solution. 

If intravenous access cannot be obtained, 
glucagon 1 mg intramuscularly may be given as a 
temporizing measure although this is not effective 
if the patient has no hepatic glycogen stores, for 
example in chronic alcohol abuse. When reversing 
hypoglycaemia in an alcoholic, thiamine should 
be administered concomitantly with dextrose to 
prevent Wernicke's encephalopathy. 
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If the patient fails to recover consciousness over 
the next few minutes, alternative diagnoses should 
be sought. However, permanent neurological 
injury may follow prolonged and severe hypogly
caemia and a head CT scan may show cerebral 
swelling. 

HYPERGLYCAEM IA 

A random blood glucose of greater than I I mmo1 1- 1 

is diagnostic of diabetes mell itus. 

Hyperglycaemia alone rarely requires urgent ther
apy. In the emergency department urgent correction 
of the cause of hyperglycaemia is only required in 
patients with diabetic ketoacidosis and non-ketotic 
hyperosmolar coma. 

D IABET IC  KETOAC I DO S I S  ( O KA) 
DKA occurs only in diabetics. It i s  characterized by 
hyperglycaemia and ketonaemia. Common pre
cipitants are trauma, infection, myocardial infarc
tion, cerebral infarction or inadequate insulin 
therapy. The latter is often the result of cessation of 
insulin in an tmwell diabetic owing to loss of 
appetite and reduced food intake. Alternatively 
keto-acidosis may be the presenting illness in a 
previously tmdiagnosed diabetic. 

P at h o p h y s i o l o g y  

The lack of insulin causes impaired tissue utiliza
tion of glucose with a consequent rise in blood 
glucose. Water is drawn osmotically out of cells, 
causing cellular dehydration and impaired func
tion. The same effect in the renal tubules produces 
an osmotic diuresis (polyuria) with a reduction in 
total body water and sodium (dehydration) an 
thirst (polydipsia). The loss of glucose in the urine 
and dehydration results in weight loss. 

The relative excess of glucagon (unoppose 
by insulin) causes the breakdown of fats and the 
production of ketones. These acidic molecules 
cause a metabolic acidosis and the consequent res
piratory compensation manifests itself as Kussma 
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I NTRODUCT ION 

Disorders of glucose metabolism, specifically dia
betes mellitus and its complications, are commonly 
seen in emergency departments. They may repre
sent major emergencies where time-critical inter
vention is needed to preserve life and prevent 
morbidity. Thyroid, pituitary and adrenocortical 
disorders are less often recognized although they 
may be equally life threatening. Although not 
exclusively endocrine problems, disorders of 
calcium metabolism are also considered in this 
chapter. 

HYPOGLYCA E M I A  

Hypoglycaemia is one of the commonest medical 
emergencies seen in an emergency department. 
Glucose is the main energy source for the brain 
and prolonged hypoglycaemia can cause brain 
damage and death. 

Hypoglycaemia is defined as a blood sugar of less 

than 3 mmol 1- 1 • 

Most hypoglycaemic patients are diabetic and 
have either administered too much insulin, missed 
a meal or increased their activity level. Other 
causes include use of the biguanide hypogly
caemic drugs (metformin), malnutrition, alcohol 
use, liver failure, aspirin overdose, sepsis and the 

• Adrenocortical insufficiency (Addisonian crisis) 
• Hypopituitary crisis 
• Disorders of calcium metabolism 
• Further reading 

other endocrine emergencies of hypoadrenalism, 
hypopituitarism and insulinoma. The sulphonyl
urea hypoglycaemic drugs (glicazide) do not cause 
hypoglycaemia. If the patient is not a diabetic and 
has had proven hypoglycaemia, consideration 
should be given to further investigations for other 
rare causes, such as an insulinoma or a phaeochro
mocytoma. 

C L I N I CAL PRESENTAT I O N  

Symptoms may be due to neuroglycopenia or 
autonomic overactivity (Table 17. 1 ) .  However, in 
many long-standing diabetics, impairment of the 
adrenergic response may result in hypoglycaemia 
occurring without warning symptoms. 

Hypoglycaemia may more rarely produce 
seizures or focal neurological deficits such as cranial 

Table 1 7. 1 :  Features of hypoglycaemia 

Neuroglycopenia: 
Confusion 
Lethargy 
Hunger 
Aggression 
Coma 

Autonomic overactivity: 
Sweating 
Pallor 
Tachycardia 
Vomiting 



Tre at m e n t  

Treatment is the same as for urticaria but because 
of the increased risk to the airway, adrenaline 
should be administered early. Invasive and surgi
cal airway techniques may be required. The use of 
histamine antagonists is routine. Hereditary 
angio-oedema responds poorly to adrenaline and 
requires urgent fresh frozen plasma which con
tains C1 esterase inhibitor. 

f URTHER  READI N G  
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Table 1 6.5:  Manifestations of  anaphylaxis 

Skin 

Respiratory 

Gastrointestinal 
tract 

Cardiovascular 
system 

Erythema, pruritus, urticaria 
and angioedema 

Upper airway swel ling leading 
to obstruction 

Acute brochospasm 
Nausea, vomiting, abdominal 

pain and diarrhoea 
Light-headedness, tachycardia, 

hypotension and shock. 
Cardiac dysrhythmias 
and infarction may occur 

ANAPHYLAX I S  

Anaphylaxis is a common medical emergency and 
the most severe type of allergic reaction. Symptoms 
may occur within minutes of exposure to the aller
gen. In patients who have experienced previous 
anaphylactic reactions there may be an aura of 
impending doom. Symptoms and signs are listed 
in Table 16.5. 

Common precipitants are bee stings, nuts and 
parenteral antibiotics, especially penicillin. The 
speed of onset and severity of the reaction are 
related to the amount and type of allergen as well 
as the degree of sensitization. 

An anaphylactoid reaction is clinically identical 
but is not triggered by IgE antibody and therefore 
does not require prior exposure. Radiocontrast 
media and non-steroidal anti-inflammatory agents 
are classic causal agents. 

M a n a g e m e n t  

Prevent further administration of the allergen. 

Assessment and support of airway, breathing and 
circulation should be prompt and sequential. 
High-flow oxygen should be given via a face mask 
and a pulse oximeter and cardiac monitor attached. 
If there is laryngeal oedema or wheeze, 1 in 10 000 
adrenaline should be immediately administered 
intravenously in 1-ml boluses repeated to achieve 
relief of life-threatening airway obstruction, bron
chospam or shock. If intravenous access is not 

available 0.5 mg of adrenaline should be given 
intramuscularly every 5 min to achieve the same 
effect. Hydrocortisone 200 mg intravenously and 
5 mg nebulized salbutamol should also be admin
istered. Endotracheal intubation may be required 
but can be impossible and necessitate the forma
tion of a surgical airway. 

If the patient is shocked an intravenous infusion 
of 1-2 1 of normal saline should be given rapidly. 
Further treatment may include chlorpheniramine 
intravenously, and patients with refractory hypo
tension should receive an Hrblocker. Patients on 
beta-blockers may require glucagon 1 mg repeated 
as necessary if hypotension persists. Once the 
patient has responded it is important to remember 
that up to 20% will relapse within the next 1 2 h. 
Therefore all should be admitted and closely 
observed. 

U RT ICAR IA  

This presents with typically itchy, oedematous 
transient skin swellings, often occurring in crops. 
There are many causes, including foodsh1£fs, drugs, 
insect stings, viral illnesses, temperature, sunlight 
and exercise. In chronic cases no cause is usually 
found. 

Tre a t m e n t  

Most will improve with a non-sedating histamine 
antagonist. Refractory cases may respond to the 
addition of an Hi-antagonist. An attempt should 
be made to identify the likely cause. 

ANG IO-OEDEMA 

This is a well-demarcated, non-pitting oedema of 
deep subcutaneous tissue, predominantly involv
ing the face and mouth. When it involves the larynx 
it is life threatening. Pruritus is uncommon. The 
causes are as for urticaria, but it appears that the 
angiotensin-converting enzyme (ACE) inhibitors 
are particularly likely to cause this condition. There 
is also a hereditary form related to C1 esterase 
inhibitor deficiency. 



a result of poor splenic function and impaired 
neutrophil migration. Infections with staphylo
cocci, streptococci and Haemophilus influenzae are 
particularly common with fulminant pneumonia 
or meningitis. Less common, although classically 
associated with sickle cell disease, is Salmonella 
osteomyeleitis. 

D i ag n o s i s  

The diagnosis is usually suggested by the patient, 
who will almost invariably know that they have 
sickle cell disease. The Sickledex test will confirm 
the presence of sickle cell disease if there is any 
doubt. Investigations should include a full blood 
count but the 'normal' white cell count is often up 
to 18 000 mm -3_ A fall in haemoglobin of more than 
2 g d1-1 from the patient's normal level suggests a 
haematological crisis. A reticulocyte count should 
be requested and a value of less than 5% suggests 
an aplastic crisis. 

Additionally, urea and electrolytes are required 
to exclude or quantify dehydration and arterial 
blood gases to quantify hypoxia and acid-base 
disturbances. Bacteriological analyses (including 
urinalysis) are required to identify the source of 
infection. 

Imaging may include a chest X-ray, although 
a normal film does not exclude a pulmonary crisis. 
Skeletal X-rays, radio-isotope scans or magnetic 
resonance imaging (MRI) are required if there is 
localized tenderness, in order to identify 
osteomyelitis. CT or MRI of the brain is essential 
in any patient with neurological abnormalities, 
although are unlikely to be requested by the emer
gency department. 

M a n ag e m e n t  

General measures include rehydration, which may 
need to be intravenously administered, and sup
plemental oxygen. Fluid overload should be 
avoided since cardiopulmonary disease is com
mon. Patients with vaso-occlusive crises typically 
have severe pain and generous amounts of intra
venous opiates should be given. 

Pain from vase-occlusive crisis requires large doses 

of intravenous opiates. 
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S p e c i f i c  m e a s u re s  

Acute splenic sequestration is common in young 
children. The spleen enlarges rapidly and the 
haemoglobin falls rapidly. Pneumoccocal infection 
is frequently the precipitant. Treatment is with 
blood transfusion and antibiotics. 

Any patient with sickle cell disease and a tem
perature higher than 38°C should be presumed to 
have a bacterial infection. A septic screen should 
be carried out with a low threshold for lumbar 
puncture. A broad-spectrum antibiotic such as cef
triaxone should be administered. 

Parvovirus infection can cause a potentially fatal 
red cell aplastic crisis in which the reticulocyte 
count and haemoglobin level fall rapidly. The treat
ment is emergency blood transfusion. 

If a pulmonary crisis is suspected, empirical 
intravenous antibiotics should be administered. 
If there is a significant ventilation/perfusion mis
match the patient should be anticoagulated. 
Cardiovascular decompensation, if severe, may 
indicate an exchange transfusion. 

If there is any alteration of mental state or a 
focal neurological deficit a central nervous system 
crisis should be suspected. Following a CT scan 
a lumbar puncture should be performed t 
exclude meningitis and subarach.noid haem
orrhage. 

Localized bone pain may represent a skeletal 
vaso;occlusive crisis or local bone infection. Man
agement should be discussed with an orthopaedic 
surgeon and antibiotics to cover Staphylococcus 
aureus and salmonella should be considered 
early. 

Patients with sickle cell trait have a normal red cell 

l ifespan and are generally asymptomatic. 

ALLERGY AND  ANAPHYLAX I S  

Hypersensitivity is an exaggerated immune 
response to an antigenic stimulus. Allergic reac
tions bridge the full spectrum of severity from 
minor irritations to life-threatening circulatory col
lapse. The skin, gastrointestinal and respiratory 
tracts and cardiovascular system are all commonly 
affected. 
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If there is  severe or  moderate bleeding, the INR 
should. be normalized as rapidly as possible. The 
use of vitamin K and fresh frozen plasma is indi
cated and a haematologist should be consulted as 
early as possible. 

Recently, genetically engineered prothrombin 
complex concentrate has become available. This 
provides a safer and more effective means of 
reversing the effects of warfarin than with fresh 
frozen plasma. Its use should be discussed with a 
haematologist. 

Always check the INR of any patient on oral antico

agulants who presents with any abnormal bleeding. 

If over-correction may cause harm, such as in 
the case of a patient with a prosthetic heart valve, 
the problem should be discussed with a haematolo
gist and the consultant responsible for the patient's 
ongoing care (where possible) and consideration 
given to using heparin whilst antagonizing the 
effects of warfarin. 

S ICKLE  CELL  D I S EASE 

Haemoglobin S is the commonest abnormal variant 
of adult haemoglobin and is the result of a single 
amino-acid substitution on the beta-chain of haemo
globin. It is transmitted by autosomal dominant 
inheritance. The abnormal haemoglobin causes no 
significant problems when bound to oxygen but 
when deoxygenated it polymerizes. If significant 
quantities within the red blood cell polymerize, the 
red cell morphology is altered, forming a character
istic sickle shape. Sickling increases blood viscos
ity and may cause microvascular obstruction. 
Sickling is increased in the presence of acidosis, 
increased 2,3-diphosphoglycerate, vascular stasis, 
dehydration, infection and low oxygen tensions. 
Sickled red cells are rapidly haemolysed, reducing 
their lifespan from 120 to 10 days. 

Patients with sickle cell disease are homozygotes 
for the abnormal gene and usually present follow
ing the first 6 months of life with sickle cell crises. 
Heterozygotes are referred to as having sickle cell 
trait and sickling usually only occurs with marked 
hypoxia. Patients are therefore often asympto
matic and are detected by routine screening for the 
abnormal haemoglobin in susceptible population 
groups. 

Table 1 6.4: The sickle cell crises 

Vaso-occlusive 
Haematological 
Infectious 

C l i n i c a l  fe at u re s  

Patients with sickle cell disease have a chronic 
haemolytic anaemia with a haemoglobin level in 
the range of 6-9 g dl - i .  There is often chronic 
hypoxia, with cardiomegaly, pulmonary hyperten
sion and congestive cardiac failure. The splenic 
enlargement seen in childhood disappears in adults 
as a result of recurrent infarction. Renal papillary 
necrosis, dactylitis (hand and foot syndrome) 
and skin ulceration on the lower legs are further 
examples of tissue infarction. Patients may present 
to the emergency department with one or more of 
three types of sickle cell crisis (Table 16.4). 

VASO-OCCLUS IVE  CR I S I S  

Hypoxia, acidosis, dehydration or cold result in 
polymerization of the abnormal haemoglobin and 
a loss of elasticity with reduced ability to pass 
through capillary beds. Further hypoxia and aci
dosis are thus produced, which leads to progres
sive ischaemia. Symptoms vary with the organ 
affected, although abdominal, chest and muscu
loskeletal pain are uncommon. Other disease 
processes may be mimicked and care should be 
taken in assessing a patient with sickle cell disease 
to exclude other pathology. 

HAEMATOLOG ICAL  

Splenic sequestration crisis occurs predominantly 
in children, with rapid enlargement of the spleen 
with sickling and infarction. TI1e haemoglobin drops 
acutely and transfusion is required. With the short
ened lifespan of a red cell in sickle cell disease, any 
impairment of bone marrow function, for example 
due to folate deficiency or post-infectious marrow 
suppression, may result in an aplastic crisis. The 
haemoglobin level drops even further, often to less 
than 2 g dl - 1 ,  and the reticulocyte count is low. 

I N FECT IOUS 

Sickle cell disease is  associated with an increased 
susceptibility to infection. This is thought to be 



Vo N WrLLEBRAN D ' s  D ISEASE 
Von Willebrand's disease is  a related disorder of 
a portion of the Factor VIII complex. It is caused by 
a deficiency or abnormality of the Von Willebrand 
factor (vWF) and is the most common bleeding 
disorder. Von Willebrand factor allows platelets 
to adhere to damaged endothelium and carries 
Factor VIII in plasma. Screening coagulation 
tests may be normal, although the partial throm
boplastin time is usually prolonged in moder
ate to severe cases. The haemorrhagic tendency 
is highly variable. DDAVP is the mainstay of 
therapy for most patients, but for those with severe 
disease or severe bleeding, Factor VIII concentrate 
should be used. Bleeding from tooth sockets can 
often be managed with fibrinolytic inhibitor agents 
such as E-aminocaproic acid and tranexamic acid. 

Seek advice early from a haematologist if the patient 

has abnormal coagulation. 

D i s s e m i n at e d  i n t r a v a s c u l a r 

c o a g u l at i o n  ( D I C )  

DIC results in the generalized activation of the 
haemostatic system, causing fibrin to form within 
vessels. This causes small vessel obstruction with 
tissue damage and multiple organ dysfunction. 
The consequent consumption of coagulation fac
tors and platelets and secondary activation of fibri
nolysis produces a generalized bleeding tendency. 
This may be acute and overwhelming, usually as a 
result of septicaemia (Fig. 16.1), acute haemolysis, 
shock or placental abruption. More rarely, the 
process may be subacute (malignancy) or chronic 
(liver disease, malignancy, eclampsia). 

I NVESTIGAT IONS  
In  acute DIC a wide range of  abnormalities is 
found on investigation. The blood count shows 
thrombocytopenia and examination of a blood 
film may demonstrate red cell fragmentation. 
Coagulation studies demonstrate a prolonged pro
thrombin time, partial thromboplastin time and 
thrombin clotting time. The plasma fibrinogen is 
low and fibrin degradation products (FOP) are 
raised as fibrin is formed and then broken down. 
In the non-acute forms there may be minimal dis
turbance of these markers, although the platelet 
count is almost always reduced. 
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Figure 1 6. 1 :  Disseminated intravascular coagulation 

in meningococcal septicaemia. 

MANAGEMENT 

The most important principle is to remove or treat 
the underlying cause. Secondary disturbances of 
acid-base balance and electrolytes are corrected 
and the advice of a haematologist should be sought 
on the use of fresh frozen plasma, platelets, blood 
and cryoprecipitate. 

O v e r- a n t i  c o a g u  I a t i  o n  

One of the commonest causes of abnormal bleed
ing seen in emergency departments is an acquired 
coagulation deficit as a result of anticoagulant 
therapy. Warfarin therapy requires regular moni
toring to maintain therapeutic levels and prevent 
over anticoagulation with the attendant risk of 
haemorrhage. Drug interactions with warfarin are 
also common and may potentiate its action, result
ing in a prothrombin time raised above the thera
peutic range. Treatment of over-anticoagulation 
depends on the prothrombin time or international 
normalized ratio (INR), the presence of abnormal 
bleeding and the initial reason for anticoagulation. 

The aim should be to return the INR to the thera
peutic range. If bleeding is absent or minimal and 
the INR raised to between 4 and 6, warfarin should 
be withheld and subsequently reintroduced at 
a reduced dose. If the R is between 6 and 8, 
vitamin K should be administered and the INR 
estimated again after 24 h. With an INR of above 8, 
vitamin K should be administered along with 2 units 
of fresh frozen plasma. The INR is checked again 
6 h later and daily for 3 days. Further vitamin K 
may subsequently be required. 
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P l at e l e t d i s o rd e r s  

Platelet disorders may be the result of a reduced 
number of platelets or failure of the platelets to 
function effectively. The source of bleeding is usu
ally the capillary, and platelet disorders therefore 
first manifest as cutaneous and mucosal petechiae 
or ecchymosis. Epistaxis, menorrhagia and gastro
intestinal bleeding are the common presenting 
symptoms to emergency departments. 

Platelet disorders are characterized by cutaneous or 

mucosa! haemorrhage. 

Thrombocytopenia may be due to decreased 
production of platelets by the bone marrow (drugs, 
toxins or infections), increased pooling (hyper
splenism), or increased destruction (drugs, idio
pathic or autoimmune thrombocytopenic purpura 
(ITP), disseminated intravascular coagulation 
(DIC)). Most patients with thrombocytopenia do 
not manifest symptoms or signs until the platelet 
count falls below 50 000 mm-3. Spontaneous bleed
ing, including life-threatening central nervous sys
tem haemorrhage, may occur if the count falls 
below lO OOO mm-3. 

The emergency management of thrombocy
topenia is based upon the severity and the likeliest 
cause. Platelet transfusions will be required in 
patients with platelet counts of less than 
50 000 mm -3 who are bleeding. Each unit transfused 
should raise the platelet count by 10 000 mm -3_ Any 
patient who presents with a count of less than 
10 000 mm -3 should receive platelets because of the 
risk of life-threatening spontaneous haemorrhage. 
Patients with ITP may not respond to platelet 
infusions because of circulating antiplatelet anti
bodies. In consequence, prednisolone 30-60 mg 
orally should be given to reduce this auto-immune 
destruction. Conditions such as DIC may be exacer
bated by platelet infusions. 

More rarely an adequate number of platelets 
are present but platelet function is abnormal. The 
cause is most often a drug (typically aspirin), 
with abnormalities of platelet aggregation and 
adhesion. 

C o a g u l at i o n  fac t o r  d e fi c i e n c i e s  

The normal function of the coagulation cascade is 
dependent on a series of complex linked enzymatic 

reactions. Patients with abnormalities of coagula
tion typically have bleeding into the deeper tissues, 
specifically the joints and genitourinary tract. Diag
nosis is based predominantly on interpretation of 
laboratory coagulation studies. 

Coagulation disorders are characterized by bleeding 

into joints, urinary tract or the bowel. 

HAEMOPH I LIA 

The haemophilias are due to a deficiency of Factor 
VIII (classic haemophilia) or Factor IX (Christmas 
disease). Eighty-five per cent of patients with 
haemophilia have classic Factor VIII deficiency. 
This is an X-linked recessive disorder occurring in 
1 in 10 000 live births. The disease is classified 
according to severity on the basis of the level of 
Factor VIII activity. Mild cases have more than 6% 
Factor VIII activity and are not at risk of excessive 
bleeding except after major injury or surgery. 
Moderate cases have 1-5% activity and severe 
cases have less than 1 % activity and are at risk of 
spontaneous bleeding. Unfortunately more than 
60% of haemophiliac patients fall into the severe 
category. 

Usually haemophiliacs have no problems with 
minor cuts and abrasions. However, the risk in 
trauma is of late bleeding. As a consequence 
patients with a head injury should undergo CT 
scanning and be admitted for close observation for 
the development of an intracranial haematoma. 
Patients with haemophilia should never receive 
intramuscular injections, and central line placement 
and blood gas sampling can only be done under 
Factor VIII cover. 
Management All patients should be discussed with 
an experienced haematologist. Patients with mild 
or moderate haemophilia may respond to treatment 
with desmopressin (DDAVP). In patients who 
respond, DDAVP can produce a three-fold increase 
in Factor VIII activity and a response should be 
seen within l h. DDAVP has the advantage of not 
being a blood product, is easily administered, and 
serious side-effects are uncommon. 

Patients with moderate or severe haemophilia 
and significant bleeding will require Factor VIII 
concentrate. Ancillary therapies such as immobi
lization, analgesia and topical use of antifibri
nolytic therapies such as aminocaproic acid and 
tranexamic acid may also be of value in the spe
cialist setting. 



Table 1 6.2: I nvestigations for anaemia 

Full blood count 
Group and cross-match 
Coagulation screen 
Urea and electrolytes 
Glucose 

The physical examination should assess the 
patient's response to any haemorrhage with base
line and continuing measurements of the heart rate, 
blood pressure, respiratory rate and conscious level. 
Examination of the skin may reveal pallor and 
sweating in the patient with haemorrhage. Haem
orrhage in a non-trauma patient may be occult and 
a rectal examination is mandatory to detect melaena 
or fresh blood in the rectum. 

I NVESTI GAT ION 

The investigations required in a symptomatic 
anaemic patient are given in Table 16.2. 

Haemoglobin level may initially be normal fol lowing 

acute blood loss. 

N O N -BLEED ING  CAUSES OF ANAEMIA 

Decreased red cell production Examination of the red 
cell indices will aid in the diagnosis. A hypochromic 
microcytic anaemia suggests iron deficiency that 
may be the result of poor diet or chronic occult blood 
loss. Less commonly this picture is seen in thallas
saemia and the anaemia of chronic disease. Macro
cytic anaemia is suggestive of folate or vitamin B12 
deficiency, and there is often a pancytopenia. 

Failure of the bone marrow may occur for a 
number of reasons, including replacement by malig
nant infiltration and primary marrow aplasia. The 
red cells are typically normochromic and micro
cytic and there is often a pancytopenia. 
Increased red cell destruction Increased and abnor
mal red cell destruction occurs in haemolytic 
anaemia. This may be the result of an intrinsic 
abnormality of the red cells, such as an enzyme 
deficiency (glucose 6-phosphate dehydrogenase), 
spherocytosis or a haemoglobin abnormality such 
as sickle cell disease. Alternatively, haemolysis 
may occur as a result of an extrinsic abnormality, 
such as ABO incompatibility in transfusion or an 
environmental cause such as drugs, toxins, infec
tions and burns. 
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Table 1 6.3:  Causes of leucopenia 

Marrow 

Distribution 

Increased 
util ization 

Laboratory error 

TREATMENT 

Aplastic anaemia, leukaemia, 
chemotherapy, idiosyncratic 
drug reaction 

Splenomegaly, malaria, portal 
hypertension 

Viral infection, rickettsia, 
autoimmune disease 

When the cause of anaemia is bleeding then ther
apy includes prevention of further loss (this often 
requires surgery) and restoration of sufficient circu
lating red cells, usually by transfusion. When the 
cause is other than haemorrhage, therapy is aimed 
at the specific underlying cause together with trans

fusion and the advice of a haematologist. 

L e u c o p e n i a  

Both leucocytosis and leucopenia are non-specific 
findings. The causes listed in Table 16.3 are 
intended to highlight this lack of specificity. Leuco
penia predominantly affects one cell type, usually 
neutrophils. Although the patient may be highly 
susceptible to infection, when infection occurs it 
is often occult since there are insufficient cells to 
mount a substantial inflammatory response. 

I nfection in a leucopenic patient is often accompa

nied by few physical signs. 

T h ro m b o c yt o pe n i a  

This subject is dealt with in the section on Platelet 
disorders (p. 195) 

COAG ULAT ION  D I SORDERS 

Normal coagulation is dependent on the vessel 
wall, platelets and the coagulation cascade. 
Abnormalities of any of these components may 
lead to pathological states of reduced or excessive 
coagulation. As the number of patients taking anti
coagulant therapy in the community increases it is 
also increasingly common to see patients with 
abnormal bleeding as a result of over-treatment. 
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HAEMATOLOG ICAL  D I SORDERS  

There are three broad categories of haematological 
conditions that are relevant to emergency depart
ment practice: 

• cellular deficiencies - anaemia, leucopenia and 
thrombocytopenia 

• coagulation disorders 
• sickle cell disease and trait. 

C ELLULAR D E F I C I E N C I E S  

A n a e m i a  

Anaemia is an absolute decrease in the number of 
circulating red cells. Low levels of haemoglobin are 
tolerated especially if their onset is gradual, allow
ing compensatory mechanisms to function. In such 
cases the detection of anaemia may need no specific 
treatment in an emergency department, although 
the doctor must ensure that suitable arrangements 
have been made for further investigation and treat
ment before the patient is discharged (Table 16.1). 

With rapid onset and marked reduction of 
haemoglobin levels, anaemia may be life threaten
ing. In an emergency department the commonest 
cause of acute anaemia is blood loss, and early fluid 
replacement and blood transfusion may be required 
along with efforts to detect the source of blood loss 
and prevent further bleeding. The management of 

Table 1 6. 1 :  Differential diagnosis of anaemia 

Reduced red cell 
production 

Loss of red cells 

I ncreased red cell 
destruction 

Marrow failure or haematinic 
deficiency 

Haemorrhage - occult 
or overt 

Haemolytic anaemias 

bleeding as a result of injury is dealt with in 
Chapter 4. Blood loss in the non-traumatized 
patient is most commonly into the gastrointesti
nal tract, although haemorrhage from a ruptured 
abdominal aortic aneurysm or ectopic pregnancy 
should also be considered in the appropriate age 
groups. 

SYMPTOMS AND  S IGNS  

A general medical history may give clues to the 
diagnosis and a drug history must also be sought. 
In the absence of trauma the history should con
centrate on other causes of blood loss, particularly 
haemorrhage from the gastrointestinal or geni
tourinary tracts, or from a ruptured aortic 
aneurysm. Acute blood loss may also manifest as 
thirst, confusion and reduced urinary output. If 
there is no haemorrhage, an underlying failure of 
red cell production or haemolytic process should 
be considered. 

Bleeding from the gastrointestinal tract may be 

occult - always do a rectal examination. 



Butane, which is found in lighter fluid and many 
aerosols, is the commonest example. When these 
vapours are inhaled they produce feelings of 
euphoria and exhilaration. Higher concentrations 
lead to ataxia, slurred speech, drowsiness, and 
coma in extreme cases. Facial burns and excori
ation of mucous membranes may occur during 
usage. Sudden deaths can occur from anoxia (due 
to direct asphyxia), respiratory depression, vagal 
inhibition (due to direct laryngeal stimulation, as 
occurs when an aerosol has been sprayed directly 
into the back of the oropharynx) and cardiac 
arrythmias (direct myocardial toxicity). 

Tre at m e n t  

Treatment is symptomatic and supportive care. 
Patients should be observed with ECG monitoring 
for at least 4 h  and stimulants should be avoided 
(hydrocarbons are thought to enhance the suscep
tibility of the myocardium to arrythmogenesis 
from endogenous and exogenous catecholamines). 
Most patients recover quickly and if asymptomatic 
can be discharged home after appropriate coun
selling. Standard advanced life support (ALS) 
protocols should be followed for those requiring 
cardiopulmonary resuscitation. 

OTH ER  HALLUC I N O G E N I C  DRUGS 

A wide number of drugs and plants are taken 
specifically for their hallucinogenic effects. 
Phencyclidine (PCP) and lysergic acid diethyl
amide (LSD) are among the most commonly 
encountered. Cannabis and mushrooms of the 
Psilocybe genus also have hallucinogenic effects. 

PCP has a dissociative anaesthetic effect similar 
to ketamine. It can be smoked, injected or taken 
orally. It causes euphoria, dissociation, hallucin
ations, nystagmus and ataxia. Higher doses may 
cause increased agitation, delirium, muscle rigid
ity, seizures and coma. Hypoglycaemia may also 
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occur. Treatment is supportive. Diazepam is the 
drug of first choice, with haloperidol as second
line treatment. 

LSD is an extremely potent hallucinogen with 
psychomimetic activity in microgram doses. It is 
most commonly ingested from a sugar cube or 
blotting paper ('microdots') .  Visual hallucinations, 
agitation, tachycardia, mild hypertension, pyrexia 
and dilated pupils are the commonest effects. Most 
patients retain insight while intoxicated. More 
severe sympathomimetic and CNS features such 
as seizures and hyperpyrexia are uncommon. The 
most usual adverse effects are paranoid delusions, 
anxiety attacks and psychoses. Diazepam is usu
ally the only treatment required. LSD has a rela
tively short half-life and most recover within 4-8 h. 

'Magic mushrooms' is a term used to describe 
mushrooms with hallucinogenic properties. In the 
UK the most commonly encountered are members 
of the Psilocybe genus. Psilocybin and psilocin are 
the active ingredients and have an LSD-like effect. 
The mushrooms can be eaten raw, or brewed in a 

tea or soup. Symptoms usually occur within 1 h 
and are largely similar to those of LSD, though 
nausea and vomiting are more common. 

Cannabis (marijuana) is widely smoked in the 
UK and at present its use remains illegal. 
Tetrahydrocannabinoid is the main active ingredi
ent. Clinical effects appear around 10 min after 
inhalation and 45 min after oral ingestion. The 
commonest effects are euphoria, relaxation and 
mild ataxia. Other findings include a mild tachy
cardia, peripheral vasodilation and conjunctiva! 
suffusion. Occasionally, patients experience panic 
attacks, hallucinations and paranoia, causing 
them to present to hospital. Treatment other than 
reassurance is rarely needed. 

F U RTHER  REA D I N G  

Proudfoot, AT. (1992) Acute Poisoning Diagnosis and 
Management. Butterworth-Heinemann, Oxford. 
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Cocaine smoking may cause a variety of 

respiratory symptoms including an exacerbation 
of asthma, thermal airway injury, pneumothorax, 
pneumomediastinum, pulmonary haemorrhage 
and pulmonary oedema. Cocaine-induced rhabdo
myolysis may cause renal failure, and severe hyper
thermia is another well-recognized complication. 

Tre at m e n t  

The mainstay of treatment is good symptomatic 
and supportive care. First-line treatment is benzo
diazepines, which sedate and reduce central stimu
lation generally. Adequate sedation is essential 
and is best achieved with incremental doses. 
Intravenous fluids are given to all. Hyperthermia 

is treated as for amphetamines. Suspected myocar
dial ischaemia should be treated initially with 
aspirin, nitrates and morphine. The role of throm
bolysis in cocaine-induced infarction has not yet 
been established as these patients would be at a 
higher risk of thrombolytic complications. In view 
of this, angioplasty has been recommended as a 
more appropriate alternative. Beta-blockers can 
exacerbate cocaine-induced coronary artery vaso
constriction and are best avoided. Phentolamine 
(an alpha-blocker) is used for severe hypertension, 
and may also alleviate coronary artery vasocon
striction. Sodium bicarbonate is first-line treat
ment for malignant arrhythmias. Lignocaine may 
be useful for ventricular arrhythmias after cocaine
induced myocardial infarction. 

In patients who have taken 'speedballs' (a com
bination of heroin and cocaine, often injected) 
naloxone should be titrated carefully as its use has 
been associated with acute narcotic withdrawal, 
pulmonary oedema and ventricular arryhthmias, 
probably due to residual cocaine. 

GAM MA-HYDROXYBUTYRATE 

Gamma-hydroxybutyric acid (GHB) i s  a naturally 
occurring neurotransmitter. It is found in greatest 
concentrations in the basal ganglia and is a precur
sor of gamma aminobutyric acid (GABA). It has 
been used as an anaesthetic agent and in the treat
ment of narcolepsy, and by body-builders as an aid 
to muscle growth. More recently, it has become 
popular as a drug of abuse because of its euphori
ant effects. 

Tox i c i ty  

The neurotransmitter activities of GHB are complex 
and involve different receptor sites in various areas 
of the brain. GHB can be injected, but is usually 
taken orally. Absorption occurs rapidly after inges
tion, and systemic effects appear within 15 min. 

The clinical effects depend on the dose ingested 
and are often potentiated by co-ingestion of alco

hol, benzodiazepines or other substances of abuse. 
The initial features of GHB intoxication include 
nausea, vomiting, urinary incontinence, dizziness, 
tremor, euphoric feelings, ataxia and agitation. 
These are followed by bradycardia, hypotension, 
mild hypothermia, random clonic movements of 
the face and extremities, myoclonic jerks, increas
ing drowsiness and profound coma with respira
tory depression and death. A peculiar feature of the 
coma in GHB intoxication is that profound coma 
with respiratory depression leading to apnoea 
can be interspersed with periods of violent combat
iveness, usually after stimulation (attempted intub
ation). Most patients recover consciousness 
relatively quickly (2-6 h). An emergence pheno
menon is sometimes seen, with myoclonic jerks, 
transient confusion and agitation. This is brief, 
and followed by full recovery of consciousness and 
return to normal respiratory function. 

Treat m e n t  

Treatment is supportive. Particular attention to 
maintenance and protection of an adequate airway 

is essential. Some patients will require intubation 
and assisted ventilation for a short period. 
Although vomiting has been reported in up to 30% 
of cases in some series, aspiration appears uncom
mon. Fluids should be given for hypotension, and 
bradycardia is treated with atropine if required. 
Patients whose symptoms have resolved can be 
discharged after 6 h of observation. 

VOLAT I L E  S U BSTA N C E  M I S U S E  

Hydrocarbons present in a large number o f  com
mercial substances, such as lighter fuel, cleaning 
fluids, paint thinners and glue, are highly volatile 
and produce vapours that are inhaled by sub
stance misusers for their intoxicating effects. 



Table 1 5. 1 2: Common street names for drugs 

Amphetamines 

Cannabis 

Cocaine 
Gamma-

hydroxybutyric acid 
LSD 
MDMA 
Opiates 

Speed, bennies, uppers, 
rocks 

Dope, ganja, grass, hash, 
hashish, weed, shit, 
pot, marijuana 

Blow, charlie, coke, snow 
GBH, GHB, l iquid X 

Acid, dots, purple haze 
Ecstasy, XTC, E 
Chinese crap, junk 

temperature and visual hallucinations. With severe 
toxicity, all the same complications that occur with 
severe amphetamine poisoning are seen. Two other 
complications more specific to MDMA are hypo
natraemia and hepatic injury. Hyponatraemia is 
partly due to users drinking excessive amourlts of 
water in the absence of sufficient exercise to sweat 
off fluid. MDMA may also cause an increase in 
antidiuretic hormone (ADH) production. MDMA 
has also caused severe hepatic failure requiring 
liver transplant. A severe hepatitis can occur 
secondary to hyperthermia or due to a direct idio
syncratic drug-induced hepatotoxicity. Long-term 
MDMA use causes permanent serotoninergic nerve 
terminal destruction, and the possibility of perman
ent neuropsychiatric sequelae is mooted in the 
literature. 

Management of patients who present after 
ingestion of MDMA is the same as for the amphet
amines. Diazepam is the only treatment required 
in most cases. Patients should usually be observed 
for 6 h. 

C O CA I N E  

Cocaine is the commonest illicit drug implicated 
in emergency department attendances in the USA 
and its use is increasing in the UK. It is a naturally 
occurring alkaloid extracted from the leaves of 
the coca plant. It is sold as a powder (cocaine 
hydrochloride) and is usually taken intranasally 
('snorted'), but can also be injected. Crack cocaine 
is made from cocaine hydrochloride and is a 
colourless crystalline substance that makes a pop
ping or cracking sound when heated (hence the 
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name). Crack cocaine can be smoked, inhaled or 
injected. 

Tox i c i ty 

Cocaine is rapidly absorbed across all mucosal 
surfaces. When insufflated nasally, the peak effect 
occurs within minutes and effects last for up to an 
hour. A peak effect occurs more rapidly when 
injected or inhaled (30 s to 2 min) and the duration of 
effect is 15-30 min. Cocaine is primarily metabolized 
by plasma cholinesterase and relative deficiency of 
this enzyme may predispose individuals to more 
significant toxicity. Recreational doses taken vary. A 
'line' of coke is around 30 mg and several are usually 
taken. Intravenous doses are around 25-50 mg and a 
rock of crack cocaine is around 200 mg. 

Cocaine is a potent CNS stimulant and acts by 
blocking presynaptic re-uptake of noradrenaline, 
dopamine and serotonin. This leads to sympa
thetic overactivity with the characteristic signs 
of tachycardia, hypertension, dilated pupils and 
sweating. It also predisposes to the development 
of arryhthmias, seizures and hyperthermia. Users 
describe a sense of euphoria, increased alertness 
and general well-being. 

Cocaine also has a membrane-stabilizing effect 
by causing sodium-channel blockade and may 
cause myocardial depression, bradycardia and 
hypo tension. 

C l i n i c a l  p re s e n ta t i o n  

The usual presentation is with signs of sympa
thetic overactivity. A life-threatening 'sympathetic 
storm' can occur from beta- and alpha-adrenergic 
stimulation. 

Arrhythmias, myocardial ischaemia and infarc
tion are well reported. Chest pain is present in up to 
40% of patients who present to the emergency 
department after cocaine use. However, the inci
dence of actual infarction in these patients is around 
5%. Aortic dissection has also been documented. 

The more serious CNS effects are delirium, 
seizures, subarachnoid haemorrhage, intracerebral 
haemorrhage and cerebrovascular infarction. Dis
torted thought processes and a paranoid psychosi 
occur and increase the chance of accidental tramna 
(a significant cause of morbidity with all forms of 
substance misuse). 
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Naloxone has a short half-l ife and opiate toxicity 

may recur after an in itial satisfactory response. 

Patients with propoxyphene overdoses should 
have ECG monitoring until their ECGs return to 
normal. Propoxyphene cardiotoxicity is similar to 
that of the tricyclic antidepressants and alkaliniza
tion is the initial treatment. Pulmonary oedema 
requires maintenance of adequate oxygenation 
and ventilation. 

It is recommended that all patients be observed 
for a minimum of 6 h  (owing to the risk of a 
delayed onset of effects from long-acting opioids 
such as methadone). Patients who are asymptom
atic, and who have not received naloxone within 
the previous 6 h, can be considered for discharge 
after appropriate counselling. 

AM P H ETA M I N ES 

Amphetamine (an acronym for alpha-methyl
phenethylamine) is the prototype of a widely 
abused group of drugs. The amphetamines have 
structural similarities with endogenous catechol
amines but have much more marked CNS stimulant 
effects. The effects of the amphetamines are com
plex, but the main features are due to indirect sym
pathomimetic, dopaminergic and serotoninergic 
actions. Different agents have differing effect 
profiles. Other commonly abused amphetamines 
are methamphetamine and the hallucinogenic 
amphetamine derivatives such as 3,4-methylene
dioxymethamphetamine (MDMA or Ecstasy) and 
3,4-methylenedioxyethamphetamine (MDEA or 
Eve). There are currently few licensed indications 
for amphetamines. Methylphenidate (Ritalin) is 
used in attention-deficit hyperactivity disorder and 
phentermine (Duromine) is used as an appetite 
suppressant. 

Amphetamines can be taken orally, insufflated or 
smoked, and rank second to heroin as the most com
monly injected drug of abuse in the UK. The main 
effects are in the CNS. Initially, there is elevation of 
mood and a sense of increased energy and alertness. 
This is followed by agitation, hyperactivity, repetitive 
or stereotyped behaviour, choreoathetoid move
ments, delirium and paranoid psychosis. Seizures 
may occur. Other features include flushing, tachycar
dia, hypertension, arrhythmias and hypertherrnia. 

Severe amphetamine intoxication may be 

complicated by myocardial infarction, cardiogenic 
pulmonary oedema, subarachnoid haemorrhage, 
intracerebral haemorrhage, acute renal failure, 
rhabdomyolysis, acute compartment syndrome, 
disseminated intravascular coagulation and adult 
respiratory distress syndrome. 

Tre a t m e n t  

Treatment is symptomatic, with supportive care. 
Charcoal can be considered up to 1 h after ingestion. 
Diazepam is the drug of choice for agitation and 
delirium. It also helps reduce tachycardia and hyper
tension. Haloperidol can be considered as second
line treatment for extreme agitation and psychosis 
but it has the potential to lower the threshold for 
convulsions. Intravenous fluids are given liberally 
to correct volume depletion and aid thermo
regulation by sweating. Hypertension (diastolic BP 
greater than 140) can be treated with intravenous 
sodium nitroprusside or nitrates. Beta-blockers can 
aggravate hypertension due to unopposed alpha
stimulation, though labetalol, a combined alpha
and beta-blocker, has been used. Hypertherrnia is 
treated initially with simple cooling measures and 
intravenous fluids. If the patient fails to respond 
dantrolene (1 mg kg-1 intravenously over 15 min) is 
recommended, and if this is ineffective, the patient 
should be paralysed and ventilated. 

M O M A ( E c stasy )  

MDMA (3,4-methylenedioxymethamphetamine) 
is a hallucinogenic amphetamine derivative. It 
is widely used in the UK at dance parties and 
raves. It promotes a sense of euphoria, increased 
empathy and greater energy. The usual dose taken 
is 30-150 mg. Tablets or capsules sold as Ecstasy 
often contain caffeine, ketamine, methamphet
amine, MDEA or other adulterants. Effects appear 
within an hour and usually last 4-6 h. Regular 
users become tolerant and require increased doses 
to achieve the same effects. 

Adverse effects occur as often with 'recre
ational' doses as with overdoses. These include 
nausea, increased muscle tone, muscle pain, tris
mus, agitation and anxiety. These are followed 
by more marked hypertonia, hyper-reflexia, tachy
cardia, hypertension, palpitations, increased body 



presence of cardiotoxic drugs. Hence it is con
traindicated in the presence of QRS widening, 
tachycardia, anticholinergic signs, and in mixed or 
unknown overdoses where the cause of coma is 
unclear. If alert and ambulating after 6 h  of obser
vation, patients can be medically discharged after 
psychiatric review if appropriate. 

0 P I O I DS 

Opioids are drugs that interact with endogenous 
opioid receptors, and are used mainly for their 
potent analgesic effects. Morphine and codeine are 
naturally occurring opium alkaloids extracted 
from the opium poppy. Diamorphine (heroin), 
pethidine and methadone are synthetic and 
semi-synthetic derivatives of these. The less potent 
opioids are commonly found in popular combina
tion analgesic preparations with paracetamol 
(co-dydramol contains paracetemol and dihydro
codeine, co-proxamol contains paracetamol and 
dextropropoxyphene ) .  

Patients overdosing on compound analgesics must 

be assessed and treated for opiate and paracetamol 

or salicylate toxicity. 

Other weak opioids are used in cough medi
cines (codeine linctus) and as antidiarrhoeal 
agents (diphenoxylate, loperamide). Because 
stronger opioids (heroin, morphine) can produce 
subjective sensations of euphoria and tranquillity, 
they are very addictive and widely misused. 
Heroin is currently the most commonly injected 
drug of abuse in the UK The potency of 'street' 
heroin is unpredictable and accidental overdoses 
by intravenous drug users are a recurrent problem. 
Heroin smoking is also popular, but many users 
graduate to intravenous use. Large numbers of 
former heroin addicts are on methadone mainten
ance programmes. 

Tox i c i ty 

The different opioids vary in strength and dur
ation of action, and there is significant individual 
variation in sensitivity to opioids. Peak levels 
usually occur within 2 h  of oral ingestion, an 
hour of intramuscular injection, and within 
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minutes of intravenous injection. However, pro
longed toxicity can be seen after ingestion of 
propoxyphene, sustained-release preparations of 
morphine and methadone (half-life 20-25 h). The 
CNS-depressant action of opioids can be potenti
ated by co-ingestion of other sedative agents (alco
hol, benzodiazepines). 

The classic triad of opioid poisoning is pinpoint 

pupils, respiratory depression and coma. 

Clinical features include nausea, vomiting, con
stipation, urinary retention, bradycardia, hallu
cinations, increasing drowsiness and convulsions. 
Some opioids (notably pethidine) have a histamine
releasing effect which may cause flushing, an 
urticaria! rash, pruritus and hypotension. 

Respiratory depression with hypoxia and 
apnoea is the commonest cause of death. Non
cardiogenic pulmonary oedema occurs in some 
patients soon after intravenous heroin overdoses, 
though the mechanism for this remains unclear. 
Dextropropoxyphene has some membrane
stabilizing activity that may lead to arryhthmias 
and myocardial depression. 

Treatm e n t  

The first priority is maintenance of an adequate 
airway, ventilation and circulation. Gastric lavage 
and charcoal can be considered in patients who 
present within an hour if sustained-release prep
arations or methadone have been taken orally. 
Hypotension is treated initially with intravenous 
fluids. Naloxone, an opioid receptor antagonist, 
is the specific antidote for opioid poisoning and 
is indicated for respiratory depression and coma. 
An initial bolus dose of 0.4 mg intravenously is 
repeated to a maximum bolus dose of 2 mg. 
Thereafter, the dose is titrated to the response. As 
naloxone has a relatively short half-life, re-sedation 
may occur and repeat doses or an infusion may be 
needed. In accidental and recreational overdoses it 
is best to use the minimum dose necessary to raise 
tl1e patient's level of consciousness to a point where 
respiratory depression is avoided and the patient 
can easily be woken. Larger doses can precipitate 
symptoms of opioid withdrawal in addicts and 
they may abscond, only to collapse later when the 
naloxone wears off. 
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hypotension and the presence of  calcium oxalate 

crystals in the urine are also indications for haemo
dialysis. Hypocalcaemia should be corrected with 
intravenous calcium. Thiamine and pyridoxine are 
suggested in severe poisoning as they are cofactors 
in the further metabolism of glycolate derivatives to 
non-toxic metabolites. Hypomagnesaemia should 
also be corrected. Patients treated early have a good 
prognosis, but those who present after 24 h have sig
nificant morbidity and mortality. 

M e t hy l a t ed  s p i r i t s  

Methylated spirits are a mixture of ethanol, 
methanol and water. Specific treatment is not 
usually required as alcohol dehydrogenase is 
saturated with ethanol and the methanol is cleared 
by the kidneys. 

E t h a n o l  

Ethanol (ethyl alcohol) is the most widely used 
and abused substance in our society, and is a fre
quent cause of attendance at emergency depart
ments. Active treatment is most likely to be 
required for injuries sustained while under the 
influence of alcohol. Routine supportive care is all 
that is needed for most patients, until the effects of 
acute intoxication wear off. However, severe poi
soning occurs when large doses of concentrated 
ethanol are ingested. Distilled spirits (whisky, gin, 
vodka etc.) typically contain around 40-50% 
ethanol. Ethanol is also a constituent of mouth
washes (up to 70%) and colognes (40-60%). 
Generally quoted fatal doses of 100% ethanol are 
6-lO ml kg-1 for adults and 4 ml kg-1 for children. 

Progressive CNS depression occurs leading to 
coma, respiratory depression, hypotension, hypo
thermia and a metabolic acidosis. Aspiration can 
occur, and hypoglycaemia is particularly common 
in children under 5 years and causes seizures. 
Treatment is supportive. It is essential to ensure 
adequate airway, breathing and circulation. 
Hypoglycaemia should be corrected. 

B ENZOD IAZ E P I N E S  

Benzodiazepines are commonly used as anxiolyt
ics, anticonvulsants, muscle relaxants and sedative 

hypnotic agents. Those encountered most fre

quently include diazepam, chlordiazepoxide, 
temazepam, nitrazepam and lorazepam. Serious 
morbidity and mortality are rare in pure benzodi
azepine overdose. Most serious reports of benzo
diazepine overdose have occurred in the setting of 
co-ingestion with other CNS depressants, particu
larly alcohol. The elderly are more susceptible to 
benzodiazepine-induced CNS depression. Some of 
the shorter-acting benzodiazepines (e.g. triazolam, 
midazolam) are more acutely toxic. 

Tox i c i ty 

Clinical featmes are usually evident within 1-3 h. 
Generalized CNS depre5sion occurs, beginning with 
drowsiness, dizziness, ataxia, slurred speech and 
confusion, and occasionally progresses to coma. 
Respiratory depression and hypotension may occur 
with coma. Rarely, paradoxical effects such as 
excitement and agitation, or delirium and hallu
cinations occur. This is most common in children. 

Treat m e n t  

Gastric lavage and charcoal can be considered in 
adults who present within 1 h of having taken a 
potentially large overdose or who have taken 
other toxic substances. Most patients require only 
a short period of observation. They should be 
monitored for CNS and respiratory depression, 
and hypotension. Flumazenil (Anexate) is a com
petitive antagonist to the benzodiazepines and 
will reverse benzodiazepine-induced CNS and 
respiratory depression. 

Flumazenil should not be routinely administered to 

patients following benzodiazepine overdose. 

However, a number of factors limit its clinical 
utility, and it is not licensed in the UK for use after 
overdose. First, the half-life of flumazenil (less 
than 1 h) is shorter than that of the benzodi
azepines and toxicity may reoccur once its effects 
have worn off. More importantly, it may reverse 
the anticonvulsant activity of the benzodiazepines 
and precipitate convulsions in epileptics or in 
those who have co-ingested proconvulsant drugs, 
particularly tricyclic antidepressants. It has also 
been reported to precipitate arryhthrnias in the 



and as a component in antifreeze, copy fluids, 
paint removers and varnishes. 

TOXIC ITY 
Methanol is metabolized by alcohol dehydrogen
ase to formaldehyde and then formate. Formate is 
the most toxic metabolite and causes a profound 
metabolic acidosis and ocular toxicity. The ocular 
toxicity is thought to be due to a direct toxic effect 
of formate on the optic nerve. Folate is a cofactor in 
the metabolism of formate, and folate-deficient 
patients (e.g. alcoholics) have an increased suscep
tibility to toxicity. 

The clinical effects in the first 1-2 h post ingestion 
resemble mild inebriation. This is followed by a 
latent phase of 6-30 h, which represents the time 
taken for methanol to be metabolized to formalde
hyde and formate (this takes longer if there is 
co-ingestion of ethanol). Patients then present with 
headache, dizziness, abdominal pain, diarrhoea, 
visual symptoms, drowsiness, convulsions and 
coma. The visual symptoms range from diplopia 
and blurring of vision to photophobia and blind
ness, and the characteristic visual complaint is of 
'looking through a snowfield'. Patients may be 
tachypnoeic, as they attempt to compensate for the 
high anion gap metabolic acidosis. Pancreatitis is 
present in over 50% of patients. Hyperglycaemia is 
often present and there is an increased osmolar gap. 

TREATMENT 

Gastric lavage or  aspiration should be  considered if 
the patient presents within an hour of a significant 
ingestion. Charcoal does not bind to the alcohols. 
Sodium bicarbonate treatment is recommended if 
the pH is less than 7.2. Ethanol is the antidote for 
methanol as it has a 20-fold greater affinity for the 
alcohol dehydrogenase enzyme than methanol and 
thereby prevents the conversion of methanol to 
formaldehyde and formate. A loading dose should 
be given for all confirmed ingestions and when 
bloods are awaited in large ingestions and symptom
atic patients. The loading dose can be given orally 
(2.S rnl kg-1 40% ethanol as whisky, gin or vodka, 
diluted in water) or intravenously (7.S rnl kg-1 10% in 
5% dextrose over 30 min). Following this an ethanol 
infusion is commenced and maintained until 
methanol is no longer detected in the serum and the 
patient is asymptomatic. The large doses of ethanol 
given can cause hypoglycaemia, particularly in chil
dren, so it is important to monitor the patient's 
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blood sugar. Folate i s  a cofactor in the conversion of 
formate to carbon dioxide and is recommended by 
some to promote formate metabolism. Severely poi
soned patients require haemodialysis; indications 
include ocular symptoms or signs, unresponsive or 
severe acidosis, methanol or formate levels greater 
than 500 mg 1-1 and acute renal failure. 

Patients treated early have a good prognosis, 
but those who present after 24 h do less well and 
can have residual visual and cerebral injury. 

E t hy l e n e  g ly c o l  

Ethylene glycol is used mainly in antifreeze. It is 
odourless and has a slightly sweet taste. Like 
methanol its toxicity is due to its metabolites 
rather than the parent compound. 

TOXIC ITY 

Ethylene glycol is  metabolized by alcohol dehy
drogenase to produce glycoaldehyde and then 
glycolate. Glycolate is then metabolized further 
by various pathways, including one to oxalate. 
Glycolate causes a severe metabolic acidosis and 
oxalate precipitates with calcium, particularly in 
the kidneys, leading to renal injury and symptom
atic hypocalcaemia. Doses of more than 100 ml can 
be fatal. 

Three clinical stages are seen following inges
tion. The severity and progression of each stage 
depends on the dose ingested. Within an hour of 
ingestion the patient appears inebriated, with tran
sient exhilaration, dysarthria and ataxia. Nausea 
and vomiting may occur. In large doses this is 
followed by progressive CNS depression, wit 
drowsiness, nystagmus, myoclonic jerks, seizures 
and coma. A severe metabolic acidosis is present. 
The second (or cardiopulmonary) phase begins at 
around 12 h with tachycardia, mild hypertension 
and tachypnoea. Symptomatic hypocalcaemia 
may occur with tetany and cardiac arryhthmias 
The ECG shows QT prolongation. Cardiac failure 
and circulatory collapse occur after large inges
tions. The third phase is characterized by oliguria , 
flank pain, acute tubular necrosis and renal failure. 
Oxalate crystals are seen in the urine in 50% of 
patients at 24 h and in 75% at 36 h. 

TREATMENT 

The management of ethylene glycol poisoning 
is similar to that of methanol. Coma, seizures, 
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Table 1 5. 1  I :  DUMBELS mnemonic for signs of 

cholinergic excess 

Diarrhoea 
Urination 
Miosis 
Bronchospasm 
Emesis 
Lacrimation 
Salivation 

and paralysis. This appears first as fasciculations, 
cramps and muscle weakness. Central nervous 
system (CNS) effects include delirium, coma 
and seizures. Most deaths are due to respiratory 
failure. Any patient who is unable to walk unaided 
or has any CNS signs has had a significant toxic 
exposure. 

Tre at m e n t  

Treating staff should wear protective clothing. 
The patient's clothes should be removed and 
destroyed and the patient should be showered in 
a designated decontamination area. As always, 
maintenance of an adequate airway, ventilation 
and circulation takes priority. Activated charcoal 
should be given to all patients after oral ingestion 
of organophosphates. Gastric lavage can be con
sidered in those presenting early, but antidotal 
therapy should be given first. 

Atropine acts as an antidote by competitively 
blocking the action of acetylcholine at the mus
carinic receptors. An initial dose of 2 mg is given, 
followed by repeat doses until there is evidence 
of adequate atropinization (pupils dilated, tachy
cardia and absence of oropharyngeal secretions). 
Large doses are often required. 

The other antidote is pralidoxime, which 
'reactivates' cholinesterases by binding to the 
organophosphates and removing them from the 
enzyme. It is indicated in moderate to severe 
poisoning but is only of use in the first 36 h (after 
this time the organophosphate-enzyme complex 
'ages' irreversibly, destroying the cholinesterase). 
Diazepam is used for symptom control (anxiety, 
seizures) and may attenuate the toxic effects. 

Plasma cholinesterase or red blood cell cholin
esterase are sensitive markers of exposure but are 
less useful in guiding management. 

PARAQUAT 

Paraquat is used in weed-killers and is extremely 
toxic if ingested. Granular preparations for garden 
use contain 2.5% paraquat and severe poisoning is 
uncommon. However, commercial concentrated 
liquid preparations with 10-20% paraquat are used 
in agriculture and a single mouthful can be fatal. 

Tox i c i ty 

Toxic exposures can be separated into three groups 
depending on the dose ingested. Mild poisonings 
can occur after ingestion of dilute solutions. Patients 
may be asymptomatic or have vomiting and diar
rhoea, and usually make a full recovery. More severe 
poisonings present initially with oropharyngeal 
burns and gastrointestinal symptoms, as paraquat 
has a direct corrosive effect. This is followed by 
multi-organ failure and death. Significant paraquat 
ingestion and absorption leads to the generation of 
free oxygen radicals which cause lipid peroxidation, 
damaging cell membranes and leading to cell death. 
The lung is the most severely affected target organ. 
For this reason oxygen treatment should be avoided 
in the early stages. Some patients who have taken 
intermediate doses survive this phase but go on to 
develop pulmonary fibrosis and respiratory failure 
over the next few weeks. This is usually fatal. 

Tre at m e n t  

Activated charcoal should be given immediately. 
No specific treatment has been shown to improve 
outcome so care is largely symptomatic and sup
portive. Oxygen should be avoided in the initial 
stages as it may aggravate pulmonary toxicity by 
enhancing free-radical generation. 

Paraquat absorption can be tested by a qualita
tive urine test. If this"is negative 2-6 h·post ingestion 
it suggests significant exposure is unlikely. Plasma 
concenh·ations can also be used to predict severity. 

ALCOHOLS 

M et h a n o l  

Methanol (CH30H), also known as methyl alcohol 
oi: wood alcohol, is used as an industrial solvent 



a liquefactive necrosis with saponification of fat 
and tissue dehydration. Strong acids cause a 
coagulation necrosis. The formation of a coagulum 
of damaged tissue tends to limit the penetrating 
ability of acids, whereas with liquefaction necrosis 
continuing penetration by alkali can produce fur
ther injury after exposure has ceased. However, 
deep burns still occur with concentrated acid 
exposures. 

I n g e st i o n s  

Patients who have ingested either acid or alkali can 
present with facial burns, drooling, oropharyngeal 
pain, dysphagia, vomiting, haematemesis and epi
gastric pain. Hoarseness and dyspnoea may indi
cate laryngeal oedema. Alkalis tend to cause most 
severe corrosive effects to the oesophagus, whereas 
acids usually affect the stomach more severely. 
Severe ingestions can result in oesophageal or gas
tric perforation. It is important to remember that 
oesophageal or gastric injury can occur in the 
absence of oral burns. 

Acids are also well absorbed and may have 
systemic effects, including a metabolic acidosis, 
hypotension, acute renal failure and DIC. Alkaline 
ingestions are not usually associated with signifi
cant systemic effects. 

Tre at m e n t  

The majority of patients will require no treatment 
other than reassurance, and oral fluids can be given 
unless there is evidence of significant upper gas
trointestinal tract injury. Patients with respiratory 
distress require urgent airway assessment. 

Gastric lavage is contraindicated. 

Neutralizing chemicals should never be given 
as they may exacerbate tissue damage. In large 
acid ingestions, nasogastric aspiration of the stom
ach contents can be considered. Patients with 
signs and symptoms of significant upper gastro
intestinal tract burns should have intravenous 
fluids and analgesia, and endoscopy should be 
arranged within 12-24 h to quantify the severity of 
the injury. Patients with evidence of perforation or 
massive gastrointestinal haemorrhage will need 
surgery. The possibility of stricture formation and 
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an increased predisposition to cancer are recog
nized long-term complications. 

For information on ocular and cutaneous chem
ical burns see Chapters 28 and 36. 

Never give neutralizing chemicals in acid or alkali 

poisonings. 

PESTI C I DES  

O rgan o p h o s p ha te s  

Organophosphates are used in insecticides for 
agricultural and domestic use. They are also the 
principal toxins in nerve gases (Sarin). Poisoning 
with organophosphate insecticides is a significant 
problem in many developing countries but is 
fortunately rare in the UK. 

Organophosphates are very toxic chemicals and 
act by binding to the acetylcholinesterase enzyme, 
leading to an increase in acetylcholine at nerve 
endings and the neuromuscular junction. This 
causes an initial stimulation of autonomic recep
tors (cholinergic crisis) and a depolarizing block 
at the neuromuscular junction and paralysis. 
Carbamates are the other major group of insecti
cides in common use and have the same mech
anism of action as organophosphates, except that 
the carbamate-cholinesterase bond is reversible 
and usually reverses spontaneously within 4-8 h. 

Tox i c i ty 

Organophosphates are rapidly absorbed by der
mal, oral and respiratory routes. Initial presenta
tion depends on the agent involved, concentratio , 
and the route of exposure. After significant expo
sures, symptoms of toxicity will usually appear 
within 4 h. Nerve gases produce symptoms within 
minutes. The symptomatology is best understood 
by considering the mechanism of action. An 
increase in acetylcholine at the muscarinic cho
linergic receptors leads to over-stimulation of the 
parasympathetic nervous system, with the features 
noted in Table 15.11. 

Over-stimulation of nicotinic receptors causes 
tachycardia, hypertension and sweating. Accumu
lation of acetylcholine at the neuromuscular junction 
causes initial stimulation followed by depolarization 
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hyperbaric oxygen has been shown to reduce the 
free radical concentration, and this may prevent 
further injury and the development of some of the 
delayed neurological sequelae. 

C YA N I D E  

Cyanide poisoning usually occurs by inhalation 
when hydrogen cyanide is released after combus
tion of polyurethane, vinyl or other plastics in a 
house fire. Poisoning can also occur after ingestion 
of cyanide salts, or iatrogenically after excess use of 
intravenous sodium nitroprusside. Cyanide salts 
can also be absorbed through the skin. Some plants 
and fruit kernels contain significant amounts of 
cyanide. 

Tox i c i ty  

Cyanide i s  a potent cellular toxin and acts by bind
ing and inhibiting the function of important metal
containing enzymes, particularly those that contain 
ferric iron. This leads to disruption of mitochon
drial oxidative phosphorylation by blocking the 
cytochrome oxidase enzyme. Cells are prevented 
from using oxygen, causing severe tissue hypoxia 
despite the presence of adequate oxygen. Anaerobic 
metabolism produces large amounts of lactic acid 
and a severe acidosis. 

Absorption of cyanide following inhalational 
exposure is almost immediate, occurring within 
10-15 min after ingestion. Initial signs and symp
toms depend on the concentration of cyanide 
inhaled or the dose ingested. The clinical features 
are similar to those of hypoxia except the patient 
is not cyanotic (unless a respiratory arrest has 
occurred). 

Usual initial symptoms include anxiety, dizzi
ness, headache, palpitations, dyspnoea and lethargy. 
Initial cardiac effects are a sinus tachycardia, atrial 
dysrhythrnias and ventricular ectopics. With pro
gressive poisoning there is bradycardia, apnoea and 
asystolic arrest. Seizures, coma and pulmonary 
oedema also occur with severe poisoning. Arterial 
blood gases, electrolytes and a serum lactate 
should be taken. Significant poisoning will cause 
an elevated anion gap metabolic acidosis (due to 
raised lactate). The Pa02 is normal, calculated 02 
saturation is normal and the oxygen saturation 

by CO-oxirnetry is normal or slightly decreased 
(there is a small amount of cyanide binding to 
haemoglobin). This is in contrast to carbon monox
ide poisoning and methaemoglobinaemia, where 
oxygen saturation measured by CO-oxirnetry is 
significantly reduced (due to binding with haemo
globin), leading to a large 'saturation gap' between 
the calculated oxygen saturation and oxygen satu
ration measured by CO-oximetry. 

Tre at m e n t  

Supportive care with 100% oxygen, intravenous 
access and ECG monitoring is essential. Contam
inated clothing must be removed and exposed 
skin washed (with appropriate precautions to 
avoid contaminating others). 

In patients who are mildly symptomatic, sup
portive care is all that is required unless their 
mental status deteriorates or they become signifi
cantly acidotic. 

Previously, antidote therapy was reserved for 
patients with moderate to severe toxicity because 
the specific antidotes for cyanide poisoning have 
significant side-effects themselves. In the UK, 
dicobalt edetate (Kelocyanor) was first-line treat
ment for severe, confirmed cyanide poisonings. 
More recently vitamin B12 in large doses has 
been shown to be a safer and effective alternative. 
Significant acidosis is treated with bicarbonate. 

Expert advice is essential. 

C ORROS IVES  

Strong acids and alkalis are present in a large num
ber of household products and are widely used in 
industry. Examples include sodium and potassium 
hydroxides (cleaning products) and sulphuric 
acid (battery acid, drain cleaners). Accidental expo
sures are common and they can cause significant 
local tissue destruction if splashed on the skin or 
ingested. Children are frequently reported to have 
ingested corrosive substances, but serious side
effects are rare. The extent of injury depends on the 
agent involved, the volume and the concentration. 
Hence, identification of the particular product is 
important. 

Most acids and alkalis are irritant and the 
stronger agents are corrosive. Strong alkalis cause 



The toxicity of carbon monoxide is predominantly 

as a cellu lar poison. 

The presentation of CO poisoning depends on 
the concentration of CO and duration of exposure. 
The initial symptoms of CO exposure are notori
ously non-specific. Frontal headache, dizziness, 
lethargy, nausea and vomiting are the first symp
toms to appear and have frequently been misdiag
nosed as 'flu' or other complaints. 

Symptoms, particularly with chronic poisoning, are 

non-specific. 

With increasing levels of COHb more marked 
CNS and cardiovascular symptoms appear. CNS 
signs include impaired cognitive function, memory 
deficits, gait disturbance, parkinsonism, increas
ing drowsiness, seizures and coma. Myocardial 
ischaemia occurs and patients with pre-existing 
ischaemic heart disease are particularly suscep
tible. Arrhytlunias, pulmonary oedema and hypo
tension due to myocardial depression are other 
complications. ST segment depression on ECG is 
often seen in severe poisoning, and ST elevation 
can also occur (Table 15.9). 

Delayed neuropsychiatric problems after CO 
poisoning are well recognized and occur in up to 
10% of patients. Headache, memory impairment 
and personality changes are most frequent. These 
usually appear within the first few weeks. 

Normal individuals have up to 5% carboxy
haemoglobin (COHb) in the blood and heavy 
smokers can have up · to 8%. Once the patient is 
removed from the source of CO, blood levels start 
to fall. CO has a half-life of about 4 h  when breath
ing room air, but this is reduced to around 90 min 

Table 1 5.9: Clin ical features of carbon monoxide 

poisoning 

Peak % COHb 

0- 1 0  
1 0-20 
20-40 

40-60 
> 60 

Clinical features 

Usually none 
Headache 
Severe headache, nausea, 

vomiting, dizziness, confusion 
Syncope, seizures, coma 
Hypotension, respiratory 

fai lure, death 
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when the patient is give 100% oxygen. For this 
reason, COHb levels taken in hospital can only 
confirm the diagnosis but do not reflect severity 
of exposure. Recently, initial acidosis has been 
shown to be a good correlate with severity of 
poisoning. A COHb level of more than 10% is diag
nostic of CO poisoning but a normal level does 
not exclude the diagnosis. It is important to 
remember that oxygen saturation measured by 
pulse oximetry can be misleading in CO poisoning 
as it does not distinguish between oxyhaemo
globin and COHb and can be falsely elevated. 
Likewise arterial blood gases can be misleading as 
they calculate the oxygen saturation on the basis of 
Pa02 and pH. 

Normal oximetry and Pa02 do not exclude carbon 

monoxide poisoning. 

A CO-oximeter uses spectophotometry to meas
ure the different forms of haemoglobin (oxy, 
deoxy, meth and carboxyhaemoglobin). Hence, 
arterial blood gases measured by CO-oximeter are 
essential to give the true values for oxyhaemo
globin (oxygen saturation) and COHb. 

Treat m e n t  

All patients should receive 100% oxygen to assist 
elimination of CO. Patients should continue with 
100% oxygen for at least 6 h  and until they are 
asymptomatic and the serum COHb is less than 
5%. Hyperbaric oxygen treatment remains contro
versial. There are a number of reasons why hyper
baric oxygen may be useful (Table 15.10). First, 
hyperbaric oxygen promotes more rapid elimin
ation of CO (the COHb half-life is reduced to 25 min 
with 100% oxygen at 3 bar) and increases the 
amount of dissolved oxygen in plasma. Second, 

Table 1 5. 1 0: Current indications for hyperbaric 

oxygen therapy 

Loss of consciousness at any time 
Any neurological sign or symptom other than 

headache 
Cardiac arrhythmia/ischaemia 
COHb greater than 20% 
Pregnancy 
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Table 1 5.8: Clinical presentation of  iron poisoning 

30-60 min post ingestion. Nausea, vomiting, 
haematemesis, abdominal pain, diarrhoea 
(often haemorrhagic), lethargy, hypotension. 
Metabolic acidosis, leucocytosis, 
hyperglycaemia. 

I I  Latent phase. Begins after 6- 1 2  h and  not 
always seen. During this stage the early 
gastrointestinal symptoms settle and iron is 
deposited systemically. This can lead to an 
apparent improvement of symptoms and give 
false reassurance. 

I l l  Begins 1 2-24 h after ingestion and earlier in 
severe poisonings. Multi-organ failure. 
Cerebral dysfunction leads to i ncreasing 
lethargy, convulsions and coma. Cardiovascular 
collapse occurs due to hypovolaemia, 
vasodilation and myocardial depression. Renal 
and hepatic fai lure may develop, with 
coagulopathy and hypoglycaemia. 

IV Occurs weeks after recovery from significant 
poisoning and is due to gastrointestinal 
scarring causing gastric outlet or smal l bowel 
obstruction. 

However, accurate assessments of ingested doses 
are not often available. Serum iron levels usually 
peak 4-6 h post ingestion. Patients with levels 
greater than 300 µ,g dl-1 (55 µ,mol l-1) are at risk of 
significant toxicity. 

Abdominal X-rays may show ingested iron but 
up to 50% of patients who develop toxicity will 
have negative X-rays. The X-ray does, however, 
confirm a significant ingestion and indicates that 
continued absorption may occur. 

Trea t m e n t  

In significant poisonings patients are often hypo
tensive owing to a combination of gastrointestinal 
losses and peripheral vasodilation. Adequate volume 
resuscitation is essential. Gastric lavage can be con
sidered in patients who present within an hour of 
ingestion of doses greater than 20 mg kg-1 of elem
ental iron. The decontamination procedure of choice 
is whole-bowel irrigation with polyethelyene glycol. 
Ileus, bowel obstruction and significant haemor
rhage are contraindications to whole-bowel irriga
tion. Charcoal does not bind iron and has no role. 
Hypoglycaemia should be corrected if present. 

Desferrioxamine is a potent, specific chelator 
of extra- and intracellular ferric iron. It combines 
with iron to form water-soluble ferrioxamine, 
which is excreted in the urine giving the urine a 
rose-wine colour. Desferrioxamine is given as an 
intravenous infusion, though rapid infusion rates 
can cause hypotension. This is best prevented by 
adequate volume resuscitation. Desferrioxamine 
infusion should be continued until systemic tox
icity has resolved and serum iron levels are nor
mal or low. 

Desferrioxamine is a specific antidote in severe iron 

poisoning. 

Patients with a normal abdominal X-ray and 
serum iron level, who have remained asymptomatic 
up to 6 h  post ingestion, are unlikely to develop 
significant toxicity and can be allowed home. 

CARBON M O N OX I D E  P O I S O N I N G  

Carbon monoxide (CO) poisoning is the common
est cause of death from poisoning in the UK. In 
1996 in England and Wales 887 deaths were attri
buted to carbon monoxide poisoning. The majority 
of deaths are suicides from car exhaust fumes. 
Carbon monoxide is a colourless, odourless, taste
less, non-irritant gas which is formed when there 
is incomplete combustion of carbonaceous matter. 
The commonest sources are car exhaust fumes, 
faulty domestic heaters and fire smoke. 

Tox i c i ty 

CO toxicity is due to a combination of impaired 
oxygen delivery and utilization. Carbon monoxide 
rapidly diffuses across alveoli and binds with 
haemoglobin with an affinity of more than 200 
times that of oxygen to form carboxyhaemoglobin 
(COHb). This leads to a reduction in the oxygen
carrying capacity of the blood and tissue hypoxia. 
However, it is felt that the predominant toxic effect 
of CO is due to the poisoning of intracellular 
oxygen-carrying haem proteins such as cytochrome 
A3 and myoglobin. This results in cellular injury, 
which manifests first in those tissues with the 
highest energy requirements (brain and heart). 



effects are not normally life threatening and as its 
use has been associated with severe complications 
(seizures, heart block and asystole) in the past, 
physostigmine is not routinely recommended. 

LIT H I U M  

Lithium salts are used in the management of 
mania, manic-depressive illness and recurrent 
depression. Lithium has a narrow therapeutic 
index and toxicity from long-term treatment and 
drug interactions is commoner than acute over
dose. This is usually due to reduced renal clear
ance of lithium because of renal impairment or 
co-administration of drugs (diuretics, NSAIDs). 

Toxi c i ty 

The mechanisms by which lithium toxicity occurs 
are poorly understood. Symptoms such as 
polyuria and tremor can occur within the thera
peutic range. With increasing levels, further symp
toms appear. These include nausea, vomiting, 
diarrhoea, ataxia, weakness and dysarthria, and 
later myoclonic jerks and confusion. In severe 
cases seizures, coma and acute renal failure occur. 
Hypotension can occur secondary to dehydration. 
Sinus node dysfunction and prolongation of the 
QT interval are often seen, but clinically significant 
arryhthrnias are uncommon. 

S e r u m  l i t h i u m  l ev e l s  

The therapeutic range for lithium is 0.4-1.2 mmol l- 1 

and concentrations of greater than 2 mmo1 1-1 are 
usually associated with significant toxicity. However, 
in acute overdose much higher concentrations can 
occur without symptoms because significant tissue 
penetration has yet to occur. 

Treat m e n t  

The mainstay of treatment is good supportive care. 
Gastric lavage can be considered in patients who 
present within an hour of a significant ingestion. 
Charcoal does not bind lithium and has no role. All 
patients require generous fluid replacement with 
normal saline. Haemodialysis may be indicated in 
severe poisonings, following expert advice. 
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Following an acute ingestion, if serial lithium 
levels taken more than 4 h apart show a decline, 
the asymptomatic patient can be discharged if 
the lithium level is less than 1 .S mmol l-1 and a 
sustained-release preparation was not involved. 
All symptomatic patients require admission. 

I RON P O I S O N I N G  

Acute iron poisoning is usually due to accidental 
ingestion of iron supplements or multivitamin 
preparations by small children who mistake them 
for sweets. Most ingestions are minor and patients 
will be asymptomatic or have minor symptoms 
only. Large overdoses are extremely toxic and 
fatalities occur. 

Significant iron poisoning may follow ingestion of 

some multivitamin preparations. 

Tox i c i ty 

Iron salts are directly caustic to the gastrointestinal 
mucosa, causing inflammation, ulceration, bleed
ing and perforation. Systemic toxicity also occurs. 
Under normal circumstances iron absorbed from 
the gastrointestinal tract is transported in the blood 
bound to the protein transferrin. The total amount 
of iron with which transferrin can bind is known as 
the total iron-binding capacity (TIBC). The TIBC 
is far greater than the total serum iron, and there 

is normally no 'free' iron circulating in the blood. 
In iron overdose the TIBC is overwhelmed and 
unbound iron enters the cells, interfering with mito
chondrial oxidative phosphorylation and promot
ing the formation of free radicals, leading to lipid 
peroxidation and cell death. This leads to multi
organ dysfunction, particularly in the liver (where 
much of the iron accumulates), but also in the kid
neys; heart and brain. The natural history of signifi
cant iron poisoning is often· divided into four stages 
(Table 15.8). 

E s t i m a t i n g  t ox i c i ty 

Symptoms are unlikely when a dose of less than 
20 mg kg-1 of elemental iron is ingested. Seriou 
toxicity can be anticipated if a dose of more than 
60 mg kg-1 of elemental iron has been taken. 
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Dystonic reactions are idiosyncratic reactions 
that occur with neuroleptic freatment and are not 
dose related. They can be treated with benztropine 
or procyclidine for adults or diphenhydramine for 
children. 

Patients who are asymptomatic and have a nor
mal ECG 6 h after the overdose are medically fit for 
discharge. 

ANTIH I STAM I N ES 

Antihistamines are widely used in the symptomatic 
relief of allergies and in the prevention of motion 
sickness and vertigo. The most commonly used 
preparations include chlorpheniramine, cyclizine, 
astemizole, cetirizine, loratidine and terfenadine. 
Serious toxicity after overdose is uncommon. 

Tox i c i ty 

Antihistamines block H1-receptors in the periph
ery and in the central nervous system. Many of the 
older agents also have anticholinergic activity, 
blocking muscarinic acetylcholine receptors. 

Most symptoms are minor and are due to anti
cholinergic effects. Patients can be drowsy or agi
tated and confused, with dilated pupils, hyper
reflexia and myoclonic jerks. Seizures and coma 
are infrequent complications. Other anticholinergic 
side-effects include tachycardia, dry mouth, ileus, 
urinary retention and hyperthermia. Hypotension 
can occur secondary to vasodilation. Some antihis
tamines, particularly terfenadine, are chemically 
related to the TCADs, and ECG QRS and QT pro
longation and arryhthmias similar to those with 
TCAD poisoning have been reported. However, 
significant arryhthmias are uncommon. The newer 
non-sedating antihistamines are more selective for 
peripheral Hr receptors, and usually have few CNS 
or anticholinergic toxic features. 

Treatm e n t  

Care is symptomatic and supportive. Intravenous 
fluids and sedation are all that is usually required. 
Diazepam is used for agitation and delirium. 
Hallucinations may require haloperidol. The man
agement of arryhthmias is the same as for TCAD 
overdose, with administration of bicarbonate to 

a pH of between 7.5 and 7.55. Torsade de pointes 
can be treated with magnesium and overdrive 
pacing. Patients who are asymptomatic and have a 
normal ECG at 6 h post ingestion can be medically 
discharged. 

ANTI C H O L I N E R G I C  SYNDRO M E  

Specific antimuscarinic agents (orphenadrine, benz
hexol, benztropine and procyclidine) are used in 
the treatment of Parkinson's disease and for drug
induced extrapyramidal side-effects. They are com
monly taken in overdose by patients with major 
psychiatric illness. In addition, a large number of 
other drugs have anticholinergic activity and can 
cause anticholinergic toxicity. These include TCADs, 
phenothiazines, antihistamines and antispasmod
ics. All these agents can cause an anticholinergic 
syndrome. 

Tox i c i ty 

The signs and symptoms of anticholinergic tox
icity are a result of blocking the central and periph
eral cholinergic receptors. Depending on the drug 
involved, antagonism of muscarinic, nicotinic or 
both receptors can occur. The central effects of 
cholinergic blockade include agitation, confusion, 
disorientation, delirium, hallucinations and seiz
ures. The peripheral effects include tachycardia, 
arryhthmias, hypo- or hypertension, dry mouth, 
dilated pupils, decreased gastrointestinal motility, 
urinary retention, decreased sweating, hyperther
mia and vasodilation. 

The classic anticholinergic syndrome presentation is 

often remembered as 'Hot as Hell, blind as a bat, dry 

as a bone, red as a beet, mad as a hatter'. 

Treat m e n t  

Treatment is supportive, with diazepam for sed
ation and intravenous fluids being all that is usually 
required. Malignant arryhthmias are managed as 
in TCAD poisoning. Physostigmine (a reversible 
acetylcholinesterase inhibitor) will reverse the anti
cholinergic effects but has no effect on the 
membrane-stabilizing (cardiac) or antihistamine 
effects of some of these drugs. As the anticholinergic 



I 

(MDMA - 3,4-methylenedioxymethamphetamine). 
It is characterized by changes in mental status, 
autonomic nervous system function and neuromus
cular signs. The serotonin syndrome usually occurs 
within 2 h of the precipitating agent, and will resolve 
within 6-24 h of removal of this agent. However, 
severe complications can occur, and include hyper
thermia, seizures, disseminated intravascular coagu
lation (DIC), rhabdomyolysis and death. 

Treatm e n t  

Care is symptomatic and supportive. Generous 
hydration with intravenous fluids is important. 
Diazepam is used for delirium and agitation. 
Paracetamol and simple cooling measures are used 
for hyperthermia. If the core temperahrre is above 
40°C dantrolene is given. If this fails, the patient 
needs to be electively paralysed (with a non
depolarizing agent) and mechanically ventilated. 

N EU RO LEPT ICS  

The neuroleptics are a diverse group of drugs 
used in the treatment of schizophrenia and other 
psychoses. The most widely used agents include 
chlorpromazine, thioridazine, haloperidol, dro
peridol, clozapine and sulpiride. The antiemetics 
prochlorperazine and promethazine (phenothiazine 
derivatives such as chlorpromazine and thior
idizine) have similar effects when taken in overdose. 

Neuroleptic toxicity may closely resemble that of 

tricycl ic antidepressants. 

Tox i c i ty 

The therapeutic action o f  the neuroleptics i s  block
ade of dopaminergic receptors in the central ner
vous system. However, the neuroleptics also have 
activity at alpha-adrenergic, muscarinic and hista
mine receptors. Blockade of the alpha-receptors 
leads to vasodilation and hypotension, muscarinic 
receptor antagonism results in typical anticho
linergic symptoms and histamine-receptor block
ade causes sedation. Some neuroleptics also have 
a membrane-stabilizing action on the heart simi
lar to some anti-arrhythrnics (quinidine). Toxicity 
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in overdose varies, with central nervous system 
and cardiovascular effects being the most serious. 
For example, thioridazine appears to have a rela
tively higher incidence of arrhythmias in overdose 
than does chlorpromazine, which causes more 

sedation. Neuroleptic malignant syndrome is a 
tetrad of fever, rigidity, altered sensorium and 
autonomic instability that occurs with routine 
neuroleptic treatment and is not discussed further 
here. 

Dopamine antagonism causes abnormal move
ment disorders such as dystonias, dyskinesia and 
akathisia. Tremor, hyper-reflexia, opisthotonus, 
oculogyric crisis and drooling all occur. These 

effects can be relatively mild in some overdoses, 
possibly due to a competing anticholinergic effect. 

Anticholinergic effects are tachycardia, dry 
mouth, dry skin and dilated pupils. Patients with 
severe toxicity who are unconscious on presenta
tion often develop an anticholinergic delirium in 
the recovery phase, which can persist for a number 
of days. Hypotension occurs secondary to alpha
receptor blockade. Cardiac toxicity is variable. 
Bradycardia and a wide QRS indicate severe tox
icity, and the pathophysiology is similar to that 
seen in TCAD overdose. 

With large neuroleptic ingestions there is rapid 
absorption of the drug leading to a decreasing 
level of consciousness and coma. Seizures are not 
uncommon and patients with seizures are often 
noted to have been hyper-reflexic or to have had 
myoclonic jerking. 

Treatm e n t  

Treatment is supportive. Gastric lavage should be 
considered in unconscious patients (after ABC 
stabilization) and in alert patients who present 
within an hour of a significant ingestion. Charcoal 
is also recommended after significant ingestions. 
Intravenous fluids (normal saline) are given to a . 
Diazepam is used for seizures and for an anti 
cholinergic delirium. Arrhythmia manageme t 
follows the same principles as for TCAD overdose, 
with intravenous bicarbonate being first-line trea1"
ment. Other drug treatments are controversial. 
Magnesium is used for torsade de pointes, but its 
calcium-channel-blocking activity may aggravate 
the hypotension and heart block that can occur in 
neuroleptic poisoning. 
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depression. Intravenous fluids are often all that is 
required. 

The three most consistent clinical features associ
ated with significant poisoning are tachycardia, an 
altered level of consciousness and a widened QRS. 

Tre atm e n t  

The first priority is ensuring adequacy of airway, 
ventilation and circulation. All patients need intra
venous fluids. Gastric lavage is recommended in 
patients who present within an hour of ingestion 
and in all comatose patients (after intubation to 
secure the airway). Activated charcoal is given 
after lavage. Repeat doses are generally of little 
benefit. Sodium bicarbonate acts as an antidote 
by raising serum pH and thereby increasing the 
plasma protein binding of the TCADs and 
reducing the active concentration of the drug. 
Bicarbonate (1-2 ml kg-1 of 8.4% NaHC03) should 
be given initially and subsequent doses titrated to 
maintain the pH in a range of 7.50-7.55. This can 
also be achieved by mild hyperventilation in intub
ated patients. Indications for sodium bicarbonate 
include seizures, QRS widening, arryth.mias and 
persistent hypotension. 

Bicarbonate is effective in treating tricycl ic-induced 

arrythmias and seizures. 

Bicarbonate is the treatment of choice for 
arrhythmias. Other drug treatment is best avoided. 
If unresponsive to bicarbonate, DC shock should 
be considered. Magnesium can be used to treat 
torsade de pointes. Standard advanced cardiac 
life-support protocols should be followed if car
diac arrest occurs, and prolonged cardiopulmonary 
resuscitation has been associated with full recovery 
in a number of cases. 

Seizures are treated with diazepam. Some 
severely poisoned patients may develop an anti
cholinergic deliriwn with visual and auditory hal
lucinations during the recovery phase of their 
illness, and this can last for a few days. Simple 
reassurance will often suffice, but diazepam and 
haloperidol can be used. 

All patients should be observed with ECG moni
toring for at least 6 h  post ingestion. Patients who 
are asymptomatic and have a normal ECG after 
this time can be considered medically fit for dis
charge. All others require continued observation. 

SE LECTIVE S E ROTO N I N  RE-U PTAKE 
I N H I B ITORS 

The selective serotonin re-uptake inhibitors (SSRis) 
have become the commonest prescribed antide
pressant agents over the last few years. This is due 
in part to the low incidence of side-effects and the 
relative safety of these agents compared with older 
antidepressants. The SSRis most commonly used 
in the UK are fluoxetine, paroxetine, sertraline, 
fluvoxamine and citalopram. They are also used 
for obsessive-compulsive disorder, bulimia nervosa 
and panic attacks. 

SSRls are relatively non-toxic antidepressants. 

Tox i c i ty 

Wl1en taken alone in overdose, the SSRis have 
relatively low toxicity. However, when taken with 
certain other drugs they may cause the serotonin 
syndrome, which is potentially fatal (see below). 

The commonest symptoms seen after SSRI over
dose are nausea, vomiting, diarrhoea, headache, 
dizziness, tremor and drowsiness .  Convulsions and 
coma may occur with large overdoses. The SSRis 
have minimal cardiotoxicity, although sinus tachy
cardia is common. 

Treat m e n t  

Care is symptomatic and supportive. Charcoal can 
be given to those presenting within an hour of 
ingesting a significant number of tablets. Patients 
should be observed for at least 6 h. Symptomatic 
patients should have ECG monitoring. 

S e roto n i n  sy n d ro m e  

The serotonin syndrome is caused by the simul
taneous administration of two or more agents that 
increase serotonin availability in the brain. It occurs 
from medication errors and in overdoses. It has 
been most commonly caused by the combination 
of a serotinergic agent (e.g. fluoxetine) and the 
monoamine oxidase inhibitors (MAOis). The clin
ical picture shares similarities with the neurolephc 
malignant syndrome and the heatstroke-type 
syndrome occasionally caused by Ecstasy 



before the clinical signs resolve and the patient can 
be discharged home. 

CARBAMAZ E P I N E  

Carbamazepine is the treatment of choice for 
simple and complex partial seizures and for 
tonic-donic seizures. It has chemical similarities to 
both phenytoin and the tricyclic antidepressants, 
and shares features of both in overdose. 

Tox i c i ty 

Nystagmus, ataxia and drowsiness are early 
symptoms. Patients may hallucinate and become 
agitated and confused. Pupils are dilated and dys
tonic posturing and athetoid movements are com
mon. Seizures and coma occur; carbamazepine 
also has anti-arrhythmic activity and causes hypo
tension, bradyarrhythmias and prolongation of the 
QT and QRS intervals. Respiratory depression and 
apnoea can occur with large overdoses. Delayed 
onset of symptoms can occur with the use of slow
release preparations and slow absorption from 
gastric concretions. 

Treatm e n t  

This is symptomatic and supportive care. Gastric 
lavage and activated charcoal should be con
sidered in patients who present within an hour of 
significant ingestions. Repeat-dose activated char
coal is recommended for significant ingestions. 
Hypotension should be corrected with intravenous 
fluids and inotropes if required. Seizures are h·eated 
with diazepam. The dystonic effects are not life 
threatening and no specific treatment is required. 
Charcoal haemoperfusion has been used effec
tively in a number of cases where adequate sup
portive care was failing. 

TRICYC L IC  ANT I D E PRESSANTS 

Tricyclic antidepressants (TCADs) are widely 
prescribed for depression in the UK, though with 
the introduction of the safer serotonin re-uptake 
inhibitors they should be less commonly seen in 
future years. They are also used for anxiety, phobias, 
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obsessive-compulsive disorder and noch1rnal 
enuresis in children. TCADs are the commonest 
cause of drug overdose-related death from pre
scribed medication in the UK, North America and 
Australia. Over 90% of successful TCAD suicides 
die before reaching hospital. 

Tox i c i t y  

TCADs are non-selective agents that have a num
ber of different pharmacological actions. The anti
depressant action is thought to be due to blocking 
of the re-uptake of the excitatory neurotransmit
ters noradrenaline and serotonin within the brain. 
They also bind to many other receptors, including 
histamine, alpha-adrenergic receptors, gamma
aminobutyric acid (GABA) and muscarinic cholin
ergic receptors. Histamine-receptor blockade causes 
sedation. Blockade of alpha-receptors causes vaso
dilation, GABA-receptor blockade predisposes to 
seizures and muscarinic-receptor blockade pro
duces anticholinergic symptoms. TCADs also have 
a membrane-stabilizing effect on the heart and share 
the anti-arrhythmic and pro-arrhythmic effects of 
some anti-arrhytlunic drugs (quinidine). 

There are some differences in toxicity between 
the various agents, but doses of 15 mg kg-1  are gen
erally regarded as potentially fatal. Dothiepin is 
significantly more toxic and causes seizures more 
often and following smaller ingestions than other 
agents. Lofeprarnine is somewhat safer and less 
cardiotoxic in overdose. 

The toxic effects of TCAD overdoses fit broadly 
into three categories: anticholinergic effects, cen
tral nervous system effects, and cardiovascular 
effects. Anticholinergic effects are prominent 
early, with tachycardia, dry mouth, dilated pupils, 
blurring of vision, urinary retention, agitation, 
hallucinations and drowsiness. In more serious 
ingestions there is progressive CNS depression 
with myoclonic jerks, seizures and coma. Hyper
reflexia is present and can be a marker for 
increased seizure risk. Cardiovascular toxicity mani
fests as arryhthmias and myocardial depression 
Widening of the QRS complex is the most consist
ent feahlre of TCAD cardiotoxicity and variou, 
srudies have attempted to equate QRS width wit 
risk of significant toxicity. Unforturtately it is nei
ther specific nor sensitive. Hypotension is usually 
due to a combination of alpha-receptor blockade
induced vasodilation and direct myocardial 
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and interstitial spaces, creating a gradient between 
intravascular and extracellular areas. Treatment 
with Dig-Fab rapidly reverses conduction defects, 
ventricular dysrhythmias and hyperkalaemia. A 
clinical response is usually seen within 20-30 min. 

Serum potassium should be corrected by 
conventional methods for rapid correction. 

Q U I N I N E  

Quinine is used for nocturnal leg cramps and in 
the treatment of malaria. Overdose carries a risk of 
significant morbidity and mortality. 

Tox i c i ty 

Quinine toxicity (originally known as cinchonism) 
is characterized by visual deficits and blindness, 
tinnitus and deafness and a range of other effects. 
Visual effects are due to a direct toxic effect on the 
retina and include blurred vision, loss of periph
eral vision and blindness. Pupils may be fixed and 
dilated. Other central nervous system symptoms 
include headache and dizziness, confusion, drow
siness and seizures. Nausea, vomiting, abdominal 
pain and diarrhoea all result from a local irritant 
effect of quinine. Quinine also has anti-arrhythmic 
activity and has cardiovascular effects similar to 
tricyclic antidepressant poisoning, with prolonga
tion of the QRS and QT intervals, followed by 
heart block, torsade de pointes and hypotension. 
This is usually the cause of death in fatal over
doses. Hypoglycaemia can occur, and renal failure 
has been reported. 

Quinine may cause life-threatening cardiac arrythmias. 

Tre at m e n t  

Gastric lavage can be considered for patients who 
present within an hour of significant overdoses. 
Activated charcoal is recommended for patients 
who have ingested more than 20 mg kg-1 . Repeat 
doses enhance elimination. Hypotension is treated 
with intravenous fluids initially. Sodium bicarbon
ate may attenuate QRS prolongation, and is the 
initial treatment for arrhythmias. Magnesium, iso
prenaline and overdrive pacing have all been sug
gested for torsade de pointes. All patients should 

be observed Lmtil the ECG changes have resolved. 
No treatment has been shown to have any effect on 
the visual symptoms and over 10% of patients can 
have residual visual deficits. 

PH ENYTO I N  

Phenytoin acts by blocking voltage-gated sodium 
cham1els and thereby suppressing repetitive neur
onal impulses. It also has anti-arrhythmic activity 
(like lignocaine) . Phenytoin has a narrow thera
peutic index and side-effects with regular treat
ment are not uncommon. It also interacts with a 
large number of other drugs that can either 
increase (amiodarone, cirnetidine, sulphonamides) 
or decrease (alcohol, theophylline, carbamazepine) 
its activity. Serious morbidity after oral overdoses 
is rare, and the mainstay of treatment is good sup
portive care. 

Tox i c i ty 

Symptoms occur 1-2 h  post ingestion and can 
persist for 3-4 days after significant overdoses. 
Nystagmus on lateral gaze is usually the first 
sign of toxicity and corresponds with serum levels 
of more than 20 µ,g m1-1 (normal therapeutic range 
10-20 µ,g mJ-1) .  Nystagmus is followed by leth
argy and increasing drowsiness, ataxia, slurred 
speech, confusion, coma and apnoea with large 
doses. Deep tendon reflexes are often brisk and the 
pupils are dilated and reactive. Patients are unable 
to walk or even stand w1aided. Acute dystonias, 
opisthotonic posturing and involuntary move
ments are occasionally seen. Paradoxically, brief 
generalized seizures may occur at high levels, but 
these are rare. 

Tre at m e n t  

Treatment is largely supportive. Charcoal should 
be given to all patients and repeat doses are recom
mended for significant ingestions as they may 
enhance excretion. All patients should receive gen
erous intravenous fluids. Seizures are treated with 
diazepam. Diazepam may also be needed to pre
vent patients from injuring themselves if they are 
agitated and confused. Phenytoin has a long half
life in overdose and it may take a number of days 



Some patients will require an infusion, and serum 
calcium and other electrolytes should be moni
tored closely. Atropine should be given in all 
bradyarrhytlunias, but may not be effective until 
calcium is given. If the heart rate has failed to 
improve, isoprenaline can be used and ultimately 
transcutaneous or transvenous pacing may be 
required. 

Hypotension is managed by treating underlying 
bradyarrhythmias, and with fluid replacement and 
inotropes. Hypotension secondary to vasodilation 
usually responds to fluid alone and intravenous 
calcium can reverse hypotension secondary to 
myocardial depression. Similarly, glucagon may 
reverse myocardial depression and hypotension, 
and should be tried if there is no response to ini-tial 
measures. All patients with haemodynamic insta
bility need invasive haemodynamic monitoring 
(arterial line and central venous access). 

0 1 G OX I N  

Digoxin has a narrow therapeutic index and toxic 
side-effects are not uncommon with routine use. 
Digoxin binds to and inactivates the myocardial 
cell membrane sodium-potassium adenosine 
triphosphate (Na-K-ATPase) pump. This leads 
to a slowing of conduction through the atrioven
tricular node and an increased refractory period. 
It also causes increased intracellular calcium and 
increased extracellular potassium. The increased 
intracellular calcium is responsible for increased 
myocardial automaticity (and the likelihood of 
developing arrhythmias) and the positive inotropic 
action seen with digoxin. 

Tox i c i ty 

The main affects are on the cardiovascular, central 
nervous and gastrointestinal systems. Almost 
any rhythm disturbance can occur with digoxin 
poisoning. Tachyarrhythmias are more common 
in older patients with chronic toxicity, whereas 
bradyarrhytlunias are more usual in yow1ger 
patients with healthy hearts. Frequent premature 
ventricular ectopics and accelerated junctional 
tachycardias with variable block are common. All 
grades of atrioventricular block can occur. Ventri
cular dysrhythmias may occur in older patients 
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with underlying heart disease, and are often 
refractory. 

In acute poisoning abdominal pain, nausea and 
vomiting (and occasionally diarrhoea) are the first 
signs of toxicity. Other non-specific symptoms 
include generalized muscle pains, headache, 
dizziness, drowsiness, disorientation, delirium and 
hallucinations. The visual symptoms of diplopia, 
scotomas, and yellow-green tinting of vision 
(xanthopsia) are well described. Hyperkalaemia i 
present in acute overdose , but serum potassium is 
usually normal or decreased in chronic toxicity. 

Serum digoxin levels are not useful in predict
ing severity of toxicity. Some patients with predis
posing factors for digoxin poisoning and clinical 
toxicity will have serum levels within the ther
apeutic range. Conversely, others with high levels 
may not show any signs of toxicity, particularly if 
the level is taken before significant tissue distribu
tion has occurred. None the less, the higher the 
serum digoxin level the greater the likelihood of 
toxicity. 

Treatm e n t  

Activated charcoal and gastric lavage should be 
considered for those presenting within an hour of 
large deliberate overdoses. Patients may need to 
be premedicated with atropine prior to lavage. 
Symptomatic bradycardia is treated initially witl1 
atropine and then digoxin-specific antibodies (Fab 
fragments). In the absence of Fab fragments a 
pacemaker (external or h·ansvenous) may be 
needed. Magnesium enhances the activity of the 
Na-K-ATPase pump and may be a life-saving 
treatment for digoxin-induced ventricular arryhth
mias. Some anti-arrythmic agents (phenytoin and 
lignocaine) have been used in the past on the basis 
that they depress ventricular automaticity and 
increase the fibrillation threshold. However, Fab 
fragments, if available, are the treatment of choice 
for ventricular arryhthmias that do not respond 
immediately to conventional treatment. 

D i g - F a b  frag m e nt s  

Dig-Fab fragments are the Fab fragment of IgG 
from sheep immunized with digoxin and are less 
inu11w1ogenic than the original digoxin-specific 
antibodies. Dig-Fab binds to digoxin in the vascular 
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Tre at m e n t  

Gastric lavage and charcoal should be considered 
in patients who present within an hour of a signifi
cant ingestion. If lavage is undertaken, it is wise to 
premedicate with atropine. Patients who have 
taken significant overdoses need to be admitted to 
an intensive care facility. Severely ill patients will 
need cenh·al venous and arterial pressure monitor
ing to guide treatment. Atropine is given initially 
for bradyarrhythrn:ias and fluid for hypotension. 
Glucagon is the most useful antidote and should 
be given early when signs of haemodynarnic com
promise occur. It is more effective in reversing the 
negative inotropic effects than the negative chrono
tropic effects, but should be used for both as there 
are few side-effects. Large doses are required. 

High-dose glucagon is a specific antidote in beta

blocker poisoning. 

Second-line treatments include isoprenaline 
and pacing for bradyarrhytlun:ias, and adrenaline 
for hypotension. Calcium has also been given for 
hypotension. 

Glucagon in beta-blocker overdose: adults, an initial 

bolus of 5- 1 0  mg intravenously is given, fol lowed by 

an infusion or further boluses. 

There are successful case reports of the use of 
prolonged cardiopulmonary resuscitation, bypass 
and dialysis where other measures have failed. 
Seizures are treated with diazepam and hypogly
caemia with a glucose infusion. 

CALC I UM-CHAN N E L  BLOCKERS 
( C C B s) 

Calcium-channel blockers prevent the inward 
movement of calcium from the extracellular space 
through the slow channels of cell membranes. They 
have three main sites of action: the myocardial 
cells, cells within the specialized conducting sys
tem of the heart, and the cells of vascular smooth 
muscle. CCBs thus act as negative inotropes, nega
tive chronotropes and peripheral vasodilators. 
Different CCBs differ in their predilection for the 
various sites of action. Verapam.il has primarily 
cardiac effects, causing decreased atrioventricular 

node conduction and a reduction in myocardial 
contractility. Nifedipine acts mainly on vascular 
smooth muscle, leading to dilation of coronary 
and peripheral arteries and a reduction in blood 
pressure. Diltiazem has both cenh·al and peripheral 
circulatory actions. The majority of the newer 
agents (nicardipine, amlodipine, felodipine) have 
similar effects to nifedipine. 

Tox i c i ty 

The toxicity seen in CCB overdose is an extension 
of the therapeutic effects. Verapamil, which is the 
most toxic in overdose, causes severe hypotension 
by a combination of heart block, myocardial 
depression and peripheral vasodilation. There is 
progressive heart block, characteristically progress
i.ng from sinus bradycardia to first-degree heart 
block, to jmlctional bradycardia to a slow idioven
tricular rhythm and finally to asystole. Nifedipine 
primarily causes hypotension due to peripheral 
vasodilation, and a bradycardia or reflex tachy
cardia may occur. Other non-specific symptoms, 
such as nausea, vomiting and lethargy, can occur 
with all types. Coma can occur secondary to 
hypoperfusion. 

Treat m e n t  

Treatment is indicated for all but the most trivial 
ingestions. Even a single tablet can be fatal in tod
dlers. All overdoses of sustained-release prepar
ations, even if asymptomatic, should be admitted 
to hospital for observation for at least 24 h. 
Symptomatic patients will need to be admitted to 
an intensive care facility with continuous ECG 
monitoring. Gastric lavage is indicated for patients 
with significant overdoses who present within a.n 
hour of ingestion. Atropine should be given prior 
to lavage to prevent any worsening of brady
cardias from an increase in vagal tone. Activated 
charcoal is advised and multiple doses should be 
given after sustained-release preparations have 
been taken. 

Calcimn is the antidote used for bradycardia, 
second- and third-degree atrioventricular block 
and idioventricular rhythms. An initial dose of 
lOml of calcium gluconate or calcium chloride 
10% is given, with subsequent doses every few 
minutes Lmtil the rate and blood pressure respond. 



rhabdomyolysis, acute compartment syndrome 
and acute renal failure have all been reported. 

S e r u m  t h e o p hy l l i n e  l eve l s  

I n  significant acute ingestions serum theophylline 
levels should be repeated until the concentration 
plateaus or starts to fall. A further sample should 
be drawn 4 h after the peak level to confirm a con
tinuing decline. Serum levels of less than 20 mg 1-1 
are unlikely to cause toxicity, while patients 
with levels between 20 and 60 mg 1-1 usually 
experience mild to moderate symptoms. Patients 
with levels greater than 60 mg 1-1 are at risk of 
severe toxicity. 

Sustained-release preparations pose a particular 
problem as peak serum levels occur anywhere from 
1 to 24 h after ingestion (mean 11 h). Peak levels in 
regular preparations occur 2-8 h (mean 5 h). 

Tre atm e n t  

Treatment is recommended for overdoses greater 
than 1 g of theophylline in an adult and greater 
than lS mg kg-1 in a child after an acute ingestion. 
Gastric lavage should be considered in patients 
presenting within an hour after a potentially signif
icant overdose. Repeat doses of activated charcoal 
are recommended. Whole-bowel irrigation should 
be considered for significant ingestions of sustained
release preparations. Antiemetics (metoclopramide 
or ondansetron) should be given for nausea and 
vomiting and to allow the administration of repeat 
doses of charcoal. Hypotension usually responds to 
intravenous fluids or treatment of an underlying 
arrhythmia, but dopamine or dobutamine can be 
used if required. Beta-blockade with propranolol is 
recommended for tachyarrythmias. Lignocaine has 
been used for ventricular arrhythmias and adeno
sine can be used for supraventricular tachycardia. 
Correction of electrolyte abnormalities (hypo
kalaemia and hypomagnesaemia in particular) is 
important in rrurumizmg arrhythmogenesis. 
Diazepam is the first-line treatment for seizures, 
though persistent seizures mandate intubation, 
paralysis and mechanical ventilation. 

With severe poisoning, more aggressive means 
to clear serum theophylline are required. 
Haemoperfusion is more effective than haemodia
lysis and is the treatment of choice. Charcoal 
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haemoperfusion should be considered in all 
patients with life-threatening toxicity (seizures 
and tachyarrhythmias not responding to other 
therapy). 

BETA-BLOCKERS 

Beta-blocking drugs are used mainly in the man
agement of hypertension and ischaemic heart dis
ease. They are also prescribed for symptomatic 
control in hyperthyroidism and anxiety states. 
They act by competitive antagonism at the beta
adrenergic receptors in the heart, peripheral vas
culature, bronchi and elsewhere. There are a large 
number of different drugs in this class and there 
are considerable differences in toxicity depending 
on the individual pharmacological properties. The 
most important of these properties are lipid solu
bility, cardioselectivity and anti-arrhythmic activ
ity. Propranolol has high lipid solubility and is a 
non-selective beta-blocker. Most experience is with 
propranolol, and the majority of fatalities from 
beta-blocker overdose have been with this drug. 
Atenolol and metoprolol are relatively cardioselect
ive with low lipid solubility. Sotalol has anti
arrhythmic activity and ventricular arrhythmias 
(particularly torsades de pointes) may occur. 

Tox i c i ty 

Most beta-blockers are rapidly absorbed and ser
ious symptoms usually appear within 30 min to 2 h 
post ingestion. Symptoms may be delayed if long
acting preparations ha e been taken. The toxic 
manifestations are mainly cardiovascular and 
neurological. A bradycardia is usually the first sig 
to appear, and various degrees of heart block occur, 
from first-degree to complete heart block, bw1dle 
branch blocks and asystole. Hypotension occurs 
secondary to bradycardias and myocardial depreE
sion. Susceptible patients can develop cardiac fail
ure and pulmonary oedema. 

The more lipid-soluble agents have significant 
neurological manifestations. Alterations in mental 
status are common, ranging from drowsiness and 
mild confusion to convulsions and coma. Coma 
may also be due to cardiovascular collapse. The 
pupils are dilated and hallucinations have been 
reported. 
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Tox i c  d o s e s  a n d  s a l i cy l at e  l eve l s  

Knowledge of the ingested dose helps predict 
which patients are at risk of significant toxicity, 
and serum salicylate concentrations may guide 
management strategies. Acute ingestions of more 
than 120 mg kg-1  can be expected to cause some 
symptoms. Ingestions of more than 250 mg kg-1 
will cause moderate to severe toxicity, and doses 
more than 500 mg kg-1 usually cause severe tox
icity and are potentially fatal. Serum salicylate 
concentration should be measured at 4 h  post 
ingestion and every 2 h  thereafter until a peak 
concentration is reached. Levels of greater than 
700 mg 1-1 (5 mmol l-1)  are associated with severe 
toxicity and are an indication for haemodialysis. 
However, it is the clinical features that are more 
important in deciding management, as some 
patients who present late may have low salicylate 
concentrations in the presence of significant 
acid-base and CNS disturbances. 

Treat m e n t  

Gastric lavage can be considered in adults who 
present within an hour of a significant overdose. 
Charcoal should be given to all patients and 
repeat doses have been recommended as they 
may enhance elimination. All patients with symp
toms will have some degree of dehydration and 
should be rehydrated with intravenous fluids. 
Large volumes may be required. Low-dose bicar
bonate will enhance elimination in patients with 
marked toxicity. It is essential that hypokalaemia is 
also corrected. Serum electrolytes, ABGs and pH 
and glucose should be checked regularly. Central 
venous access will help guide fluid replacement in 
moderate to severe poisoning. 

Haemodialysis is the treatment of choice for 
severe poisoning and significantly increases elim
ination of salicylate. It also has the advantage of 
simultaneously correcting fluid and electrolyte 
abnormalities. 

N O N-STERO I DAL ANT I - I N F LAM MATORY 
DRUGS  

With the increased use and availability of 
non-steroidal anti-inflammatory agents (NSAIDs) 
intentional overdoses have increased. Significant 

morbidity in acute overdose is generally low. 
However, there are rare reports of large ingestions 
causing coma, metabolic acidosis, acute renal fail
ure, seizures and death. Usually, supportive treat
ment is all that is required. The symptoms and 
signs are largely similar for all NSAIDs in over
dose, with the exception of mefenamic acid, which 
causes convulsions much more commonly than 
the other agents. 

Ibuprofen is the commonest NSAID encountered 
in overdose. The main symptoms are nausea, vom
iting, abdominal pain, diarrhoea and haemateme
sis. Headache, tinnitus and confusion can also 
occur. Renal failure is most likely in patients with 
Lmderlying renal disease. Ibuprofen ingestions of 
less than 100 mg kg-1 are unlikely to cause signifi
cant symptoms and no treatment is required. For 
ingestions greater than this, activated charcoal 
may be given if the patient presents within an hour 
of ingestion. Adequate hydration should be main
tained with intravenous fluids, and electrolyte 
abnormalities should be corrected. Seizures are 
treated with diazepam. Patients who have signifi
cant symptoms should be admitted for 24 h. 
Patients who are asymptomatic 6 h  after ingestion 
can be considered medically fit for discharge. 

XANTH I N E S  

Theophylline and aminophylline (a theophylline 
derivative) are commonly used as adjuvant ther
apy in asthma and chronic obstructive airways 
disease. Theophylline has a narrow therapeutic 
index. Caffeine is a methylxanthine and in toxic 
doses shares similarities with theophylline poison
ing, but serious side-effects are rare. 

Tox i c i ty 

Gastrointestinal, cardiovascular and metabolic 
side-effects are commonest. In mild to moderate 
poisoning there is nausea, vomiting (often severe), 
haematemesis and diarrhoea. Tachycardia, agita
tion, dilated pupils, tremor, confusion, hypo
kalaemia and hyperglycaemia also occur. Severe 
poisoning is characterized by cardiac arrhythmias 
and hypotension. Seizures occur, particularly 
in those with a history of epilepsy, and are associ
ated with significant morbidity Hyperthermia, 



Table 1 5.6: Dosage regimen for NAC 

1 50 mg kg- 1 NAC in 200 ml 5% dextrose infusion 
over I S min  

50 mg kg- 1 NAC in 500 ml  5% dextrose infusion 
over next 4 h  

I 00 mg kg- 1 NAC i n  1 1  5% dextrose infusion over 
next 1 6  h 

death from fulminant hepatic failure. The current 
i_ntravenous regimen for NAC (in adults) is given 
in Table 15.6. 

Intravenous NAC may cause nausea, flushing, 
pruritus and an urticarial rash. Very occasionally, 
more pronounced anaphylactoid reactions occur, 
with angio-oedema, bronchospasm and hypoten
sion. These reactions usually occur at the start of 
the infusion, or when it has been given more 
quickly than recommended. The infusion of NAC 
should be stopped and intravenous antihistamine 
and steroids given as required. The infusion can 
then be restarted at 25% of the initial rate, and 
increased as tolerated . Another antidote is methio
nine, which acts as a glutathione precursor and 
is given orally. However, it cannot be given to 
patients with nausea and vomiting and, unlike 
NAC, it has not been shown to be of significant 
benefit in patients who present after S h. 

Fulminant hepatic failure from paracetamol 
poisoning has a mortality of around 50% and 
depends on age, use of NAC and the degree of 
encephalopathy on presentation. Some patients at 
high risk of fulminant liver failure will benefit 
from liver transplantation, and specialist advice 
should be sought early in those patients with evi
dence of significant toxicity. The international nor
malized ratio (INR) is the most specific index of 
liver damage and values of greater than 2 at 24 h, 
4 at 48 h or 6 at 72 h indicate severe hepatic injury. 

The plasma paracetamol treatment graph can
not be used to estimate risk of hepatotoxicity after 
a staggered overdose, and such patients should be 
treated with a full course of NAC and then man
aged according to the blood results (INR, ALT, 
creatinine) post infusion. 

5AL ICYLATES  

Aspirin (acetylsalicylic acid) is widely used for its 
analgesic, anti-inflammatory and antithrombotic 
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Table 1 5. 7: Features of salicylate poisioning 

Mild Moderate Severe 

Nausea Hyperventilation Dehydration 
Vomiting Sweating Confusion 
Abdominal pain Tremor Lethargy 
Tinnitus Deafness Convu lsions 
Flushing Metabolic acidosis Coma 

actions. Understanding and management of the 
complexity of salicylate overdose has improved 
considerably over the years but fatalities, some of 
which should be preventable, still occur. 

Path  o p  hys i o l  o g y  

Salicylate overdose causes a mixture of acid-base 
disturbances. Initially, salicylate stimulates the res
piratory centre leading to hyperventilation and a 
respiratory alkalosis. This is followed by a period 
of renal compensation with loss of bicarbonate, 
sodium, potassium and water in the urine (com
pensatory metabolic acidosis). At the same time, 
salicylate Lmcouples oxidative phosphorylation 
leading to reduced oxygen utilization and an 
increase in lactate and other organic acids. In add
ition, high levels of salicylate derivatives (which 
are weakly acidic) contribute to the metabolic acid
osis. As the pH falls, there is an increase in the 
tmionized proportion of salicylate and a greater 
diffusion across the blood-brain barrier, exacerbat
ing central nervous system (CNS) toxicity. 

Tox i c i ty 

The clinical features depend on age, dose ingeste 
and stage of presentation. The elderly and the 
yDLmg are more susceptible to serious toxicity. A 
metabolic acidosis develops rapidly post ingestion 
in infants and small children, and a respiratory 
alkalosis is rarely seen under 4 years of age. 

The correlation of symptoms with severity of 
poisoning is shown in Table 15.7. The more severe 
the acidosis, the more prominent the CNS effects. 
Electrolyte abnormalities such as hypokalaemia, 
hypo- or hypematraernia, and hypo- or hypergly
caemia also present. Hypoglycaemia is commone 
in children. Pulmonary oedema and renal failure 
are other complications. 
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(approximately 5%) is metabolized by the hepatic 
cytochrome P450 enzyme system to a toxic 
intermediary, N-acetyl-para-benzoquinoneimine 
(NAPBQ). This is normally rapidly detoxified by 
conjugation with hepatic glutathione. In overdose, 
there is saturation of the normal glucuronide 
and sulphate conjugation pathways and increased 
NAPBQ production. The am0tmt of glutathione 
available to detoxify the increased NAPBQ is 
limited, and once hepatic glutathione stores are 
exceeded NAPBQ binds with intracellular sul
phydryl groups and causes an acute hepato
cellular necrosis. A small amount of paracetamol 
metabolism occurs in the kidneys, and saturation 
of renal pathways leads to acute tubular necrosis. 

Paracetamol toxicity is in itially asymptomatic .  

Initially, patients are usually asymptomatic 
despite having taken a potentially lethal overdose. 
Some patients have nausea, vomiting and abdomi
nal pain. Drowsiness and metabolic acidosis have 
been reported after very large overdoses. Initial 
nausea usually settles within 24 h, and this is 
followed by the onset of right subcostal pain and 
tenderness, indicating the development of liver 
damage. Some may also have renal tenderness and 
oliguria. At 16-24 h post ingestion, prothrombin 
time, alanine aminotransferase (ALT), aspartatate 
transaminase (AST) and bilirubin levels start to 
rise. Nausea and vomiting reappear. Peak hepato
toxicity occurs 3 -4 days after ingestion and a peak 
ALT or AST greater than lOOO IU l-1 indicates 
significant hepatotoxicity. Jaw1dice can appear 
around this time. Patients who have taken large 
overdoses may develop fulminant hepatic failure 
with progressive encephalopathy, coagulopathy 
and haemorrhage, renal failure, hypoglycaemia, 
coma and death. Other patients with lesser degrees 
of hepatic failure will start to recover from the third 
or fomth day and complete recovery is usual. 

Treatm e n t  

The treatment of patients presenting after a para
cetamol overdose depends on the dose ingested, 
whether the patient is from a high-risk group for 
hepatotoxicity, and the time post ingestion. 

Those patients at risk of liver damage and requir
ing treatment can be identified by considering the 
plasma paracetamol level in relation to the time of 
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Figure 1 5. 1 :  Paracetamol treatment graph. 

ingestion using the paracetamol treatment graph 
(Fig. 15.1) .  This is a graph of plasma paracetamol 
concentrations versus time post ingestion and clas
sical ly shows two suggested treahnent lines. These 
were initially developed from observation of the 
natural history in untreated patients and form the 
basis of the guidelines on paracetamol poisoning 
issued by the UK National Poisons Information 
Service to all emergency departments. Those 
patients whose plasma paracetamol levels are 
above the appropriate treatment line at a given 
time require treatment. It is important that sam
ples are not taken less than 4 h after ingestion, as 
early levels can be misleading. 

Where there is doubt about the timing of i ngestion 

or the need to treat, the rule must be to treat. 

N-Acetylcystei.ne (NAC) is the specific antidote 
for paracetamol poisoni.ng and acts as a glutathione 
precursor preventing glutathione depletion and 
NAPBQ-induced hepatotoxicity. If given within 
8-lO h  post ingestion it affords maximwn protec
tion against hepatotoxicity. The efficacy of NAC 
declines thereafter, but if it is given within 1 6 h  ful
mina.nt hepatic failure will be averted. Studies have 
also shown that the use of NAC up to 72 h post 
overdose significantly decreases both the progres
sion to grade 3 and 4 hepatic encephalopathy and 



risk of aspiration and oesophageal rupture. 
Profound bradycardia leading to asystolic arrest 
has been recorded with gastric lavage after car
diotoxic ingestions (beta-blockers, calcium channel 
blockers etc.), and pretreatment with atropine to 
counteract any increased vagal activity in such situ
ations is recommended. There are few indications 
for gastric lavage in children. 

W h o l e  b owe l  i r r i gat i o n  

Whole bowel irrigation (WBI) both decontami
nates and enhances elimination by flushing the 
bowel of solid contents. A polyethylene glycol solu
tion is administered orally (or via nasogastric tube) 
until the rectal effluent becomes clear (usually 
within 2-6 h). The exact role of WBI has yet to be 
determined, but current indications include use in 
'body-packers' (drug smugglers who have ingested 
multiple small packets of illicit drugs), for lithium 
and iron poisoning (both poorly adsorbed by char
coal), and in some sustained-release preparation 
overdoses. If indicated, activated charcoal may 
be given before starting WBI. Nausea, vomiting, 
mild bloating and rectal irritation may occur, and 
antiemetics are useful. 

Al ka l i n e  d i u re s i s  

Urinary alkalinization and forced diuresis was 
used in salicylate poisoning, on the basis that 
weak acids such as salicylate are more water solu
ble when ionized and are thus excreted in much 
greater concentrations when the urine has been 
alkalinized. Again, no clinical benefit has been 
demonstrated. Low-dose regimens of bicarbonate 
administration are sometimes still recommended 
for severe salicylate overdose. 

H a e m o d i a l y s i s  

Haemodialysis to increase elimination is used 
rarely in severe poisonings which are not other
wise easily treated by less invasive means. For 
haemodialysis to be effective the poison must be 
highly water soluble, have low molecular weight, 
a low volume of distribution and low protein bind
ing. The most common indications are severe poi
soning with methanol, ethylene glycol, lithium 
and salicylates. 
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C h arcoa l  h a e m o p e rfu s i o n  

Charcoal haemoperfusion is where the patient's 
blood is pumped through a charcoal cartridge. 
For it to be effective the toxin must have a high 
affinity for charcoal and a low volume of distribu
tion. Side-effects with haemoperfusion are more 
common than with haemodialysis and it is usually 
reserved for severe theophylline poisoning. 

MANAG EMENT OF  S P E C I F I C  
PO I SON INGS  

It is essential to approach the symptomatic patient 
methodically. The initial treatment priorities are as 
discussed above. 

PARACETAMOL 

Paracetamol is widely used a s  an analgesic and anti
pyretic agent. It is the most commonly reported 
cause of self-poisoning in the UK. 

Tox i c i ty 

Individual susceptibility to toxicity in overdose 
varies, but doses of greater than 150 mg kg-1 or 12 g 
(24 tablets) can cause significant toxicity in adult 
patients. Doses of less than 125 mg kg-1 are unlikely 
to cause liver damage in healthy adult patients. 
However, there are a number of high-risk groups f 
patients who are more susceptible to paracetam 1 
hepatotoxicity (Table 15.5). 

In therapeutic doses paracetamol is largely 
metabolized in the liver to inactive glucuronide 
and sulphate conjugates. A small proportio 

Table 1 5.5: Patients at increased risk of paracetamol 

toxicity 

Pre-existing liver disease 
Malnourished/anorexic 
HIV positive 
Raised cytochrome P450 activity: 

Drugs - anticonvulsants, rifampicin 
Chronic alcoholics 
Chronic paracetamol ingestion 
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D E C ONTA M I NAT I O N  AND E N HANC ING  
E L I M I NAT ION  

Common sense suggests that when a poisonous 
substance has been ingested, efforts to remove it 
and prevent absorption should help reduce tox
icity. However, most of the methods employed in 
the past are relatively inefficient, have been over
used, and have not been shown to improve clinical 
outcome. 

E m e s i s  

Syrup of ipecacuanha (ipecac) has been widely 
used in the past to induce vomiting after toxic 
ingestions. It can cause drowsiness, aspiration and 
prolonged vomiting after use and there is no sub
stantial evidence for any clinical benefit. As a 
result, it is no longer used. 

There are no current indications for the use of 

induced emesis. 

Act i va ted  c h arcoa l  

The rationale for activated charcoal is that many 
drugs are carbon based and have side-chains that 
will adhere to charcoal. Activated charcoal has a 
very large surface area and adsorbs poisons in the 
gastrointestinal tract, preventing absorption and 
thereby reducing the likelihood of systemic tox
icity. However, there is no strong evidence that 
clinical outcome after overdose is improved. The 
current recommendations are that a single dose of 
activated charcoal may be considered if a poten
tially toxic amount of a poison (which is known to 
be adsorbed to charcoal) has been ingested up to 
1 h previously. 

Charcoal may be useful in some potentially toxic 

overdoses V-.:ithin an hour of ingestion. 

Charcoal does not effectively bind cyanide, iron, 
lithium, heavy metals, alcohols, strong acids or 
alkali. Although charcoal is relatively safe, aspir
ation can occur if there is inadequate airway pro
tection, and constipation and obstruction have been 
reported where repeat doses were used. A dose of 
l g kg-1 is recommended for children and 50 g for 
adults. Charcoal is unpleasant to take, but may be 

Table 1 5.4: Gastric lavage 

Ensure patient is capable of airway protection. 
Otherwise arrange intubation first. 

Give oxygen via nasal cannulae. Lie patient head 
downwards in left lateral position. 

Check suction. 
An oral airway or mouth-guard should be placed 

between the teeth to prevent biting of the tube. 
Lubricate and insert large-bore (36-40 French 

gauge) orogastric tube. 
Aspirate stomach contents. 
Use small cycle lavages I 00-200 ml of water and 

then aspirate. It is not necessary to lavage until 
effluent is clear, and lavage is rarely indicated 
beyond 5 min unless tablets are still returning. 

Consider leaving activated charcoal in the stomach. 
On withdrawing tube, occlude it between the 

fingers to prevent aspiration of flu id from 
the tube. 

more palatable if chilled or mixed with fruit juice 
(though this may affect efficacy). An alternative is 
administration via a nasogastric tube. 

Repeat doses may be useful in some overdoses 
involving sustained-release preparations (veraparnil 
and theophylline). Repeat doses of charcoal are 
thought to enhance elimination by interrupting the 
enterohepatic circulation of some drugs. Another 
possible mechanism is that the charcoal maintains 
a minimal drug concentration in the intestinal 
lumen and free drug diffuses back into the intes
tine down a concentration gradient, binds to char
coal and is excreted (a sort of 'gastrointestinal 
dialysis'). 

G as t r i c  l avage  

The role of gastric lavage (Table 15.4) has also been 
reconsidered recently. There is no evidence that it 
improves clinical outcome and it can cause signifi
cant morbidity. The current advice is that gastric 
lavage should only be considered if a patient has 
ingested a potentially life-threatening amount of 
poison and the procedure can be undertaken 
within 1 h of ingestion. It should also be considered 
in unconscious patients where the timing and type 
of ingestion is often unclear. Contraindications 
include loss of airway protective reflexes 
(decreased level of consciousness) and corrosive or 
hydrocarbon ingestion. Complications include a 



theophylline, digoxin, methanol, carbamazepine 
and phenytoin. 

• Drug screening is available in few centres, is 

rarely useful, and should only be done on spe
cialist advice. 

• Electrocardiography (ECG) should be done if 
the patient is unconscious, has an arrhytlunia, 
or has taken a potentially cardiotoxic overdose. 
A QRS complex of greater than 100 ms (2.5 small 
squares) in one or more limb leads can be 
predictive of arrhytlunias and seizures after a 
tricyclic antidepressant overdose. Conduction 
blocks and QT prolongation are also seen with 
other pro-arrhytlunic drugs. 

• X-rays are usually only required for specific 
indications (e.g. suspicion of aspiration, iron 
tablet ingestion etc.) .  

TREATMENT  

There are two main elements to managing poi
soned patients. The first is t11e provision of good 
supportive care and the second is decontamination 
or elimination enhancement measures. Effective 
antidotes are only available for a small munber of 
poisons. The most common of these are listed in 
Table 15.3 and their use is discussed in the text. 

S U PP O RT IVE  CARE 

Supportive care i s  directed a t  preventing o r  limit
ing the complications of a toxic exposure and is the 
cornerstone of good management. It is essential to 
ensure a patent airway, adequate ventilation and 
effective circulation. However, a number of spe
cific complications are worth considering: 

• Bronchospasm usually responds to standard 
bronchodilators. 

• Hypotension can result from relative hypo
volaemia, arrhythmias, decreased peripheral 
resistance or a direct myocardial depressant 
action of some toxins. 

• Hypertension. The cause should be treated. 
Diazepam is usually sufficient after sympatho
mimetic overdoses. If pulmonary oedema, car
diac ischaemia or encephalopathy is present a 
vasodilator should be considered. 
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Table 1 5.3 :  Poisons and specific antidotes 

Poison 

Benzodiazepines 
Beta-blockers 
Carbon monoxide 
Cyanide 

Digoxin 
Ethylene glycol 
I ron 
Methanol 
Opioids 
Organophosphates 
Paracetamol 

Antidote 

Flumazeni l  (rarely needed) 
Glucagon 
Oxygen 
Dicobalt edetate, 

hydroxocobalamin 
Digoxin Fab fragments 
Ethanol 
Desferrioxamine 
Ethanol 
Naloxone 
Atropine, pralidoxime 
N-acetylcysteine, methionine 

• Cardiac arrhytlunias. Hypoxia, acidosis and 
electrolyte abnormalities should be corrected. 
Tachyarrhytlunias are rarely associated with 
serious perfusion problems and usually require 
monitoring alone. Bradycardias are more 
sinister. Initial treatment is with atropine and 
any specific antagonist, depending on the cause 
(e.g. bicarbonate for tricyclic antidepressants, 
glucagon for beta-blockers and calcium for 
verapamil). Inotropic agents and pacing may 
be required. 

• Cardiac arrest. The management of a cardiac 
arrest after poisoning follows standard advanced 
cardiac life support (ACLS) protocols. Howeve1� 
a number of important aspects are wortl1 noting. 
First, poisoned patients often have a reversible 
cause for their arrest and are usually in good gen
eral healtl1. Second, some antidotes given dur
ing cardiopulmonary resuscitation (CPR) prompt 
ilrunediate reversal of effects, and successful 
resuscitation has been doclllnented after pro
longed CPR in a range of different overdoses. 
Hence, it is important to think of possible anti
dotes and be prepared to prolong resuscitative 
efforts when appropriate. 

• Convulsions. Hypoxia and hypoglycaemia 
should be sought and corrected. Diazepam 
(usually as Diazemuls®) is the treatment of  
choice. 

• Hyperthermia. This is treated il1itially with 
cooling. Diazepam and dantrolene may be 
required, and occasionally paralysis and mech
anical ventilation are needed. 
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required to  protect against further compromise or 
aspiration. Assessment of the gag reflex is not par
ticularly useful, as its presence does not exclude 
the possibility of aspiration, and testing may pro
voke vomiting. Evaluation of breathing involves 
measuring the respiratory rate and assessing the 
adequacy of ventilation. Observation, auscultation 
of the chest, and oxygen saturation will confirm 
adequate ventilation in most cases, though arter
ial blood gases should be checked if any doubt 
remains. Evidence of inadequate ventilation 
requires immediate correction. Where the cause is 
not readily reversible (as with naloxone in opiate 
overdose), assisted ventilation is necessary (intub
ation and mechanical ventilation). Evaluation of 
the circulation includes a baseline pulse rate and 
blood pressure (BP). Serious poisonings require 
continuous electrocardiograph monitoring and 
regular BP checks. 

After assessment of ABC, a complete physical 
examination is tmdertaken to look for other signs 
of poisoning, injection marks, trauma (head injury 
or self-injury) and other disease (e.g. sepsis). 
In cases where unknown tablets have been taken, 
clues as to the type of agent taken will often arise 
during the course of the examination. 

The neurological assessment is particularly 
important. An altered level of consciousness is a 
frequent complication of poisoning and ranges 
from mild drowsiness to agitation, delirium, coma 
and seizures. A Glasgow Coma Scale (GCS) of 8 or 
less strongly suggests that the patient may be 
w1able to protect their airway and intubation is 
required. Pupil size and reaction are affected in 
many poisonings, and muscle tone, reflexes and 
the presence of myoclonic jerks or dystonias 
should also be noted. 

A baseline body temperature should be recorded 
as many agents cause hyperthermia. Auscultation 
of the chest, in addition to assessing ventilation, 
may reveal evidence of aspiration, pulmonary 
oedema or bronchospasm. 

A number of specific toxic syndromes may be 
identified on examination. The more common of 
these are listed in Table 15.2. 

I NVEST IGAT IONS  

The individual clinical picture dictates what 
diagnostic investigations (if any) are required. The 

Table 1 5.2: Toxic syndromes 

Opioid (heroin, methadone, codeine): 
CNS depression, respiratory depression, 
hypotension, bradycardia, miosis, hyporeflexia, 
rapid response to naloxone 

Sympathomimetic (cocaine, amphetamine, 
theophylline): 

CNS excitation (agitation, paranoia, seizures). 
tachycardia, hypertension, hyperpyrexia, 
sweating, mydriasis, hyper-reflexia and tremor. 
Often raised glucose, low potassium and acidosis 

Anticholinergic (antidepressants, anti psychotics, 
antihistamines): 

Delirium, hallucinations, tachycardia, dry mouth, 
dry skin, hyperthermia, di lated pupils, j, bowel 
sounds, urinary retention 

Cholinergic (organophosphates): 
Sweating, lacrimation, diarrhoea, vomiting, 
urination, miosis, bradycardia, muscle cramps, 
fascicu lations, paralysis 

Serotoninergic (SSR/s): 
Mental status changes (hypomania, confusion, 
agitation), fever, hyper-reflexia, myoclonus, 
sweating, diarrhoea 

following are needed most often: 

• Blood glucose should be checked in all uncon
scious patients. 

• Urea and electrolytes and liver function tests 
are usually done as baseline investigations in 
any ingestion with potentially significant tox
icity, as well as in tmconscious patients. Many 
poisonings cause specific electrolyte abnor
malities (e.g. hyperkalaemia in acute digoxin 
poisoning). 

• Arterial blood gases (ABGs) should be taken in 
patients who appear to have respiratory depres
sion, are unconscious, or may have taken tri
cyclic antidepressants. ABGs are also required 
in suspected CO poisoning and to estimate 
acidosis after methanol, ethylene glycol and 
salicylate poisoning. 

• Drug levels are useful for certain poisonings, 
but are not routinely required . Paracetamol and 
salicylate levels are most frequently done. They 
should not be requested on all poisoned 
patients, but are useful in unconscious patients 
and tmreliable historians. Other poisonings 
where levels are useful include iron, lithium, 



Table 1 5. 1 :  Regional Poisons I nformation Centres 

Belfast 
Birmingham 
Cardiff 
Dubl in 
Edinburgh 
London 
Newcastle 

0 1 232 240503 
0 1 2 1  507 5588 
0 1 222 70990 I 
0 1 837 9964 or 0 1 837 9966 
0 1 3 1 536 2300 
020 7635 9 1 9 1  or 020 7955 5095 
0 1 9 1 232 5 1 3 1  

toxicity of new products, rare ingestions or expos
ures, new developments and changes in existing 
practice. 

Toxbase is an on-line computer database of 
poisons information run by the National Poisons 
Information Service centre in Edinburgh. It covers a 
range of drugs, household products and industrial 
chemicals and is used in many departments. 

Unknown tablets can sometimes be identi
fied from descriptions in the British National 
Formulary or the MIMS Colour Index. The Poisons 
Information Centres also use TICTAC, which is a 
computer-aided tablet and capsule identification 
system. For identification of plants and fw1gi, 
the CD-ROM package from the Royal Botanical 
Gardens, Kew, and the London Poisons Unit, 
Poisonous Plants in Britain and Ireland, is a 
valuable resource. 

G EN E RAL MANAG E M E NT P R I N C I PLES 

Most poisoned patients will initially present to an 
emergency department. Seriously poisoned patients 
will require admission to a medical ward or inten
sive care unit (ICU). In some North American cen
tres, patients are admitted under the care of a 
dedicated medical toxicologist or a physician with 
a specific interest in toxicology. In the UK, most 
poisoned patients who require admission are man
aged by the medical team on call, though increas
ingly many of the less toxic poisonings are managed 
by emergency physicians on an observation ward. 
When patients present late at night or in the early 
hours of the morning, even if there is no risk of tox
icity, admission for a short period to an observa
tion ward can be helpful in defusing the emotional 
circumstances that precipitated the overdose and 
allowing a clearer psychological assessment later 
in the morning. 
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EVALUAT ION  O F  T H E  P O I S O N E D  
PAT I ENT  

H I STORY 

A thorough history is essential in determining 
management and assessing the risk posed by a 
particular poisoning. The important historical fac
tors include what exactly was taken, when it was 
taken, how it was taken, how much was taken, 
why it was taken, and what else was taken (multi
drug overdoses are common, and alcohol is a fre
quent co-ingestant). 

What was taken, when and why? 

Many patients are alert and co-operative, and 
contrary to common opinion, most conscious 
patients give a fairly accurate history. Details of the 
time of ingestion and type of tablet are usually rea
sonably accurate, though actual doses ingested are 
less precise. Histories are less reliable in patients 
with a persistent high suicidal intent, patients in 
custody, and where illicit drugs are involved. In 
patients who are intoxicated or unconscious, infor
mation and corroboration are often available from 
friends, relatives and ambulance staff. Empty bot
tles or tablet packets may give a clue to possible 
doses ingested. 

Knowledge of the patient's past medical 
history and any current medication is helpful, a 
toxicity may be potentiated in certain situations 
(e.g. increased toxicity of paracetamol in alco
holics) . Having evaluated the medical risk, an 
appraisal of suicide risk must also be made. The 
process of evaluating the mental state and suicide 
risk of patients attending the emergency depart
ment after deliberate self-harm is discussed in 
Chapter 34. 

EXAM I N AT ION 

As with any patient attending ai1 emergency 
department, physical assessment of the poisoned 
patient starts with the ABC (airway, breathing and 
circulation). The patie t must be capable of 
maintaining and protecting a patent airway. H 
there is any doubt, active airway management i� 
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I NTRODUCT ION 

Poisoning is a corrunon cause of presentation to 
emergency departments in the UK and accounts 
for up to 10% of acute medical admissions. 
However, the mortality from acute poisoning is 
less than 1 % and the vast majority of patients will 
make a rapid and complete recovery with good 
supportive care. The challenge is to identify those 
poisonings that are most likely to cause serious 
complications and morbidity and to institute 
appropriate treatment promptly. 

P O I S O N I N G  I N  C H I LDREN  

Accidental poisoning is the corrunonest form of 
toxic exposure in childhood. Most incidents 
involve inquisitive toddlers (1-5 years) sampling 
household chemicals and any tablets they come 
across. Serious morbidity is rare. Poisoning in a 
small number of cases in this age group can be due 
to non-accidental injury where a carer deliberately 
poisons the child, and clinicians should be vigilant 
for any suspicious circumstances (e.g. tablet inges
tion by an infant who is not yet mobile). 

Older children and adolescents may present to 
the emergency department after alcohol or drug 
experimentation or misuse, but rarely require treat
ment. Deliberate self-poisoning is uncorrunon in 
childhood but should be considered in children over 

C H A P T E R  F I F T E E N  

• Evaluation of the poisoned patient 
• Treatment 
• Management of specific poisonings 
• Further reading 

5 years old with normal intellectual development 
(often there is a family history of self-poisoning). 
Most of these children will need admission for 
psychological assessment, even if the poisoning is 
trivial. 

ADULT P O I SO N I N G  

Accidental poisoning is largely due to chemical 
exposure at work or at home. Deliberate self
poisoning is the corrunonest cause of poisoning 
in adults. Motives for these overdoses vary from 
impulsive parasuicidal gestures (often younger 
adult females) to serious suicidal attempts. 

After deliberate self-poisoning all patients wil l need 

a psychiatric assessment. 

I N FORMAT I O N  O N  P O I S O N I N G  

In the UK and many other countries a network of 
Poisons Information Centres provides 24-h tele
phone advice on the toxicity and management 
of poisonings (Table 15.1) .  An information officer or 
pharmacist initially answers enquiries, and medical 
toxicology staff are available for advice on more 
complex cases. In addition to a large database of 
information on poisonings, the Poisons Informa
tion Centres will have access to information on the 



A standard blood profile should be obtained 
and at least 8 units of blood cross-matched. If the 
patient is shocked, 0-negative and type-specific 
blood should be requested. Once the diagnosis has 
been made the patient should be rapidly trans
ferred to the operating theatre for repair of the 
aneurysm. 

If the diagnosis is less clear or the aneurysm is 
perceived to be a coincidental finding on clinical 
examination, certain investigations are essential. 
In particular it is important to exclude pancreatitis, 
myocardial infarction (ECG) and mesenteric ischae
mia. An urgent ultrasoLmd examination in the resus
citation room will often diagnose the presence of 
an abdominal aneurysm. 
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Management should be aimed mainly at obtain
ing immediate senior surgical help. In the mean 
time, high-flow oxygen should be administered, 
two large-bore intravenous cannulae inserted and 
judicious crystal.lo.ids administered to maintain the 
systolic blood pressure at around 90 mm.Hg. Intra
venous opiates can be given slowly in patients with 
severe pain as long as the blood pressure is stable. 

f U RTHER  READ I N G  

Moore, K. and Ra1makha, P. (1997) Oxford Handbook of 

Acute Medicine. Oxford University Press, Oxford . 
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related to the passage o f  a hard stool that tears the 

anal lining. Patients often report the presence of a 
small amount of blood on the toilet tissue. Pain 
results in spasm of the sphincters and rectal exam
ination is often impossible. The fissure, if seen, is 
usually in the posterior mid-line. 

Treatment is with topical and oral analgesics 
(constipating agents must be avoided) and the 
fissure will usually heal spontaneously. It is import
ant to beware of underlying pathology such as 
inflammatory bowel disease and malignancies. 

H ae m o r r h o i d s  

Patients present to emergency departments usually 
as the result of one of three complications of piles. 

HAEMORRHAGE 

Bleeding is typically fresh and on to the surface of 
the stool. This usually responds to faecal softening 
agents but the patient may need further investiga
tion to rule out a more sinister cause for rectal 
bleeding. 

PROLAPSE  

Patients present with pain. Reduction of  the pro
lapsed pile may be possible after a period of appli
cation of ice with the patient resting in a head-down 
position. If pain is severe and the pile irreducible, 
early surgery may be necessary. If reduction of the 
pile is successful, use of faecal softeners is recom
mended to prevent recurrence. 

THRO MBOS IS  

A thrombosed prolapsed haemorrhoid causes 
severe pain and the only treatment is surgical 
excision. 

P e r i a n a l  h ae m at o m a  

This is sometimes referred to as a thrombosed exter
nal pile. It is actually a haematoma that follows rup
ture of a perianal vein. Relief from the acute pain can 
be achieved by incision to release the haematoma. 
Otherwise spontaneous recovery will occur. 

R e c t a l  fo re i g n  b o d i e s  

Emergency medicine folklore is full of tales of 
items retrieved from the rectums of the population 

Figure 1 4.5: A foreign body in the rectum. 

(Fig. 14.5) and imaginative explanations of how 
the foreign body got there. However, there are seri
ous potential consequences, not least rectal perfo
ration. Foreign bodies will usually require a 
general anaesthetic for removal. 

LEAK I N G  A B D O M I NAL AORT IC  
AN EURYSM 

This is not a gastrointestinal condition but is dis
cussed here as it often forms part of the differential 
diagnosis of abdominal emergencies. This vascular 
emergency presents in elderly patients who col
lapse suddenly, having complained of abdominal 
pain going through to the lumbar region. The pain 
may mimic that of left ureteric colic, radiating to 
the left groin. Patients will self-select depending 
upon the amount of initial haemorrhage. A com
plete rupture into the retroperitoneum or peri
toneal cavity leads to rapid death. Patients who 
survive to reach hospital will have had a limited 
haemorrhage which has temporarily tamponaded. 

Beware the elderly patient with new back pain or 
pain suggestive of left ureteric colic - they may have 

a ruptured aneurysm. 

A high index of suspicion is required to posi
tively exclude a leaking aneurysm in any patient 
who exhibits signs of cardiovascular collapse in 
association with abdominal pain. Clinical exam
ination will often reveal a pulsatile, tender mass 
that may extend into the groin. 



in making decisions about patients with suspected 
appendicitis. 

The white cell count is of l ittle use in diagnosing 

acute appendicitis. 

A variety of differential diagnoses should be 
considered if the history or examination is atyp
ical. Gastroenteritis, constipation, perforated peptic 
ulceration, cholecystitis, mesenteric adenitis, 
pyelonephritis and gynaecological disease may all 
masquerade as appendicitis. 

Intravenous fluids, analgesia and broad
spectrum antibiotics, including anaerobic cover, 
should be instituted. Referral to the surgical team 
for appendectomy is required. 

M ESENTER IC  I SCHAEM IA  AND 
I N FARCT ION  

Th.is results from interruption of the blood supply 
to the bowel. This may be due to occlusion of a 
major artery by an embolus or thrombosis in an 
artery or vein. 

Patients are usually elderly and often too ill to 
give a clear history. Pain associated with loose 
stools containing dark blood or clots is the com
monest symptom. Examination usually reveals 
distension with progressive signs of peritonism. 
Bowel signs are decreased. Atrial fibrillation will 
suggest an embolic cause for the ischaemia. 

Plain X-rays of the abdomen may show 'thumb 
printing', a sign of ischaemic bowel. The white 
blood cell cow1t will be non-specifically and signifi
cantly raised. Treatment consists of oxygenation, 
fluid therapy, analgesia and urgent referral to the 
surgical team. The patient is often very ill with 
other systemic disease. A period of stabilization on 
the intensive care unit may be appropriate. The 
prognosis is poor. 

D IVERT I C U LAR D I SEASE  AND  
D IVERT IC U L IT I S  

Inflammation of diverticulae occurs predom
inantly in the colon and may result in a variety of 
symptoms and signs. The incidence of diverticulae 
increases with age: 80% of people will have chronic 
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diverticulae by the age of 80 years. However, acute 
diverticulitis is becoming increasingly common 
from the fourth decade onwards, particularly in 
men. Diverticular disease may be complicated by 
haemorrhage or perforation, resulting in peritonitis 
or local abscess formation. Large bowel obstruc
tion may also occur. 

Symptoms are diverse and depend upon the 
severity of the disease and its complications. They 
include lower abdominal pain, vomiting, fever, 
dysuria and rectal blood loss. Clinical signs may 
be limited to localized tenderness or progress to 
frank peritonitis with signs of sepsis. A lower 
abdominal mass may be palpable. 

A standard investigation profile may reveal a 
high white cell count, a chronic anaemia, either 
large or small bowel obstruction, or free gas in the 
abdomen suggesting perforation. Blood and urine 
culhtres and a coagulation screen should be car
ried out if there are any signs of sepsis. 

Management initially consists of intravenous 
fluid therapy, analgesia and appropriate antibi
otics (cefuroxine and metronidazole). The patient 
should be referred to the surgical team. 

PERIANAL PROBLEMS  

Although rarely life-threatening, these conditions 
cause considerable distress and are a common 
cause of presentation to the emergency department. 

A b s c e s s e s  

Patients present with pain, often made worse by sit
ting and defecation. In the case of perianal abscess, 
an obvious tender fluctuant mass at the anal margin 
will be seen. Ischio-rectal abscesses are deeper and 
may only be found by rectal examination. Although 
most are simply the result of infection of the anal 
glands, a number have significant underlying 
pathology, such as fishtlae, inflammatory bowel dis
ease, fissures and tumours. Patients should there
fore be admitted and the abscess drained under a 
general anaesthetic following examination under 
anaesthetic and sigmoidoscopy. 

A n a l fi s s u re 

The patient complains of severe pain, most marked 
on defecation. The onset of symptoms is often 
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Figure 1 4.3: Distended loops of small bowel i n  a 

patient with small bowel obstruction. 

will appear, with tachycardia. Careful examination 
of the hernial orifices is essential (particularly 
femoral and inguinal) to exclude incarceration or 
strangulation. Volvulus may be due to adhesions 
(common in small bowel obstruction) or an associ
ated tumour (large bowel obstruction). 

Plain radiology of the abdomen will reveal dis
tended loops of small bowel and distension of the 
large bowel, depending on the site of the obstruc
tion and the competency of the ilea-caecal valve 
(Fig. 14.3). Occasionally other diagnostic features, 
such as the massively distended loop of a sigmoid 
volvulus (Fig. 14.4) or gas in the biliary tree indi
cating a gallstone ileus, may be seen. 

Initial management follows the basic principles 
of oxygenation, fluid therapy, pain relief, nasogas
tric aspiration and referral to the surgical team. 
Subsequent treatment will depend upon the clin
ical state of the patient and early progress with con
servative therapy. Confirmed strangulation and a 
volvulus with signs of imminent rupture merit an 
urgent surgical opinion and probably early opera
tive intervention. 

Figure 1 4.4: Sigmoid volvulus on a plain abdominal 

X-ray. 

A P P E N D I C I T I S  

This is the commonest acute surgical presentation 
to the emergency department. An inflamed appen
dix can present in a classic manner requiring no 
real investigations to confirm the diagnosis, or 
have a delayed and atypical presentation. 

Classically, initial nausea and dull central abdom
inal pain will move to the right lower quadrant after 
a number of hours. Other symptoms may include 
constipation, diarrhoea and frequency of micturition 
depending upon where the appendix lies. Examin
ation usually reveals a pyrexia and tenderness local
ized to the right iliac fossa. A delayed diagnosis may 
result in a very ill patient with signs of generalized 
peritonitis secondary to a perforated appendix. 

Minimal investigations are usually required to 
diagnose obvious appendicitis, although more dif
ficult cases may require limited investigation to 
exclude other pathologies. Although the white cell 
count is a favourite investigation of junior sur
geons, its value should not play a significant role 



often radiates to the right scapular region. Examin
ation reveals right upper quadrant tenderness. 

The main priority is pain relief. Pethidine is pre
ferred by some as it is said to relax the sphincter of 
Oddi at the lower end of the common bile-duct. 
Parenteral non-steroidal anti-inflammatory drugs 
are often also effective. Patients may require admis
sion for observation and pain relief. Investigation 
is by ultrasound to demonstrate the presence of 
calculi and definitive treatment is cholecystectomy. 

PANCREAT IT I S  

Acute inflammation of the pancreas has a multi
tude of triggers. The commoner causes in patients 
presenting to an emergency department include 
cholelithiasis, alcohol and blood-borne or lym
phatic infections. 

The presentation is varied depending on the 
severity of the attack. An acute attack is heralded by 
severe continuous epigastric pain radiating through 
to the back and lower chest. Nausea and vomiting 
may also be present. 

Examination findings depend very much upon 
where in the spectrum of severity the patient lies. 
Marked epigastric tenderness may be the only 
sign. In severe disease the patient may be coma
tose, hypotensive, pyrexial, and have abdominal 
rigidity. 

Standard investigations will reveal the diagno
sis (markedly raised amylase); however, a posterior 
perforation of a peptic ulcer can cause moderately 
raised amylase levels. In addition one needs to 
identify a possible cause and pre-empt any possible 
complications of the pfili.creatitis. Those patients at 
most risk are best identified using Ranson's criteria 
(Table 14.8), with any three criteria being indicative 
of severe pancreatitis. A mortality rate of 16% is 
quoted for those with three or four criteria and 
more than 40% with five or more criteria. Hence, 
close biochemical monitoring of arterial blood 
gases, blood sugar, potassium and calcium, as well 
as blood cultures to exclude systemic infection, is 
necessary. An early contrast-enhanced CT scan will 
confirm the diagnosis and provide information on 
the degree of pancreatic necrosis. 

Treatment is supportive and should be aimed at 
optimizing oxygenation and tissue perfusion with 
intravenous fluids. Pain should be treated with 
titrated intravenous analgesia. Nasogastric tube 
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Table 1 4.8: Ranson's criteria for severity of acute 

pancreatitis 

On admission: 
Age > 55 years 
White blood count > 1 6 000 mm-3 

Glucose > 1 1  mmo1 1- 1 

Lactate dehydrogenase > 350 IU 1- 1 

Aspartate aminotransaminase > 250 IU 1- 1 

During initial 48 h: 
Packed cell volume decrease > I 0% 
Blood urea nitrogen i ncrease > 1 .8 mmo1 1- 1 

Calcium < 2 mmo1 1- 1 

Arterial oxygen concentration < 60 mmHg 
Base deficit > 4 mmo1 1- 1 

Fluid sequestration > 6 litres 

insertion and aspiration should be instituted. 
Controlled studies support the use of antibiotics in 
acute severe pancreatitis as well as indicating pos
sible benefits from the use of antioxidants and 
octreotide. 

Patients with cardiovascular compromise, neuro
logical impairment or persisting hypoxia despite 
high-flow oxygenation and fluid therapy should 
be referred to the intensi e care unit for joint man
agement by the intensivists and surgeons, as mor
tality is significantly higher. 

I NTEST INAL O BSTRUCT IO N  

Intestinal obstruction may be due to a number of 
mechanical causes or to functional paralysis of the 
bowel wall. It may be acute or chronic. Mechanical 
causes can be luminal (gallstones or foreign body), 
mural (neoplasm) and extramural (adhesions, her
nial sacs). Paralytic ileus may be due to peritonitis 
or trauma. 

Colicky periumbilical abdominal pain with 
vomiting suggests small bowel obstruction. 
Vomiting may not be a presenting feature in large 
bowel obstruction, in which the pain is usually 
localized to the suprapubic region. Complete con
stipation with failure to pass flatus is highly sug
gestive of large bowel obstruction. 

Examination in the early stages will reveal 
abdominal distension and an increase in bowel 
sounds. If strangulation supervenes, the pain 
becomes constant and signs of peritoneal irritation 
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Figure 1 4. 1 :  Air under the diaphragm o n  a n  erect 

chest X-ray in a patient with a perforated peptic ulcer. 

CHOLEL ITH IAS I S  

Acute cholecystitis follows obstruction of the cys
tic duct by gallstones, though occasionally it may 
be due to a primary infective process. Obstruction 
results in gallbladder distension due to retained 
secretion and mucus and secondary infection. 
The patient is usually female and over 40 years. 
Persistent severe pain in the right upper quadrant 
or epigastrium is a predominant feature, although 
it may become intermittently worse. Other symp
toms include nausea, vomiting and sometimes 
constipation. Examination reveals a pyrexia with 
associated guarding and rigidity in the right 
hypochondrium. Jaundice is not usually a feature 
and the gallbladder is rarely palpable. Pain on 
inspiration whilst the right subcostal region is pal
pated (Murphy's sign) is commonly present. 

Elderly patients with cholecystitis often present 
with atypical symptoms and signs. In one series 
of over 200 such patients, only 15% presented with 
epigastric or right upper quadrant pain, 55% were 
afebrile at presentation, and nausea and vomiting 
were present in only 40%. 

Standard acute investigations in the emergency 
department are usually unhelpful. Plain radiogra
phy may show gallstones (Fig. 14.2), although 

Figure 1 4.2: Gallstones on a plain abdominal 

radiograph. The gallbladder is full of faceted calcified 

stones. In addition, several calculi to the right of 

L2 lie within the common bile duct (arrow). 

unfortunately 90% will be non-opaque. The serum 
amylase may be slightly raised. Ultrasound will 
confirm the diagnosis in most cases (> 90%), 
showing an inflamed gallbladder with stones. 
Failure to confirm the diagnosis on ultrasound 
should lead to other diagnoses being considered. 

Treatment in the emergency department con
sists of intravenous opiates titrated to produce 
pain relief, intravenous fluid therapy, antibiotics 
and referral to the surgical team. Cholecystectomy 
is now commonly performed in the acute inflam
matory phase during the initial admission. 

In contrast to acute cholecystitis, biliary colic 
is the result of the passage of small calculi from 
the gallbladder through the cystic duct into the 
common bile-drn;:t. Patients experience recurrent 
episodes of epigastric or right upper quadrant pain 
associated with nausea and vomiting. The pain 



omeprazole given at an early stage will contribute 
to minimizing bleeding from gastric erosions. 
Vitamin K and clotting factor replacement should 
be considered if there are overt or laboratory fea
tures of a coagulopathy. 

Mortality in these patients is minimized by hav
ing a clearly defined early care pathway for their 
management. In patients with known alcoholic 
cirrhosis oesophageal varices must be positively 
excluded, although many patients will be found to 
be bleeding from peptic ulcer disease. 

GASTRO ENTER IT I S  

This diagnosis should be made with caution as a 
number of potentially serious abdominal patholo
gies may produce diarrhoea and vomiting. These 
include acute appendicitis, small and large bowel 
obstruction and inflammatory bowel disease. Infect
ive gastroenteritis is dealt with in Chapter 19. 

C O N ST I PAT I O N  

Patients, especially children and the elderly, often 
present to the emergency department with abdom
inal pain as a result of constipation. The history 
alone will often provide the diagnosis although 
physical examination may identify impacted stool. 
Plain radiography will confirm a loaded lower 
gastrointestinal tract, but the diagnosis should not 
be made on radiographic appearances alone. 

Serious causes of abdominal pain must be excluded 

before considering constipation as the diagnosis. 

A clear cause for the constipation must be iden
tified. Advice will range from simple reassurance 
and dietary advice to referral to the surgical team 
for follow-up of anal fissures, haemorrhoids, or 
further investigation for a possible underlying 
neoplasm. Occasionally, constipation may be the 
presentation of hypothyroidism. 

Severe pain on defecation merits careful examin
ation of the anal area. The elderly patient or one 
who is embarrassed or unable to communicate 
clearly may not complain of anorectal pain. Import
ant pathologies include perianal abscess, perianal 
fistula, haemorrhoids (possibly thrombosed), an 
anal fissure or even an anal canal tumour. 
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ACUTE GASTR IT I S  A N D  
OESOPHAG EAL R E F LUX 

Patients with acute gastritis and oesophageal 
reflux present with acute upper abdominal pain 
and often give a history of previous similar prob
lems. The pain is worse on bending or when lying 
down to sleep. The examination is often normal. 
ECG examination and further investigation to 
exclude atypical cardiac pain may be appropriate, 
as well as a chest X-ray to exclude perforation of an 
intra-abdominal viscus if the pain is severe and 
associated with abdominal signs. Treatment with 
simple antacids will often resolve symptoms. 
Follow-up by the patient's general practitioner is 
important as a change in drug treatment or inves
tigation by endoscopy might be required. 

PEPT IC  U LC ERAT I O N  AND 
PERFORAT ION  

Approximately 10% of the male population are 
affected by peptic ulceration, duodenal ulcers 
being commoner than gastric. Epigastric pain is 
the predominant feature and examination will 
usually reveal localized tenderness unless acute 
complications ensue. Chief amongst these is either 
haemorrhage or perforation. 

With a perforated peptic ulcer, pain increases in 
severity and spreads rapidly to the rest of the 
abdomen owing to the peritonitis induced by the 
release of gastric contents. Clinical examination 
reveals board-like rigidity in a patient who looks 
markedly unwell and may have cardiovascular 
compromise. After a number of hours the pain may 
improve somewhat but signs of a rigid abdomen 
remain. Vomiting and abdominal distension may 
ensue as a result of paralytic ileus. The erect chest 
X-ray will show air in the subdiaphragmatic region 
in 75% of cases (Fig. 14.1) . 

Treatment in the emergency department con
sists of oxygenation, intravenous fluids to main
tain perfusion, nasogastric aspiration of stomach 
contents and broad-spectrum parenteral antibiotic 
therapy (cefuroxime and metronidazole). Early sur
gical treatment will minimize mortality, although 
very ill or frail patients are occasionally managed 
non-operatively. 
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Table 1 4.6: Causes o f  upper gastrointestinal 

haemorrhage 

Peptic ulceration (70-90%) 
Gastric erosions and gastritis (usually due to drugs 

or alcohol) 
Mallory-Weiss tear 
Peptic oesophagitis 

Less commonly: 
Oesophageal or gastric varices 
Carcinoma 
Aortoduodenal fistula (from graft or aneurysm 

alone) 
Small bowel causes (Meckel's diverticulum, 

inflammatory bowel disease, angiodysplasia) 

Table 1 4. 7: Causes of lower gastrointestinal 

haemorrhage 

Malignant and benign colonic tumours 
Diverticular disease 
I nflammatory bowel disease 
Angiodysplasia 
Gastroenteritis 
Anorectal causes (tumours, haemorrhoids, fissures) 

an acute-on-chronic blood loss may manifest as 
angina and d yspnoea or general lethargy. 

A rapid history and examination will generate a 
number of likely differential diagnoses. Those for 
upper gastrointestinal haemorrhage are shown in 
Table 14.6 and for lower gastrointestinal haemor
rhage in Table 14.7. 

Higher-risk patients can be identified in the 
early stages. Such patients are those aged over 60 
years, with an initial systolic blood pressure less 
than lOO mmHg, co-morbid conditions (e.g. liver 
disease or myocardial ischaemia), an initial urea 
greater than l O mmol l-1 and an initial haemoglo
bin less than 10 g d1-1. These patients need aggres
sive management with the early involvement of a 
surgeon. 

I m m e d i at e  m a n age m e n t  

The first priority is maintenance of an intact airway 
and provision of a high-inspired concentration of 
oxygen. The work of breathing and respiratory rate 

should be assessed and recorded. A high respira
tory rate may be the result of hypovolaemia as well 
as being an indicator of primary respiratory dis
tress. It is essential to assess the character and rate 
of pulse and to record a manual blood pressure 
reading. Two large-bore peripheral venous cannu
lae should be inserted and blood taken for baseline 
investigations. In addition, a coagulation profile, 
liver function tests and serum calcium should be 
requested. Blood should be ordered (0 negative 
received in S min, group specific in lO min, or fully 
cross-matched in 45 min) depending upon the 
urgency of the sih1ation. If peripheral access is not 
possible, femoral vein cannulation, intravenous 
cutdown or central venous cannulation should 
be performed. 

The circulating volume should be replenished 
with blood as soon as it becomes available. In the 
interim, warmed crystalloid should be used. The 
response to boluses of lOOO ml should be evalu
ated. The primary survey and the patient's response 
to therapeutic interventions should be continually 
reassessed. Once the patient is stable, a more 
detailed examination can be performed and fur
ther irlformation sought from the paramedics or 
relatives. Relevant further investigations must be 
instituted as indicated and the appropriate special
ties involved at an early stage depending upon 
local policy. Emergency endoscopy will assist in 
diagnosis as well as allowing the treatment of cer
tain conditions. 

A d d i t i o n a l  s p e c i fi c  m e as u re s  

Oesophageal varices, if present, are best treated 
with injection sclerotherapy and ligation. Bleeding 
can be controlled in up to 90% of cases. 

Treatment with one of a nwnber of newer agents, 
including octreotide or terlipressin, is an alterna
tive. Given as an infusion they have been found to 
be safe, effective and easy to use. Vasopressin is an 
alternative, although it has a number of side-effects 
and there is some evidence in controlled studies to 
suggest that it is not effective. 

The Sengstaken-Blakemore tube is a useful 
device in massive and exsanguinating . haemor
rhage from oesophageal varices. Various modifica
tions exist and it is important to be familiar with the 
device used locally. The patient should be intubated 
at this stage to protect the airway. Cimetidine or 



Table 1 4.3 : Differential diagnosis of abdominal pain 

in children 

Constipation (may be related to poor diet, stress 
or an anal fissure) 

Appendicitis (more often atypical, with few of the 
classic signs present) 

Strangulated hernia 
Torsion of the testis 
Mesenteric adenitis 
Small bowel abnormalities (intussusception, 

Meckel's diverticulum, volvulus) 
Basal pneumonia 

• baseline investigations 
• consultation with the surgical team regarding 

admission. 

Pathology in individual organs will commonly 
be due to either infection, inflammation or trauma. 
Uncommon causes include vascular events, com
plications of tumours, and medical causes. 

The assessment of children with abdominal 
pain is more difficult. The common and important 
additional causes are outlined in Table 14.3. 

A careful history and examination, concentrat
ing on the general demeanour of the child as well 
as any abdominal signs, should raise suspicions of 
intra-abdominal pathology. It is vital to maintain a 
low threshold for asking for an experienced surgi
cal opinion (see Chapter 40). 

I N VEST IGAT I O N S  

At this stage the clinician should have narrowed 
the differential diagnosis down to two or three pos
sibilities. Investigations are divided into baseline 
tests (Table 14.4) and a series of further investiga
tions which are helpful in diagnosing a number of 
specific pathologies (Table 14.5). Routine ordering 
of a wide range of investigations is not good prac
tice and only those investigations that will aid deci
sions regarding diagnosis and treatment should be 
performed. 

Often a period of observation and further inves
tigation is necessary when a definitive diagnosis is 
proving elusive. An ECG must be performed in 
any patient likely to suffer from cardiac disease. 
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Table 1 4.4: In itial investigations 

Full blood count 
Urea and electrolytes and blood sugar 
Amylase 
Mid-stream urine specimen 
Chest X-ray (erect) 
Plain supine abdominal X-ray 
ECG 

Table 1 4.5: Further investigations 

Liver function tests and calcium 
Blood cultures 
Coagulation profi le 
Ultrasound 
CT abdomen with double contrast 
Intravenous pyelogram 

Atypical cardiac pain can present as abdominal 
pathology. 

SPEC I F I C  COND IT IONS  

The following section describes a number of com
mon and important conditions that present to an 
emergency department. Their clinical presenta
tion, relevant investigations and appropriate ini
tial management are outlined. 

MANAGEMENT  O F  ACUTE 
GASTRO I NTEST I NAL HAEMORRHAG E 

The principles of managing this group of patients 
can be applied to any patient who presents with an 
acute abdominal emergency and who is systemic
ally unwell. 

The mortality and morbidity of such patients is 
minimized by having clear and jointly agreed man
agement guidelines with senior physicians and sur·
geons. Presentation to the emergency department 
will commonly be with a history of haematemesis 
or with melaena or both. Less often the patient will 
also present with postural hypotension and cardio
vascular collapse. In certain circumstances signs of 
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Table 1 4. 1 :  Causes o f  abdominal distension 

Fat 
Flatus 
Fetus 
Fluid 
Faeces 

be made to listen carefully in all quadrants of the 
abdomen. Abnormal bowel sounds may be high
pitched (suggesting small bowel obstruction) or 
low-pitched. Absence of bowel sounds can be sug
gestive of visceral pathology or an ileus. 

Always exclude pregnancy in women of chi ld

bearing age. 

Percussion can help differentiate distension 
due to a gas-filled viscus from that due to fluid 
(shifting dullness). Pain on gentle percussion is a 
subtle sign of rebound tenderness and peritonism 
and should not be elicited more than is absolutely 
necessary. 

Palpation of the abdomen may help to localize 
the pathological process. It is important to ask the 
patient where the pain is and to start the examin
ation in the opposite quadrant. The examination 
should proceed in a circular fashion around the 
abdomen, first with light palpation and then deep. 
Tenderness, guarding and rigidity should all be 
sought. Careful examination should also detect 
abnormal masses such as an enlarged organ or the 
tender pulsation of an abdominal aortic aneurysm. 
Examination of the genitalia, hernial orifices, fem
oral pulses, both loins and the back is mandatory. 
All males should have their testes examined to 
exclude torsion as a cause of abdominal pain. 
Females should have a vaginal examination where 
appropriate. A rectal examination should always 
be performed. The assessment is completed by 
examination of the urine with a dipstick test. 

Patients with severe abdominal pain must be 
given adequate intravenous opiates titrated to 
their pain; appropriate examination can then take 
place. Judicious use of opiates will not mask the 
signs of true peritonism. 

Correct use of titrated opiate analgesia makes 

abdominal assessment easier. 

Table 1 4.2: Differential diagnosis of adult acute 

abdominal pain 
-

Appendicitis 

Constipation 

Infection - viral or bacterial gastroenteritis 

Pancreatitis 

Peptic ulcer disease - haemorrhage, inflammation 
or perforation 

Bil iary tract disease - cholecystitis, ascending 
cholangitis 

Inflammatory bowel disease - inflammation, 
haemorrhage or perforation 

Strangulated hernias 

Small bowel obstruction due to adhesions or bands 

Genitourinary causes - infection, renal calculi 

Gynaecological emergencies - ruptured ectopic 
pregnancy, pelvic inflammatory disease, torsion 
of ovarian cyst 

Leaking abdominal aortic aneurysm 

Mesenteric ischaemia 

Sigmoid volvulus 

Acute diverticular disease (acute inflammation, 
abscess, haemorrhage, perforation, large bowel 
obstruction) 

Colorectal carcinoma (obstruction or perforation) 

Testicular torsion 

Non-specific abdominal pain which resolves 
without operation 

Metabolic causes (diabetic ketoacidosis, uraemia, 
hypercalcaemia, porphyria) 

Other medical causes (acute myocardial infarction, 
pneumonia) 

FORMULATI N G  A D I FFERENT IAL  
D IAG N O S I S  

At this stage the clinician should have formulated 
a differential diagnosis. The commoner causes of 
acute abdominal pain are listed in Table 14.2. It is 
better to review the history with the patient than to 
order a further battery of tests if no clear diagnosis 
is forthcoming. In addition there are essential deci
sions to be made regarding: 

• allowing the patient home with possible 
follow-up 



C H A P T E R  F O U R T E E N  

GASTROINTESTINAL 

EMERGENCIES 

• Introduction 
• Assessment of abdominal pain 
• Formulating a differential diagnosis 

I NTRODUCTION 

The abdomen more than any other body region 
can easily confound one's ability to reach a clear 
diagnosis. Recognition of gastrointestinal emer
gencies relies heavily on eliciting a clear and lucid 
history in combination with careful examination. 
The main aim in the emergency department is to 
differentiate those patients who can be safely dis
charged home with appropriate advice from those 
who need admission for a period of observation, 
investigation or resuscitation prior to emergency 
surgery. 

ASSESSMENT  OF  ABDOM I NAL PA I N  

Abdominal pain is a common presentation to the 
emergency department. Patients may have a range 
of pathologies, from the acute surgical abdomen to 
the vague discomfort associated with a short bout 
of food poisoning. If on initial assessment the 
patient is systemically unwell, the clinician should 
optimize oxygenation and tissue perfusion by 
adherence to the principles of the ABC system 
prior to taking a detailed history and examination. 
The history more than anything else will narrow 
down the options in the differential diagnosis. 
Examination will provide further clues. Particular 

• Investigations 
• Specific conditions 
• Further reading 

points to clarify within the history are: 

• the pain - its onset, character, location, radia
tion, and alleviating and exacerbating features 

• associated symptoms - diarrhoea, vomiting, 
change in bowel habits, haematemesis, melaena, 
absolute constipation (no passage even of fla
tus) and genitourinary symptoms 

• menstrual history in females 
• notable past medical history of abdominal pain 

or other relevant pathology 
• dietary habits, alcohol ingestion, medication 

history 
• family history of abdominal pain (recent or 

long-standing) 
• other symptomatology to detect extra-abdominal 

causes such as diabetes mellitus. 

It is important on physical examination to main

tain an open mind and to examine the whole patient 
rather than just the abdomen. The general appear
ance of the patient, especially whilst positioning 
themselves to be examined, provides useful infor
mation. Acute pain manifested in the facial expres
sion and any signs of dehydration should be sought. 
Abdominal examination begins with inspection for 
signs of abdominal distension, scars or bruising. 
A differential diagnosis of distension is given in 
Table 14.1 .  Visible peristalsis, although uncommon, 
is strongly suggestive of small bowel obstruction. 

Auscultation of the abdomen may be difficult in 
a noisy department. However, an attempt should 
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hemianopia. Lacunar infarcts involve smaller 
branches, causing infarcts around the basal gan
glia, thalamus and pons. Depending upon the ter
ritory affected, the disability may be purely motor, 
purely sensory, cerebellar or a mixture of these 
components. Finally, brainstem infarction is due to 
basilar artery thrombosis. This results in severe 
disability and is associated with a high mortality 
rate. Clinical signs include coma, quadriplegia and 
cardiorespiratory dysfunction. 

Management in the emergency department is 
aimed in the first instance at reaching a clinical 
diagnosis and providing supportive treatment. 

Early CT scan is often indicated to confirm the 
nature of the lesion. Recent research has suggested 
a potential role for the use of thrombolytic agents 
in thrombotic stroke to reopen occluded cerebral 
vessels. As yet this is not common UK practice and 
only a small proportion of patients may potentially 
benefit from its use. Aspirin has been proven to 
reduce further vascular events in confirmed 
thrombotic stroke by 25%. 

Confirmed cerebellar haematomas and large 
intraparenchymal cerebral haematomas, detected 
on CT scan, should be discussed with the neuro
surgical team. Progressive deterioration in level of 
consciousness following stroke may be due to 
obstructive hydrocephalus, which is amenable to 
surgical treatment. 

TRANS I ENT  I SCHAE M I C  ATTACKS 
(T l  As) 

A focal neurological deficit lasting for less than 
24 h which is due to thrombotic or embolic disease 

is classified as a transient ischaemic attack (TIA). 
The symptoms or signs may affect the carotid or 
vertebrobasilar territory and cause motor, sensory, 
visual or speech deficits. 

Carotid territory disease leads to a contralateral 
weakness and numbness. Associated dysphasia 
may occur and the patient may also complain of a 
curtain coming down to impair vision (amaurosis 
fugax). 

Vertebrobasilar disease is more difficult to diag
nose, with variable weakness, dizziness and ataxia. 
There may be associated dysarthria. 

If the symptoms have completely resolved and 
baseline investigations reveal no obvious cause, 
the patient can be discharged. Aspirin will signifi
cantly reduce further events or progression to a 
stroke. Further follow-up investigation for TIAs is 
required. Surgical treatment is beneficial in patients 
with severe carotid stenosis. 
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Table 1 3 . 1 0: Differential diagnosis of dizziness 

Vertiginous 

Labyrinthine: 
Acute labyrinthitis (often viral) 
Benign positional vertigo (common after head 

trauma) 
Meniere's disease 
Alcohol 
M iddle ear disease 

Eighth-nerve disease: 
Acoustic neuroma 
Ramsay Hunt syndrome (geniculate zoster 

infection) 
Ototoxic drug treatment 

Brainstem: 
Yertebrobasilar vessel disease (TIA or stroke) 
Migraine 
Demyelinating disease 
Tumours (acoustic neuroma) 

Non-vertiginous 

Cardiovascular: 
Postural hypotension 
Yasovagal syncope 
Arrhythmias 
Aortic stenosis 

Drugs 

Ocular: 
Poor acuity 
Diplopia 

Metabolic: 
Hypoglycaemia 
Hyperventilation 

suffered a collapse for which there is no obvious 
cause. A meticulous history is again essential. 

Symptoms leading up to the event will often 
provide clues suggesting a benign cause. Relevant 
past history and any persisting symptoms sub
sequent to the event will provide further clues: for 
example, drowsiness and headache are common 
after a seizure but are usually not present after a 
faint. Examination may reveal a heart murmur or 
carotid bruits, although these may be unrelated to 
the event. 

Screening investigations in the emergency 
department are usually of little help. The decision 
to be made is whether admission to hospital is 
merited in order to observe the patient and mini
mize the risk of a further more serious event occur
ring. Patients in certain groups, for example those 

Table 1 3. 1  I :  Causes of syncope 

Common and benign causes: 
Yasovagal attack 
Orthostatic hypotension 
Cough or micturition syncope 
Carotid sinus sensitivity 

Infrequent but serious causes: 
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Cardiac arrhythmias and mechanical obstructive 
cardiac lesions (aortic stenosis) 

Yertebrobasilar disease or carotid artery disease 
Seizures 
Metabolic causes (hypoglycaemia, Addison's 

disease) 
Autonomic dysfunction (secondary to disease 

or drugs) 
Hypovolaemia (gastrointestinal bleed, abdominal 

aortic aneurysm) 

aged over 45 years, those with a history of heart 
disease or an abnormal ECG at presentation, all 
possess a higher risk of further events or death. 
The clinician should therefore have a lower thresh
old for admitting such patients for further obser
vation and investigation. 

STROKE 

A stroke is a neurological deficit o f  sudden onset 
with symptoms lasting more than 24 h and vas
cular in origin. It occurs as a result of ischaemic 
infarction due to cerebrovascular disease or emboli, 
commonly from the heart or as a result of intra
cerebral haemorrhage. Underlying pathologies 
include atheromatous disease, hypertension and 
berry aneurysms. Rare causes include vasculitis, 
infection and trauma. 

Clinical presentation is often with the sudden 
onset of signs and symptoms. In some cases there 
may be a step-wise progression over a number of 
days. Classification of these signs is based initiall, 
on whether the underlying pathology is thrombotic 
(90%) or haemorrhagic. Thrombotic strokes can 
then be further subclassified according to the area of 
brain affected and consequent neurological deficit. 

Cerebral hemispheric infarcts (from the middle 
cerebral artery, 50-60% of lesions) present with con
tralateral herniplegia, dysphasia (if affecting the 
dominant cortex), sensory loss and homonymous 
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and if the patient remains cyanosed, a nasopha
ryngeal airway provides a good alternative. The 
most popular first-line agent for drug treatment is 
intravenous diazemuls given in small aliquots 
until control is achieved; however, its action is 
short-lived and it can easily cause both respiratory 

. and cardiovascular depression. 
In patients who continue to fit or have been 

in status for 20-30 min or longer prior to arrival in 
the resuscitation room, diazemuls should not be 
used alone. A second-line agent such as intra
venous phenytoin is often successful and is given 
as a loading dose (18 mg kg-1) over 30 min at an 
early stage in such patients. Other alternatives 
include chlormethiazole or clonazepam, although 
side-effects very similar to those of diazepam may 
occur. 

If the second-line agents are not successful, 
anaesthetic staff must be contacted urgently for 
consideration of barbiturate sedation with sodium 
thiopentone, endotracheal intubation, and moni
toring on the intensive care unit. 

A bedside blood sugar estimation should 
always be performed in such patients. Alcoholic 
patients presenting with an acute seizure must 
be given intravenous thiamine prior to correction 
of hypoglycaemia. 

Once acute control of the seizure has been 
obtained it is essential to identify a likely trigger 
factor. Baseline investigations and an infection 
screen may give some indication. A CT scan of the 
brain should be performed if no clear diagnosis 
has been made. 

PAT I ENTS PRESENT ING  WITH A 
F I RST F IT  

These patients are normally alert and orientated 
but there is a history that they were seen to have a 
'fit'. As much information as possible should be 
gathered from anyone who witnessed the event. 
The patient should be questioned regarding pro
dromal symptoms and the time required to recover 
fully from tl1e event. As complete a history as pos
sible will differentiate those who have had a vaso
vagal event (usually postural, short lived, and with 
rapid and full recovery) from those with epilepsy. 

Common trigger factors for an isolated fit are 
excess alcohol ingestion or drug abuse. A period 
of postictal confusion is suggestive of a fit. On 

examination, evidence of tongue biting, hypo
reflexia and urinary incontinence may also help 
confirm the diagnosis. 

The patient should be informed that they may 
suffer from epilepsy and advised not to drive or 
cycle until a definitive diagnosis of epilepsy has 
been excluded. If there is no doubt about the diag
nosis, the Driver and Vehicle Licensing Authority 
will need to be informed and the patient should be 
advised to do this. Swimming is allowed if others 
are aware of the possible diagnosis. Any advice 
given must be documented in the notes. 

Referral to a neurologist for assessment is indi
cated. Treatment is not indicated at this stage. 
Further investigations will include an EEG (which 
is not diagnostic but, if abnormal, will support the 
diagnosis) and CT or MRI scans to exclude a struc
tural cause. 

D izzy S P E LLS 

Dizziness may b e  described b y  patients i n  many 
ways. The common causes are benign, whereas 
others will require follow-up and treatment. The 
causes are outlined in Table 13. 10.  In order to elicit 
the correct diagnosis, careful and meticulous 
history-taking is required. The initial categoriza
tion into vertiginous and non-vertiginous dizzy 
spells is dependent upon the patient being able to 
distinguish a sense of movement, which is often 
rotational, although on occasions there may be a 
sense of falling sideways or forwards. Specific 
causes as outlined in the categories in Table 13.10 
can then be sought. 

Most causes of dizziness do not require admis
sion to hospital (unless they are very debilitating, 
e.g. acute labyrinthitis). Appropriate follow-up must 
be arranged if serious pathology is suspected. 

SYN C O P E  (COLLAPSE  Q U E RY 
CAUSE)  

This diagnostic challenge provides a classic oppor
tunity for the doctor in the emergency department 
to miss a significant problem, with unfortunate 
consequences (Table 13 .11) .  The patient is often 
well at presentation, wishes to go home, but has 



suffer from epileptic seizures. It is an important 
diagnosis to consider as early empirical treatment 
with intravenous aciclovir can reduce the high 
mortality rate of 50-60%. The presentation may be 
one of abnormal behaviour and hallucinations pro
gressing to coma and seizures. 

Consideration should therefore be given to 
adding aciclovir to antibiotic therapy in the emer
gency department if a CNS infection is likely, the 
patient has marked CE:rebral irritability and there is 
no obvious diagnosis. Definitive diagnosis can 
often be very difficult. 

C EREBRAL ABSCESS  

A collection of pus within the cerebral paren
chyma is due often to middle-ear or sinus infec
tion. It may also be the result of septic emboli from 
an endocarditis. The presentation is again similar 
to that of bacterial meningitis, with meningeal irri
tation causing generalized symptoms of headache, 
vomiting and pyrexia, or specific cranial nerve 
palsies, visual field defects or hemiparesis. If the 
patient presents late, marked cerebral irritability 
may progress rapidly to coma. 

The history from relatives and friends is essential, 
especially regarding any previous ENT illnesses or 
operations. If the diagnosis seems at all likely, a 
contrast-enhanced CT scan must be performed. 
Empirical treatment with antibiotics (benzyl peni
cillin, cefotaxime and metronidazole) is essential. 
Flucloxacillin or nafcillin may be added if staphy
loccus is suspected. After confirmation by CT scan, 
the case should be regarded as a neurosurgical 
emergency. Measures to control raised intracranial 
pressure (dexamethasone, mannitol and hyper
ventilation) can be helpful until neurosurgical 
intervention is performed. 

SE IZURES 

Patients presenting to the emergency department 
suffering from epilepsy are usually having a gen
eralized seizure or are in the postictal recovery 
stage. A number of other more unusual types of 
epilepsy can also present and be easily missed or 
misdiagnosed. The World Health Organization 
classification is shown in Table 13.9. 

Table 1 3.9: WHO classification of epilepsy 

Generalized seizures: 
Absence attacks (petit ma0 
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Myoclonic seizures (myoclonic jerks, clonic 
seizures) 

Tonic-clonic seizures (grand ma/ or major fits) 
Tonic seizures 
Atonic seizures 

Partial seizures: 
Simple, without impairment of consciousness 

(motor, sensory, aphasic, amnesic, olfactory) 
including Jacksonian, temporal lobe and 
psychomotor epilepsy 

Complex partial seizures with impairment of 
consciousness 

Partial seizures, either simple or complex, 
evolving into a generalized tonic-clonic seizure 

The common causes for presentation to the 
emergency department are those patients with 
known epilepsy who have a further fit due to poor 
control, poor compliance or triggering of the 
seizure by other coexisting illness. A seizure may 
also be secondary to other serious illness, for 
example CNS infections, drugs overdose, (alcohol, 
tricyclic antidepressant overdose, amphetamines), 
metabolic causes (hypoglycaemia, hyponatraemia), 
inflammatory lesions, acute vascular events or 
chronic cerebrovascular disease. 

A patient may attend the emergency depart
ment with a first fit, having previously been fit and 
healthy. The patient may be in a postictal state at 
presentation, in the midst of the first seizure or in 
status epilepticus. 

Status epilepticus is present if seizures occur in suc

cession without the patient regaining consciousness 

in between and lasting for longer than 20 min. 

Status epilepticus is usually due to a general
ized seizure, although other rarer forms, such as 
absence or complex status, may occasionally pres
ent, and as a result are usually misdiagnosed. 

Initial management principles are similar to 
those outlined in the management of coma. 
Maintenance of a clear airway plus high-flow oxy·· 
gen is essential while intravenous access is being 
gained. Simple manoeuvres (jaw thrust) may be 
necessary to keep the airway clear. Insertion of an 
oropharyngeal (Guedel) airway may be impossible 
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Differentiation from subarachnoid haemorrhage 
may, however, be difficult. If there is any doubt 
(especially where there is persisting neurological 
deficit) the patient should be admitted for obser
vation and urgent CT scan. Treatment consists 
of simple therapeutic manoeuvres such as rest 
in a darkened room and simple analgesics. A var
iety of vasoconstrictor medications (ergotamine or 
sumatriptan) are rapidly effective, having a high 
affinity for serotonin 1 receptors. 

OTH ER  S I G N I F I CANT CAUSES  OF  
H EADAC H E  

A variety of other conditions may present to the 
emergency department with headache and other 
vague symptoms. Very occasionally, this will be the 
first presentation of serious pathology (tumours). A 
detailed history in conjunction with a full exami
nation often identifies these patients. 

THE ACUTELY CONFUSED  PAT IENT 

An acute confusional state may be the initial pre
sentation of a patient before progressing to coma. 
The initial management, diagnostic work-up and 
differential diagnosis are therefore exactly the 
same as for coma. Most causes of acute confusional 
state are the result of processes outside the central 
nervous system (see Chapter 7). 

Amongst the most important of the potential 
causes and the most difficult to exclude in the con
fused patient is CNS infection. Three specific diag
noses are listed in Table 13.8. 

BACTER IAL  M E N I NG I T I S  

Infection o f  the leptomeninges and cerebrospinal 
fluid is commonly caused by one of three bacteria, 
Neisseria meningitides, Haemophilus influenzae or 

Table 1 3.8: Central nervous system infections 

Bacterial meningitis 
Viral encephalitis 
Cerebral abcess 

Streptococcus pneumoniae. Spread may be local via 
the bloodstream from the nasopharynx, sinusitis, 
middle-ear infection, or from infection elsewhere 
( osteomyelitis, endocarditis). 

The symptoms of meningeal irritation include 
headache, vomiting, photophobia and a variable 
conscious level. The clinical signs on examination 
are also often non-specific, with fever, neck stiff
ness and drowsiness progressing to coma. Specific 
neurological signs with cranial nerve palsies or 
lateralizing motor signs may also be present in 
more advanced cases. The presentation of symp
toms and signs can be minimal or atypical in the 
immw1ocompromised, the elderly and children. 
Confusion, drowsiness, minimal pyrexia or a 
seizure may be the only presenting signs. 

Management is based upon the level of cer
tainty of the patient having bacterial meningitis. 
If it seems a likely or certain diagnosis (especially 
if pyrexia and confusion are present) then empirical 
antibiotic therapy must be instituted immediately. 
It is helpful, however, to perform a standard 
infection screen, including blood cultures, a clotted 
specimen of blood for antigen tests, clotted blood 
for polymerase chain reaction tests and a throat 
swab, prior to giving the antibiotics. Ceftriaxone (or 
cefotaxime) and benzyl penicillin are the standard 
empirical therapy. If the patient is immunocom
promised and has signs of meningeal infection, the 
case should be discussed with a senior doctor in 
infectious diseases or the microbiologist. Investiga
tions should never delay treatment if there is a high 
likelihood of the presence of meningitis. 

If the patient has signs of raised intracranial 
pressure an urgent CT scan must be performed 
to exclude hydrocephalus or a focal mass lesion. 
A lumbar puncture should not be performed in such 
circumstances. A patient in whom there is a low 
risk of meningitis (unlikely but needs admission 
for observation) should have the above investiga
tions performed and be admitted under the med
ical team for observation and lumbar puncture. 

VIRAL E N C EPHAL IT I S  

The commonest cause of viral encephalitis in the 
UK is herpes simplex virus (HSY). Such infections 
can have a similar prodrome and presentation to 
bacterial meningitis although patients tend to have 
a greater cerebral irritability and are more likely to 



Table 1 3 . 7: WFNS grading for subarachnoid 

headache (SAH) 

Grade 

I 
I I  
I l l  
IV 
v 

GCS 

1 5  
1 4- 1 3  
1 4- 1 3 
1 2-7 
6-3 

Motor deficit 

+ 
+!
+!-

Figure 1 3 . 1 :  CT scan of a patient with subarachnoid 

haemorrhage. 

CT scan (Fig. 13.1) should be performed as the 
first-line investigation. On occasions this may be 
negative or inconclusive, especially if presenta
tion is late. In such cases admission for lumbar 
puncture is essential in order to look for blood or 
xanthochromia in the cerebrospinal fluid. A small 
proportion of cases will still have equivocal results 
despite a history strongly suggestive of SAH. These 
cases should also be discussed with the neurosur
gical team as such 'sentinel' headaches may be the 
first signs of an impending major SAH. 

Treatment in the resuscitation room will consist 
of securing a patent airway and if necessary 
providing controlled ventilation. Referral to the 
admitting medical or neurosurgical team is then 
appropriate. Nimodipine therapy has been shown 
to reduce secondary cerebral ischaernia and can be 
instituted if there is likely to be significant delay fol
lowing consultation with the appropriate specialists. 
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I t  i s  essential to maintain the hydration of  the patient 
prior to neurosurgical treatment. Failure to do so 
has been shown to adversely affect outcome. 

CRANIAL  ARTER IT I S  

These patients are usually elderly. The most com
monly affected vessels are the superficial tem
poral, vertebral, ophthalmic and posterior ciliary 
arteries. The major symptom is usually headache 
but this is often associated with myalgia involving 
either the jaw or scapulo-humeral girdle. Malaise, 
anorexia and a variety of other non-specific symp
toms may also be elicited. 

On examination it is important to look specif
ically for thickening and tenderness of the scalp 
and temporal vessels. The erythrocyte sedimenta
tion rate (ESR) or plasma viscosity is usually raised 
but these are not 100% sensitive. If cranial arteritis 
is clinically suspected it should be treated and the 
patient referred for further investigation. 

Treatment consists of prednisolone, 60 mg orally, 
and referral for urgent bilateral temporal artery 
biopsy. 

TENS ION  H EADAC H E S  

These patients present with a plethora of vague 
symptoms associated with a severe vice-like head
ache, and which have usually been present for days 
or weeks. There are usually a number of stressors 
in the patient's background history. A detailed nor
mal examination in conjunction with calm reassur
ance will often produce rapid results. 

M I G RA I N E  

Migranous headaches have a variety of presenta
tions. They are often lateralized, throbbing in nature, 
and have associated visual disturbances in the form 
of field defects and visual hallucinations. They are 
often associated with nausea and vomiting. Focal 
neurological deficits such as weakness or aphasia 
may also occur. 

Patients usually have a clear history of migraine 
and are familiar with common trigger factors 
for their condition. These include specific foods, 
alcohol, stress, menstruation or lack of sleep . 
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Table 1 3 .S : Differential diagnosis of headache 

Benign: 
Tens ion headache 
Migraine 
Cluster headaches 
Drug-induced headache 
Viral i l lness 

Serious: 
Vascular event (subarachnoid haemorrhage, 

thunderclap headache, coital cephalgia, 
hypertensive crisis) 

Temporal arteritis 
Drugs (carbon monoxide) 
I nfection (meningitis, encephalitis, acute sinusitis, 

brain abscess) 
Neoplastic disease (raised intracranial pressure 

due to a tumour) 
Others (acute angle closure, glaucoma, benign 

intracranial hypertension) 

The history in this situation is again the most 
crucial component in reaching a clear diagnosis. 
Clinical examination is often normal and basic 
investigations have no real role to play in making 
the decision to admit. 

The clinician should aim to elicit the baseline 
health and chronicity of previous headache-related 
illnesses. It is essential to establish what made the 
patient decide to visit hospital on this occasion. The 
acuteness of onset of the headache, the associated 
symptoms and other factors, such as travel abroad, 
or factors suggesting irnrnunocompromise, should 
also be elicited. Special consideration should be 
given to clues in the history and examination, 
which are more likely to be associated with serious 
pathology and to merit admission (Table 13.6). 

Detailed examination is essential in order posi
tively to exclude conditions outlined in Table 13.5. 
It is essential to look for a pyrexia and, if present, 
to identify a clear focus of infection. Clinical signs 
of meningism, raised intracranial pressure or focal 
neurological deficit provide obvious markers of a 
serious underlying pathology indicating the need 
for admission and further investigation. 

Outlined below are four causes of headache 
which present to the emergency department. The 
first two are serious and must be identified and 
admitted for urgent treatment. The latter two are 
common and benign but may well demonstrate 
features of the first group and merit admission for 
observation. 

Table 1 3 .6: Factors suggesting serious pathology 

underlying headache 

Sudden onset of severe headache 
Pain worsens on exertion or with manoeuvres 

that raise intracranial pressure 
Any associated neurological deficit 
No clear trigger factor 
Level of pain is out of proportion to patient's usual 

symptoms 

S U BARAC H N O I D  HAEMORRHAG E 
(SAH) 

This condition results from the rupture of a berry 
aneurysm or arteriovenous malformation of one of 
the cerebral vessels. Patients classically describe 
a sudden and very severe headache that may be 
occipital or generalized. The onset of the pain may 
be likened to a blow on the back of the neck or 
head. Associated symptoms and signs include 
vomiting and meningism followed by a decreasing 
conscious level with neurological deficits. With 
this presentation there is no difficulty in diagnosis. 
The prognosis is worse in those patients who have 
had previously unrecognized warning bleeds. 

Sudden onset of severe headache is a hallmark of 

subarachnoid haemorrhage. 

However, patients are still inadvertently sent 
home by emergency department staff having had a 
subarachnoid haemorrhage. They usually fall into 
one of the following categories: they may be poor 
historians or, more often, the victim of poor history
taking by the doctor; the sudden severe headache 
may have improved significantly by the time they 
arrive in the department; or the patient may have a 
high pain threshold with a degree of stoicism. 

Patients with an SAH can be graded on clin
ical grounds according to a scale developed by 
the World Federation of Neurological Systems 
(WFNS), as shown in Table 13.7. Patients with 
grades I to III have a much better prognosis 
than grades IV and V. However, a proportion of this 
latter group will have potentially reversible pathol
ogy (hydrocephalus or intracerebral haematoma) 
associated with their SAH. All such patients must 
therefore be discussed with the neurosurgical 
team. 



department is subdivided into that performed rap
idly in the primary survey and the remaining more 
detailed examination in the secondary survey. 

The primary survey neurological assessment 
consists of the GCS and the pupillary responses 
(size, asymmetry and response to light) . These 
assessments must be repeated regularly to detect 
signs of improvement or deterioration. 

Assessment of the conscious level must be repeated 

regularly to detect improvement or deterioration. 

The secondary survey neurological assessment 
is a more detailed examination that includes 
cranial nerve assessment and examination of the 
optic fundi. An assessment of the tone, power, 
co-ordination, sensation and reflexes in the limbs 
is also performed. The level of detail in the examin
ation of such patients will depend on the conscious 
level, the degree of co-operation and the level of 
concern regarding neurological disability. Physical 
examination may provide enough information to 
suggest meningeal irritation, raised intracranial 
pressure (papilloedema) or lateralization sugges
tive of an intracranial space-occupying lesion. 

Hysterical coma is a clinical diagnosis consid
ered after detailed physical examination shows no 
abnormality. It is suggested by flickering of the 
eyelids, roving eye movements and, if necessary, 
an ice-water caloric response. It is, however, a 
diagnosis that should be considered with the great
est caution and it may still be necessary to admit 
the patient for observation. 

f U RTHER  I NVEST IGAT ION  

The need for further investigations (Table 13.4) 
will be based on an established differential diagno
sis. Failure to develop a clear differential diagnosis 
mandates further investigations. In a patient who 
has not significantly improved despite therapy and 
where the exact diagnosis remains uncertain, urgent 
CT scan is essential. 

MANAG E M ENT  

After stabilizing the patient a clear management 
plan must be devised. There may be a need to 
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Table 1 3 .4: Further investigations for coma 

CT scan 
Blood cultures 
Coagulation screen 
Serum calcium, magnesium and liver function tests 
Paracetamol and salicylate levels 
Carboxyhaemoglobin levels 
Urinalysis for ketones and drug screen 

institute further therapy before transfer, depending 
upon the individual pathology identified. More 
detailed discussion of these conditions is provided 
below. 

It is essential that details of the primary and sec
ondary surveys, investigations ordered with avail
able results, a clear differential diagnosis limited to 
the three most likely causes for the coma and the 
further management plan are clearly documented 
in the notes. Involvement of a senior colleague 
from the medical team must occur prior to transfer 
from the resuscitation room. Most patients in per
sisting coma will require continuing management 
on an intensive care unit. 

H EADACHE  

Headache is a symptom caused by a variety of 
pathologies related to numerous structures of the 
head and neck. Patients with headaches present 
to the emergency department for three main rea
sons: first, the patient is a regular headache sufferer 
but on this occasion the headache is refractory to 
their standard medication (migraine); second, the 
headache is new and part of a constellation of other 
symptoms suggestive of a systemic illness which 
may in itself be serious (meningitis or cranial 
arteritis) or benign (influenza, sinusitis); and, finally, 
the headache is new and relatively sudden in onset 
or severe in nature. The pain is out of all propor
tion to anything the patient has suffered before 
(subaraclmoid haemorrhage). 

For this group of patients the goal of the emer
gency department doctor is to be able to categorize 
the headache into benign (the patient can be allowed 
home with appropriate advice), or likely to have 
serious underlying pathology (meriting admission 
for further investigation and urgent treatment) . 
The important causes are outlined in Table 13.5. 
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Table 1 3.2: Differential diagnosis of coma 

T Trauma 
I I nfections (CNS, extracranial sepsis) 
P Postictal (epilepsy), psychogenic 
S Syncope, subarachnoid 

A Alcohol 
E Encephalopathy (hypertensive or hepatic) 
I Insul in (hyperglycaemia or hypoglycaemia) 
0 Overdose 
U Uraemia, electrolytes (high or low 

sodium, potassium, calcium, magnesium) 
or metabolic (adrenal or thyroid) 

High-flow oxygen must be administered to all 
comatose patients through a well-fitting face mask 
with reservoir bag. If there is any suggestion of 
trauma from the history or examination, it is essen
tial to suspect a cervical spine injury and immo
bilize the neck. Simple airway manoeuvres such as 
chin lift or jaw thrust are usually sufficient to cor
rect any airway obstruction initially. Endotracheal 
intubation will be necessary if the patient's oxy
genation remains inadequate despite optimizing 
the airway, or if the airway is not secure and the 
patient remains at risk of aspiration. Therefore an 
anaesthetist should be called sooner rather than 
later. Intubation, when required, should be carried 
out using a rapid-sequence induction technique. 

Having opened and protected the airway, the 
respiratory rate and pattern should be assessed 
and recorded. A pulse oximeter is a vital adjunct to 
assess adequacy of oxygenation. Respiratory com
promise is commonly a result of cerebral injury 
and if ventilation is inadequate or shallow, assisted 
ventilation must be provided. The combination of 
respiratory depression and constricted pupils sug
gests poisoning with opiates and an intravenous 
injection of naloxone should be administered. 

Coma with respiratory depression and small pupils 

suggests opiate intoxication. 

The circulation is assessed by examining the 
pulse for rate and character, and measuring the 
blood pressure and capillary refill time. Venous 
access is obtained through a peripheral vein and 
blood samples are taken for a standard series of 
tests (Table 13.3). A bedside blood glucose estima
tion must be performed early to rule out hypogly
caemia as a cause of the coma. If hypoglycaemia 

Table 1 3.3 : In itial investigations for coma 

Full blood count 
Urea and electrolytes 
Blood sugar 
Amylase 
Arterial blood gases 
Chest X-ray 
ECG 

is identified, thiamine (100 mg intravenously) 
should be given before giving glucose if there is 
clinical suspicion that the patient is suffering from 
alcoholic liver disease. This will prevent the onset 
of Wernicke's encephalopathy. If there are signs of 
inadequate tissue perfusion a fluid challenge of 
500 ml boluses (up to a maximum of 1500 ml) of an 
isotonic crystalloid should be given. 

Next the conscious level is assessed. It is 
important to record the individual components 
(eye opening, best motor response and verbal 
response) of the GCS. The pupils must be exam
ined for size and reaction and any obvious lateral
izing motor signs sought. At this stage it is 
important to make sure that the patient is com
pletely undressed and that a baseline core tempera
ture is taken. Appropriate measures to maintain 
normothermia must be taken. 

OBTA I N I N G  A H I STORY 

This is essential and provides most of the informa
tion required to begin to formulate a differential 
diagnosis. Information should be gathered from 
the prehospital personnel as to the exact circum
stances of the incident. Further information will 
also need to be obtained from the patient's family 
and general practitioner. A history of drug use or 
abuse, possible recent head trauma, notable med
ical history and, most importantly, events leading 
up to the incident must be elicited. 

PHYS ICAL EXA M I NAT ION  

Examination must b e  structured into a general 
assessment to exclude an extracranial cause for 
the coma and a detailed neurological examina
tion. Neurological assessment in the emergency 



C H A P T E R  T H I R T E E N  

NE UROLOGICAL EMERGENCIES 

• Introduction 
• Coma 

• Headache 
• The acutely confused patient 
• Seizures 

I NTRO D U C T I O N  

Neurological emergencies, like other life-threatening 
conditions, require doctors to assess, recognize and 
treat the underlying condition in a timely fashion. 
It is especially important to identify and treat 
reversible primary causes of cerebral injury as well 
as minimizing secondary damage from hypoxia, 
cerebral oedema and hypoglycaemia. In conditions 
where the diagnosis is not obvious it is essential 
to maintain an open mind and formulate a clear 
but sensible differential diagnosis based upon the 
available history and examination. Careful and 
repeated evaluation to exclude all other possibil
ities is necessary before judgements are made 
regarding functional illness. 

The objective of this chapter is to describe the 
seven common neurological presentations to the 
emergency department (Table 13.1), with an over
view of their initial management and differential 
diagnosis. 

Table 1 3. 1 :  Common neurological presentations 

to the emergency department 

Coma 
Headache 
Confusion 
Seizures 
Dizzy spells 
Syncope 
Stroke 

• Dizzy spells 
• Syncope (collapse query cause) 

• Stroke 
• Further reading 

COMA 

Coma is defined a s  a state of reduced level of 
consciousness where there is no purposeful inter
action with the surroundings. 

The Glasgow Coma Score (GCS) in coma is 8 

or less. 

It is important to employ the dictum 'assume the 
worst' when assessing a comatose patient and to 
follow a structured approach. The initial approach 
to the comatose patient must include an assess
ment of the airway, breathing and circulation - a 
primary survey. Any life-threatening abnormalities 
that are detected must be immediately corrected. 
A more detailed assessment follows to document 
the level of consciousness and to help formulate a 
differential diagnosis for the cause of the coma 
(Table 13.2). 

I N IT IAL  ASSESSMENT  AND 
MANAGEMENT  

Airway obstruction is common in comatose 
patients as the protective airway reflexes are lost 
and the tongue may fall backwards against the 
posterior pharyngeal wall. There is also a high 
incidence of vomiting and subsequent aspiration. 
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Severely ill patients may have nebulized salbu
tamol repeated every 15-30 min and ipratropium 
bromide repeated every 4-6 h. Continuous high
flow oxygen is mandatory at all times. 

Indications for intensive care unit admission are: 

• exhaustion, confusion or coma 
• elevated PaC02 
• hypoxia ( < 60 mmHg) on high-flow oxygen. 

The need for IPPV should be evaluated in each 
case on its merits. Hypoxia despite high-flow oxy
gen, respiratory arrest, confusion and coma are 
absolute indications for IPPV. A slightly elevated 
PaC02 may be tolerated as long as the patient 
remains alert with no evidence of hypoxia. 

Once a patient has been established on IPPV 
no attempt should be made to normalize the PaC02 
at the risk of pressure-related trauma to the lungs (a 
strategy known as permissive hypercapnia). 

C O M PL ICAT IONS  

Pneumothorax is seen in 0.5% of patients who 
attend hospital with acute severe asthma. IPPV is a 
particular risk factor. This is often difficult to detect 
clinically and may be life threatening. Mediastinal 
emphysema and segmental and lobar collapse are 
seldom clinically significant. Arrhythmias may be a 
consequence of hypoxia, acidosis, bronchodilator 
therapy or hypokalaemia (as a result of high-dose 
betaz-agonists and corticosteroids) . Nausea and 
vomiting suggest theophylline toxicity in appro
priate patients. 

D ISCHARG E O F  ASTH MAT IC  PAT I ENTS 

Patients with no markers of severity after one nebu
lizer when reassessed 30 min later may be suitable 
for discharge. The PEFR should be at least 75% of 
predicted or best. Certain patients should have a 
lower threshold for admission to hospital: 

• seen in the afternoon or evening 

• significant worsening or recent onset of noctur
nal symptoms 

• previous severe episodes with rapid onset 
• concern over social circumstances or the ability 

of patients or relatives to assess severity reliably. 

Patients who have symptoms of moderate 
severity may have a second nebulizer and a fur-
ther assessment 30 min after that. Discharge may 
be possible if a significant improvement has 
occurred. All patients with initially acute severe or 
life-threatening asthma should be admitted, irre
spective of improvement. 

If discharge is planned some attempt should be 
made to identify the reason for the patient's deteri
oration. Although viral infections are often the 
precipitating factor in acute episodes, evidence of 
a more chronic deterioration suggests under
treatrnent or poor compliance with medication. 
Exposure to tobacco smoke and to allergens should 
be considered. 

Any patient who is discharged should have 
firm arrangements for follow-up with the general 
practitioner, a specialist liaison nurse or a hospital 
clinic. Patients with moderate symptoms should 
continue prednisolone for several days after 
discharge, with the recommendation that they be 
reassessed in the community before stopping 
(although a gradual reduction in the dose is not 
required). Inhaled medication should be optimized 
and inhaler technique checked. If the patient does 
not have one, a peak flow meter and a PEFR diary 
should be provided. Written communication with 
the general practitioner is essential. 

f U RTHER  READI N G  

Krome, R., Ruiz, E. and Tintinalli, J .  (1995) Emergency 

Medicine: A Comprehensive Study Guide. McGraw Hill, 
New York. 

Wetherall, D., Ledingham, J. and Warrell, D. (1995) 

Oxford Textbook of Medicine. Oxford University Press, 
Oxford. 



breathlessness and, in particular, chest tightness. 
A failure to respond to their normal 'reliever ' 
medication is a frequent complaint. 

A mild acute exacerbation results in a peak 
expiratory flow rate (PEFR) of more than 75% 
predicted or previous best. 

Moderate acute asthma is characterized by: 

• PEFR between 50 and 75% of predicted 
(derived from widely available nomograms) or 
best when well 

• respiratory rate less than 25 breaths per minute 
• heart rate less than 110 beats per minute 
• ability to talk normally or count to 10 slowly in 

one breath. 

Any one of the following features indicates a 
severe attack: 

• PEFR between 33 and 50% of predicted or best 
• respiratory rate of 25 or more breaths per 

minute 
• heart rate of 110 beats per minute or more 
• unable to complete a sentence in one breath. 

One of the following indicates a life-threatening 
episode: 

• PEFR less than 33% of predicted or best 
• silent chest, cyanosis or feeble respiratory effort 
• bradycardia or hypotension 
• exhaustion, confusion or coma. 

Arterial blood gas sampling is mandatory if 
oxygen saturation is less than 92% when measured 
by pulse oxirnetry. Arterial blood gases should also 
be measured if there are markers of life-threatening 
severity, and in severe episodes wLless there is an 
immediate response to treatment. The following 
arterial blood gas results indicate a severe episode 
and that an intensive care unit opinion is required: 

• normal or elevated PaC02 (more than 40 rnrnHg) 
• Pa02 less than 60 mmHg irrespective of oxygen 

therapy 
• acidosis (pH less than 7.36). 

I N IT IAL  MANAG E MENT  

The initial h·eatment of acute astluna is sununarized 
in Table 12.5. Patients with any of tl1e markers for 
severity should receive nebulized salbutamol (5 mg) 
and nebulized ipratropium bromide (500 µg). Oral 
prednisolone should be given (30-60 mg) wLless 
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Table 1 2.5: Management of acute severe asthma 

Immediate: 
High flow oxygen via non-rebreathing system 
Nebul ized salbutamol 5 mg 
Prednisolone 40 mg by mouth 

If life-threatening features present: 
Add nebulized ipratropium bromide 500 µg 
I ntravenous aminophyl l ine or intravenous 

salbutamol 
Portable chest radiograph 

the patient cannot tolerate oral medication, in 
which case intravenous hydrocortisone (200 mg) is 
the agent of choice. It should be remembered that 
the effects of corticosteroid are not observed for 
several (more than 6) hours. Wheezy patients with
out any markers of severity may have a trial of an 
inhaled betaragonist, possibly via one of the 
available spacer holding chamber devices. Such a 
method achieves comparable drug delivery to 
nebulization, but precludes concurrent oxygen 
administration by anything other than nasal 
cannula. 

If there are any life-ilireatening features, consid
eration should be given to intravenous hydrocorti
sone and intravenous bronchodilators. Intravenous 
aminophylline (see above) is the preferred agent 
unless tl1e patient is already on an oral theophylline 
preparation. If iliis is the case aminophylline may 
be infused at the maintenance rate without the 
loading dose (also check blood level), or alterna
tively intravenous salbutamol may be used. 

Salbutamol - slow intravenous bolus 250 µg (over 

I 0 min). Intravenous infusion of 3-20 µg min- 1 , 

adjusted to heart rate and response (start at 

5 µg min- 1 ) .  

The evidence that either intravenous agent will 
have a dramatic benefit is lacking, and monitoring 
and repeated assessments are therefore essential . 
A portable chest radiograph should exclude pneu
mothorax, collapse and pneumonia but should not 
impede the initial treatment. 

Patients wit11out life-ilireatening features should 
be reassessed 20-30 min after the initial nebulized 
medication. If there has been little or no response, 
the nebulized salbutam I should be repeated and 
intravenous medication considered. 
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Table 1 2.4: Treatment of a n  acute exacerbation of COPD 

Increase 

bronchodilators 
Antibiotics 

2 out of 3 of 

Oral 

corticosteroids 

Either: Worsening symptoms 
of COPD 
(nebul ized salbutamol 
5 mg +!- ipratropium 
bromide 500 µ,g) 

Increased breathlessness? 
Increased sputum volume? 
Purulent sputum? 

Already on systemic steroids 
Previously documented response 

to steroids 

Aminophylline - intravenous loading dose of 250 mg 

over 20 min, fol lowed by maintenance infusion of 

0.5 mg kg- 1 h- 1 • Omit loading dose if already taking 

oral theophylline preparation (and check blood level). 

When to administer respiratory support is a 
decision to be taken by the most senior medical 
and intensive care unit opinion that is available. 
A pH of 7.26 or a rising PaC02 warrant consider
ation for the institution of respiratory support. There 
are currently four options available in the UK for 
the management of worsening acute-on-chronic 
respiratory failure due to COPD: 

• intubation and intermittent partial pressure 
ventilation (IPPV) 

• non-invasive IPPV (only suitable for co-operative 
patients and only available at some centres in 
the UK) 

• intravenous doxapram 
• palliative care. 

There is a strong case for instituting IPPV in the 
following circumstances: 

• The patient enjoys a reasonable quality of life in 
between exacerbations. 

• There is a clear and potentially reversible cause 
for the deterioration. 

• It is the first presentation of respiratory failure. 
• There is insufficient information concerning the 

individual's premorbid state on which to make 
a decision to limit therapy. 

The use of the respiratory stimulant doxapram 
is being re-evaluated. It should be considered as a 
short-term adjunct if IPPV is contraindicated in 

Airway obstruction refractory to 
bronchodi lators 

Or: 
First presentation of airway 

obstruction? 

patients with hypercapnic respiratory failure who 
are becoming drowsy or comatose. In some centres 
doxapram has been superseded by non-invasive 
ventilation. 

Doxaprom - intravenous infusion of 1 .5-4 mg min - I 
adjusted according to response. 

ACUTE ASTHMA 

As a result of wider usage of prophylactic medica
tion and more timely prescription of steroids for 
exacerbations, the mortality from asthma has been 
declining. This should not encourage complacency 
in the management of acute episodes, which has 
been the subject of evidence-based guidelines pro
duced by the BTS. In the UK astluna still accounts 
for between 1000 and 2000 deaths per year. 

Some patients with acute pulmonary oedema 
due to left ventricular failure and other causes will 
wheeze (hence the old confusing name of cardiac 
astluna). This can lead to diagnostic confusion. 
The age of the patient and previous medical his
tory will give important clues and, in addition, 
patients with left ventricular failure tend to be 
cold, pale, clammy and shut down. Cardiac-type 
chest pain is also often present. None of these fea
tures is typical of astluna. 

ASSESS M E NT O F  SEVER ITY 

Patients commonly give a history of worsening 
symptoms of wheeze, cough (especially at night), 



• chronic obstructive airways disease 
• chronic airflow limitation 
• some cases of chronic asthma. 

Airways obstruction is the defining feature of 
COPD, which may be partially reversible. A failure 
of spirometric tests, such as the forced expiratory 
volume in 1 s (FEV1), to return to normal values in 
between exacerbations differentiates COPD from 
asthma. The most significant factor in the aetio
logy of COPD is cigarette smoking. COPD is res
ponsible for more morbidity than asthma. 

C LASS I F I CAT I O N  

The BTS has recommended a classification of 
COPD based on steady-state symptoms and the 
FEV1 (Table 12.3). 

MANAG E M E NT 

The long-term management of COPD is beyond 
the scope of this text. Presentations to the emer
gency department are frequent although greater 
efforts are now being made to try and keep COPD 

Table 1 2.3 :  British Thoracic Society (BTS) 

classification of chronic obstructive pulmonary 

disease (COPD) 

Severity FEV 1 (% Symptoms 
predicted) and signs 

Mi ld 60-80 

Moderate 40-59 

Severe < 40 

No abnormal signs 
Cough 
Min imal dyspnoea 

Dyspnoea on moderate 
exertion 

Cough 
Persistent findings on 

auscultation (variable) 

Breathless on minimal 
exertion or at rest 

Prominent cough and 
wheeze 

Hyperinflation, cyanosis, 
polycythaemia and 
signs of car pulmonale 
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patients in their own homes. In addition to initiat
ing emergency therapy, the emergency physician 
has a role in identifying patients who are suitable 
for discharge. 

Acute exacerbations of COPD are characterized 
by worsening of previously stable dyspnoea, 
increase volume of sputum and increased wheeze. 
Sputum may become purulent, suggesting a bacte
rial infection, and increasing ankle oedema is sec
ondary to right-sided heart failure. Viral infections 
are common precipitating causes of acute deteri
orations in patients with COPD, and influenza out
breaks continue to result in the emergency services 
being overwhelmed by such patients. 

The decision to admit or treat at home depends 
on a number of factors. Does the combination of 
physical symptoms and social circumstances mean 
that an individual will receive adequate care at 
home? Previously good general health and func
tion are important features in favour of out-patient 
treatment, as long as thjs management strategy is 
supported by objective data such as arterial blood 
gas measurements. Patients already receiving long
term oxygen therapy are likely to require admis
sion. In some hospitals in the UK, out-patient 
therapy is supported by hospital-based teams of 
nurse specialists, who provide treatment at home 
such as regular nebulized medication. 

The treatment of an acute exacerbation of 
COPD is summarized in Table 12.4. 

In the acute situation it is often safest to pre
scribe oral corticosteroids (prednisolone 40 mg once 
daily) .  Before a patient is discharged on inhaled 
medication their inhaler technique must be assessed. 
'Spacer ' devices are often indicated. Follow-up 
arrangements at hospital or with the general 
practitioner must be in place. 

Patients with moderate or severe exacerbations 
who do not respond to nebulizers should receive 
intravenous aminophylline and will need admis
sion. Continuous oxygen therapy is mandatory at  
an inspired concentration of 24 or 28%, with arter
ial blood gases measured within 1 h unless a fur
ther deterioration occurs. Chronic carbon dioxide 
retention desensitizes the normal homoeostatic 
mechanisms to increases in carbon dioxide concen
tration. The major stimulus of ventilation unde 
these circumstances is hypoxia. The use of high 
concentrations of oxygen in these patients ma_ 
critically reduce minute ventilation and lead to a 
potentially fatal respiratory acidosis. 
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all on the affected side. The jugular veins may be 
distended. Respiratory distress is followed rapidly 
by respiratory failure, shock and cardiac arrest. 
Tension pneumothorax is one of the treatable 
causes of pulseless electrical activity. 

MANAG E M ENT  

Chest radiography is contraindicated if a tension 
pneumothorax is suspected. Immediate needle 
thoracocentesis should be performed: 

1 A 14-gauge intravenous cannula over needle is 
connected to a syringe. 

2 The cannula is inserted perpendicularly through 
the second intercostal space in the mid-clavicular 
line of the affected side whilst aspirating. 

3 With the free aspiration of air the stylet is 
removed, leaving the cannula draining the 
pleural space. 

4 A hiss of air and an improvement in the condi
tion of the patient confirms the diagnosis. 

5 An intercostal tube should then be inserted 
before a check radiograph is obtained. 

In recent years the management of spontaneous 
simple pneumothoraces has become more conser
vative, with the increasing use of percutaneous 
aspiration for symptomatic individuals, and fewer 
intercostal tubes are now inserted than in the past. 
The BTS has produced guidelines for the man
agement of spontaneous pneumothoraces, which 
reflect this change in practice. These guidelines 
form the basis of subsequent recommendations in 
this section. 

Patients who do not have pre-existing lung dis
ease require treatment for either symptom relief or 
complete collapse of the lung. Patients with min
imal symptoms should be allowed home with a 
clinic appointment and arrangements for a repeat 
radiograph in 7-10 days. If a patient is dyspnoeic 
or has complete collapse (not features of tension), 
simple aspiration is the first-line treatment: 

1 An area is prepared over the second intercostal 
space in the mid-clavicular line. 

2 Local anaesthetic is infiltrated down to the 
pleura until air is aspirated: 

3 A cannula-over-needle is attached is inserted as 
for needle thoracocentesis. 

4 A 50-ml syringe is attached to the cannula via a 
three-way tap. 

5 Air is aspirated into the syringe and then 
voided to the atmosphere by turning the three
way tap to 'off to the patient' . 

6 Aspiration is continued until resistance is felt, 
2.5 1 have been aspirated, or the patient starts to 
cough excessively. 

7 An inspiratory check radiograph is obtained to 
confirm that the pneumothorax is now insignifi
cantly small or completely resolved. 

Patients may be discharged if aspiration has 
been radiologically proved to be successful. The 
follow-up is the same as for those treated conser
vatively. Patients are advised to return immediately 
if they suffer any deterioration in their symptoms, 
and should not fly until follow-up has been com
pleted and all evidence of pneumothorax has 
resolved. 

Patients with chronic respiratory disease are 
managed slightly differently. The size of the 
pneumothorax as well as the symptoms is signifi
cant. All patients with chronic lung disease should 
be admitted for overnight observation. A small 
pneumothorax has been classified by the BTS as 
collapse of the lung less than halfway towards the 
heart border. Complete collapse results in an air
less lung, separate from the diaphragm. Moderate 
collapse is an intermediate state between the two. 

Patients with chronic lung disease, a small 
pneumothorax and minimal symptoms should be 
admitted for overnight observation. Moderate and 
complete collapse should be treated initially by 
aspiration. If this is not successful an intercostal 
tube drain is indicated. 

l n t e rcos ta l  t u b e  d ra i n ag e  

The technique of intercostal drainage is described 
in Chapter 23. 

C H RO N I C  O BSTRUCTIVE 
PULMONARY D I SEASE  

Chronic obsh·uctive pulmonary disease (COPD) is 
a chronic progressive respiratory disease which 
encompasses several alternative diagnostic labels: 

• chronic bronchitis 
• emphysema 



Surgical embolectomy is indicated for life
threatening PE if there is a failure to respond to 
thrombolysis, or thrombolysis is contraindicated 
(see Chapter 11) .  An alternative strategy to open 
embolectomy is transcutaneous suction or frag
mentation of the embolus using interventional 
radiology techniques. The insertion of an inferior 
vena cava filter should be considered if anticoagu
lation is contraindicated, or there is recurrent PE 
despite adequate anticoagulation. 

SPONTAN E O U S  P N E U M OTHORAX 
{F t G. 1 2.3) 

Pneumothorax is defined as air in the pleural space. 
The pressure within the pleural space is usually 
negative. If this negative pressure is lost the elastic 
recoil of the lung causes it to collapse, partially or 
completely, towards the hilum. The effect on venti
lation is proportional to the volume of air in the 
pleural space, and the size of pneumothorax that a 
patient is able to tolerate is dependent on their pre
morbid respiratory and cardiac function. 

A pneumothorax may be the result of trauma, 
or occur spontaneously. The latter is usually the 
result of the rupture of tiny apical bullae, which 

Figure 1 2.3 : Right-sided spontaneous pneumothorax. 
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are believed to b e  congenital. Spontaneous pneumo
thorax commonly affects young fit males who are 
generally tall and thin, although patients with the 
following conditions also have an increased inci
dence: 

• chronic obstructive pulmonary disease 
• asthma 
• cystic fibrosis 
• Marfan's syndrome 
• Ehlers-Danlos syndrome 
• congenital cysts 
• honeycomb lung. 

It has been estimated that the incidence is approx
imately 1 per 8000 population per year in the UK. 

Remember pneumothorax as a cause of acute 

deterioration in asthma. 

C L I N ICAL F EATURES  

Simple spontaneous pneumothoraces present with 
a sudden onset of unilateral chest, shoulder or back 
pain. Dyspnoea is a feature of large pneumo
thoraces, or smaller pneumothoraces in the pres
ence of chronic respiratory disease. Occasionally, 
patients are aware of the curious sensation of the 
collapsed lung 'flopping about' within the chest. 

Specific examination findings may be subtle if 
the lesion is small, and an index of suspicion should 
be maintained in the susceptible groups of patients. 
Reduced breat11 sounds and hyper-resonance are 
highly suggestive of a pneumothorax in a previous 
healthy chest, but may also indicate a massive 
bulla in a patient with emphysema. 

A tension pneumothorax is the result of a 
pleural defect acting as one-way valve, allowing 
air to enter the pleural space but not permitting air 
movement in the opposite direction. A rapid rise 
in the intrapleural pressure forces the mediastinum 
to the opposite side, impeding the ventilation of 
the other lung and obstructing venous return t 
the heart. The resulting acute pulmonary and cir
culatory failure has an untreated mortality of 
100%. Features of a tension pneumothorax are: 

• extreme respiratory distress 
• hyperexpansion 
• absent breath sounds 
• hyper-resonance, 
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Figure 1 2.2: V/Q scan showing ventilation/perfusion mismatch. Top: Ventilation scan. Bottom: Perfusion scan. 

I N IT IAL  MANAG E M E N T  

The management of PE follows the conventional 
ABC lines. Stable patients should be heparinized 
whilst arrangements are made for further inves
tigation. Subcutaneous low molecular weight 
heparin may replace intravenous unfractionated 
heparin in the future. 

Intravenous heparinization - loading dose of 5000 IU, 

fol lowed by an infusion of 400-600 IU kg- 1 day- 1 • 

The activated partial thromboplastin time is meas

ured after 6 h and maintained between 1 .5 and 2.5 
times the control. 

Hypoxic individuals should receive high
concentration oxygen and titrated analgesia. Hypo
tension is initially treated with a fluid challenge. 
Central venous access is required, and the central 
venous pressure should be maintained between 
15 and 20 mmHg. Inotropic support is indicated if 
the response to adequate filling is not maintained. 
Vasodilators should be avoided. 

Heparin has been shown to prevent recurrent 
pulmonary embolism, but has no effect on the 
mortality of individual events. At present the two 
therapies available for life-threatening PE are 
thrombolysis and embolectomy. 

Thrombolysis has been shown to result in more 
rapid resolution of thrombus. However, conclu
sive demonstration of a survival benefit in massive 
PE is awaited. Thrombolysis is indicated for life
threatening PE. If time and facilities allow, echo
cardiography or pulmonary angiography should 
first confirm the diagnosis. 

Streptokinase and recombinant tissue plasmin
ogen activator (rt-PA) are suitable agents and can 
be administered into a peripheral vein. There is a 
lower incidence of aggravating haemodynamic 
compromise with rt-PA 

Streptokinase - 250 000 IU over 30 min, followed by 

I 00 000 IU h- 1 for the subsequent 24-72 h. 

rt-PA - I 0 mg intravenous bolus, followed by an infu

sion of 90 mg over 2 h ( 1 .5 mg kg- 1 if patient less than 

65 kg). Full intravenous heparin ization commenced 

when the APPT ratio falls below twice the control. 



Recognized radiological features include the 
following: 

• dilatation of a pulmonary arterial trunk and 
areas of oligaemia suggest extensive obstruction 

• wedge-shaped peripheral opacities suggest 
small infarctions 

• small pleural effusions 
• elevation of a hemidiaphragm. 

The insensitivity of chest radiography must 
be emphasized. In the presence of hypoxaemia a 
normal radiograph provides strong supportive 
evidence of PE. 

The lack of specificity of any of the associated 
electrocardiographic (ECG) abnormalities is well 
documented. The exclusion of significant myocar
dial ischaemia is the most useful function of the 
ECG. Sinus tachycardia, atrial fibrillation, right 
axis deviation, right bundle branch block and 
T-wave changes are consistent with the diagnosis 
of PE. Right heart strain is seen with massive PE. 

D EF I N IT IVE  I MAG I N G  

In the presence of PE isotope ventilation/ 
perfusion (V /Q) scanning demonstrates areas of 
normally ventilated lung which have a reduced 
blood supply (a V /Q mismatch) . This is a widely 
available non-invasive investigation. However, V /Q 
scans can seldom be accessed through the emer
gency department and this is usually the task of the 
in-patient medical team. V /Q scans are reported 
as high probability, intermediate probability, low 
probability and normal. A scan reported as high 
probability (multiple large or moderate-sized V /Q 
defects) has a specificity for the correct diagnosis 
of PE of 86-92%. A normal scan correctly excludes 
PE in at least 96% of cases. There are some circum
stances where interpretation may be imprecise: 

• previous PE (wuess old scans are available) 
• left ventricular failure may cause regional 

abnormalities of perfusion 
• chronic obstructive pulmonary disease (there 

may be local defects in perfusion because of 
chronic damage or hypoxic pulmonary vaso
constriction, as well as defects in ventilation) 

• pulmonary fibrosis (patchy defects seen rou
tinely) 

• vascular compression by a centrally situated 
malignancy, resulting in a perfusion defect. 
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Clearly, a V /Q scan is not the appropriate 
investigation if the patient is unstable (Fig. 1 2.2). 
Pulmonary angiography is indicated if the victim 
is hypotensive, or if other investigations have not 
yielded a definite diagnosis. Pubnonary angio
graphy is a safe investigation but must be performed 
in an environment of intensive monitoring. The 
fatal complication rate is between 0.5 and 1 .3%, 
and many of these deaths are likely to be related to 
the underlying pathology. Low molecular weight 
contrast has reduced this complication rate even 
further (1 in 300 non-fatal complications). 

The latest generation of spiral CT scanners is 
capable of identifying clot from the pulmonary 
trunks to the segmental arteries. However, small 
peripheral PE may be missed by CT and are better 
visualized using angiography. Where available, 
spiral CT is likely to have a role in the rapid evalu
ation of patients with major emboli and isolated 
dyspnoea. 

Under certain circumstances it is appropriate to 
evaluate the lower limb venous system to obtain 
indirect evidence of thrombo-embolism. The BIS 
guidelines recommend lo er limb imaging by com
pression ultrasound with colour Doppler imaging 
or venography: 

• as the first-line investigation in patients with a 
clinical DVT 

• in patients with chronic cardiorespiratory dis
ease, in whom a V /Q scan would be uninter
pretable 

• following an intermediate probability V /Q 
scan. 

o-Dimer is a breakdown product of fibrin and 
is elevated in the presence of thrombus (90% of 
patients with PE proven by V /Q scan). It is also 
elevated in other hospitalized patients and there
fore has a low specificity for reliably detecting PE. 
Where the clinical suspicion is low, a normal 
o-dimer probably excludes a PE. 

Transthoracic or transoesophageal echocardio
graphy has a role in the evaluation of unstable 
patients. The associated findings are right ventricu
lar dilatation, tricuspid regurgitation, abnormal 
septa! movement and a failure of the inferior vena 
cava to collapse on inspiration. The actual clot is 
most likely to be visualized by transoesophageal 
echocardiography. Echocardiography will also help 
to exclude other causes of cardiovascular collapse, 
such as cardiac tamponade. 
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C L I N I CAL F EATURES  

The most common symptom experienced in acute 
pulmonary embolism is dyspnoea. This affects 
approximately 70% of individuals. Others features 
in descending order of frequency are: 

• tachypnoea 
• pleuritic chest pain 
• apprehension 
• tachycardia 
• cough 
• haemoptysis 
• leg pain 
• clinical DVT. 

Clinical features in isolation are uru·eliable in 
either proving or disproving the diagnosis. The 
highly sensitive features are non-specific, and the 
highly specific features are insufficiently sensitive. 
The same applies to general investigations, which 
have most value in demonstrating an alternative 
cause for the patient's symptoms. 

The clinical effects of an episode of pulmonary 
embolism are determined by the extent of the 
obstruction of the pulmonary vasculature, the 
release of vasoactive and brochoconstricting medi
ators from activated platelets, and the pre-existing 
health (particularly cardiac) and age of the victim. 
A 25% obstruction of the pulmonary arterial tree 
significantly increases right ventricular afterload 
and causes right ventricular dilatation. A previously 
normal right ventricle is not capable of increasing 
the pulmonary artery pressure above 60 mmHg. The 
dilated right ventricle impairs diastolic filling of the 
left ventricle by displacing the interventricular sep
tum. Manoeuvres that increase venous return and 
hence left ventricular end-diastolic volume may 
improve symptoms (e.g. putting the patient 'head 
down' and volume loading). 

Presentations of pulmonary embolism can be 
divided into one of three groups: 

• circulatory collapse (massive PE) 
• pulmonary haemorrhage 
• isolated dyspnoea. 

Massive PE is a recognized cause of sudden 
death. Lesser degrees of pulmonary arterial obstruc
tion result in hypotension, d1est pain (characteris
tically a dull, central 'ache') and syncope. Physical 
examination may, in addition, reveal jugular venous 

engorgement, tachycardia, tachypnoea and a third 

heart sound. 
Pulmonary haemorrhage is typically the conse

quence of a peripheral embolus and accounts for 

60% of episodes. Patients complain of pleuritic 
chest pain or haemoptysis. Because the infarcted 
area is potentially small the ventilation/perfusion 
mismatch may be insufficient to cause any abnor
mality of arterial blood gas tensions. There is no 
haemodynamic disturbance, although the respira
tory rate may be elevated and a pleural friction rub 
heard. Tachycardia is a common feature, as is a 
low-grade pyrexia. 

Sudden dyspnoea without any other symptoms 
occurs with a central occlusion. Patients are usu
ally hypoxic. 

The British Thoracic Society (BTS) guidelines 
for the management of pulmonary embolism iden
tify one particular group of patients who are likely 
to present to the emergency department. Young 
patients presenting with pleuritic chest pain are a 
common management problem. A balance must be 
struck between sensitivity, in order that pul
monary embolism is not missed, and limiting 
unnecessary investigations and admission. Young 
women with no other risk factors, who are on the 
oral contraceptive pill and who present with pleu
ritic pain have a very low risk for PE if the follow
ing criteria are fulfilled: 

• age less than 40 years 

• respiratory rate less than 20 breaths per minute 
• normal chest radiograph. 

I N IT IAL  I NVEST IGAT I O N S  

The use of pulse oximetry may give the first indi
cation that a tachypnoeic patient is hypoxic. This 
should be confirmed by arterial blood sampling, 
which also typically reveals evidence of hyperven
tilation. A lactic acidosis is almost invariable in 
patients who have collapsed with a massive PE. It 
is vital to remember that with small, peripheral PE 
arterial gases may be normal. Conversely, high
risk patients with chronic respiratory disease may 
have pre-existing abnormalities of gas exchange. 

The primary role of chest radiography is the 
exclusion of alternative diagnoses such as pneumo
nia, pneumothorax or pulmonary oedema. Massive 
or central PE often have normal radiographs. 



cefuroxime, with clarithromycin is suitable initial 
therapy. If Staphylococcus aureus is suspected, 
flucloxacillin should be added (particularly dur
ing an epidemic of influenza) . 

I NT E NS IVE  THERAPY 

The presence of one of the following features 
mandates admission to an area of high-intensity 
monitoring, preferably an intensive care unit: 

• severe respiratory failure: 
respiratory rate > 30 breaths per minute 
mechanical respiratory support required 

• haemodynamic compromise: 
shock 
inotropic support required 
persistent oliguria 

• acidosis: 
pH less than 7.30 

• disseminated intravascular coagulation. 

These patients should be monitored invasively. 
They should all be assessed regarding the need for 
respiratory support. 

C O M P L ICAT IONS  

Certain pneumococcal serotypes are associated 
with a severe systemic illness, haemodynamic 
instability and disseminated intravascular coagu
lation (serotype 3) . Self-limiting pleural effusions 
commonly complicate pneumococcal pneumonia. 
Large and persistent effusions will require aspir
ation to improve respiratory function and exclude 
an empyema. Empyema is more likely to be due 
to Staphylococcus aureus or Gram-negative bacilli. 
Pericarditis as a complication of CAP is well 
described. 

P U L M ONARY EMBOLUS  

The incidence of pulmonary embolus (PE) in the 
UK is approximately 1 per 1000 per year. Most 
episodes occur in hospital or shortly after dis
charge. It has been estimated that PE is a contribu
tory factor to up to 20% of in-hospital deaths. 

AETIOLOGY 
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More than 70% of proven PE arise from a docu
mented proximal deep venous thrombosis (DVT). 
In many cases this DVT is not evident clinically. 
It is widely accepted that PE is underdiagnosed. 
It has been shown that approximately 50% of 
patients with proven DVT have high-probability 
ventilation/perfusion scans for the presence of PE, 
despite an absence of respiratory symptoms. The 
risk of PE from an isolated calf DVT remains the 
subject of some controversy. 

Major risk factors for PE have been identi
fied (Table 12.2). In addition, prolonged air travel 
and obesity are regarded as independent risk 
factors. 

The use of oestrogens, including the oral con
traceptive pill and hormone-replacement therapy, 
is associated with relatively less risk when low
dose regimens are used. An underlying primary 
abnormality of coagulation is rare and routine 
screening is only justified for those aged under 50 
years, with a family history, recurrent episodes 
and no other precipitating factor. Such abnormal
ities include: 

• the antiphospholipid antibody syndrome 
• congenital deficiencies of antithrombin III, 

protein C, protein S and plasminogen 
• resistance to activated protein C, caused by the 

Leiden mutation to the factor V gene (present in 
3% of the population and conferring a 10-fold 
increase in risk). 

Table 1 2.2: Major risk factors for pulmonary emboli 

Surgery: Major abdominal, pelvic, hip and knee 
surgery 

Malignancy: Abdominal, pelvic and disseminated 

Pregnancy 

Lower limb pathology and immobility: Fractures, 
varicose veins, spinal cord injury and stroke 

Cardiorespiratory disease: Acute myocardial 
infarction and severe disabling disease 

Age more than 40 years 

Previous episode 

Trauma 

Thrombotic disorders 



1 36 R E S P I RATO RY E M E RG E N C I E S 

Figure 1 2. 1 :  Left lower lobe commun ity-acquired 

pneumonia. 

A r t e r i a l  b l o o d  ga se s  

Hypoxaemia in CAP is the result of shunting of 
blood through alveoli filled with consolidation 
and venous admixture. Oxygen saturation should 
always be assessed by pulse oximetry. Most 
patients require arterial blood sampling to confirm 
that oxygenation and ventilation are adequate. 
Septic or profow1dly hypoxic patients demon
strate a metabolic acidosis. 

F u l l  b l o o d  c o u n t  

The white blood cell count is almost always more 
than 15 000 X 109 in patients with pneumococcal 
pneumonia. In viral and atypical cases it is fre
quently normal. Evidence of haemolysis, suggesting 
cold agglutinin elevation, may be found in approxi
mately 50% of cases of Mycoplasma pneumonia. 

B i o c h e m i st r y  

As discussed above, the mea and albumin have 
prognostic importance. Hyponatraernia suggests 
the syndrome of inappropriate anitidiuretic hormone. 
Dehydration and acute renal failme are a conse
quence of severe CAP. Abnormal liver-fLmction tests 

are detected in 30% of patients with pneumococcal 
pneumonia. 

M i c ro b i o l o g y  

The emergency physician has a limited role in ilie 
definitive identification of the causative organism. 
Blood cultures should be taken, preferably before 
the administration of empirical antibiotics. Blood 
culture results are insensitive but specific. Sputum 
should be sent for immediate Gram stain and cul
ture. Fifty per cent of patients with pneumococcal 
pneumonia will have a positive culture of their 
sputum. Urine examination for Legionella antigen 
allows early diagnosis for patients with a sug
gestive clinical picture. Baseline and convalescent 
sera are required to demonstrate a rising titre in 
specific antibodies to atypical organisms. The results 
of serological tests are not likely to be available in 
the emergency department. 

ANTIB I OT IC  THERAPY 

The choice of antibiotics in tl1e emergency depart
ment is largely empirical, based on the presence 
of clinical clues and local policy, which may have 
to take account of local patterns of antibiotic 
resistance. 

C A P  w i t h o u t  m arker s  o f  s ever i t y  

Patients who do not have any other significant 
medical problems can be treated wiili oral amoxy
cillin. Amoxycillin/ clavulanic add ( co-amoxiclav, 
Augmentin®) by mouth is an alternative for those 
suffering from a significant coexisting chronic ill
ness. A macrolide antibiotic such as erythromycin 
or clarithromycin is an alternative if the patient is 
allergic to penicillin, and is ilie preferred first-line 
agent during a Mycoplasma epidemic. 

Intravenous antibiotics are reserved for patients 
in whom absorption is thought to be W1Teliable, 
who are vomiting, or with severe disease. 

S eve re C A P  

An intravenous combination of a second- or third
generation cephalosporin, such as cefotaxime or 
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insidious over several days, with less pyrexia, 
less sputum and milder respiratory impairment. 
Mycoplasma pneumoniae, Chlamydia pneumoniae 
(TWAR strain), Moraxella catarrhalis and Coxiella 
burnetti have a tendency to present in this manner. 
Mental confusion and gastrointestinal symptoms 
are suggestive of Legionella infection, which is 
sometimes classified as atypical. 

Patients presenting to the emergency depart
ment may be in danger of suffering a catastrophic 
deterioration if appropriate therapy is not initiated 
without delay. The presence of at least two of the 
following three criteria is associated with a 20% 
mortality: 

• respiratory rate more than 30 breaths per 
minute 

• diastolic blood pressure 60 mmHg or less 
• serum urea more than 7 mmol l- 1 . 

Other features have been advocated as markers of 
severe CAP (Table 12.1) .  

Most patients are well enough to allow an 
appropriate history to be taken before a thorough 
examination is performed. Approximately 70% of 

Table 1 2. 1 :  Indicators of severe community 

acquired pneumonia 

History: 
Age more than 60 years 
Chronic lung disease 
Severe concurrent i l lness 
Alcoholic 

Clinical examination: 
Atrial fibrillation 
Confusion 
Diastolic blood pressure less than 60 mmHg 
Increased respiratory rate (more than 

30 breaths per minute) 

Investigations: 
Urea more than 7 mmo1 1- 1 

White cell count less than 4 or more than 
20 x 1 09 1- 1 

P02 less than 60 mmHg 
Acidosis 
Serum albumin less than 35 g 1- 1 

Multilobar X-ray shadowing 

Microbiological features: 
Bacteraemia 
Legionnaire's disease 
Staphylococcus or Gram-negative infection 
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patients who have pneumococcal pneumonia com
plain of pleuritic chest pain. Seventy-five per cent 
of patients produce rust-coloured sputum, and an 
association with herpes labialis is a well-recognized 
feature of pneumococcal pneumonia. CAP during 
an influenza epidemic raises the possible diagnosis 
of Staphylococcus aureus infection. 

Common findings in the examination of the res
piratory system include a raised respiratory rat 
(even if the patient appears well), reduced chest 
movement on the side of the pleuritic pain, and 
signs of consolidation. These may be difficult t 
elicit in a noisy department. Localized reduced air 
entry, crackles or bronchial breathing support a 
diagnosis of focal consolidation. Increased tactile 
and vocal frernitus may also be present. A chest 
radiograph is essential. 

Other clinical features may give an indicatio 
of less common aetiological agents. Mycoplasma 
pneumoniae affects young people, in particular 
when they are living in a confined space (e.g. military 
camps and boarding schools). The organism lacks a 
cell wall (a feature that confers resistance to first
line antibiotics) and is dispersed widely throughout 
the commmuty. Mycoplasma may be responsible 
for up to 25% of all cases of CAP. Extrapulmonary 
complications of mycoplasma are rare but poten
tially very serious: 

• myocarditis and pericarditis 
• erythema multiforme 
• haemolytic anaemia and thrombocytopenia 
• myalgia and arthralgia 
• meningo-encephalitis 
• gastrointestinal disturbances. 

The definitive microbiological diagnosis of 
pneumonia is beyond the remit of the emergency 
physician. What is vital is the identification of those 
patients who require admission for investigation, 
and the provision of timely supportive and empir
ical antibiotic therapy for those in danger of a pre
cipitous deterioration. 

All patients should have appropriate investiga
tions performed. 

C h es t  rad i og r a p h  ( F i g .  1 2 . 1 )  

A chest radiograph allows assessment of the extent 
of the consolidation, the presence of a pleural effu
sion, cavitation and pre-existing pulmonary disease. 



C H A P T E R  T W E L V E  

RESPIRATORY EMERGENCIES 

• I ntroduction 
• Community-acquired pneumonia 
• Pulmonary embolus 
• Spontaneous pneumothorax 

I NTRO DUCT ION  

Respiratory emergencies are common causes of 
emergency department attendances and of hospi
tal admission. They range from acute severe life
threatening emergencies such as acute asthma to 
long-standing chronic obstructive pulmonary dis
ease (COPD). In the former, careful application of 
treatment guidelines will be lifesaving; in the latter 
optimal management will require close co-operation 
with appropriate specialists, including intensivists, 
together with a detailed knowledge of the patient's 
past medical history. In conditions such as acute 
asthma, the dangers of inappropriate discharge 
have been amply demonstrated over the years. 
Many chest conditions are characterized by the 
possibility of acute catastrophic deterioration for 
want of timely intervention. 

C O M M U N ITY-ACQU IRED  P N E U M O N IA 

Community-acquired pneumonia (CAP) is a com
mon cause of hospital admission. The incidence of 
CAP is approximately 2 per 1000 adults per year, 
and 20% of affected patients require hospitaliza
tion. The overall mortality is between 5 and 10%. 

AETIOLOGY 

The microbiological aetiology of CAP i s  diverse and 
in the majority of patients the responsible organism 

• Chronic obstructive pulmonary disease 
• Acute asthma 

• Further reading 

is not identified. Streptococcus pneumoniae is a 
Gram-positive encapsulated bacterium which is 
the most common identifiable cause of CAP. It 
is believed to be responsible for approximately 
40% of all cases. Haemophilus influenzae is a Grarn
negative pleomorphic rod which has both capsu
lated and unencapsulated forms. The type b serotype 
causes 95% of all human H. influenzae infections 
and is more likely to affect people with chronic 
debility, a compromised immune system or chronic 
lung disease. Data from hospitalized patients in 
the USA suggest that these two organisms may be 
responsible for only 25% of cases of CAP requiring 
admission. Mycoplasma pneumoniae, M. legionella 
and Chlamydia pneumoniae account for a further 
15% between them. Viruses, most commonly 
influenza and parainfluenza, cause up to 17% of 
cases. Between one- and two-thirds of cases do not 
yield a specific microbiological diagnosis despite 
intensive investigation. Patients managed without 
hospital admission are often treated effectively 
using empirical therapy. 

CL IN ICAL FEATURES AND ASSESSMENT 

A 'typical' case o f  pneumonia presents with an 
abrupt onset of fever, cough, pleuritic chest pain and 
breathlessness. The cough may take a few days to 
become productive. Streptococcus pneumoniae (the 
most common), Haemophilus influenzae, Legionella, 
Moraxella pneumoniae and Staphylococcus aureus pre
sent in this way, although purely clinical criteria 
lack the specificity to reliably differentiate from 
'atypical' cases. The atypical presentation is more 



Aortography  

Historically the standard against which new imag
ing modalities has been judged, aortography 
remains the investigation of choice in many hos
pitals. The entry site, aortic valve regurgitation and 
branch involvement can be identified, but intra
mural haematomas and thrombosed lumina may be 
missed. It is an invasive investigation that requires 
a catheter to be passed into a potentially abnormal 
aorta. It is not suitable for unstable patients for the 
same reasons as CT scanning. 

M ag n et i c  re s o n a n c e  i m ag i n g  

Magnetic resonance imaging (MRI) is non-invasive, 
highly sensitive and specific, and does not require 
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the injection of contrast media. As an imaging 
modality it has few of the disadvantages of those 
already discussed but is currently restricted by 
availability, image-acquisition time and monitoring 
limitations. It is only suitable for stable patients, 
and may have a role in follow-up. 

F U RTHER  READI N G  

Ahmed, J., Crossman, D., Jenkin, R .  and Morris, F. (1997) 

ECG Interpretation in Emergency Medicine. Arnold, 

London. 
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Figure I 1 .24: CT scan showing an  aortic dissection. 

between 100 and 120 nunHg. The blood pressure 
must be adequate to ensure renal perfusion, and 
the urine output should be monitored with a 
urinary catheter. Peripheral pulses should be 
observed. 

I NVEST IGAT I O N  

E c h o card i o g ra p h y  

Although convenient, safe and readily available, 
transthoracic echocardiography is limited by unac
ceptably low sensitivity (80%) and only slightly 
higher specificity (93-97%). Experience with 
transoesophageal echocardiography (TOE) sug
gests that a high degree of sensitivity (95-100%) 
can be obtained at the cost of the added distress for 
the patient of an uncomfortable and invasive pro
cedure. It is available in a limited number of cen
tres in the UK at present. 

There may still be a role for transthoracic 
echocardiography, especially where TOE is unavail
able, as a primary screening investigation in an 
unstable patient. Evaluation of myocardial per
formance and valvular function is reliable using 
transthoracic echocardiography, and pericardial 
effusions can be identified. 

C o m p u t e r i z e d  t o m o grap hy 
( F i g .  I 1 . 2 4 )  

Where available, dynamic contrast-enhanced com
puterized tomography (CT) has a high sensitivity 
and specificity. An intramural haematoma can 
be identified before it ruptures either through the 
intima or the adventitia. CT will also visualize a 
thrombosed false lumen, which may have been 
missed by conventional aortography. Spiral CT 
scanners are now extremely rapid, but the scan
ning room remains 'out of bounds' to the unstable 
patient. 



C L I N I CAL F EATU RES  

Although patients may present with syncope (5%) 
or as a cardiac arrest, the commonest clinical sce
nario (in the patient who reaches hospital) is a sud
den onset of severe chest and interscapular pain 
(see above), hypertension and an unremarkable 
electrocardiogram. The pain may migrate down 
the back as the dissection propagates. 

Consider aortic dissection in patients with severe 

tearing interscapular pain. 

Subsequent clinical findings are the result of 
complications. Heart failure may be observed if 
there is acute aortic insufficiency. An early diastolic 
murmur at the left sternal edge should be sought in 
all patients when aortic dissection is in the 
differential. Hypotension suggests cardiac tarnpon
ade from an intrapericardial rupture of a lesion of 
the ascending aorta, or external rupture of the dis
section somewhere along its length. 

Compression or occlusion of branches of the 
aorta may result in ischaemic complications such 
as focal neurological abnormalities, stroke, upper 
or lower limb ischaernia, renal failure, mesenteric 
ischaemia and myocardial infarction. Palpation of 
all peripheral pulses and a rapid neurological exam
ination are mandatory in all cases of suspected aor
tic dissection. Proximal dissections give rise to pulse 
discrepancies in half of cases, most commonly 
because of subclavian artery obstruction. Involve
ment of the spinal and vertebral arteries leads to 
ischaernic paraparesis in approximately 4% of cases. 

EARLY MANAG EM E N T  

Urgent specialist referral is essential for anyone 
suspected of having an aortic dissection. Appropri
ate management must be initiated before defini
tive investigations have been performed. Liberal 
doses of intravenous morphine or diamorphine 
are required to control the severe pain of an acute 
aortic dissection. Although lacking sensitivity and 
specificity, the chest radiograph is likely to be the 
first investigation performed. 

Certain abnormalities on the chest radiograph 
are suggestive of aortic dissection (Fig. 11 .23): 

• widened mediastinum 
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Figure I 1 .23: Chest X-ray of a patient with aortic 

dissection. 

• abnormal aortic contour - localized bulges, 
diameter change, and obliteration of the aortic 
knob (differentiation from the tortuosity seen in 
chronic hypertension may be difficult) 

• the 'calcium sign' - intimal calcification sep
arated from the outer wall of the aorta by 5 mm 
or more 

• double density of the aorta, suggesting a false 
lumen 

• left-sided pleural effusion. 

Control of hypertension is the critical early 

intervention. 

Control of arterial hypertension is the critical 
intervention in patient management whilst 
advanced imaging is arranged, and different drug 
regimens have been used with success. 

Invasive arterial monitoring is thought by 
many authorities to be essential once aggressive 
blood pressure management is commenced. This 
allows for 'beat-to-beat' observation of blood pres
sure as well as increased accuracy. A central line 
allows accurate fluid balance, will give an early 
indication of tamponade, and provides vascular 
access should there be a sudden deterioration. 

Rapid control of hypertension is required, whic 
can only be achieved by intravenous medication 
(in contrast to the management of accelerate 
hypertension). Therapy should be determined by a 
senior specialist. 

The goals of therapy are to maintain a heart rate 
between 60 and 80, and a systolic blood pressure 
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• LVF - intravenous glyceryl trinitrate. 
• Aortic dissection - see below. 
• Blood pressure control may be indicated if there 

is evidence that hypertension induced by spon
taneous intracerebral or subarachnoid haemor
rhage is damaging other end organs. Sodium 
nitroprusside or labetalol given intravenously 
are suitable agents. 

Hypertensive encephalopathy demands a 
slightly less immediate reduction in blood pres
sure, which can also be achieved using nitroprus
side or labetalol. 

Pre-eclampsia should be managed with the 
early involvement of the obstetricians. Intravenous 
labetalol or hydralazine (a vasodilator) can be used 
to control hypertension, and magnesium sulphate 
is the anticonvulsant of choice. 

fOLLOW- U P  OF  HYPERTENS IVE 
PATI ENTS 

Most patients who are hypertensive but d o  not 
reveal evidence of end-organ damage do not 
require admission. Appropriate follow-up is essen
tial and can be arranged via the general practi
tioner or urgent specialist out-patient appoinhnent. 
The British Hypertensive Society has recommended 
that patients with a systolic blood pressure more 
than 200 mmHg, or a diastolic more than 110 mmHg, 
should be treated if this level is sustained on three 
separate occasions over 1-2 weeks. 

AORT IC  D I SS ECT ION 

The wall of the aorta has three layers: from the 
lumen outwards - intima, media and adventitia. 
Aortic dissection is the longitudinal cleavage of the 
media by a dissecting column of blood. The affected 
aorta is not commonly aneurysmal; the term dis
secting aortic aneurysm should be avoided. 

E P I DE M I OLOGY A N D  PATHO G E N E S I S  

The incidence of aortic dissection has been estimated 
in industrialized countries to be between 5 and 10 
cases per million per year. These figures have been 

Table I I .  I I :  Aetiology of aortic dissection 

Increased stress: 
Hypertension 
Aortic di latation, and thinning of the wall 
Bicuspid aortic valve 
Coarctation of the aorta 
Hypoplasia of the arch of the aorta 
Iatrogenic (during surgery and percutaneous 

procedures) 

Reduced resistance: 
Old age 
Marfan's syndrome, Ehlers-Danlos syndrome 
Pregnancy 

derived largely from post-mortem examinations. 
The incidence is approximately twice that of acute 
rupture of an abdominal aortic aneurysm (although 
many fewer patients who suffer thoracic dissec
tion reach hospital alive). It is more common in 
males and has a peak incidence between 50 and 70 
years. A structural weakness in the wall of the tho
racic aorta predisposes an individual to dissection 
when an initiating stress of sufficient magnitude is 
applied. 

Medial degeneration is a process characterized 
by loss of smooth muscle cells and elastic tissue, 
with subsequent scarring and fibrosis. It is part of 
the ageing process to a varying degree, but may be 
accelerated in some individuals, particularly in the 
presence of arterial hypertension. The incidence of 
aortic dissection in a population is related to the 
prevalence of major risk factors, which lead to an 
imbalance between applied stress and aortic wall 
resistance (Table 11 .11) .  

Once there has been a breach to the intima the 
pulsatile flow of blood is able to enter the vessel 
wall by separating its layers. The entry point of 
the dissection is variable and dependent on local 
factors. The ascending aorta, in particular the con
vexity 1-2 cm above the aortic sinuses, is the entry 
point of around 60% of dissections. The aortic arch 
is the entry point in 10%, and 30% arise just distal 
to the left subclavian artery. 

A false lumen is formed within the wall on the 
aorta. Further progression of the dissection is deter
mined by the blood pressure. Rarely, the false lumen 
ruptures inte�nally into the true lumen, limiting fm
ther extension. Much more likely is a catastrophic 
external rupture through the adventitia. 



Figure I 1 .22: Pericardiocentesis. The patient is 

positioned semi-upright and a 1 6- 1 8  gauge intravenous 

cannula is advanced in the angle between the 

xiphisternum and the left costal margin towards the 

left shoulder, 45° to the skin. 

Table I I .  I 0: Hypertensive emergencies 

Hypertensive left ventricular fai lure 
Hypertensive encephalopathy 
Hypertension associated with AMI or unstable angina 
Aortic dissection 
Hypertension associated with acute renal fai lure 
Hypertension associated with intracerebral or 

subarachnoid haemorrhage 
Phaeochromocytoma 
Eclampsia and pre-eclampsia 

A hypertensive cns1s 1s a situation where severe 

sustained hypertension results in l ife-threatening 

cardiovascular, neurological and renal damage. 
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True hypertensive emergencies mandate aggres
sive and rapid control of blood pressure. If a true 
emergency does not exist there are serious conse
quences associated with reducing the blood pres
sure too quickly. 

Malignant hypertension presents with very 
high levels of blood pressure (a diastolic of more 
than 130 mmHg) and retinal haemorrhages. Papil
loedema may be present. Headaches occur in 85% 
of patients and blurred vision in 60%. Chest pain 
and dyspnoea suggest cardiovascular involve
ment, which may be angina, AMI or left ventricular 
failure (LVF). Hypertensive encephalopathy is the 
result of the breakdown of cerebral autoregulation 
and may develop over several weeks. The clinical 
manifestations of hypertensive encephalopathy are 
heterogeneous, such as headache, vomiting, con
fusion, coma, focal signs and fits. 

MANAG E M E N T  

A single diastolic blood pressure reading in an 
asymptomatic patient of more than 130 mmHg 
needs to be repeated after the patient has been sat 
in a quiet room for a short interval. Many patients 
will then prove to have a blood pressure that is low 
enough to allow safe discharge. Individuals who 
are hypertensive, with advanced retinopathy but 
no other evidence of end-organ dysfunction, do not 
require parenteral therapy. Oral agents are favoured 
over sublingual, which may cause a precipitous 
fall in the blood pressure of some patients. Many 
agents have been used with success. Admission is 
indicated for these patients. Oral therapy is like
wise preferred for patients with a history suggesting 
subacute or chronic hypertensive encephalopathy 
on a background of chronic hypertension. The 
failure of cerebral autoregulation in hypertensive 
encephalopathy exposes these individuals to the 
risk of further neurological damage if the blood 
pressure is reduced by more than 25%. 

Parenteral control of hypertension is indicated for 
certain situations. Blood pressure should be reduced 
by up to 25% of the peak level. The following si -
ations demand immediate blood pressure reduction: 

• AMI or angina - intravenous glyceryl trinitrate 
is a suitable agent. Intravenous beta-blockers, 
such as esmolol or metoprolol, are an altern -
tive. Opiate analgesics are essential. 
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Figure I 1 .2 1 :  The ECG in pericarditis. 

C h e s t  rad i o g ra p h  

The chest radiograph is usually unremarkable in 
acute pericarditis. 

E c h o c a rd i og raphy  

Small pericardial effusions are identifiable by 
echocardiography (as little as 15 ml). Thickening of 
the pericardium may be visualized in constrictive 
pericarditis. 

L a b o ratory  t e s t s  

The exclusion of ischaemia is paramount. Rigorous 
exclusion of an underlying systemic disorder may 
be required in atypical cases. 

M ANAG E M ENT 

Most patients are haemodynamically stable. 
Arrhythmias should be treated aggressively if there 
is haemodynamic compromise. Cardiac tampon
ade is diagnosed clinically by the following signs: 

• low cardiac output state 
• muffled heart sounds 
• distended neck veins 

VJ . 
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• Kussmaul's sign (paradoxical elevation of jugu
lar venous pressure on inspiration) . 

Urgent pericardiocentesis is indicated for these 
patients, preferably under ultrasound guidance if 
time allows. 'Blind' pericardiocentesis is indicated 
for impending cardiac arrest (Fig. 11 .22). 

Most patients suffering from acute postviral 
pericarditis require only symptomatic treatment 
with a non-steroidal anti-inflammatory agent. 
Some patients may be discharged from the emer
gency department. However, appropriate investi
gation must have been completed and a senior 
medical opinion obtained. 

HYPERTENS IVE E M ERG E N C I ES 

AETIOLOGY AND CLI N I CAL F EATURES 

Between 1 and 2 %  o f  patients who have essential 
hypertension develop a hypertensive emergency 
(Table 11 .10) .  The untreated mortality of hyperten
sive crises approaches 90% at 1 year. With cur
rently available therapy the 5-year survival rate is 
nearly 75%. Hypertensive emergencies are more 
common in males and people of African or Afro
Caribbean descent. Hypertension may be a sec
ondary phenomenon to many conditions. 



receive widespread publicity. A more benign 
course is observed in some individuals, usually 
those who have survived to middle or later life. 
Patients with a family history of sudden cardiac 
death at a young age are at the highest risk of sud
den death themselves. Some patients are entirely 
symptom free. Exertional breathlessness, angina 
and syncope are frequent historical features. 

Syncope on exertion is a highly s inister symptom. 

Examination reveals a systolic murmur through 
the narrowed left ventricular outflow tract, and a 
murmur of secondary mitral insufficiency may 
also be heard. ECG findings are non-specific. Left 
ventricular hypertrophy by voltage criteria with 
no other discernible cause should raise the index 
of suspicion, but may be a normal finding in the 
athletic heart. Young patients with exertional 
symptoms, especially syncope, require echocar
diography. 

Restrictive cardiomyopathy is a disease of 
unknown aetiology, which is sometimes familial. 
There is stiffness of the left ventricle and impaired 
diastolic function, leading to an excessive rise in 
diastolic pressure with small increases in volume. 
The course of this illness is chronic and progres
sive, with the development of congestive cardiac 
failure. 

M YOCARD IT I S  

Viral infections are the most common cause of 
myocarditis. Although most cases are subclinical, 
the diagnosis should be suspected in anyone who 
presents with a 'flu-like' illness with myalgia as a 
prominent symptom. Most patients make a com
plete recovery. In some patients a severe dilated 
cardiomyopathy develops. 

The cause of the myocardial damage is either 
a direct effect of toxins or secondary immune
mediated necrosis. 

The prodromal illness may be non-specific 
(fever, myalgia, sore throat, headache, diarrhoea).  
The cardiac manifestations include heart failure, 
syncope, heart block, chest pain and sudden death. 
A tachycardia out of proportion to the systemic ill
ness may be observed. A third heart sound is a 
frequent finding. The ECG may reveal arrhythmia, 
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ST segment and T-wave changes, or poor R-wave 
progression. 

The management is supportive. Patients with
out haemodynarnic compromise are admitted for 
bed rest, cardiac rhythm monitoring and con
firmation of the diagnosis (usually to exclude 
ischaemia). Although most patients recover com
pletely, approximately 15% suffer progressive 
ventricular dysfunction. Aggressive inotropic sup
port and mechanical support of the circulation 
is indicated for those with severe ventricular 
impairment. 

PERICARD IT IS  

Inflammation o f  the pericardium is frequently 
asymptomatic. It may be a feature of a severe sys
temic disorder, or a self-limiting condition in an 
otherwise fit individual . 

C L I N ICAL  F EATU RES  

Patients frequently complain of a prodromal flu-like 
illness before the development of the characteristic 
chest pain. The pain is typically sharp and varies 
with respiration. It is exacerbated by lying down 
and swallowing, and relieved by sitting forward. 
Occasionally, patients present with isolated shoul
der pain. The associated friction rub has been com
pared to the sound of 'Velcro', and is best heard 
using the diaphragm of the stethoscope at the 
lower left sternal edge with the patient holding 
their breath. 

I NVESTI GAT ION  

E l e c t roca rd i o g ra p h y  ( F i g .  I 1 . 2 1 )  

ECG changes appear from hours to days after the 
onset of symptoms of pericarditis. Concave ST ele
vation is characteristically seen in most leads 
except a VL and Vl. Unlike in AMI the T waves 
remain upright, and PR segment depression 
occurs in 80% of patients (best seen in lead II) . 
Serial ECGs may be required to exclude AMI. l t  
should also be  noted that the ECG may be  normal 
in acute pericarditis. 
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impact site, with the formation o f  a sterile platelet
fibrin thrombus. This area is susceptible to tran
sient bacteraemia. A generalized reduction in host 
immunity (e.g. alcoholism and renal failure) may 
predispose the 'normal' heart valve to infection. 

Prosthetic heart valves and defective native 
valves are at risk from recognized sources of bac
teraemia: 

• dental procedures 
• urogenital procedures 
• intravenous drug abuse 
• endoscopy (or contrast studies), particularly of 

the lower gastrointestinal tract 
• intravenous cannulation (should be restricted 

to patients in whom it is essential). 

The disease may be acute and rapidly over
whelming, or run a more chronic course. 

C l i n i c a l  feat u re s  

The clinical features of infective endocarditis are a 
manifestation of its multisystem involvement: 

• Infection fever, weight loss, cachexia, 
splenomegaly, arthralgia 

• Cardiac a new or changing cardiac 
murmur, arrhythmia, conduc
tion disturbances, heart failure 

• Embolic stroke, mesenteric infarction, 
renal, recurrent pneumonitis 

• Immunological glomerulonephritis, splinter 
haemorrhages, mucosal pete
chiae, Osler's nodes, Janeway 
lesions, Roth spots. 

I nv e s t i g at i o n s  

At least two sets of blood cultures should be taken 
from different sites before the administration of 
empirical antibiotic therapy to patients who are 
severely ill. A full blood count may reveal anaemia 
and a neutrophilia. The erythrocyte sedimentation 
rate and C-reactive protein are often high. Urinalysis 
should be performed to exclude glomerulonephri
tis, and an ECG, although non-specific, may demon
strate conduction disturbances (suggesting abscess 
formation). The valvular vegetations may be visu
alized by echocardiography. 

A n t i b i ot i c  t h e ra py 

Once a diagnosis of infective endocarditis is strongly 
suspected empirical anitibiotics should be adminis
tered. A combination of intravenous benzylpeni
cillin and intravenous gentarnicin is a suitable 
empirical choice unless the history is suggestive of a 
staphylococcal aetiology, in which case flucloxacillin 
should also be given. An early microbiological opin
ion should be obtained, usually at the time that the 
first sets of cultures are taken. 

Current recommendations for antibiotic pro
phylaxis for patients at risk of endocarditis under
going medical or dental procedures can be found 
in the British National FormulanJ. 

D ISEASE  OF  H EART M USCLE  

CARD I OMYO PATH I E S  

The cardiomyopathies have been classified accord
ing to clinical, echocardiographic, pathophysiolog
ical and morphological findings on biopsy and 
post mortem: 

• dilated cardiomyopathy 
• hypertrophic cardiomyopathy 
• restrictive cardiomyopathy. 

Dilatation and hypokinesis of the left ventricle, 
which is not associated with valvular disease, 
ischaemia, hypertension or systemic disease, is 
classified as dilated cardiomyopathy. The pre
senting features are those of left ventricular dys
function and embolization. Specific emergency 
management is not required other than the treat
ment of complications. 

Hypertrophic cardiomyopathy (HCM) is 
defined as hypertrophy of an undilated left ventri
cle that cannot be explained by pressure or volume 
overload. It has a prevalence of approximately l in 
5000. Autosomal dominant inheritance has been 
described (possibly as many as 50% of cases), as 
well as sporadic mutations. Cardiac function is 
affected by a progressive impairment of diastolic 
filling of the left, and sometimes the right ventri
cle. Atrial fibrillation and ventricular arrhythmias 
are common. 

At the most severe end of the spectrum of HCM, 
sudden deaths of apparently fit young individuals 



should be given, and the possible requirement 
for antibiotic prophylaxis for certain procedures 
should be discussed. 

T H E  M ITRAL VALVE 

The commonest cause of mitral stenosis remains 
rheumatic heart disease. Patients may present to 
the emergency department for several reasons: 

• worsening dyspnoea, including paroxysmal 
nocturnal dyspnoea (PND) and pulmonary 
oedema 

• haemoptysis, due to pulmonary congestion 
• palpitations 
• systemic embolization, most commonly seen in 

the presence of atrial fibrillation. 

The characteristic murmur of mitral stenosis is a 
mid-diastolic 'rumble' with presystolic accentu
ation (this is lost in atrial fibrillation) . There is a 
loud first heart sound and an opening snap, which 
precedes the murmur. 

Acute post-infarction papillary muscle dys
function leading to mitral regurgitation has been 
discussed. Chronic mitral insufficiency may be tol
erated for many years. The onset of atrial fibrilla
tion may cause a patient to become symptomatic 
for the first time. Breathlessness on exertion is a 
common symptom. Otherwise, the presentation is 
similar to mitral stenosis. Relatively asymptomatic 
individuals can be followed up as out-patients. 
Heart failure is treated in the conventional manner, 
and previously undocumented atrial fibrillation 
mandates admission. The risk of embolization is 
sufficient that patients should be considered for 
immediate and indefinite anticoagulation. Some 
invasive procedures require prophylactic antibi
otic coverage. 

THE AORT IC  VALVE 
The incidence of sudden death in patients with aor
tic stenosis is approximately 25%. Syncope induced 
by exertion is a particularly sinister historical fea
hire. Symptoms tend to appear late in the course of 
the disease, so it is vital that the diagnosis is not 
missed when patients are examined. It is worth 
revising the physical signs: 

• slow-rising poor-volume pulse, best felt in the 
carotid 

• systolic thrill in the carotid pulse or over the 
aortic area 
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• ejection systolic murmur, loudest in the aortic 
area 

• normal or low blood pressure with a narrow 
pulse pressure 

• third and fourth heart sounds 
• forceful apex beat (heart not enlarged) . 

The ECG may show one or more of the follow
ing: left ventricular hyperh·ophy, left ventricular 
strain, left bundle branch block, left axis deviatio 
and P mitrale. 

Afterload reduction is poorly tolerated by 
patients with severe aortic stenosis because of the 
limitation of stroke volume. Vasodilators shoul 
be avoided. A new diagnosis of symptomatic aor
tic stenosis (especially if there has been exertional 
syncope) mandates an urgent cardiology opinion, 
echocardiogram and admission. Urgent valve 
replacement may be indicated. 

The two commonest causes of acute aortic 
insufficiency are infective endocarditis and dissec
tion of the aortic root. Acute cases comprise 20% of 
the total, and acute left ventricular failure is the 
usual presentation. 

RIGHT-S IDED  H EART LES IONS  

Acute valvular lesions of  the right side of  the heart 
are much less common than those affecting the left 
side. Staphylococcus aureus endocarditis of the tri
cuspid valve is seen in intravenous drug users. 
These patients are acutely ill and septic. With 
destruction of the valve clinical signs become more 
obvious: elevated jugular venous pressure, pul
satile hepatomegaly, peripheral oedema and ascites. 
A blowing pansystolic murmur is heard at the 
lower left sternal edge. Pulmonary incompetence 
is most often secondary to chronic pulmonary 
arterial hypertension. 

I N F ECTIVE EN DOCARD IT I S  

Infective endocarditis is an uncommon conditio 
It is a multisystem disease caused by infection f 
the heart valves and adjacent endocardium. There 
are 1500 cases per year in the UK, with a mortality 
of approximately 15%. lthough infective end -
carditis may arise in a previously healthy valve, 
pre-existing anatomical derangement provides 
the optimal conditions for bacterial colonization. 
A 'jet' lesion chronically damages the endocardial 
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ventricular response (2:1 block). Complete heart 
block exhibits complete dissociation between atrial 
and ventricular activity. First-degree and Mobitz 
type I heart block are asymptomatic. Mobitz II and 
third-degree block (Fig. 11 .12) may result in a low 
ventricular response leading to tiredness, dyspnoea, 
heart failure and syncope (a Stokes-Adams attack). 

The emergency management depends on the 
haemodynamic state of the patient. All patients 
other than those with first-degree heart block 
require admission. Atropine, isoprenaline infusion 
or transcutaneous pacing may be required as hold
ing strategies until arrangements are made for the 
insertion of a temporary transvenous pacing wire. 

S I C K  S I N U S  SYN DRO M E  

The sick sinus syndrome is caused by idiopathic 
fibrosis of the sinus node. It most commonly 
affects the elderly. The presenting symptoms are 
usually syncope and dizziness. There is impair
ment of sinus node activity or of conduction of 
impulses from the sinus node to the atria. The clin
ical features are a consequence of profound sinus 
bradycardia, sino-atrial block or sinus arrest. Some 
individuals also experience episodes of supraven
tricular tachycardia (the tachy /brady syndrome). 
Sino-atrial block is diagnosed by intermittently 
dropped P waves resulting in a pause that is a mul
tiple of the normal P to P interval. 

Symptomatic patients and those with pauses of 
longer than 3 s should be paced. Twenty-four-hour 
ambulatory ECG monitoring may be required to 
establish the diagnosis. 

C O M PL ICAT I O N S  OF  P ERMANENT  
PACEMAKER  SYSTEMS  

I t  is now possible to pace the atrium, the ventricle 
or both chambers in physiological sequence. The 
mode of pacing is conventionally described as a 
three-letter code: 

• The first letter indicates the chamber that is 
paced (A, V, or D for dual). 

• The second letter refers to the chamber which is 
sensed. 

• The third letter refers to the type of sensing 
(inhibition (I), triggered (T), dual type (D)) .  

If  there is  rate modulation the letter R is added to 
the code. 

Immediate complications may present to the 
emergency department and include haematoma of 
the chest wall and local infection. Surgical inter
vention is sometimes indicated. Pneumothoraces 
as a consequence of subclavian venepuncture may 
not become symptomatic for a few days and a low 
threshold should be maintained for obtaining radio
graphs of the chest. Displacement of a pacemaker 
lead occurs in less than 1 % of patients and may be 
evident as a return of the original bradycardia, 
failure to capture (a pacing spike seen on the ECG 
but no subsequent native electrical depolariza
tion), or a failure to sense appropriately. 

Long-term complications occur with a break
down of the insulation of the lead. Patients may 
complain of muscle twitching, and over-sensing 
can result in inappropriate variations in the heart 
rate. Fracture of the pacemaker lead may follow 
trauma. Patients with unichamber ventricular 
devices may complain of tiredness, dyspnoea and 
lethargy as a result of the loss of atrial transport 
(the pacemaker syndrome) . 

Defibrillation can be achieved safely in the pres
ence of a permanent pacemaker if the paddles are 
placed at least 12 cm from the device. The pace
maker should be checked as soon as possible after 
defibrilla ti on. 

VALVULAR E M E RG E N C I ES 

Patients who have lesions of the heart valves 
occasionally present to the emergency department. 
Most require conventional management of heart 
failure or other medical problems. A detailed 
description of each lesion is beyond the scope of 
this text. It is more appropriate to focus on situa
tions that require specific emergency department 
management. 

The majority of people who have a heart mur
mur will already have been investigated and the 
diagnosis may be obtained from scrutinizing hos
pital records, echocardiography reports, or even 
asking the patient. The incidental finding of a car
diac murmur does not automatically indicate that 
admission is required. Patients who are symp
tomatically well may be referred for out-patient 
investigation. Advice to avoid strenuous activity 



Figure 1 1 .20: Torsade de Pointes. 

VT is frequently observed in the early phase after 
AMI. It may also arise from re-entry circuits at the 
margins of an old infarct. VT is a recognized fea
ture of most disorders that affect heart muscle 
(including toxins), and may occasionally be seen in 
young people with structurally normal hearts. It is 
recommended that all broad complex tachycardias 
are assumed to be ventricular in origin until 
proved otherwise. 

Haemodynamically stable patients with sus
tained VT or recurrent symptomatic non-sustained 
VT should be treated with intravenous lignocaine or 
amiodarone. Hypotensive patients require synchro
nized DC cardioversion. Patients who do not have a 
pulse should be immediately defibrillated in accor
dance with the Advanced Life Support Algorithm. 

To rsade  d e  P o i n t e s  

Torsade de Pointes is a form of polymorphic VT (Fig. 
11 .20). There is an association with sudden death 
and a different management strategy is indicated. 

Most antiarrhythmic agents are either ineffective 
or make the sihiation worse (including lignocaine). 
Intravenous magnesium sulphate is effective in 
most patients. DC cardioversion is an effective ther
apy for resistant or compromised cases. 

Expert advice should be obtained, unless 
haemodynamic compromise mandates immediate 
cardioversion. 

B RADYCARDIA 

A secondary sinus bradycardia is a common obser
vation in many disorders whose primary pathol
ogy is non-cardiac: 

• pre-terminal event as a consequence of hypoxia 
• hypothermia 

• increased vagal tone 
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• metabolic disturbances such as hypothyroidism 
• electrolyte disturbances - hyperkalaemia 
• acutely raised intracranial pressure. 

The two most common cardiac lesions that 
result in a pathological slowing of the ventricular 
rate are atrioventricular block and sinus node 
disease. 

ATRIOVENTR IC U LAR B LOCK  

Myocardial infarction has been discussed as a cause 
of atrioventricular block. Other causes include: 

• idiopathic fibrosis 
• aortic valve disease 
• congenital AV block 
• anatomical congenital heart disease. 

First-degree heart block (Fig. 11 .9) is diagnosed 
by a PR interval of more than 0.21 s. The PR inter
val is measured from the onset of the P wave to the 
onset of the QRS complex. First-degree heart block 
does not cause symptoms but may herald higher 
degrees of block, depending on the clinical con
text. First-degree heart block is sometimes seen in 
athletes with high vagal tone. No action is required . 

Second-degree heart block is classified into 
type I (Fig. 11 . 10) and type II (the Mobitz classifica
tion) . High vagal tone has been implicated in the 
aetiology of some cases of type I second-degree 
block, which is diagnosed by an increasing PR 
interval prior to a non-c nducted P wave. In these 
cases the prognosis is good. However, in the absence 
of increased vagal tone type I block may be as 
dangerous as type II. 

Mobitz type II atrioventricular block (Fig. 11 . 11 ) 
does not exhibit a progressive lengthening of the 
PR interval before a failure of conduction. A com
mon pattern is a ratio of two P waves to one 
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Figure I 1 . 1 8: Atrial flutter. 
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Figure I 1 . 1 9: Ventricular tachycardia. 
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Figure I 1 . 1 7: Atrial tachycardia. 

cardioverts most patients from AVNRT. Care must 
be taken to not treat pre-excited AF with adenosine, 
digoxin or veraparnil, as blockade of the AV node 
may lead to one-to-one conduction of the chaotic 
atrial activity down the accessory pathway, and 
hence VF. It is recommended that a specialist opinion 
is obtained before administering a second agent if 
there is no response of an A VRT to adenosine. 

Atr i a l  tac hycard i a  ( F i g .  I I .  I 7 )  

Between 5 and 10% of patients who present with 
a paroxysmal supraventricular tachycardia have 
an ectopic focus in the left or right atrium. Unifocal 
atrial tachycardia has rate that is usually less 
than 250 beats per minute, with morphologically 
abnormal P waves preceding each QRS complex. 
Atrioventricular nodal blocking agents are inef
fective. Adenosine or vagal manoeuvres may be 
required to demonstrate that the atrioventricular 
node is not required to maintain the tachycardia. 
Continued rapid atrial activity with AV block is 
seen but the tachycardia is not terminated. Unifocal 
atrial tachycardia with variable block may be 
caused by digoxin toxicity. 

The therapy for unifocal atrial tachycardia 
should address the underlying cause. Patients who 
are stable although clinically toxic to digoxin 
should have their electrolytes corrected and fur
ther doses withheld. A serum potassium of more 
than 8 mmo1 1-1 or haemodynamic compromise 
have been regarded as indications for the admin
istration of digoxin-specific antibody fragments 
(Digibind). A short-acting beta-blocker may be used 
to control the ventricular rate. 

A t r i a l  fl u tt e r  ( F i g .  I 1 . 1 8 ) 

Atrial flutter is less common than AF and almost 
never occurs without serious underlying cardiac 
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pathology, in particular mitral valve disease and 
ischaemia. The mechanism of this arrhythmia is a 
re-entry circuit involving the right atrium and the 
interventricular septum. The rate of atrial depolar
ization is 300 per minute. The AV node will not 
allow conduction at this rate, and typically a two-to
one block results in a constant venh·icular rate very 
close to 150 beats per min te. Flutter waves may not 
be visible on the ECG unless the degree of AV block 
is increased (adenosine or vagal manoeuvres). At 
higher degrees of AV block the 'sawtoothed' pattern 
of atrial depolarization is readily appreciated. 

The degree of symptoms is variable. Palpitations 
are common. Hypotension is treated by sychro
nized DC cardioversion. Arniodarone, digoxin and 
beta-blockers have all been used to good effect. 
However, amiodarone combines ventricular 
rate control with a high probability of a return to 
sinus rhythm. Semi-elective DC cardioversion is 
an extremely effective treatment for drug-resistant 
cases. Consideration should be given to antico
agulation, although the risk of embolization is less 
than with AF. 

VENTRICU LAR TACHYCARD IA 
(f  1 G .  I I .  I 9)  

Ventricular tachycardia (VT) is the most common 
broad complex tachycardia (QRS duration more 
than 120 ms). Alternative causes of a broad com
plex tachycardia such as SVT with aberration, are 
diagnoses of exclusion. Certain ECG features which 
may help in the differentiation of VT from a broad 
complex SVT have been discussed above. 

VT is defined as the occurrence of three or more 
consecutive ventricular beats at a rate of more than 
100 per minute. It can be further classified into sus
tained or non-sustained VT, depending on whether 
an episode is respectively more or less than 30 s .  



Figure I 1 . 1 5: AVNRT - supraventricular tachycardia. 

Figure I 1 . 1 6: Wolf-Parkinson-White syndrome. 



of the ventricular rate, good tolerance even in ven
tricular impairment, and efficacy in restoring sinus 
rhythm are significant advantages of this drug. 
The requirement for immediate anticoagulation 
(heparinization initially) remains the subject of 
debate. 

Episodes of AF that last less than 48 h are 
unlikely to result in significant atrial thrombus for
mation. Cardioversion of these patients is believed 
to be safe without prophylactic anticoagulation. 
Synchronized DC cardioversion is an effective ther
apy if chemical cardioversion is unsuccessful. 

If there is a possibility that the patient has been 
in AF for longer than 48 h, this should be assumed 
to be the case. If ventricular rate control is required, 
digoxin is the most suitable agent. Patients are 
loaded orally or intravenously depending on the 
urgency of the situation. Consideration may be 
given to elective cardioversion after a minimum of 
3 weeks' anticoagulation. Ventricular rate control 
can also be achieved with beta-blockers (metopro
lol) or calcium-cha1mel blockers (diltiazem or vera
pamil), although digoxin is the first-line treatment 
in the UK. 

All patients in chronic AF should be considered 
for indefinite anticoagulation. After successful 
elective cardioversion anticoagulation should be 
continued for a further 4 weeks. 

RE-ENTRANT TAC HYCARDIAS 

Paroxysmal regular narrow complex tachycardias 
(supraventricular tachycardias) most commonly 
arise from electrical circuits in the region of the 
atrioventricular node. A re-entrant tachycardia is 
the result of repeated circulation of an impulse 
between the atria and the ventricles. In order for 
this to occur there must be at least two conducting 
pathways. The additional pathway may be within 
the atrioventricular node or anatomically distinct 
(an accessory pathway or bypass tract). 

S u p rave n t r i c u l a r  tac hycard i a  

The commonest form of paroxysmal supraventricu
lar tachycardia is atrioventricular nodal re-entry 
tachycardia (AVNRT) (Fig. 11 .15). If an ectopic 
impulse generated in the atrium reaches the abnor
mal conducting pathway during its prolonged 
refractory period, anterograde conduction can only 
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take place down the normal pathway. A subsequent 
retrograde impulse generated in the ventricle may 
then reactivate the atria via the abnormal pathway, 
which rapidly becomes excitable. This cycle of 
mutual activation and reactivation results in a nar
row complex tachycardia between 150 and 250 
beats per minute. P waves are superimposed on the 
QRS complexes because atrial and ventricular acti
vation are simultaneous. If P waves are identified 
an alternative diagnosis should be considered. 

AVNRT is most common in females between 
the ages of 10 and 50 years and is usually well 
tolerated. Vagal manoeuvres such as Valsalva, 
splashing cold water on the face, and carotid sinus 
massage are sometimes effective, and the arrhyth
mia is reliably terminated by intravenous adeno
sine. Verapamil is an effective second-line therapy. 
Occasionally, patients require synchronized DC 
cardioversion. Long-term therapy includes pro
phylactic antiarrhythmics (e.g. a beta-blocker), and 
radiofrequency ablation of the abnormal pathway 
following electrophysiological evaluation. 

Atr i ove n t r i c u l a r re c i p ro c at i n g  
tachycard i a  (Wo l f- P ark i n s o n-Wh i t e  
s y n d r o m e )  

Wolf-Parkinson-White (WPW) is a pre-excitation 
syndrome. Pre-excitation is a phenomenon whereby 
the ventricles are activated earlier than via normal 
atrioventricular nodal conduction. Therefore, there 
is a short PR interval and slurring of the initial 
component of the QRS complex (Fig. 11 . 16) .  Recur
rent tachycardia in conjunction with these ECG 
features characterizes WPW. 

In the general population pre-excitation is found 
in fewer than 3 in 1000 people, and unlike A VNRT 
there is a male preponderance. Most patients with 
WPW syndrome have their first episode of tachy
cardia before the age of 40 years, and approxi
mately 50% have an episode before they are 20 
years old. 

Patients with WPW may develop AF. Patients 
may be severely compromised, as the ventricular 
response may be extremely fast. AF with a rapi 
ventricular rate is associated with an increased risk 
of developing VF, owing to rapid conduction 
down the accessory pathway. 

Hypotensive patients with a narrow or broad 
complex tachycardia should be immediately car
dioverted with a synchronized DC shock. Adenosine 
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actively sought and treated where possible (AMI, 
arrhythmia, pulmonary infection, hypoxaemia). 

Progressive right-sided cardiac failure with 
dependent oedema and an elevated jugular venous 
pressure (progressing to hepatomegaly, ascites, 
pleural effusions and cachexia) is most commonly 
secondary to chronic left ventricular dysfunction 
and may require admission for intensive diuretic 
therapy, optimization of vasodilators, control of AF 
and attention to nutrition. Heart failure secondary 
to non-cardiac disease mandates aggressive treat
ment of the underlying cause. 

ARRHYTHM IAS 

Arrhythmias following AMI have been discussed. 
The management principles remain the same for 
patients whose primary problem is an abnormality 
of cardiac rhythm: 

• Patients should be treated according to symp
toms and haemodynamic status. 

• Electrolyte abnormalities should be corrected. 
• Pharmacotherapy should be limited to a small 

number of drugs with which the emergency 
physician is familiar. 

• DC cardioversion is the treatment for tachy
cardia if the patient is shocked. 

• Compromising bradycardia that does not res
pond rapidly to medication requires emergency 
transcutaneous pacing. 

ATRIAL F I BR I LLAT I O N  (Af) 

Approximately 1 % o f  the population over the age 
of 70 years is in AF, and more than 5% of those over 
80 years. It is the most common sustained arrhyth
mia detected in the emergency department. 

Causes of AF include: 

• atrial distention due to rnitral valve disease 
• hypertensive heart disease 
• impaired left ventricular function of any 

aetiology 
• pulmonary embolus 
• metabolic abnormalities (such as thyrotoxicosis) 
• pericardia! disease 
• cardiac trauma. 

AF is chaotic atrial depolarization with no 
co-ordinated atrial contraction. There are no P waves 
on the ECG and the baseline is irregular. The ven
tricular response is limited by the refractory period 
of the atrioventricular node and is also irregular. 
Unless there is a bundle branch block or an acces
sory pathway, the QRS complexes are narrow. 

AF has been categorized according to the dura
tion of symptoms. This has some weight in pre
dicting whether a return to sinus rhythm is feasible, 
as well giving an indication of the risk of thrombo
embolus. Many patients are asymptomatic and AF 
is an incidental finding. The clinical features of AF 
are the consequence of: 

• patient awareness of the fast irregular heart 
beat 

• a reduction in cardiac output (due to reduced 
diastolic filing time and the loss of atrial 
systole) 

• the increased myocardial oxygen demand in 
patients with coronary artery disease (angina) 

• emboli originating from left atrial thrombus. 

A return to sinus rhythm is the aim for all 
patients other than the very old or infirm, in whom 
AF is suspected to be long-standing. In this group 
of patients attempts at cardioversion are likely 
to be unsuccessful. Even with adequate control of 
the ventricular rate there is a significant risk of 
embolism in patients with a structurally abnormal 
heart, hypertension, previous stroke or diabetes. 
Approximately 15% of patients in chronic AF have 
an episode of embolization each year. 

Episodes of paroxysmal AF revert to sinus 
rhythm spontaneously, usually within 24 h of onset. 
Some patients require emergency treatment for 
symptomatic relief. Historical features may help to 
identify precipitating factors such as alcohol excess 
or non-compliance with medication. It is not always 
clear how long the patient has been in AF, and 
treating the patient according to haemodynarnic 
status is of paramount importance. Persistent AF 
may be defined as an episode lasting between 
24 and 48 h. 

Shocked patients should receive synchronized 
DC cardioversion after general anaesthesia (initial 
energy 100 J). Relatively asymptomatic patients can 
be observed. Some authorities recommend intra
venous amiodarone as the first-line agent to restore 
sinus rhythm for patients who do not spontaneously 
revert to sinus rhythm within 24 h. Rapid control 
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90% is observed with medical therapy, which may 
be reduced by 50% by urgent surgical correction. 

P a p i l l a r y  m u s c l e  r u p t u re 

Acute mitral insufficiency due to papillary muscle 
rupture also occurs in the first week after AMI. 
Severe pulmonary oedema and, in some cases, car
diogenic shock develop rapidly. A new systolic mur
mur is identified in 50% of cases. Echocardiography 
will identify the flail leaflet. Early referral and sur
gery is indicated but the mortality remains high. 

L e ft v e n t r i c u l a r  free w a l l  r u p t u re 

Cardiac rupture is the cause of 10-20% of 
in-hospital deaths. It is commonest in hyperten
sive men who have suffered an anterior AMI. The 
incidence is reduced by the early administration of 
beta-blockers. Survival is extremely rare. A few 
patients have a more subacute presentation with a 
more gradual accumulation of a pericardia! effu
sion. The management is volume replacement, 
pericardiocentesis and immediate surgical repair. 

Mechanical compl ications of myocardial infarction 

require early surgery. 

POST- I N FARCT I O N  P E R I CARD IT I S  

Patients may develop pericarditis in the first week 
after AMI. The symptoms are of a characteristic, 

Table I I .  9: Aetiology of cardiac fai lure 
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well-localized pericarditic pain. A friction rub is 
often heard and there is an association with exten
sive infarction and a poor prognosis. A haemody
namically significant effusion is very uncommon. 
The post-myocardial infarction (Dressler's) syn
drome is now rare. An autoimmune reaction to 
antigens exposed by myocardial necrosis results in 
delayed symptoms of chest pain, fever, pleuroperi
carditis and pleural effusion. A good response is 
seen to anti-inflammatory agents or steroids. 

C ARDIAC FA I LURE  

The management of acute heart failure has been dis
cussed in the context of acute coronary syndromes. 

Chronic heart failure affects 1-2% of the general 
population and has a complex aetiology (Table 11 .9) . 
Asymptomatic left ventricular dysfunction is 
believed to have at least twice the prevalence of 
symptomatic cardiac failure. The most common 
presentation in the emergency department is of an 
acute decompensation of chronic heart failure. 
Nearly half of all the patients who suffer from 
chronic heart failure require an admission to hos
pital each year. 

The management of acute-on-chronic left ven
tricular failure is almost identical to the treatment 
of cardiogenic pulmonary oedema in the setting 
of an acute coronary syndrome. Intravenous loop 
diuretics and parenteral nitrate preparations are 
the mainstay of acute therapy. Reversible causes 
of an acute deterioration in cardiac fw1ction ar 

Myocardial pathology lschaemic heart disease 
Hypertension (including pulmonary) 
Di lated cardiomyopathy 

Valvular pathology 

· Pericardia! pathology 

Non-cardiac causes 

Restrictive cardiomyopathy 
Infiltrations (amyloid) 

Ventricular hypertrophy and overload (most lesions) 
Increased left atrial pressure but ventricular function normal (mitral stenosis) 

H igh-output failure Anaemia 
Thyrotoxicosis 
Paget's disease of bone 
Septicaemia 
Arteriovenous fistulae , 
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pulmonary oedema who are not stabilized rapidly 
by medical therapy require endotracheal intuba
tion and intermittent partial pressure ventilation 
(IPPV). PEEP should be titrated against the cardiac 
output, which may be impaired if it is set too high. 

Patients who present to emergency departments 
in cardiogenic shock have an extremely poor prog
nosis. A mortality of at least 80% has been esti
mated. However, recent studies using aggressive 
strategies aimed at early reperfusion have yielded 
more encouraging data (survival rates between 20 
and 70%). 

Patients who present with a systolic blood pres
sure less than 90 mmHg should have central venous 
access established as soon as possible. Inotropes are 
indicated for support of the circulation. Urgent 
medical or cardiological referral is essential. 

The optimal use of inotropes requires a balance 
between increases in heart rate, myocardial oxygen 
consumption, systemic vascular resistance (pre- and 
afterload) and vital organ (including coronary) 
perfusion. This is best achieved in the intensive 
care unit with invasive haemodynarnic monitoring. 
However, the patient must first be stable enough to 
transfer. The right atrial. (central venous) pressure 
can be measured in the resuscitation room and pro
vides a gross indication of volume status. Measure
ment of the right atrial pressure allows trends to be 
monitored and the response to a limited fluid chal
lenge to be estimated. Invasive blood pressure moni
toring is mandatory when more than a minimum 
dose of dopamine or dobutarnine is being infused. 

The long-term prognosis must be considered 
when resuscitating a patient in cardiogenic shock, 
rather than solely the short-term normalization of 
haemodynamic parameters. The following must be 
considered early for the patient's management: 

• Are attempts at coronary reperfusion appropri
ate? Specifically, thrombolysis with rt-PA, PTCA 
or coronary artery bypass grafting. 

• Would the patient benefit from temporary 
mechanical support of the circulation (intra
aortic balloon counterpulsation)? 

• Have mechanical causes of deterioration been 
excluded? Urgent echocardiography to exclude 
cardiac tamponade, post-infarction ventricular 
septal defect (VSD) or acute mitral regurgitation. 

An aggressive approach is recommended with 
an early cardiology opinion in all but the very eld
erly or those with severe coexisting pathology. 

CARD IOG E N I C  SHOCK  D U E  TO R IGHT  
VENTR I C U LAR I N FARCT I O N  

Acute right ventricular failure may be seen follow
ing an infero-posterior AMI. Agents which reduce 
preload (nitrates and diuretics), loss of atrial sys
tolic contraction (AF) and concomitant left 
ventricular dysfunction result in a markedly 
reduced cardiac output. The mortality of cardio
genic shock due to right ventricular infarction is 
around 20%. It should be suspected in patients 
with the following features: 

• hypotension after inferior AMI 
• raised jugular venous pressure 
• clear lung fields 
• ST elevation in a chest lead on the right side of 

the chest in a 'mirror image' position of the V4 
lead (V4R). 

These patients require a high right-sided filling 
pressure, and may also require inotropic support 
of the right ventricle. In the resuscitation room the 
response to a fluid challenge should be observed 
(200 ml of colloid or crystalloid initially) and 
inotropes started empirically if there is no increase 
in mean arterial pressure. Nitrates and diuretics 
should be avoided and arrhythmia treated prom
ptly. Atrioventricular dissociation mandates the 
urgent insertion of a sequential atrioventricular 
(dual chamber) pacemaker. 

M ECHAN I CAL COMPL I CAT IONS  OF  
MYOCARD IAL  I N FARCT ION 

Mechanical complications o f  AMI will rarely be 
observed in the emergency department as their 
peak incidence is between 3 and 5 days after AMI. 
Therefore most patients will already be in hospital. 

Ve n t r i c u l a r  s e p t a l  d efe ct  

Ruptures of the ventricular septum characteristi
cally occur 4-5 days after anterior AMI. If a patient 
has received thrombolysis, this complication is 
sometimes seen earlier. Patients present with severe 
left ventricular dysfunction. Ninety per cent of 
patients have a new systolic murmur. Urgent refer
ral is essential. The diagnosis is made by echocardio
graphy or cardiac catheterization. A mortality of 



include reperfusion strategies (thrombolysis, PTCA) 
or urgent echocardiography if an acute mechanical 
defect is suspected. 

Patients in acute left ventricular failure are usu
ally extremely anxious. The following physical 
signs support the diagnosis: 

• tachypnoea 
• pallor 
• cyanosis 
• sweating 
• tachycardia 
• basal crepitations 
• elevated jugular venous pressure 
• third heart sound and 'gallop rhythm'.  

Pulmonary oedema requires rapid and aggressive 

treatment (Table I 1 .8). 

Hypotension and poor peripheral perfusion 
are signs of cardiogenic shock. Heart failure as a 
consequence of massive myocardial damage car
ries a poor prognosis. A new pansystolic murmur 
should be sought in every case, and if present 
raises the potential diagnosis of an acquired ven
tricular septal defect or acute mitral insufficiency. 
However, it is more common for these compli
cations to arise later within the first week after 
AMI. A 12-lead ECG excludes correctable rhythm 
disturbances. 

A chest radiograph (Fig. 11 . 14) confirms the 
diagnosis of pulmonary oedema but should not 
delay treatment. If the clinical state of the patient 
does not improve rapidly arterial blood gases 
should be obtained. Hypoxaemia may already be 
evident from pulse oximetry readings. A metabolic 
acidosis indicates reduced oxygen delivery and 
lactic acid production. Carbon dioxide retention is 
a preterminal sign of alveolar hypoventilation and 
mandates an immediate anaesthetic opinion. 

Patients suffering from acute pulmonary oedema 
(Fig 11 . 14) who do not respond to initial treatment 
measures are likely to benefit from respiratory sup
port. Hypoxaemia is the result of venous admix
ture or the shunting of blood through flooded 
alveoli. The application of positive end-expiratory 
pressure (PEEP) is believed to be effective by forc
ing fluid down the bronchial tree and recruiting 
previously unventilated alveoli. There is no evi
dence (as was previously believed) that fluid 
is forced back into the circulation. However, the 
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Table I 1 .8: Management of acute cardiogenic 
pulmonary oedema 

I .  Sit patient up and administer high-flow oxygen 

2. I ntravenous loop diuretic (frusemide) 

3 .  Parenteral n itrate: buccal in itial ly, intravenous if 
required to maintain systolic blood pressure 
between I 00 and 1 20 mmHg 

4. Small aliquots of diamorphine to reduce anxiety, 
with some associated haemodynamic benefit 

5. Consider inotropic agents 

6. Early respiratory support (IPPV, CPAP) for 
patients who remain hypoxic and/or hypercarbic 
after in itial therapy 

Figure I 1 . 1 4: Acute pulmonary oedema. 

subsequent increase in total lung volume increases 
the capacity of the interstitium to hold liquid. 

Glyceryl trinitrate (Nitronal, Tridil, Nitrocine) -

0.6- 1 2 mg h- 1 . 
/sosorbide dinitrate (lsoket) - 2.0- 1  0 mg h- 1 • Up to 
20 mg h- 1 may be required. 

Continuous positive airway pressure (CPAP) 
supplies PEEP via a tight-fitting face-mask in spon
taneously breathing patients who are able to toler
ate it. At the present time this facility is seldom 
available in the resuscitation room, and most 
patients in acute respiratory failure secondary to 
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Figure I 1 . 1 2: Third-degree heart block. 

Figure I 1 . 1 3: External pacing. 
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LEFT  VENTR I C U LAR DYSFUNCT ION  

Cardiogenic pulmonary oedema is a common com
plication of AMI. It may be a direct consequence of 

extensive left ventricular damage or the result of 
an arrhythmia. Potentially reversible pathology 
must be considered at an early stage. As well as the 
appropriate management of arrhythmia, this might 
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Figure I 1 . 1 0: Mobitz type I second-degree heart block (Wenckebach phenomenon) . 

00000-0000 Spe�: 25 mm/sec Limb: 1 O mm/mV Chest: 1 Omm/m}' 

Figure 1 1 . 1 1 :  Mobitz type II second-degree heart block. 

after inferior MI, and in iso}ation requires no ther
apy. A progressive lengthening of the PR interval 
merits increased vigilance, as it may be a sign of 
impending higher degrees of block. 

Second-degree heart block has been classified 
into Mobitz types I and II: 

• Mobitz type I second-degree heart block (the 
Wenckebach phenomenon - Fig. 11 .10) compli
cates around 15% of inferior Mis. There is a pro
gressive lengthening of the PR interval and then 
failure to conduct a P wave. Compete heart block 
seldom follows and asymptomatic patients do 
not require treatment. 

• Mobitz type II (Fig. 11 . 11 )  is diagnosed by the 
sudden failure to conduct a P wave without a 
proceeding lengthening of the PR interval. This 
most often complicates an acute anterior MI, 
when there has been massive myocardial dam
age (in particular the septum and bundle of 
His). The prognosis is bad and a poorly toler
ated broad complex third-degree heart block 
often follows. A temporary pacing wire is indi
cated. Atropine and emergency transcutaneous 
(external) pacing may be required as a tempo
rizing measure. 

Third-degree (complete) atrioventricular block 
(Fig. 11 .12) complicates 10% of inferior Mls. The ven
tricular escape rhythm is a narrow complex brady
cardia arising within the atrioventricular node, with 
a rate generally exceeding 40 beats per minute. 
Treahnent is indicated if the patient is symptomatic 
or there are episodes of asystole longer than 3 s. 
Small doses of atropine are effective in some of these 
cases. If third-degree heart block recurs, or persists 
in spite of drug treahnent, a pacing wire is indicated. 

The mortality of third-degree heart block follow
ing anterior AMI is approximately 80%. A pacing 
wire is indicated in all cases. The escape rhythm is a 
broad complex, profound bradycardia, which is 
often associated with cardiogenic shock, which may 
not significantly improve when pacing is achieved. 

The insertion of transvenous pacing wires is 
beyond the scope of this text and of most emer
gency deparhnents. Improvements in transcuta
neous pacing technology (Fig. 11 . 13) have meant 
that an increasing number of high-risk patients can 
be monitored via pacing electrodes, and externally 
paced on demand whilst in the resuscitation room. 
It is essential that emergency physicians are famil
iar with the system that is available within their 
departments. 
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Figure I 1 .8: ldioventricular rhythm. 

Figure I I .  9: First-degree heart block. 

B RADYCARD IA  

S i n u s  b radyca rd i a  

Sinus bradycardia is observed in approximately 
40% of patients with AMI. It is commonly seen in 
the first hour after an inferior MI, with reperfusion 
of the right coronary artery as a result of increased 
vagal tone. Ischaemia of the sinus node is an alter
native mechanism. Specific treatment is seldom 
indicated. Prolonged sinus node arrest (more than 
3 s) and hypotension require urgent therapy in the 
form of an intravenous bolus of atropine. Atropine 
reverses parasympathetically mediated brady
cardia and reduced systemic vascular resistance. 
Small boluses of atropine should be used (0.S mg) 
as increased vagal tone affords some protection 
against the induction of VF and infarct extension. 
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Doses of atropine below 0.5 mg may paradoxically 
induce a further reduction in heart rate. Persistent 
bradycardia may necessitate the insertion of a 
temporary pacing wire. 

Bradycardia should only be treated if causing 

haemodynamic compromise. 

H ear t  b l o c k  

Atrioventricular block is a poor prognostic indica
tor. The extent of the myocardial damage, rather 
than bradycardia itself, determines the ultimate 
prognosis. Temporary pacemakers have not been 
conclusively demonstrated to reduce mortality in 
heart block after AMI. 

An increase in the PR interval (first-degree 
heart block, Fig. 11 .9) is most often seen acutely 



• fusion or capture beats (occasional narrow 
morphology QRS, as a P wave is conducted 
normally) 

• dissociated P-wave activity. 

Non-sustained episodes of VT and runs of pre
mature ventricular contractions are very common 
(a lot more than 10%). The occurrence of frequent 
episodes of non-sustained VT, which do not settle 
after the acute phase, is a poor prognostic indicator 
of outcome in the after AMI (15% mortality in the 
first year). This is not improved by prophylactic 
antiarrhythmic therapy. 

The haemodynamic state of the patient is the 
critical factor in the treatment of sustained VT. 
Patients who are pulseless should be defibrillated 
immediately and receive cardiopulmonary resus
citation (see Chapter 10) .  Patients who are con
scious but hypotensive should be anaesthetized 
and cardioverted with a synchronized DC shock. 
The European Resuscitation Council peri-arrest 
guidelines also include chest pain, heart failure 
and a rate more than 150 beats per minute as indi
cators for early electrical cardioversion. 

If the systolic blood pressure is more than 
90 mmHg, intravenous lignocaine is recom
mended, initially as a bolus. This is followed by a 
continuous infusion and is effective in a fifth of 
cases. Serum potassium should be maintained 
between 4.0 and 5.0 mmol l-1, and if the patient 
has been on long-term diuretics, consideration 
should be given to administering intravenous 
magnesium. 

Lignocaine - I 00 mg bolus (SO mg in small patients) 
followed by an i nfusion of 4 mg min - I for 30 min, 
2 mg min - I for 2 h, and then I mg min - 1 . The initial 
bolus may be repeated once if an infusion is not rap
idly available. Lignocaine is also available as a I mg or 
2 mg m1- 1 solution in 5% dextrose. 
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Figure 1 1 .7: 
Ventricular fibrillation. 

If lignocaine is not effective, amiodarone is the 
favoured second-line agent in those who ar 
haemodynamically stable. The same applies for 
patients who suffer recurrent episodes of VT 
despite a continuous lignocaine infusion. The lig
nocaine infusion must be discontinued first. 
Expert advice should always be sought. Some 
authors recommend synchronized DC cardiover
sion if lignocaine alone is ineffective in cardiovert
ing sustained VT. 

Ve n t r i c u l ar fi b r i l l at i o n  ( F i g .  I I .  7 )  

Primary ventricular fibrillation (VF) has a n  inci
dence of between 5 and 10% after AMI. Episodes 
occurring within the first 4 h after AMI have a 
good long-term prognosis after successful defib
rillation. VF affecting patients who are already 
haemodynamically compromised (secondary VF) 
has a much worse prognosis. 

Chaotic electrical activity results in no co
ordinated ventricular contraction. Consciousness is 
lost almost immediately. However, it is not uncom
mon for there to be some respiratory effort for sev
eral seconds, which might delay defibrillation if this 
fact is not appreciated by the observer. Early defib
rillation is an effective treatment and is covered in 
the advanced life-support algorithms (Chapter 10). 
Following a cardiac arrest it is important to relieve 
pain, correct electrolyte abnormalities and treat the 
underlying AMI (with thrombolysis if appropriate). 
Intravenous lignocaine or amiodarone may be indi
cated for recurrent episodes. 

l d i ov e n t r i c u l ar r h yt h m  ( F i g .  I 1 . 8 )  

A broad complex, regular rhythm, without P waves, 
at a rate between 60 and 9 beats per minute, is seen 
in 8-23% of patients. It is usually well tolerated and 
may be a sign of coronary reperfusion after throm
bolysis. Specific therapy is not indicated. 
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Figure I 1 .4: Atrial flutter. 

Figure I 1 .5 :  Supraventricular tachycardia. 

Figure I 1 .6: Ventricular tachycardia. 

conducted with a bundle branch block, giving it a 
broad complex morphology. It is always safest 
to assume a tachycardia is ventricular in origin. 
Certain features of the ECG strongly support a 
diagnosis of VT: 
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• QRS duration > 0. 14 s  
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• right bundle branch block morphology 
• extreme axis deviation 
• chest lead concordance (the dominant QRS 

deflections are in the same direction) 



Figure I 1 .3 :  Atrial fibrillation. 

contribution to ventricular filling, as well as the 
coexisting ventricular damage, often results in 
haemodynamic compromise. The ECG diagnosis 
is seldom problematic: an irregular narrow com
plex tachycardia, with no recognizable P waves. 
The management depends on the condition of the 
patient, the duration of the arrhythmia and the 
ventricular rate: 

• Patients with a very fast ventricular rate who 
are shocked should be cardioverted with a syn
chronized direct current shock (an anaesthetist 
should be called to perform a rapid sequence 
induction of anaesthesia). 

• Self-limiting episodes which are not associated 
with a significant fall in mean arterial pressure, 
with a ventricular response < 110 beats per 
minute, are common, and require no treatment 
unless they persist after the acute phase. 

• Episodes which persist for longer than 30 min, 
with a ventricular rate of more than 110 beats 
per min, should be treated with intravenous 
amiodarone. 

Amiodarone is safe and well tolerated in the 
short term. Unlike digoxin, amiodarone offers a 
good chance of cardioversion (75%). Although the 
ideal route of administration is via a central line, 
a large peripheral vein can be used if the infusion is 
for 24 h only, and the dilution is less than 2mg rnl-1 .  
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Atr i a l  fl u t t e r  a n d  s u p rave n t r i c u l a r  
tac hycard i a  

These narrow complex tachycardias (Figs 11 .4 
and 11 .5) are seen less frequently after AMI than is 
AF. Adenosine will cardiovert supraventricular 
tachycardias and will make flutter waves more 
obvious by reducing the ventricular response in 
atrial flutter. It is a naturally occurring purine 
nucleotide which blocks atrioventricular nodal 
conduction, with a half-life of less than 15 s. The 
'sawtooth' atrial activity of atrial flutter with two
to-one block is not always obvious, but this tachy
cardia should always be considered in patients 
with a constant heart rate between 145 and 155 
beats per minute. Atrial flutter requires the same 
treatment as AF. 

Adenosine - 3 mg rapid intravenous bolus into a large 
vein followed by 6 mg, then 1 2  mg if there is no 
response. All boluses are followed by a rapid I 0 ml 
saline flush. Contraindicated in asthma. 

Ve n t r i c u l a r  t ac hyca rd i a  ( F i g .  1 1 . 6 )  

The documented incidence of this broad complex 
tachycardia after AMI is approximately 10°/c .  
Occasionally, a supraventricular tachycardia i 
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I n t rave n o u s  b et a - b l o c ke rs 

The ISIS 1 (International Studies of Infarct Survival) 
trial demonstrated a statistically significant sur
vival benefit for patients who received an intra
venous beta-blocker after infarction. This was most 
marked in the first 48 h after AMI, owing to a 
reduction in deaths from cardiac rupture and ven
tricular fibrillation. Intravenous atenolol and meto
prolol have been recommended, and are likely to 
be of most benefit in the following patients: 

• elderly patients (> 65 years) with a large anter
ior infarction, a resting sinus tachycardia, and/ 
or persistent hypertension 

• thrombolysis, or PTCA contraindicated or not 
feasible 

• extensive AMI in whom thrombolysis has been 
delayed. 

Beta-blockers should be withheld if there is any 
evidence of heart failure, hypotension or atrioven
tricular block. These patients should be discussed 
with the in-patient team prior to administration. 

Asp i r i n  

ISIS 2 confirmed the additional survival benefit of 
aspirin. It should be given within the first 24 h after 
AMI, at a dose of at least 150 mg if not contraindi
cated. It is then continued indefinitely. It is now 
common practice for paramedics to administer 
aspirin to patients with cardiac chest pain. 

P E RCUTANEOUS  TRANS LU M I NAL 
CORONARY A N G I O P LASTY 

Despite proven efficacy, availability and ease of 
administration, currently available thrombolyt
ics have limitations. Only 50% of patients achieve 
normal flow through the affected artery, and a 
further 50% of this group develop recurrent 
ischaemia. PTCA has been advocated for patients 
who fail to achieve reperfusion after thrombolytic 
therapy. It is recommended that patients who have 
received timely thrombolysis and are still suffering 
severe chest pain, associated with persistent ECG 
changes, with or without shock, should be dis
cussed with a cardiologist with a view to consider
ation of PTCA. 

C O M PL ICAT IONS  OF AMI  
POST- I N FARCT ION  ARRHYT H M IAS 

The recognition and early treatment of  arrhythmias 
has been instrumental in reducing the mortality of 
AMI over the last three decades. The commonest 
arrhythmias observed are sinus tachycardia, pre
mature atrial contractions and premature ventricu
lar contractions (80-100% of patients). Primary 
ventricular fibrillation (VF) occurs in between 5 and 
10% of patients with AMI. Immediate defibrillation 
is an extremely effective therapy, and monitoring is 
therefore of paramount importance. 

TACHYCARD IAS  

Most tachycardias respond to simple treatment 
strategies, and it is not the role of the emergency 
physician to create a toxic pharmacological 'soup' 
before finally resorting to a specialist opinion. Life
threatening haemodynarnic compromise mandates 
synchronized direct current (DC) cardioversion 
(preferably with anaesthetic assistance) or defibril
lation. Most other arrhythmias respond to the cor
rection of electrolyte abnormalities and the use of a 
single agent. Lignocaine and arniodarone are the 
most effective agents and the emergency physician 
should be familiar with their use. 

S i n u s  t a chyca rd i a  

The significance of a persistent sinus tachycardia 
(after the provision of adequate analgesia) has 
been mentioned, and although never the primary 
cause of haemodynamic compromise it indicates 
that a large area of myocardium has been infarcted, 
and an adverse prognosis. The use of intravenous 
beta-blockers has been discussed, but it must be 
first established that the tachycardia is not a sec
ondary response to ventricular failure. 

Atr i a l  fi b r i l l a t i o n  ( F i g .  I 1 . 3 )  

Atrial fibrillation (AF) complicates approximately 
10% of AMis and is indicative of extensive infarc
tion. Chaotic atrial activity is conducted inter
mittently to the ventricles. The loss of the atrial 



Table 1 1 .7 :  Contraindications to thrombolytic 
therapy 

Absolute contraindications: 
Active internal bleeding 
Altered conscious level 
Cerebral i nfarct with in the last 6 months, or any 

history of cerebral haemorrhage 
Known bleeding diathesis 
Persistent severe hypertension 

(diastolic > 1 20 mm Hg, systolic > 200 mm Hg) 
Pregnancy 
Trauma or surgery in the previous 2 weeks, which 

might result in inaccessible haemorrhage 
Significant head trauma in the previous month 
Possible aortic dissection, or pericarditis 

Relative contraindications: 
Active peptic ulcer 
Prolonged cardiopulmonary resuscitation 
Current warfarin therapy 
Haemorrhagic conditions of the retina 
lschaemic or embolic stroke within 6 months 
Trauma or surgery between 2 weeks and 

2 months prior to presentation 
Chronic uncontrolled hypertension 

(diastolic > I 00 mm Hg) 

currently available thrombolytics activate plas
minogen. The agents differ in several respects: 
half-life, 'fibrin specificity' (whether clot-bound 
fibrin or circulating fibrinogen), side-effect profile, 
rates of coronary recanalization, and cost. In the 
UK at the present time the two agents most com
monly used are streptokinase and recombinent 
tissue plasminogen activator (rt-PA). Reperfusion 
arrhythmias occur with both agents. 

STREPTOK I NASE 

Streptokinase forms a complex with plasminogen, 
which acts on another plasminogen molecule to 
form plasmin. This action is not specifically directed 
at plasminogen botmd to the occlusive tlu·ombus. 
Streptokinase induces neutralizing antibodies, 
which are effective from approximately 4 days 
post administration. A second administration of 
streptokinase is therefore not indicated after this 
time. Hypotension is a common side-effect which 
usually responds to stopping the infusion for a few 
minutes. Raising the patient's legs will often nor
malize the blood pressure, as will the judicious use 
of volume expanders if there is no evidence of 
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pulmonary oedema. The infusion can be restarted 
at the same, or if necessary at half the rate. Severe 
anaphylactic reactions are fortunately rare. Strepto
kinase is less expensive than rt-PA and remains the 
agent of choice for most patients. 

Streptokinase - 1 .5 mill ion units in I 00 ml of normal 
saline over I h. 

RT- PA 

Recombinant tissue plasminogen activator binds 
to fibrin, specifically activating plasminogen at the 
site of the thrombus (it is fibrin specific). Experi
mental recanalization rates are therefore higher 
than with streptokinase. It is a recombinant mole
cule which should not induce allergic reactions, 
and remains effective after repeated administra
tion. Subgroup analysis of the GUSTO trial (global 
utilization of streptokinase and tissue plasmino
gen activator for occluded coronary arteries) iden
tified a group of patients who are most likely t 
gain a good result from the considerably more 
expensive agent. The following criteria should be 
satisfied before rt-PA is administered to patients 
who have not previously received streptokinase: 

• anterior myocardial infarction 
• less than 4 h since symptoms started 
• age less than 75 years (local hospital policy may 

differ) .  

rt-PA is less likely to exacerbate hypotension 
and is the agent of choice for patients with persist
ent hypotension (some authors would recommend 
urgent angioplasty in patients with cardiogenic 
shock if the local facilities are available). 

Intravenous heparinization is commenced at the 
time of rt-PA administration and is continued for 
24 h. The rationale behind this is to prevent earl. 
reocclusion owing to the short half-life of rt-PA 

Alteplase (rt-PA) - intravenous 1 5  mg bolus, followed 
by 50 mg infusion over 30 min, followed by 35 mg over 
60 min. Simultaneous 5000 U bolus of intravenous 
heparin followed by an inf sion starting at I 000 U h - 1 • 

Thrombolytic agents related to rt-PA with single 
bolus administration regimens (e.g. tenecteplase) 
are being introduced. These will enable further 
reductions in door-to-needle times and replace 
rt-PA. 
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myofibrillar proteins troponins T and I may b e  suit
able for this purpose. Troponin T has a sensitivity of 
nearly 100% when estimated at least 12 h after an 
episode of chest pain and some departments are 
already using this in place of admission for conven
tional cardiac enzyme series. Lesser elevations in 
troponin T concentration (between 0.1 and 0.2 µ,g 1-1) 
are detected in unstable angina, and have poor prog
nostic implications for cardiac events in the subse
quent months. Troponin T remains elevated for 
10-15 days after AMI. It is also elevated in chronic 
renal failure. 

Other strategies under investigation include 
continuous ST segment monitoring, CK-MB mass 
estimation, myoglobin estimation, and using com
binations of markers. 

MANAG EMENT  OF  A M I  

The diagnosis of AMI is initially made on the basis 
of the history, physical examination and the elec
trocardiogram. Biochemical markers are used to 
confirm the diagnosis or exclude AMI when the 
ECG is inconclusive. However, there should be no 
delay in instituting therapy whilst awaiting labo
ratory confirmation. 

• Oxygen .  Oxygen should be routinely adminis
tered in high concentration. 

• Analgesia. Patients may receive Entonox (a 50% 
mixture of oxygen and nitrous oxide), a syn
thetic opiate agent or sublingual glyceryl trini
trate in the prehospital environment. On arrival, 
intravenous access should be established and 
adequate opiate analgesia administered via 
this route. Diamorphine or morphine sulphate 
should be titrated until the patient is pain free. 
The provision of intravenous antiemetics is rec
ommended at the same time. If the pain recurs, 
a nitrate infusion may be started or the opiate 
dosage repeated. 

THROMBOLYS I S  

Thrombolysis has revolutionized the early man
agement of AMI. A meta-analysis performed by the 
Fibrinolytic Therapy Trialists (FIT) Collaborative 
Group of nine randomized controlled trails 
calculated an 18% proportional reduction in mor-

tality when patients receive thrombolysis. These 
data also suggested that for every 1000 patients 
treated, 18 deaths would be avoided. The ISIS 2 
trial demonstrated a reduction in mortality of 53% 
when aspirin and streptokinase were given within 
4 h  of onset of symptoms. The mechanism of this 
substantial benefit is primarily early and sustained 
coronary patency. Further benefit is the result 
of myocardial salvage, and alterations in post
infarction remodelling. 

The benefit of thrombolysis is critically depend
ent on the timing of its administration. If given 
within 6 h  of onset of symptoms the evidence sug
gests that 30 lives will be saved per 1000 patients 
treated. This falls to 20 lives between 6 and 12 h 
post onset. Unless there is doubt concerning symp
toms and the infarct has evolved in 'stuttering' 
fashion (with persistent acute ECG changes) there 
is no indication for thrombolysing patients who 
present more than 12 h after the onset of chest pain. 

W h o  i s  e l i g i b l e  t o  re c e i ve 
t h ro m b o l y t i c  t h e rapy?  

• Onset of symptoms less than or equal to 1 2  h 
prior to presentation. 

• One of the following ECG criteria: 
- at least 1 mm ST segment elevation in at least 

two contiguous limb leads 
- at least 2 mm of ST segment elevation in at 

least two contiguous chest leads 
- new left bundle branch block, or left bundle 

branch block of unknown vintage with a con
vincing history 

- dominant R wave in Vl with ST depression in 
the right chest leads (true posterior infarction). 

• No contraindications to thrombolytic therapy 
(Table 11 .7). 

It is strongly recommended that the emergency 
physician should not breach the relative contraindi
cations to thrombolysis without the opinion of a 
senior member of the in-patient team who will be 
taking over the patient's subsequent management. 

W h i c h  i s  t h e  m o s t  a p p ro p r i at e  
a g e n t ?  

Thrombus is broken down by the action of plasmin 
on fibrin. Plasmin is formed from plasminogen 
by the cleavage of a single peptide bond. All the 
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Figure I 1 .2: True posterior myocardial infarction. 

diagnosed from ECG changes in the precordial 
leads (V2-V6). Lateral extension is observed in 
leads I, a VL and II. ST depression may occur in 
leads III and a VF. Changes in II, III and a VF indi
cate inferior wall infarction, which is usually the 
result of occlusion of the right coronary artery or 
its posterior descending branch. There may be 
changes in the lateral limb leads and the anterior 
chest leads. True posterior infarction (Fig. 11 .2) is 
the result of circumflex artery occlusion and is 
diagnosed by a dominant R wave in Vl, and ST 
depression in V2 and V3. 

B I O C H E M I CAL  MARKERS  

Biochemical markers have a limited role in iden
tifying patients suitable for thrombolytic therapy, 
as by definition these individuals must have 
unequivocal ECG changes. Although required by 
convention to confirm the diagnosis after admis
sion, biochemical markers continue to have a role 
in identifying subendocardial AMI in patients 
with equivocal ECGs. Until recently, the only strat
egy for the definitive exclusion of AMI was to 
admit patients for 3 days and document three 

consecutive sets of normal cardiac enzymes (usu
ally creatine kinase and lactate dehydrogenase) . 
Th.is is still practice in many parts of the UK, 
and is not within the remit of the emergency 
department. Alternative markers of myocardial 
injury have been identified with high sensitivity, 
high specificity and an early peak concentration, 
which makes their use in the emergency depart
ment a viable proposition. Early, safe discharge of 
patients with chest pain has significant resource
saving implications. 

The cardiac-specific isoenzyme crea tine kinase 
(CK-MB) has been in use for several years. Even 
th.is isoenzyme is not entirely specific for myocar
dial injury, and transient elevations are observed 
after intramuscular injections, heavy physical 
exercise and trauma. A rise in CK-MB is usually 
seen between 3 and 8 h post infarction. However, 
with a peak value up to 30 h post event, CK-MB in 
isolation is not a satisfactory test to allow dis
charge from the emergency department. 

Some emergency departments in the UK are tak
ing on the role of excluding AMI in patients with 
chest pain but an inconclusive ECG, using short
stay observation and chest pain assessment units. 
Recently evaluated biochemical markers such as the 
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Figure I I .  I :  Acute anterior myocardial infarction. Note the presence of the changes described in the text. 

T-wave c h a n g e s  

The earliest ECG indication of AMI is often con
fined to the T waves. The T waves become promi
nent and peaked before elevation of the ST 
segments. The T waves invert within hours of a 
full-thickness AMI. Symmetrical T-wave inversion 
may be the only change seen in patients with lim
ited (non-Q-wave) infarction. This group of 
patients does not benefit from thrombolysis, but 
has a high probability (40-60%) of progressing to 
full-thickness infarction. T-wave changes in isola
tion are non-specific and may be present for many 
years. The history and appropriate use of bio
chemical markers is crucial for the effective man
agement of these patients. 

Q wav e s  

Q waves are the ultimate and permanent ECG 
evidence of full-thickness infarction. Pathological 

Q waves are at least 25% of the height of the subse
quent R wave (or more than 3 mV), and more than 
40 ms (one small square) in duration. There is an 
association with a reduction in the height of the R 
wave in the same lead (loss of R-wave height may 
be the only indication of AMI). 

Left b u n d l e  b r a n c h  b l o c k  

New left bundle branch block (LBBB) is an impor
tant finding. Thrombolysis is indicated, and in most 
institutions is given if there is only a suspicion that 
LBBB is new with a good history. Unfortunately, 
access to the patient's previous ECGs is often 
delayed. 

L o c a l i z a t i o n  of  A M I  

Anterior infarction implies involvement of the 
left anterior descending coronary artery, and is 



atheromatous plaque. Two processes may lead to 
thrombus formation: 

• Plaque rupture with subsequent thrombus for
mation beneath the plaque and on the surface: 
this commonly results in fatal AMI. 

• Plaque erosion. 

Plaque erosion is believed to be the precipitat
ing event in most cases of non-fatal AMI, and is 
thought to be unrelated to the degree of stenosis. 
Platelets adhere to the exposed subendothelial 
matrix, forming microthrombi and stimulating 
smooth muscle proliferation and vasoconstriction. 
An erosion with a large surface area may result in 
the formation of an occlusive thrombus. 

Some patients have a more 'stuttering' course 
suggesting intermittent occlusion, with sponta
neous recanalization. The dynamic nature of coro
nary arterial occlusion is only now being fully 
appreciated. A quarter of patients may give a his
tory of unstable angina in the weeks leading up to 
AMI. The window for intervention with reperfu
sion strategies may be broad in this group of 
patients. 

Complications arise after AMI because of 
changes in electrical depolarization and contrac
tility. The evolution of an AMI in a segment of 
myocardium takes several hours. Regions of rela
tively uninjured tissue surround areas of irre
versibly damaged myocardium. Some of this is 
potentially salvageable. The interface between 
infarcted and relatively unaffected myocardium is 
electrically unstable and may be the ectopic focus 
of an arrhythmia. 

The result of impaired contractility is pump fail
ure, which is dependent on the mass of infarcted 
myocardium. Heart failure is observed after infarc
tion of more than 25% of the left ventricle. Loss of 
more than 40% of the left ventricle almost invari
able results in cardiogenic shock. 

The surrounding viable myocardium adapts to 
neighbouring myocardial death by hypertrophy 
and enlargement of the cardiac chambers. This 
process is known as remodelling and is thought 
to be detrimental to cardiac function. Autolysis 
of infarcted myocardium results in structural 
weakness, which may result in ventricular free 
wall rupture, acute mitral incompetence due to 
rupture of the papillary muscles, or an acute defect 
of the ventricular septum. Thrombus can form 
in the left ventricle after substantial anterior 
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infarction, which may be the source of systemic 
emboli. 

CL IN ICAL FEATURES  

Chest pain has been discussed. I t  i s  important to 
note that AMI is not always associated with chest 
pain, and up to one quarter of events may go 
unrecognized by the victim. 'Silent Ml' is thought 
to be more common in diabetics than in the general 
population. 

A severe episode of angina, lasting longer than 
15 min with or without nausea, vomiting and sweat
ing should be regarded as an AMI until proved 
otherwise. The clinical features are otherwise the 
result of complications: 

• abnormalities of heart rhythm 
• left ventricular failure leading to pulmonary 

oedema 
• cardiogenic shock 
• acute ventricular septal defect, or mitral insuffi

ciency causing acute pulmonary oedema. 

ELECTROCARD IOG RAPHY I N  ACUTE  
MYOCARD IAL I N FARCTI O N  

A variety of ECG appearances (including normal) 
are consistent with a diagnosis of AMI. More than 
1 mm of ST segment elevation in at least two con
tiguous chest or limb leads is highly suggestive 
of AMI. 

Always interpret ECGs carefully - do not rely on 
computer-generated diagnoses. 

ST s e g m e n t  e l eva t i o n  ( F i g .  I I .  I )  

ST elevation can occur without myocardial infarc
tion (variant angina). However, ST elevation is the 
most specific ECG indication of full-thickness AMI. 
A convex upward pattern develops in the leads 
facing the infarcted ventricle, often with ST depres
sion in the leads opposite the infarcted tissue. The 
diastolic isoelectric line may be depressed, accen
tuating the ST elevation. ST elevation may resolve 
completely after thrombolytic therapy, or it may 
take several days to resolve. Persistent elevation 
suggests a left ventricular aneurysm or a large 
akinetic myocardial segment. 
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The severity of the stenotic lesions, multiple vessel 
involvement and left main stem coronary artery 
involvement often necessitate SLUgical management 
for many of these patients. 

The role of thrombus in the progression of a 
stenosis without infarction has yet to be fully elu
cidated. Pre-existing collateral branches may pro
tect some areas of myocardium from infarction, 
even after total occlusion of an artery. Plaque rup
ture of a low-grade lesion may give rise to throm
bus formation without complete occlusion of the 
artery. However, coronary flow reserve is severely 
restricted. A combination of aspirin and heparin is 
currently the best medical therapy for this group 
of patients. If rapid stabilization is not achieved 
percutaneous transluminal angioplasty (PTCA) 
offers an effective treatment for discrete lesions. 

Coronary vasoconstriction may narrow the lwni
nal diameter by up to 30% (within the physiolog
ical range) . This is an inappropriate response if the 
artery is diseased, and is thought to result from the 
loss of functioning endotheliwn and a reduction in 
the synthesis of nitric oxide (a potent vasodilator). 
Nitrates provide exogenous nitric oxide and may 
dilate constricted arteries. Nitrates also reduce car
diac work by a reduction of preload and afterload. 

Variant angina has been discussed. A good res
ponse is usually observed to parenteral nitrate 
preparations if an acute episode has not been 
aborted at home. 

Targeting pharmacotherapy to specific patho
logical processes is seldom possible in the acute 
situation and aggressive, empirical treatment is 
indicated. 

E MERGENCY  MANAG E M ENT  

Ideally, patients presenting to an emergency depart
ment with chest pain will have an ECG performed 
before they are seen by a doctor. This minirnizes any 
delay to thrombolysis for suitable patients. 

Patients with evidence of infarction or ischaemia 
on their initial ECG, or unrelieved chest pain, should 
have intravenous access established immediately. 
Blood should be drawn for a full blood count, urea 
and electrolytes, random glucose and lipid profile. 
The timing of the chest pain and local policy will 
dictate the need for cardiac enzyme estimation, the 
results of which are unlikely to alter the initial 
management. The electrocardiogram may demon
strate ST segment depression, T-wave inversion, 

evidence of previous infarction (Q waves), or may 
be within normal limits. 

Thrombolysis is a time-critical intervention. 

A chest radiograph may be obtained but must 
not delay treatment, particularly thrombolysis. 
Alternative causes for the chest pain, such as aortic 
dissection, are sought, as is radiological evidence 
of left ventricular failure. 

U N STABLE  A N G I N A  

Patients suffering from unstable angina require 
urgent hospitalization. It is a condition with an 
Lmtreated mortality approaching 20% 3 montl1s 
after onset. This can be reduced with intensive med
ical therapy (Table 11 .6). 

Thrombolysis has no proven benefit in unstable 
angina. Urgent angiography might be considered 
by the in-patient team for selected high-risk patients 
and those who do not respond to medical therapy. 

ACUTE MYOCARD IAL  I N FARCT ION 
{A M I ) 

In the UK more than 250 000 people die each year 
as a result of AMI. Thirty per cent of deaths occur 
in the first 2 h  after infarction. The in-hospital mor
tality is between 10 and 20%. 

PATHOPHYS I O LOGY 

The majority of AMis are the consequence of 
occlusion of a coronary artery at the site of an 

Table I 1 .6: Emergency department management of 
unstable angina 

Oxygen 
Aspirin - 300 mg chewed 
N itroglycerine (buccal or intravenous) 
Heparin ization - subcutaneous enoxaparin 

I OO U kg- 1 every 1 2 h  
Diamorphine ( intravenous) - titrated to response 
Consider short-acting beta-blocker ( intravenous 

metoprolol - 5 mg repeated twice if required) if 
pain persists or recurs 



obstructive cardiomyopathy prevent the left ven
tricle from increasing the cardiac output in the face 
of an increase in tissue oxygen demand and reduced 
afterload. These patients are also prone to serious 
arrhythmia. 

P o s t u r a l  h y p o t e n s i o n  

Postural hypotension is defined as a fall in the sys
tolic blood pressure of at least 25 mmHg, or to a 
systolic pressure below 90 mmHg on assuming an 
upright posture. The victim may feel 'light-headed' 
or lose consciousness. The mechanism is frequently 
relative hypovolaemia, or a loss of vasomotor 
compensation for the gravitational reduction in 
venous return to the heart (Table 11 .5). 

The patient must remain supine for at least 
5 min before having the blood pressure measured 
sitting, on standing, and then again after a further 
2 min standing for the examination to be maxi
mally sensitive. 

C a ro t i d  s i n u s  h y p e r s e n s i t i v i t y  

Increasingly recognized a s  a cause for syncope in 
the elderly, the carotid sinus may become sensitive 
to very light external pressure (e.g. a tight collar, 
head turning and shaving). Sinus node arrest, 
sinus bradycardia or a high degree of atrioven
tricular block may be induced. Properly performed 
unilateral carotid massage (for at least 6 s) provokes 
an episode of sinus node arrest of at least 3 s in sus
ceptible individuals. Carotid sinus massage is con
traindicated if there is a carotid bruit, and this 
finding is only significant if the presenting symp
toms are provoked. Such patients should be referred 
for a specialist cardiology opinion and permanent 
pacemaker insertion may be required. 

Table I 1 .5: Causes of postural hypotension 

Dehydration 
Drug induced: antihypertensives, drugs commonly 

prescribed in the elderly, such as diuretics, 
vasodilators, anti-parkinsonian medication 

Autonomic dysfunction: the elderly, diabetic 
neuropathy 

Endocrine causes: Addison's disease 
Malignant vasovagal syndrome 

M YO C A R D I A L  I N FA R C T I O 'J  A N D  U N STA B L E  A N G I N A  I O I  

PALP ITAT ION  

This is an awareness of the beating of the heart. The 
context in which this symptom occurs is critical. 
Palpitations may be the result of anxiety, or simple 
premature atrial or ventricular ectopic beats in an 
otherwise fit individual. Alternatively, they may be 
a symptom of an arrhythmia associated with chest 
pain, hypotension or near syncope. Rapid assess
ment of the haemodynarnic status is followed by 
evaluation of a 12-lead electrocardiogram, with an 
extended rhythm strip if required. 

MYOCARDIAL I N FARCT I O N  A N D  
U NSTABLE  ANG I NA 

The incidence of acute myocardial infarction and 
tmstable angina is approximately 2 per 1000 popu
lation per year, divided equally between the two. 

PATHOPHYS IOLOGY 

A detailed description of the pathogenesis of an 
atheromatous plaque is beyond the scope of this 
text. However, it is appropriate to consider the acute 
events that affect a plaque, leading to a presenta
tion in the emergency department. 

Three pathological processes are considered 
when one attempts to rationalize medical therapy 
for patients with unstable angina: severe coronary 
atheroma, thrnmbus formation and vasoconstric
tion. Pure vasospasm is rare. Progression of an 
atheromatous plaque narrows the lumen of the 
affected artery, restricting the flow of blood to the 
downstream segment of myocardium. Symptoms 
are dictated by the oxygen demand of that particular 
area of myocardium, and the degree to which the 
stenosis limits blood flow to that area. As the disease 
progresses there is such a limitation of flow through 
the diseased artery that angina occurs at very low 
levels of physical activity, and ultimately at rest. 
Characteristically, patients give a history of worsen
ing of previously stable symptoms and an increasing 
requirement for short-acting nitrate preparations. 
The logical treatment for these patients is the early 
use of beta-blocking agents to reduce heart rate and 
myocardial oxygen consumption (although many 
of these patients will already be 'beta-blocked'). 
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Table I 1 .4: New York Heart Association 

class ification of heart fai lure 

Class I 
Class I I  
Class I l l  
Class IV 

No l imitation of ordinary activity 
Mi ld restriction of ordinary activity 
Marked restriction of ordinary activity 
Physical activity impossible without 
symptoms; may have dyspnoea at rest 

disease have suffered an acute deterioration in left 
ventricular function leading to pulmonary oedema. 
Pulmonary oedema is defined as an increase in 
pulmonary extravascular water owing to transu
dation, or exudation in excess of the capacity of 
pulmonary lymphatic drainage. Cardiogenic pul
monary oedema is a transudate resulting from an 
elevated pulmonary venous pressure. 

Pulmonary venous hypertension may develop 
gradually. Lying flat increases systemic venous 
return, which in turn elevates pulmonary venous 
and capillary pressure. Transudation of fluid (pul
monary oedema) is the result of the failure of the 
left side of the heart to respond to the increase in 
left atrial pressure. The resulting breathlessness on 
lying down is termed orthopnoea. Paroxysmal noc
turnal dyspnoea is a distressing symptom which 
often wakes patients from sleep. There is a terrify
ing feeling of breathlessness (sometimes described 
as 'drowning') which is only relieved if the patient 
sits upright. Wheeziness is a frequent symptom of 
patients in acute pulmonary oedema. Broncho
spasm is believed to be the cause. 

Patients may complain of a deterioration in 
exercise tolerance. It is useful to be aware of the 
New York Heart Association classification of heart 
failure (Table 11 .4) . 

Patients who are breathless should have respira
tory pathology excluded, although it is common to 
find elements of pulmonary infection, heart failure 
and chronic obstructive pulmonary disease in the 
same patient. 

SYNCOPE  

Syncope is a transient loss of consciousness. I t  is 
often possible to exclude a seizure on the basis of 
the history, witness accounts and examination 
findings that do not suggest a postictal state. 
A blood glucose estimation is mandatory. Acute 

hypoperfusion is the commonest cause of cerebral 
anoxia. An ECG is indicated for all patients who 
have sustained an episode of syncope. 

S i m p l e  fa i n t s  

Simple faints occur a t  any age. Patients often pro
vide a history of a precipitating situation, for 
example the soldier on parade, standing in a hot 
room, or exposure to noxious or shocking visual 
stimuli. There is an unpleasant constellation of 
presyncope symptoms (nausea, sweating, a 'sink
ing' feeling in the epigastrium and dimming of 
vision) as the systemic vascular resistance falls. 
There may be an associated bradycardia. The sub
sequent reduction in cerebral perfusion causes the 
victim to lose consciousness. The simple faint is 
characteristically aborted by lying the victim flat 
and elevating the legs. If the victim remains upright 
cerebral hypoperfusion will persist. Patients fre
quently vomit immediately after a simple faint. 

Only diagnose fainting after excluding serious causes 
of syncope. 

Micturition syncope may occur when an elderly 
male gets out of bed to pass urine. The mechanism 
of the fall in systemic blood pressure is a combin
ation of a change in posture and reflex vasodilata
tion after elimination of the efferent vagal stimulus 
from the distended bladder. 

C a r d i a c s y n c o p e  ( S t o k e s-A d a m s  
att a c k )  

A sudden loss of consciousness occurs without 
warning. Recovery in less than 30 s is usual. The 
underlying cause is an arrhythmia leading to a 
temporary reduction in cardiac output. Transient 
sinus node arrest and complete heart block are 
common precipitating arrhytlunias. Characteris
tically there is no 'postictal' state. Observers often 
remark that the victim was pale but became flushed 
during the early recovery phase. 

E x e r t i o n a l  s y n c o p e  

This is a sinister symptom that may affect patients 
who have an obstruction to their left ventricular 
outflow tract. Aortic stenosis and hypertrophic 



Table I 1 .2: Canadian Cardiovascular Society 
classification of stable angina 

Class I 
Class I I  
Class I l l  
Class IV 

Angina on strenuous activity only 
M inor restriction of normal activity 
Marked restriction of normal activity 
Any physical exertion without angina is 
impossible. There may be pain at rest 

Chronic stable angina has been classified by the 
Canadian Cardiovascular Society (Table 11 .2). 

Particular attention should be paid to the efficacy 
of any self-administered short-acting nitrate prepar
ations (e.g. sublingual glyceryl trinitrate). A simple 
episode of chronic stable angina is, by definition, 
relieved within a few minutes. An episode of angina 
lasting longer than 15 min should raise the possi
bility of acute myocardial infarction (AMI). 

U n s t a b l e  a n g i n a  

The term unstable anginn encompasses more than 
one pathophysiological situa hon. The common fea
ture is an acute deterioration in coronary blood 
supply, resulting in either new symptoms or a 
significant worsening of previously stable angina. 
Three groups of patients can be identified: 

1 Anginal chest pain now occurs at rest. 
2 A sudden deterioration in the exercise capacity 

of a patient with chronic angina . 
3 New onset of angina at low levels of physical 

activity. 

Admission is essential so that symptoms can be 
controlled and appropriate investigations under
taken. The aim of subsequent interventions is to 
prevent myocardial infarction. 

Prinzmetal (variant) angina is often unpro
voked. It is the result of coronary vasospasm, 
which gives rise to transient ST segment elevation 
on the electrocardiogram without the development 
of Q waves (which would indicate AMI). Only 
two-thirds of such patients have angiographic evi
dence of coronary artery disease. Although it may 
not be possible to identify trigger factors there is a 
tendency for pain to recur at the same time of day. 

M y o c a rd i a l  i n fa r c t i o n  

The classic description of the pain of AMI is that it 
is central, severe, crushing, radiating to one or 
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Table 1 1 .3: Aetiology of pericarditis 

Id iopathic 
Viral (Coxsackie B, echovirus, H IV) 
Post-myocardial infarction 
Bacterial (staphylococcus, streptococcus, 

meningococcus, tuberculosis) 
Malignant 
Connective tissue diseases 
Uraemia 

both arms, and prolonged. There is associated 
sweating (diaphoresis) and nausea. Unfortunately 
the history of AMI may be even more heteroge
neous than that of angina and patients, particu
larly the elderly and diabetics, may present with 
atypical chest pain, syncope or sudden death. 

Presentation of acute myocardial infarction is fre

quently atypical. 

A o r t i c  d i s s e c t i o n  

The pain of a dissection of the thoracic aorta may 
mimic AMI. If the dissection involves a coronary 
artery the ECG demonstrates an injury pattern, 
further exacerbating any diagnostic dilemma. 

Aortic dissection more commonly causes severe 
interscapular back pain, which patients describe as 
'tearing'. Corroborating e"idence in the form of a 
relatively normal electrocardiogram, a normal or 
high blood pressure despite the patient appearing 
shocked, and a blood pressure differential between 
the two arms supports the diagnosis of aortic 
dissection. 

P e r i c a r d i t i s  

There are many causes of pericarditis (Table 11 .3). 
The pain of pericarditis is typically central, sharp 
and constant. It may be aggravated by movement, 
inspiration and swallowing. Relief may be obtained 
by sitting forward. 

With the accumulation of a pericardia! effusion, 
the intensity of the pain is reduced. 

BREATHLESSNESS  

Most patients presenting to an emergency depart
ment with breathlessness secondary to cardiac 



C H A P T E R  E L E V E N 

CARDIAC EMERGENCIES 

• Introduction 
• Symptoms of cardiac disease 
• Myocardial infarction and unstable angina 
• Acute myocardial infarction (AMI) 
• Management of AMI 
• Compl ications of AMI 
• Cardiac fai lure 
• Arrhythmias 

I NTRODUCT ION 

The treatment of cardiac emergencies mandates 
critical decisions early in a patient's management. 
Time should not be wasted on exhaustive history 
taking. Appropriate questions will focus on: 

• making a diagnosis 
• identifying confounding chronic medical condi

tions, in particular pathology that might be 
aggravated by the presenting problem or influ
ence the emergency department management 
(e.g. diabetes mellihis) 

• accurately recording medication to ensure that 
avoidable drug interactions do not occur. 

Identifying risk factors for ischaemic heart dis
ease is only appropriate for the emergency physi
cian if the diagnosis is in doubt or discharge is 
planned. 

SYMPTOM S  OF  CARD IAC D I S EASE 

C H EST PA I N  

Every patient who presents with chest pain should 
have a working diagnosis at the time of discharge 
or admission. The pain may not have a cardiac 
cause (Table 1 1 . 1) .  

• Bradycardia 
• Valvular emergencies 
• Disease of heart muscle 
• Pericarditis 
• Hypertensive emergencies 
• Aortic dissection 
• Further reading 

Table 1 1 . 1 :  Non-cardiac causes of central chest pain 

Aortic dissection 
Oesophageal reflux, hiatus hernia, and oesophageal 

spasm (which is relieved by nitrates) 
Costochondritis (Tietze's syndrome) 
Massive pulmonary embolus (a dul l ,  aching pain) 
Psychological causes, including hyperventilation 

C h ro n i c  s t a b l e  a n g i n a  

Narrowing of the lumen of a coronary artery by an 
atheromatous plaque may restrict the blood flow to 
the myocardium to such an extent that an increase 
in the oxygen demand of that tissue cannot be met. 
This occurs in chronic stable angina. Symptoms 
are provoked by an increase in myocardial work 
that generates an oxygen demand in excess of that 
which can be supplied by narrowed coronary arter
ies. Transient ischaemia in the downstream myocar
dium gives rise to angina. 

The pain of angina is heterogeneous, although it 
is often described as a 'heavy feeling', tighb.1ess or 
retrosternal pressure. Radiation occurs commonly to 
the left or both arms. Patients sometimes complain 
of pain resh·icted to the left arm, shoulder or hand. 
Pain may be felt in the jaw, or give rise to symptoms 
similar to indigestion. Some people complain of 
dyspnoea rather than chest pain. Trigger factors are 
often identified by the patient, such as cold weather, 
large meals or stressful sihlations. 



closed chest compression, as physical movement 
can trigger the onset of ventricular fibrillation. The 
history from the paramedics or family will often 
be helpful. A low-reading thermometer should be 
used to record a core (rectal) temperature. If the 
diagnosis of hypothermia is conlirmed active and 
passive rewarming methods must be employed 
whilst CPR is ongoing. These include warmed 
humidified oxygen, warm blankets for body 
and head, irrigation of stomach and bladder with 
warmed fluids, and possibly also the peritoneal 
cavity. In centres where it is available, cardiopul
monary bypass apparatus produces rapid rewarm
ing and has resulted in a number of neurologically 
intact survivors. 

If the patient is in VF and severely hypothermic 
(less than 30°C), the rhythm is unlikely to convert 
with defibrillation until the core temperature has 
been raised to at least 30°C Defibrillation can 
then be repeated. There is no evidence that anti
arrhythmics have any role in such patients. Once 
the hypothermia has been corrected to between 
33 and 35°C decisions can be made on how long 
to continue resuscitating the patient, taking into 
account the circumstances of the incident. In those 
patients successfully resuscitated the underlying 
cause or associated pathologies must be identified 
and treatment instituted. This will be a major 
factor affecting eventual outcome. Children 
have a much greater likelihood of survival and 
good neurological function than adults; however, 
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such survivors have usually suffered severe 
hypothermia. 

PREGNANCY 

This is an extremely unusual circumstance of car
diac arrest where two lives are at risk The causes 
include trauma, pulmonary embolism, amniotic 
fluid embolism, eclampsia and placental abrup
tion. In established cardiac arrest standard CPR 
should be instituted. In addition, however, the fol
lowing principles must b followed. It is essential 
to relieve the pressure on the inferior vena cava 
from the uterus either by a purpose-made wedge 
under the right side of the casualty or by manually 
moving the uterus to the left. A senior obstetrician 
and paediatrician must be called immediately, and 
if resuscitation has been unsuccessful for 5 min, 
emergency caesarean section to try and save the 
life of a third-trimester fetus may be appropriate. 
0-negative blood should be given as soon as pos
sible in cases where haemorrhage from trauma or 
abruption is thought to be the likely cause. 

f U RTHE R  REA D I N G  

Resuscitation Guidelines (2000) Resuscitation Council, UK 
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once i t  has been cleaned and prepared by staff. 
Such an approach will go some way towards help
ing them to cope with an extremely traumatic and 
sudden event. 

Debriefing with the team is almost as import
ant, especially where a yoLmg patient died or the 
resuscitation attempt was perceived not to rw1 
smoothly. The timing and framework of such 
meetings must be carefully planned and chaired. 

CARD IAC ARREST I N  SPEC IAL  
C I RC U M STAN C E S  

In certain specific situations of CPA it will be nec
essary to modify the standard ALS algoritluns. 
These conditions may occur in isolation or be 
coexistent. 

P O I S O N I N G  (SEE  C HAPTER  1 5 ) 
Either at the onset or during the resuscitation 
phase it may become obvious from history given 
by relatives or the paramedics that the cardiac 
arrest is due to poisoning of some kind. A number 
of specific drug therapies may help to produce a 
stable cardiac output (Table 10.7). 

M a n a g e m e n t  

Once a stable cardiac output has been attained, 
look for possible signs of drug administration 
(needle marks, blistering in the mouth) and per
form a gastric lavage with charcoal therapy unless 
specifically contraindicated. A standard series of 
tests should be carried out as outlined above in the 
section on post-resuscitation care. Serum paraceta
mol and salicylate levels should be measured. 

N EAR-DROWN I N G  

This results from asphyxiation in water. In most 
cases it is associated with aspiration of fluid (90%). 
As a result pulmonary vasoconstriction occurs, 
leading to pulmonary hypertension. This leads to 
disruption of the pulmonary microstructure. In the 
remaining 10% the dry drowning phenomenon 

Table I 0. 7: Antidotes for poisoning 

Naloxone for opiate toxicity 
Glucagon for beta-blocker poisoning 
Sodium bicarbonate for tricyclic antidepressant 

toxicity 
Atropine for organophosphate poisoning 
Oxygen for carbon monoxide poisoning 

results from intense glottic closure leading to 
profound hypoxia. 

In treating the near-drowning patient cardio
pulmonary resuscitation should be commenced 
as soon as poss'ible; however, specific attempts to 
empty the lungs of water are wmecessary. There 
may be associated pathology which has resulted in 
the patient's immersion and th.is may require 
specific treatment (epilepsy, alcohol or drugs). Hypo
tl1ermia may occur during immersion in cold water. 
Neurologically intact survival has been reported 
despite immersion times up to 1 h and resuscita
tion should be prolonged. Children have a greater 
likelil1ood of survival in such circumstances and 
attempts should be made to regain a core tempera
ture of at least 33-35°C. 

It is important to recognize the possibility of 
neck injury in patients removed from a swimming 
pool or shallow water, especially if there is any his
tory suggestive of a diving injury. If the patient is 
successfully resuscitated there is a strong l.ike
lil1ood of adult respiratory distress syndrome, and 
close monitoring of respiratory function on an 
intensive care unit is indicated. 

HYPOTHERM IA  

Mild hypothermia i s  defined as a core tempera
ture between 33 and 35°C. Moderate or severe 
hypothermia supervenes at a tempera ture less 
than 33°C. It may manifest in healthy individuals 
either as a result of the environment or be trig
gered by alcohol, drugs or a variety of coexisting 
medical conditions. Principles of initiating and ter
minating resuscitation should be modified in such 
circwnstances, as profound hypothermia can both 
mimic cardiorespiratory arrest as well as having a 
protective effect on vital organs. 

It is essential to exclude a very slow arterial 
pulse in hypothermic patients prior to starting 



Table I 0.5: Factors associated with poor outcome 
in cardiac arrest 

Unwitnessed cardiac arrest 
No bystander CPR 
Asystole or EMD as presenting rhythm 
Prolonged cardiac arrest without return of 

circulation 
Co-morbid processes 

patients and those following poisoning or near
drowning, prolonged attempts may on occasions 
produce a neurologically intact survivor. 

POST-RESUSC ITATI O N  CARE  

Most patients will require a period of intensive 
post-resuscitation care depending upon the degree 
of cardiovascular and cerebral compromise they 
have suffered. The place of their definitive care 
may be an intensive care unit or a coronary care 
unit. However, it is essential that prior to leaving 
the resuscitation room the patient's condition is 
optimized and they are prepared for a safe transfer. 

Prior to transfer out of the emergency depart
ment the airway must be reassessed. It should be 
secured by endotracheal (ET) intubation if unpro
tected. If the patient is already intubated, check the 
position of the ET tube and make sure it is well 
secured. The work of breathing is assessed if the 
patient is not anaesthetized. Consider the possibil
ity of pneumothorax or aspiration of gastric con
tents as potential complications. Assessment of the 
circulation includes the pulse rate, rhythm and the 
blood pressure. Cerebral function examination 
must include recording the Glasgow Coma Scale 
(GCS) and pupillary reaction. 

Ensure normotherrnia by keeping the patient 
covered and continue monitoring with non
invasive blood pressure, ECG monitoring, pulse 
oximetry and end-tidal C02 if the patient is intub
ated. Essential post-resuscitation investigations 
(Table 10.6) include a bedside blood sugar, full 
blood count, urea and electrolytes, serum calcium, 
cardiac enzymes, arterial blood gases, ECG and a 
chest X-ray. If the ECG demonstrates features of 
acute myocardial infarction, th.rombolysis should 
be considered. Prior to transfer to intensive care or 
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Table I 0.6: Post-resuscitation investigations 

1 2-lead ECG 
Chest X-ray 
Arterial blood gases 
Full blood count 
Urea and electrolytes 
Blood sugar 
Serum calcium 
Cardiac enzymes 

a ward, confirm that adequate amotmts of oxygen, 
resuscitation equipment and drugs are taken for 
the transfer. 

Following successful treatment of cardiac arrest, 
patients will broadly fall into three categories. 
Those with a patent (self-protected) airway can 
be transferred to the coronary care urut for monitor
ing. In patients with a significantly depressed con
scious level (GCS less than 12) a period of 12-24 h 
controlled ventilation, cardiovascular support and 
manoeuvres to optimize cerebral oxygenation is 
recommended in the European Resuscitation 
Council guidelines. After this time formal re-evalu
ation of any cerebral hypoxic injury can be made. A 
small group of patients will be those fOLmd to have 
a history of terminal malignancy or long-standing 
severe incapacity. These patients must be carefully 
discussed with senior staff from the admitting 
medical team, intensivists and, most importantly, 
the relatives. A clear and joint decision on the 
appropriate level of care to be given can tl1en be 
made. This must be documented carefully in the 
notes. 

B REAKI N G  BAD N EWS 

Breaking bad news to relatives must b e  done by 
experienced medical and nursing staff. They must 
prepare themselves both physically and emotion
ally before meeting the relatives. It is essential to 
introduce yourself and confirm exactly who you 
are speaking to. The bad news should be pro
vided early and in unequi\'ocal terms. Always give 
the impression that you have time to talk and lis
ten. Information must be given in language that is 
simple, considerate and honest. Be prepared to 
reiterate the main points. Give the relatives the 
opporturuty to ask questions and see the body 
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cardiac arrest. The prognosis is  poor. Epinephrine 
is the main resuscitation drug. The first dose is 
10 µg kg-1 (0.1 ml kg-1 of 1 in 10 000 solution) 
intravenously. The second and subsequent doses 
are 100 µg kg-1 (1 ml of 1 in 10 000 solution or 
0 .1 ml of 1 in 1000 solution). A dose of 100 µg kg-1  
can be given by the endotracheal route i f  vascular 
access has not been attained. The intraosseous 
route is a safe, reliable and relatively rapid vascu
lar access technique, especially in children Lmder 
the age of 6 years. Alternatives include camm
lation of the femoral vein, venous cutdown or 
cannulation of a central vein, depending on the 
level of expertise of the operator. A fluid bolus of 
20 ml kg-1 (repeated if necessary) should be given 
if there is any suggestion of hypovolaemia or any 
other reversible cause of shock. 

C o-ORD I NAT I N G  A RESUSC ITAT ION  
EVENT 

Proper preparation and co-ordination will lead 
to an orderly sequence of events in the acute 
resuscitation period. The resuscitation can be 
divided into three stages. In emergency practice 
there is often advanced warning from the ambu
lance service that a patient in cardiac arrest is 
about to arrive. This allows time for preparation, 
with the team leader allocating the team their 
roles. It is important also to check the relevant 
equipment. In some departments there are facili
ties to video the resuscitation for education pur
poses, or a senior colleague may be asked to view 
the resuscitation and provide constructive criticism 
at the end. 

After the arrival of the patient the team leader 
must co-ordinate a rapid and safe transfer from the 
ambulance stretcher. It is then necessary to con
firm the absence of a pulse and to attach a cardiac 
monitor to assess the first rhythm. Instruct rapid 
defibrillation if the patient is in VF or VT. If the 
initial rhythm is asystole or EMD the team com
mences basic life support. The leader must ensure 
staff are performing roles effectively and establish 
the initial resuscitation algoritlun and request the 
interventions required. 

Following the initial assessment and com
mencement of resuscitation the team leader is res
ponsible for obtaining relevant information from 

Table I 0.4: I nformation from the paramedics 

required by hospital cardiac arrest team 

Was the cardiac arrest witnessed? If so, at what 
time did cardiac arrest occur? 

Was bystander CPR performed? 
At what time were the ambulance service called? 
What treatment has been administered? 
Have there been any periods of return of 

spontaneous circulation? 
What is the patient's past medical and drug 

history? 
Are any relatives present? What do they know of 

the patient's condition? 

the paramedic staff. The information required 
is shown in Table 10.4. 

Throughout the resuscitation the team leader 
must ensure compliance with the resuscitation 
algoritlun and monitor the effectiveness of the 
treatment being provided. Particular attention 
should be paid to supporting and replacing tiring 
team members. Clinical information should be 
used to positively exclude reversible pathology and 
attempt to identify underlying causes (Fig. 10.2). 
A team member may be asked to obtain any rele
vant history from relatives, if present. If successful, 
post-resuscitation care should be provided prior 
to transfer to a ward or intensive care unit. If the 
resuscitation attempt is unsuccessful the team 
leader should inform relatives as soon as possible. 
The team leader also has the responsibility to 
debrief the team. Particular attention should be 
paid to areas in which the team performed well, 
whilst also attempting to highlight areas where a 
change in practice or extra training might improve 
performance in the future. 

WHEN TO STOP 

There are a number of  common features which are 
associated with a poor outcome in cardiac arrest 
(Table 10.5). The presence of any one or more of 
these factors will influence the team leader in 
deciding what further resuscitation efforts are 
appropriate. In the presence of asystole persisting 
for longer tl1an 20 min or EMD with no treatable 
cause, prolongation of the resuscitation attempt is 
generally futile. In younger patients, hypothermic 
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should therefore be given initially, each of which 
should make the chest rise and fall. A minimum of 
two effective rescue breaths must be given. Check 
the pulse by feeling for a carotid pulse in the child 
or a brachia! pulse on the inner aspect of the upper 
arm in an infant. If there is no pulse, or if in infants 
the rate is less than 60 beats per minute, start chest 
compression in combination with rescue breath
ing. In a child the required hand position is with 
the heel of one hand over the lower half of the 
sternum. In an infant the tips of two fingers are 
placed one finger breadth below an imaginary line 
joining the infant's nipples. Resuscitation should 

be performed for 1 min before going for assistance, 
and then the rescuer should consider taking the 
infant or child with them. 

VF/VT 

Defibrillate 

as necessary 

CPR 
I minute 

PAED IATR IC  ADVA N C E D  L I F E  S U P PORT 
( F I G .  I 0 . 4) 
The algorithm is similar to that for adults. 
However, a much greater proportion of children 
will have asystole or electromechanical dissoci
ation (EMD) as the presenting rhythm with their 

BLS algorithm 

Ventilate/ 

oxygenate 

Attach 

defibril lator/monitor 

+!- Check pulse 

During CPR 

• Attempt/verify: 

Tracheal intubation 
lntraosseous/vascular access 

• Check 

electrode/paddle positions and 
contact 

• Give 
Epinephrine every 3 minutes 

• Consider antiarrhythmics 

• Consider acidosis 

Consider giving bicarbonate 
• Correct reversible causes 

Hypoxia 
Hypovolaemia 
Hyper/hypokalaemia 
Hypothermia 
Tension pneumothorax 
Tamponade 
Toxic/therapeutic disturbances 
Thromoboembolism 

N on-VF/VT 

Asystole; 
Electromechanical 

dissociation 

Epinephrine 

CPR 
3 minutes 

Figure I 0.4: Paediatric advanced life support. 
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Table 1 8. 1 :  Emergency treatment of hyperkalaemia 

I 0% calcium gluconate slow IV injection I 0 ml 
I 0 IU soluble insulin and SO ml of 50% dextrose 

given intravenously 
25-50 ml 8.4% sodium bicarbonate intravenously 

General examination may reveal pallor, brown 
or 'half-and-half' nails and scratch marks secondary 
to pruritis. Facial or ankle oedema and a pericar
dia! friction rub may be present. There may be 
signs of systemic diseases and abdominal exam
ination may reveal a distended bladder. Rectal 
examination is necessary in order to examine the 
prostate and check for pelvic masses. 

If a patient is in or believed to be in acute or acute
on-chronic renal failure, the most important investi
gation is urea and electrolytes. An urgent potassium 
is needed to exclude life-threatening arrythmogenic 
hyperkalaemia. Rapid intravenous access is there
fore essential. A full blood count may demonstrate 
anaemia and clotting studies may be deranged. 
Cardiac monitoring should be commenced and an 
ECG should be obtained. In hyperkalaemia this will 
show peaked T waves, broadening of the QRS com
plex and arrythrnias, including heart block. If the 
serum potassium is significantly raised (greater than 
6.S mmol l- 1), treatment with calcium, bicarbonate 
or a dextrose and insulin infusion should be started 
immediately (Table 18.1). 

Hyperkalaemia is l ife threatening and must be 
treated immediately. 

A urethral catheter should be passed where pos
sible and any urine obtained sent for microscopy 
and culture. If a urethral catheter cannot be passed, 
a urology referral for suprapubic catheterization 
should be made. 

The role of imaging is limited in the immediate 
phase though it is important to rule out a treat
able obstructive uropathy early. As some contrast 
materials are themselves nephrotoxic, ultrasound 
is often requested for this purpose. 

The basis of immediate treatment is to make 
sure that further insults to the kidneys are avoided 
or treated. Obstruction should be relieved, drugs 
such as arninoglycosides and non-steroidal anti
inflammatories (NSAIDs) should be stopped, 
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Table 1 8.2: Effects of chronic renal fai lure 

Secondary 
hyperparathyroidism 

Hypocalcaemia 
Pseudogout 
Hyperkalaemia 
Hypertension 

Poor platelet function 
lmmunosuppression 
Uraemic pericarditis 
Effects of drugs 

Bone pain ,  pathological 
fractures and 
osteomalacia 

Twitching, tetany 

Arrhythmias 
Can be severe and 

resistant to treatment 
I ncreased risk of 

encephalopathy 
Bleeding, bruising 
Increased risk of infection 
Requires dialysis 
Accumulation (opiates) 
Exacerbate renal fai lure 

(NSAID, angiotensin
converting enzyme 
inhibitor (ACE-I)) 

Hyperkalaemia 
(K+ sparing diuretics) 

hypovolaemia and hypotension corrected and 
sepsis treated. 

E M ERG E N C I E S ASSOC IATED WITH 
C HRON IC  RENAL FA I LURE  

Table 18.2 lists the complications o f  chronic renal 
failure that might cause a patient to present to the 
emergency department. 

CONT INUOUS  AMBU LATORY 
PER ITO N EAL D IALYS I S  (C A P O ) 
Bacterial peritonitis is a common problem for 
patients on CAPD. The patient presents with 
abdominal pain and peritonism but is often sys
temically well. The drained dialysate bags are 
cloudy and a sample should be sent to the labora
tory. Staphylococci are the usual causative organ
isms, but a ruptured diverticulum or other surgical 
cause should be sought if anaerobes or Gram
negative microbes are found. Advice should always 
be sought from the renal unit regarding admission 
and current antibiotic policy. Other problems 
include leakage of fluid into the abdominal wall, 
chest or scroh1m. Hernias are common. 
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H A E M OD IALYS I S  

Patients on haemodialysis may present with 
hyperkalaemia or pulmonary oedema, especially 
immediately prior to a dialysis session. Unless the 
condition is life tlu·eatening the arm with the arterio
venous fistula should not be used for intravenous 
access or bloods. Likewise, BP cuffs should never 
be used on this arm. Fluid overload and hyper
kalaemia require urgent dialysis, although intra
venous frusemide may buy time owing to its 
vasodilatory action. If the patient is in extremis 
and dialysis is not immediately available, venesec
tion may be lifesaving. 

Do not use a dialysis fistula for routine intravenous 
access. 

If a dialysis patient presents with local pain, 
swelling and redness around the site of the arterio
venous fistula, a shunt thrombosis must be sus
pected. This needs rapid vascular referral. 

TRANSPLANT PAT I E NTS 

Unless the complaint is  trivial, the transplant team 
should always be informed of the attendance of a 
transplant patient, even if the problem seems unre
lated. They will know the patient and advise on 
treatment and follow-up. Acute rejection can be 
mistaken for a systemic infection. There is often 
pain over the transplant site, decreased urine pro
duction and deranged biochemistry. Urgent refer
ral is required. 

HAEMATUR IA  

All cases o f  haematuria require thorough investi
gation. Causes are shown in Table 18.3. 

Urine is discoloured by rifampicin, beetroot and 
myoglobin. This may simulate haematuria. 

The haematuria may be painful, painless or the 
result of trauma; it may occur at the beginning 
of voiding, mid-stream or at the end. The presence 
of clots should be noted. An upper urinary tract 
source may be indicated by flank or abdominal pain, 

Table 1 8.3 :  Causes of haematuria 

I nfection 

Stones 
Mal ignancy 

Inflammation 
Haematological 

Vascular 

Congenital 

Drugs 

Others 

Pyelonephritis, cystitis, 
parasites (schistosomiasis) 

Renal, ureter, bladder, 
prostate 

Glomerulonephritis 
Leukaemias, platelet 

disorders, haemophilia, 
sickle cell disease 

Renal artery and vein 
occlusions 

Polycystic kidneys, 
hydronephrosis 

Warfarin and other 
anticoagulants, aspirin, 
cyclophosphamide 

Post severe exercise, factitious 

whilst a lower source may have associated fre
quency, urgency and dysuria. A glomerular cause 
can present with facial or ankle swelling and 
arthralgia. It is important to ask about a history of 
preceding upper respiratory tract infection. 

Pallor, purpura and oedema should be sought. 
A rectal examination must be performed in order to 
exclude a pelvic mass and to examine the prostate. 
Associated signs may suggest where in the urinary 
tract the source is. The external genitalia should be 
examined in order to exclude a meatal lesion. 

Routine investigations as appropriate should 
include a mid-stream specimen of urine (MSU) for 
microscopy, sensitivity and culture, dipstick urine 
testing and full blood count, urea and electrolyte 
and clotting tests. If glomerulonephritis is sus
pected the laboratory should be specifically asked 
to look for urinary casts. If the patient shows signs 
of infection, blood cultures should be taken. 
Imaging is rarely required before referral. 

All children and patients with clot retention, 
trauma or deranged clotting should be admitted. 
Urological referral and follow-up is otherwise indi
cated unless a glomerular cause is suspected, in 
which case medical referral is appropriate. 

ACUTE RETENT ION 

Acute urinary retention is a common problem in 
men with prostatism; it is much rarer in women 



but can occur in atrophic urethritis or late preg
nancy. Other causes include acute urethritis and 
urethral strictures, stones, clot retention, trauma, 
drugs and faecal impaction. Drugs responsible 
include anticholinergics, antihistamines, tricyclic 
antidepressants and alcohol. 

It is important to distinguish between retention and 
true oliguria. 

Examination will reveal suprapubic fullness, 
tenderness and dullness. A rectal examination will 
provide information about the prostate and exclude 
a pelvic mass or faecal impaction. Decreased anal 
tone may suggest a neurological cause. 

The patient should be given every chance to 
pass urine on their own. Privacy and running taps 
may help. Otherwise urethral catheterization should 
be performed. If this is unsuccessful the patient 
should be referred for suprapubic catheterization. 
Once obtained, a urine sample should be sent for 
dipstick, microscopy and culture. Urological refer
ral is almost invariably required. 

Chronic retention can cause massive painless 
bladder distention. A large diuresis may follow 
once the obstruction has been relieved. This can 
produce fluid and electrolyte disturbances and it is 
advisable to drain the residual urine slowly. 

ACUTE URETER IC  COL IC  

Ureteric colic is characterized by severe inter
mittent unilateral loin pain that waxes and 
wanes. Stones or blood clots may be the cause. 
Calcium phosphate and oxalate stones are the 
commonest; more rarely stones consist of magne
sium ammonium phosphate, urate and cysteine. 
The underlying factors that lead to stone forma
tion include infection, any cause of raised calcium 
in the blood or urine, hyperoxaluria and hyperuri
caemia. The differential diagnosis includes pain 
from an aortic aneurysm or testicular or ovarian 
sources. 

The pain may radiate anteriorly or laterally 
from the loin, or down to the groin and genitalia. 
The patient is usually sweaty and restless. Nausea 
and vomiting are frequent, as are dysuria, haema
turia and 'gravel' in the urine. The patient will 
often have experienced previous episodes. 
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The abdominal examination i s  usually normal 
except for tenderness in the renal angle. Aortic 
aneurysm should be actively excluded in patients 
in the appropriate age group. The presence of 
pyrexia and rigors suggests associated infection. 

The first treatment priority is analgesia. Intra
venous opiates (and an antiemetic) work rapidly 
and are effective. Rectal and intramuscular NSAIDs 
can also be used and will not cause sedation or 
vomiting but are slower in onset of relief. There is 
no proven role for bolus intravenous fluids (in 
order to 'wash out' the stones) or for anticholiner
gics such as buscopan. 

An urine specimen will almost invariably 
demonstrate microscopic haematuria; however, 
sieving and stone analysis are of no value in the 
emergency department. A full blood count, urea and 
electrolytes, calcium, phosphate and urate should 
be taken. Blood cultures are indicated if there is any 
sign of systemic infection. Ninety per cent of renal 
stones are radio-opaque a,nd will show up on care
ful examination of a KUB (kidneys-ureters-bladder) 
film, but the incidence of both false-positive and 
false-negative findings with this investigation is 
high (Fig. 18.1) . Intravenous urography (IVU), ultra
sound or CT scanning may also be of value but are 
best performed by the specialist team. 

Ninety per cent of renal stones are radio-opaque. 

Patients with persistent pain after adequate 
analgesia, obstruction, renal impairment or evi
dence of infection should be admitted. Pain-free 
patients can be discharged home with arrange
ments for urological follow-up. 

U RI NARY TRACT I NF ECT ION ( U T I )  

Urinary tract infections vary in incidence and symp
toms with age, although Escherichia coli is the most 
common causative organism at all ages. Young chil
dren may present with generalized abdominal pain, 
malaise and vomiting; the elderly are likely to pres
ent with a similar picture or be asymptomatic. Many 
elderly people suffer the symptoms of UTI with no 
infection. At all ages women are at increased risk, 
owing to the shorter female urethra. This risk fur
ther increases in sexually active women (so-called 
honeymoon cystitis). 
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Figure 1 8. 1 :  A KUB X-ray showing a renal stone. 

Other predisposing factors include: 

• urinary tract malformation 
• vesicoureteric reflux - 40% of children with UTI 
• stones 
• diabetes mellitus 
• immunosuppression 
• incomplete bladder emptying 
• bladder abnormalities: diverticulae, neuropathy, 

tumours. 

Between the extremes of age, UTI usually pres
ents to the emergency department in one of two 
forms: 

• Acute pyelonephritis (upper UTI) - presents with 
loin pain, fever (with or without rigors) vomit
ing and dehydration. The features associated 
with cystitis are not prominent. Septicaemia and 
perirenal abscesses may, very rarely, develop. 

• Cystitis (lower UTI) - presents with dysuria, 
frequency, nocturia, urgency, and smelly and 
cloudy .urine, as well as suprapubic discomfort 
and sometimes haematuria. 

In all cases of suspected UTI, a mid-stream spec
imen of urine should be analysed. Direct examin
ation of the urine may reveal it to be cloudy and to 
smell offensive. Dipstick analysis will demonstrate 
protein, blood, leucocytes and nitrites and this 

· information is sufficient to confirm the diagnosis 
and initiate treatment. Similarly, a negative dip
stick examination is strongly predictive of negative 
microscopy and the finding of no bacterial growth 
on culture. Urgent microscopy if performed on an 
infected specimen will show leucocytes, red blood 
cells and bacteria (crystals, red blood cells and 
granular casts suggest underlying renal pathol
ogy). Culture should be performed to identify the 
infecting micro-organism and to confirm its sensi
tivity to the antibiotic used. 

Patients who are: 

• systemically unwell 
• male 
• female with recurrent infection (>3 per year) 
• very young 
• elderly 
• pregnant 
• suffering from renal impairment 
• immunosuppressed 

require further investigation or admission (or 
both) and should be referred to a urologist. Blood 
cultures are essential if there is a possibility of 
systemic infection. 

Systemically unwell patients should be admitted 
for analgesia, intravenous antibiotics and fluid . 
Other patients can be discharged on oral antibiotics 
with advice to drink plenty of fluids. Amoxycillin 
(3 g) or trimethoprim (200 mg) are appropriate sin
gle-dose regimens for a woman with an uncompli
cated first-time UTI. Recurrent UTls should receive 
3-5-day courses. All discharged patients should be 
followed up by their general practitioner or in the 
out-patient department. 

U RETH R IT I S  AND  S EXUALLY 
TRANSM ITTED D I S EASES  

Patients concerned that they have caught a sexu
ally transmitted disease (STD) may attend the 
emergency department with or without symp
toms. The telephone numbers of the local geni
tourinary medicine (GU or 'special') clinic should 
be prominently displayed in the waiting room. 
All these patients should receive a sympathetic 



Table 1 8.4: Causes of urethral or vaginal discharge 

Male 

Gonococcal 
urethritis 

Non-gonococcal 
urethritis 

Female 
-

Normal physiological discharge 

Oral contraceptive pil l - can 
increase normal discharge 

Atrophic vaginitis 
Gonococcus 
Candidiasis 
Chlamydia 
Trichomonas 
Gardnerella 
Retained tampon or other 

foreign body 
Malignancy of cervix or uterus -

rare first presentation 

hearing and most can then be directed to the clinic 
for further diagnosis, treatment and contact trac
ing. Even where treatment is needed or requested 
in the emergency department, follow-up should be 
arranged in the clinic. 

Dysuria and discharge are the most common 
symptoms experienced by patients, although 
5-10% with urethritis can be asymptomatic. 
Causes of urethral or vaginal discharge are shown 
in Table 18.4. Urinary frequency is also a common 
symptom. Urethritis is far more common as a 
cause of dysuria in men than other forms of UTI. 
Urethritis is almost always caused by an STD, 
although it may be a result of trauma or foreign 
body insertion. Gonococcus and Chlamydia are the 
commonest causative organisms in both sexes. 
Others include Trichomonas and Gardnerella. 

Epididymitis (see below) is the most frequent 
complication of urethritis. Around 2% of patients 
with non-gonococcal urethritis will develop Reiter's 
disease. This presents with accompanying iritis 
and arthritis usually affecting the lower limbs. 
Cutaneous, cardiac and neurological manifest
ations are rare. Gonorrhoea can cause disseminated 
disease presenting with fever, arthralgia, septic 
arthritis and a purpuric or vesiculopapular rash. 

G EN I TAL  ULCERATI O N  

Painful ulcers are most likely to be genital herpes. 
Rarer causes are Beh<;et' s disease and chancroid. 
Candida or gonococcal disease may also present 
with multiple painful sores. 
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Herpetic lesions start a s  small vesicles which 
are often missed by the patient. These develop 
into l-3 mm ulcers with a ring of erythema, and 
may coalesce. In the first episode the ulcers can be 
very painful with local lymphadenopathy. Patients 
may feel unwell, with 'flu-like' symptoms and 
fever. Meningitis and radiculomyelitis are rare 
complications. 

The diagnosis is clinical but can be confirmed 
on viral culture of swabs. Oral aciclovir should 
be started if the presentation is within 6 days of 
the onset of the primary attack. Analgesia may be 
required. The patient should be referred to the GU 
medicine clinic for follow-up. 

Painless ulcers are caused by syphilis and, less 
commonly, carcinoma. 

G E N ITAL WARTS 

Genital warts are usually asymptomatic unless situ
ated at the external urinary meatus. Whatever the 
site, referral to the GU medicine clinic is all that is 
needed. 

P ROSTATIT IS  

Patients may present to the emergency department 
with either acute or chronic prostatitis. Causative 
organisms include E. coli, Pseudomonas, Proteus, 
Klebsiella and Streptococcus Jaecalis. Tuberculous dis
ease is very rare. 

The clinical features include urgency, frequency, 
hesitancy and poor stream, together with fever, rig
ors, dysuria, and suprapubic or groin pain. A tender, 
hard and irregular prostate is found on rectal exam
ination. A prostatic abscess may develop causing 
severe pain. An urine specimen may show protein
uria on dipstick and the causative organism on cul
ture. Other diagnostic tests (3 or 4 glass tests) are not 
the province of the emergency department. All 
patients should be referred to a urologist. Antibiotics 
must penetrate the prostatic fluid (trimethoprirn) 
and may be required on a long-term basis. 

SCROTAL  PA I N  A N D  SWELL ING  

The likely causes of scrotal pain and swelling vary 
with age (Table 18.5). It is important to remember 
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Table 1 8.5:  Causes of scrotal pain by age 

Neonates and infants: 
Testicular torsion 
Epididymo-orchitis 
Acute hydrocoele 

Before puberty: 
Testicular torsion 
Torsion of hydatid of Morgagni 
Epididymo-orchitis 
Trauma 

A�er puberty: 
Testicular torsion 
Epididymo-orchitis 
Torsion of hydatid of Morgagni 
Trauma 
Tumour 

that inguinal hernias, abdominal aortic aneurysms 
and ureteric stones may be a cause of scrotal pain 
and also that abdominal pain may be referred from 
the testicles. The testicles should always be exam
ined as part of the abdominal examination. 

Always consider abdominal aortic aneurysm as a 
cause of scrotal pain in the elderly patient. 

TEST I C U LAR TORS ION  

Testicular torsion is most frequent in neonates and 
around puberty. Boys with undescended testicles 
are at higher risk. It may present in adults but is 
rare after 30 years of age. Torsion presents with an 
acute onset of severe scrotal and lower abdominal 
pain. Occasionally, the lower abdominal pain may 
predominate. Vomiting is common. Previous short 
spontaneously resolving episodes may have 
occurred. The affected testis is red, very tender and 
elevated, lying horizontally. In the early stages a 
non-tender epididyrnis may be palpated anter
iorly, until it is affected by oedema. The cremas
teric reflex is absent. 

The emergency treatment of testicular torsion is 
analgesia and urgent surgical referral. Failure to 
do this may result in loss of the testicle and 
reduced fertility. 

Testicular torsion is a surgical emergency. 

TORS ION OF THE  HYDAT ID  OF  
MoRGAG N I  

The hydatid of Morgagni is a remnant of the para
mesonephric duct and is situated at the antero
superior pole of the testis. The history is very similar 
to testicular torsion. On examination, however, there 
is point tenderness at its site, where a small nodule 
may be felt. The rest of the testis is normal. Once 
again, the treatment is analgesia and surgical referral. 

E P I D I DYM IT I S  

In young adult males epididyrnitis is usually sec
ondary to urethritis, the most common causative 
organisms being Chlamydia and Gonococcus. In 
older men a UTI, with tmderlying urinary tract 
pathology, is more likely. The patient may present 
with dysuria, frequency, urethral discharge and a 
fever as well as scrotal pain. On examination there 
may be scrotal redness, swelling and epididymal 
tenderness. The testis is normal in the early stage . 
The urine should be <lipsticked for blood and pro
tein, and an MSU and urethral swab taken. 

If it is not possible to exclude testicular torsion, 
urgent surgical referral is essential. If the diagnosis 
is clear and the patient is systemically unwell 
admission for intravenous antibiotics is required. 
Otherwise suitable oral antibiotics for the causative 
organism and analgesia may be given. The younger 
patient should be referred to the STD clinic for 
follow-up and contact tracing. 

0 RC H IT I S  

Bacterial epididyrnitis may extend and cause 
epididymo-orchitis. Orchitis may also be viral in 
origin. Mumps is the most common cause, and can 
produce uni- or bilateral orchitis. This typically 
occurs 4-5 days after the parotitis, though rarely 
there is no parotitis. Rare causes include TB, syphilis, 
leprosy and brucellosis. The most appropriate treat
ment is analgesia; antibiotics may be prescribed if 
the exact diagnosis and organism are unclear. 

TRAU MA 

Trauma to the scrotum can cause scrotal 
haematoma or testicular rupture. Both require 



analgesia and referral. An ultrasound scan may be 
needed to distinguish between the two. The former 
can be treated conservatively, whilst the latter 
requires surgical exploration and repair. Testicular 
haematoma may also occur following vasectomy. 
Scrotal wounds can be sutured unless there is com
plete penetration of the sac, in which case explo
ration to exclude damage to deeper structures will 
be necessary. 

PAI N LESS  SCROTAL MASSES  

Some patients may present with lumps that are 
pain free or only slightly tender. Minor trauma or 
health promotion programmes may have caused 
them to examine themselves for the first time. 
Possible causes include tumour, hydrocoele and epi
didymal cyst. Whilst they do not need admission, 
rapid out-patient follow-up should be arranged. 

BALAN IT I S  

Balanitis is a bacterial or fungal infection of the 
space between the foreskin and the glans. It is most 
common in younger boys, and can present with 
pain, discharge and dysuria. Appropriate investi
gations include a swab, MSU and dipstick urine 
for glucose. 

The most effective treatment is amoxycillin, 
with referral to the general practitioner for follow
up. If the whole penis is involved, admission for 
intravenous antibiotics may be necessary. 

PH IMOS I S  AND  PARAPH IMOS I S  

Phimosis is constriction o f  the foreskin preventing 
retraction. If it persists after the age of 5 years, or 
is associated with recurrent balanitis, it requires 
elective surgical referral for consideration of 
circumcision. 

Paraphimosis is an irreducible retracted fore
skin. The glans distal to the foreskin can become 
swollen and painful, and may lead to acute uri
nary retention. Pressure using cold compresses 
should be applied for 5-lO min after which manual 
reduction should be attempted using lubricating 
gel. If this fails, urgent surgical referral is needed. 

PR IAP ISM 

P E N I L E  T R A U M A  22 1 

Priapism is a prolonged, often painful, erection not 
associated with sexual stimulation. After 12h  it 
may lead to intracorporeal thrombosis and long
term fibrosis and impotence. Causes include: 

• iatrogenic - papaverine injection for impotence 
• drugs - for example phenothiazines 
• sickle cell disease 
• leukaemia 
• myeloma 
• spinal cord trauma. 

In addition, patients occasionally present with a 
persistent erection following the use of a constrict
ing device (used to prolong an erection for sexual 
pleasure) around the base of the shaft of the penis, 
which they are unable to remove. A similar prob
lem may occur when the penis is inserted into the 
neck of a bottle. 

If the cause is unclear, a full blood count (FBC) 
and sickle test should be considered. If a constrict
ing device is not the cause of a persisting erection, 
urgent urological referral for aspiration of the cor
pus cavernosum is essential. 

P E N I LE TRAUMA 

FORE IGN  BOD I E S  

Foreign bodies can be introduced into the external 
urinary meatus for varying reasons in adults and 
children. If stuck, gentle manipulation should be 
attempted. Lignocaine gel may be of use. Referral 
to the urologists may be necessary if removal is 
unsuccessful or there is haematuria or any possi
bility of urethral rupture. 

ZIP  ENTRAPMENT  

This painful (and embarrassing) accident, affecting 
boys more often than men, is usually minor and 
easily released by the victim or parent. Severe 
cases will present to the emergency department. 
Cutting through the zip below the entrapment may 
allow easy removal. Where possible it is desirable 
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to cut only the material near the zip and preserve 
the trouser material so that only the zip and not the 
trousers need replacement. In more difficult entrap
ments liberal application of lignocaine gel, which is 
then left for at least 15 min, may facilitate manipu
lation. Plain lignocaine may be injected but can 
increase soft tissue swelling, defeating the purpose. 
Younger boys may not tolerate the procedure well 
in the emergency department and may require 
referral for release under general anaesthesia. 
Circumcision is only rarely needed. 

f R E N U LAR TEARS 

The frenulum may b e  torn during (often vigorous) 
sexual intercourse. The patient complains of pain 
and bleeding. In most cases local pressure is all 
that is required. This should be followed by advice 
to abstain from sex for around 10 days to allow 
healing and prevent recurrence. If pressure does 
not work, referral is required. 

Caution must be exercised in assessing any 
penile injury in a child. Consideration must be 
given to the possibility that the injury represents 
sexual abuse. 

P E N I L E  FRACTURE  

The patient complains of sudden pain and loss of 
erection during sexual intercourse. Often this is 

Figure 1 8.2: Penile fracture. 

accompanied by a loud crack. On examination the 
fracture may be palpable, along with a visible 
haematoma and bend in the shaft. The appearence 
has been compared to that of an aubergine 
(Fig. 18.2). The tunica albuginea, which surrounds 
the corpus cavernosa, is ruptured. In up to 20% 

there is a urethral tear. Urgent urological referral is 
required for exploration and repair, otherwise the 
prospects for return of function are poor. 

F U RTH ER  READI N G  
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INFECTIO US DISEASES 

• Introduction 
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I N TRODUCTION 

Infectious diseases remain the single commonest 
cause of illness within the commwl.ity. Fortunately, 
most are not life threatening and are self-limiting 
illnesses which cause their victim no more than 
temporary incapacity. Many of these conditions 
which present to emergency departments are dealt 
with in specific chapters on the sick cll.ild (Chapter 
40), respiratory emergencies (Chapter 12), neuro
logical emergencies (Chapter 13), dermatology 
(Chapter 32) and ear, nose and throat (Chapter 37). 

In this chapter the remaining significant infectious 
diseases that present to emergency departments 
are covered. 

H U MAN I M M U N OD E F I C I ENCY  
V IRUS  ( H I V) 

It is less than 20 years since the acquired immune 
deficiency syndrome (AIDS) was first recognized 
and its causative organism, HIV, identified. This 
modern epidemic has already claimed the lives 
of many, and millions of patients, particularly in 
Africa, are infected with and carrying the virus. 
In urban American emergency departments up to 
9% 0£ patients have been found to be carriers of 
HIV, although fortunately it is much less common 
in the UK. A number of risk factors are associated 
with carriage of the virus (Table 19 .1) .  

• Gastroenteritis 
• Hepatitis 
• Lyme disease 
• Further reading 

HIV is an RNA retrovirus which may be iso
lated from a wide variety of body fluids. Blood, 
semen, vaginal fluids and transplacental spread are 
the established vehicles and routes for transmis
sion of infection in humans. Following infection 
with the virus a patient may remain asymptomatic 
for many years. HIV produces AIDS by destroy
ing cells vital to the immLme response, princi
pally the T helper cells and some monocytes and 
macrophages. With the progressive impairment of 
cellular immwl.ity the patient develops rare oppor
tunistic infections and tumours, wll.ich may result 
in their presentation to an emergency department. 

C LI N I CAL F EATURES  

The diagnosis of HIV infection is often made on 
the basis of the detection of antibodies to the virus 
during routine testing, often as the result of contact 
tracing. A patient may or may not be aware of their 
infection with the virus when they present to an 
emergency department with an illness related to 

Table 1 9. 1 :  Risk factors for H IV infection 

Homosexuality or bisexual ity 
IV drug abuse 
Multiple sexual contacts 
Prostitution 
Tattoos 
Blood transfusion recipient 
Sexual partner or child of above 
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Table 1 9.2: Markers of AIDS 

Pneumocystis pneumonia 
Kaposi sarcoma 
Toxoplasma encephalitis 
Atypical mycobacterium infections 
Systemic fungal infection 

HIV infection. Patients may present with symptoms 
of acute HIV infection after an incubation period of 
approximately 6 weeks. The manifestations of this 
(pyrexia, lethargy, myalgia) are non-specific and 
the significance of the illness is rarely recognized. 

After a prolonged asymptomatic period of infec
tion, immunity is sufficiently impaired to result in 
the development of unusual secondary infections 
or tumours. Certain of these illnesses are so charac
teristic of AIDS that their presence is almost diag
nostic of the disease (Table 19.2). 

The patient may also present with generalized 
lymphadenopathy or fever, weight loss and leth
argy. Other manifestations of the disease may pre
dominantly affect the respiratory, neurological and 
gastrointestinal systems as well as the skin and 
mucous membranes. For further details of these 
conditions a specific text should be consulted (see 
Further Reading). 

I NVESTI GAT ION A N D  TREATMENT 

The role of the emergency department in the man
agement of HIV-infected patients is the detection 
and immediate treatment of life-threatening 
abnormalities and referral to the appropriate spe
cialty for definitive care. There should be a low 
threshold for admission for further assessment. 

RISKS  TO THE  CARERS 

The risk o f  acquiring HIV through occupational 
exposure is low; however, universal precautions 
should always be taken as even analysis of risk 
factors (Table 19 .1)  does not accurately predict HIV 
carriage. Particular care must be taken to ensure 
safe disposal of sharps, and all samples sent to the 
laboratory for analysis must be carefully labelled 
and the technicians warned of the potential risks. 

It has now been established that following 
exposure to the virus, rates of seroconversion may 

be substantially reduced by the early (within 3 h) 
use of antiviral agents. Any patient or member of 
staff exposed to the blood of a known HIV-positive 
patient via parenteral inoculation or blood contact 
to broken or inflamed mucosa or skin must there
fore be assessed rapidly. The risks and benefits of 
use of antiviral prophylaxis should be discussed 
with the patient and a specialist in HIV infec
tion and, where appropriate, therapy commenced 
immediately. 

Early use of antiviral agents reduces HIV serocon

version fol lowing needlescick injury from a known 
H IV-positive patient. 

Concerns regarding the risk of transmission of 
HIV to carers must not be allowed to prevent the 
patient from receiving optimal treatment includ
ing, where necessary, cardiopulmonary resuscita
tion. Above all, confidentiality must be preserved 
and the doctor should not reveal any details of the 
patient's illness without appropriate consent. 

REQU ESTS FOR H I V  TEST I N G  

It is not uncommon for patients to present to an 
emergency department requesting HIV testing. This 
may be the result of real and significant concerns 
regarding the possibility of infection. Although an 
emergency department is not the appropriate 
place to perform these tests it is important to 
encourage the patient to seek appropriate help, as 
effective prophylactic treatment is now available 
which reduces the risk of the development of AIDS 
in patients with HIV infection. The patient should 
be thoroughly assessed and counselled with 
regard to the limitations of the test and the conse
quences of a positive test before agreeing to the 
test being carried out. The most appropriate facil
ity for this is the genitourinary medicine clinic. 

HIV testing should not be performed by the emer
gency department. 

TRAVELLERS '  I L LNESSES  

Foreign travel to increasingly remote and exotic 
destinations is increasingly common. It is not 



uncommon for patients to present to emergency 
departments with illnesses that have developed 
during or following a visit to another country. The 
commonest presenting complaint in this group is 
diarrhoea, followed in order of frequency by febrile 
illness. Rabies is also covered here, as it remains a 
disease acquired only outside the UK. It is impor
tant to find out which areas the patient has visited, 
in what time period and what prophylactic meas
ures (specifically antimalarial) were used and for 
how long. Further advice may be available from the 
local department of infectious diseases. Alterna
tively, the national centres of excellence in 
Liverpool or London may be contacted (Table 19.3). 

D I ARRHOEAL I LLNESS  

Diarrhoea is a common experience for travellers to 
developing countries. Symptoms often develop 
within a few days of arrival but may be delayed or 
persist until the traveller returns to his or her home 
country. The common causal agents are shown in 
Table 19.4 and are predominantly bacterial. 

The illnesses are typically distressing but self
limiting and not life threatening. The patient should 
replace fluid losses with oral fluids and a specimen 
should be sent for microbiological analysis. Anti
biotics have a role to play in substantially reducing 
the length of illness. A 3-day course of a quinolone 
antibiotic produces rapid relief of symptoms. 

Table 1 9.3:  National contacts for tropical 
disease advice 

School of Tropical Medicine, 
Liverpool 

Hospital for Tropical Diseases, 
London 

0 1 5 1 708 9393 

020 7387 44 1 I 

Table 1 9.4: Common causes of travellers' diarrhoea 

Enterotoxic Escherichia coli 
Shigella 
Campylobacter 
Salmonella 
Rotavirus 
Norwalk virus 
Giardia 
Cryptosporidium 
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THE F EBR I L E  TRAVE LLER  

The incubation period for some illnesses is pro
longed (Table 19 .5). The development of a febrile 
illness may not be connected by the patient to a 
recent period of travel if the onset of the illness 
occurs some time after return to home. It is there
fore wise to enquire routinely about foreign travel 
when assessing a patient with a febrile illness. 

The differential diagnosis is arrived at by consid
ering the symptoms and examination findings, as 
well as a knowledge of the diseases a patient may 
have been exposed to in the area to which they 
travelled. Prophylactic measures used, such as anti
malarial chemotherapy, should also be considered, 
though this does not provide complete protection. 

M a l a r i a  

This must be considered and excluded in the diag
nosis of any febrile illness in a patient who has 
h·avelled to a malarial area in the 3 months prior to 
onset. Areas of risk include India, Southeast Asia, 
Africa and Central or South America, although 
cases have also been reported in airport workers in 
the UK presumably bitten by mosquitoes trans
ported to the UK on aeroplanes. The symptoms 
are often non-specific, with fever, lethargy and 
headache. The classic episodes of rigours with 
high fevers and vomiting may follow but often do 
not conform to the regular periodic pattern 
described elsewhere. Falciparum malaria may 
produce cerebral involvement, with fits and 
coma. Examination may reveal splenomegaly and 
jaw1dice. 

A blood-film examination is essential in the investi
gation of a febrile patient who has visited a malarial 
area within 3 months. 

Table 1 9.5: Incubation periods for travel lers' diseases 

Malaria 

Paratyphoid 
Lassa fever 
Typhoid 

Falciparum 
Other 

7- 1 4  days 
1 4-48 days 

1 -2 days 
4 - 1 4  days 
7-2 1 days 
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The diagnosis is  made by the finding of  the 
malarial parasites on thin and thick blood-film 
microscopy. This may be initially negative, and if 
doubt persists regarding the diagnosis it should be 
repeated. Following diagnosis the patient should 
be transferred to the care of a specialist in infectious 
and tropical diseases. 

Ty p h o i d  a n d  p a r a ty p h o i d  

These infections, caused by Salmonella typhi and 
S. paratyphi, are a common cause of fever in the 
returning traveller. The initial symptoms are of 
fever, headache, myalgia and anorexia, often with 
abdominal bloating and discomfort. The patient 
may either be constipated or have diarrhoea. With 
progression of the illness there is alteration in level 
of consciousness. Typhoid is characterized by the 
presence of a bradycardia and rose spots (small pink 
macules) on the trunk. Abdominal signs may mimic 
a surgical emergency. 

The patient should be admitted and isolated. 
Treatment with antibiotics leads to rapid resolu
tion of the illness. 

V i r al h a e m o r r h a g i c  fev e r s  

These are the most feared, although fortunately 
the least common, of the imported infectious dis
eases. The best known form is Lassa fever. The 
initial symptoms are non-specific and investigation 
should address the possibility of malaria or 
typhoid. If there is any possibility of the diagnosis 
of viral haemorrhagic fever based on the area which 
the patient has visited (usually west or central 
Africa) great caution must be exercised as blood 
and secretions are highly infective. Essential blood 
tests (to exclude malaria) should still be performed 
but the laboratory must be warned of the possibility 
of haemorrhagic fever. The patient should be discus
sed with a specialist in tropical and communicable 
disease and transferred to a unit that can provide 
the required degree of isolation. 

RAB I E S  

Over recent years rabies has gradually spread 
across Europe though it has yet to establish itself in 

the UK. However, it remains uncommon in Europe 
and is most common in the Indian subcontinent 
and Southeast Asia. It is acquired predominantly 
through animal bites, usually from dogs. Less 
commonly, infection may occur following contact 
between the infected animal's saliva and broken 
skin or a mucosal membrane. 

The incubation period is variable but is usually 
between 1 and 3 months. A history of exposure may 
or may not be available. The initial symptoms are 
localized to the area of entry of the virus, with irrita
tion or pain. A generalized illness follows, with 
headache and fever. Episodes of agitation occur 
classically characterized by hydrophobia (fear of 
water, with spasm of the oropharyngeal muscles). 
Progressive paralysis occurs and the outcome for 
established disease is virtually always fatal. 
Supportive care on an intensive care unit is required 
although precautions, including immunization of 
the carers, must be taken to prevent spread. 

Effective post-exposure prophylaxis is available for 
rabies. 

Effective post-exposure prophylaxis is now 
available for patients potentially exposed to rabies. 
Where concern exists that a patient has been 
exposed to the virus, they should be urgently 
referred to a consultant in communicable diseases. 
As the incubation period for rabies is long, pro
phylaxis may still be beneficial some weeks after 
potential inoculation. 

M EN I NGOCOCCAL S E PT ICAEM IA  

Infection with Neisseria meningitidis may result in 
meningitis (see Chapter 13) or a septicaemic ill
ness, the latter often characterized by a rapid and 
fulminating course. It is distressing, though unfor
tunately not uncommon, to see a young patient 
rapidly deteriorate and die from this disease in a 
short time despite the best available therapy. It is a 
disease predominantly of children and young adults. 
Extensive public education campaigns have encour
aged patients to seek help early when concerned, 
particularly about the appearance of a rash. Unfor
tunately, early symptoms are often non-specific 
and the nature and seve�ity of the disease may not 
become apparent until too late. 



In meningococcal septicaemia rash may be absent or 

non-purpuric. 

PRESENTAT ION 

Early symptoms of the disease may mimic upper 
respiratory tract infection or gastroenteritis. The 
rash, if present, may initially be maculo-papular, 
subsequently developing into the classic non
blanching purpura. Although the disease may be 
rapidly progressive with the rapid development of 
profound shock, other patients may remain decep
tively well initially. The differential diagnosis of the 
purpuric rash includes Henoch-Schonlein purpura, 
toxic shock syndrome and thrombocytopenic pur
pura. Shock occurs as a result of intravascular fluid 
volume loss and myocardial suppression. Dissemin
ated intravascular coagulation, renal failure and 
coma are late complications and indicators of severe 
disease with poor prognosis. 

TREATMENT 

Following recognition or even susp1c1on of the 
diagnosis high-dose parenteral antibiotics should 
be administered. Blood cultures should be taken to 
confirm the diagnosis but attempts to take blood 
must not delay antibiotic administration. Depend
ing on local policy the choice of antibiotic agent 
may be a third-generation cephalosporin or high
dose penicillmG. 

Management otherwise follows the usual emer
gency sequence of protecting the airway, admin
istering a high concentration of oxygen and 
supporting ventilation if it is inadequate. Vascular 
access allows administration of intravenous fluids 
and invasive monitoring is required in patients 
with haemodynamic compromise. Patients will 
require to be treated in isolation, usually on a high
dependency or intensive care facility. 

P ROPHYLAXI S  

Following the diagnosis of meningococcal infec
tion, the emergency department should ensure 
that the consultant responsible for communicable 
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diseases is informed. It is in1portant to provide 
antibiotic prophylaxis for family members and oth
ers who have been in close contact with the patient. 
This is not generally required for carers w11ess they 
have provided mouth-to-mouth ventilation. The 
usual agent used is rifampicin or ceftriaxone. 

GASTROENTER IT I S  

Gastroenteritis a s  a result of food poisoning is 
common; however, this is a diagnosis that should 
only be made with caution after other significant 
diseases which may mimic it have been ruled out. 
Specifically, appendicitis, inflammatory bowel dis
ease and large bowel malignan�y may produce 
similar symptoms. The cardinal symptoms are 
diarrhoea and vomiting, although these may occur 
in isolation or sequentially depending on the 
causative organism (Table 19.6). 

ASSESSMENT  

The lustory should define tl1e length and severity 
of the illness and its symptoms. A history of foreign 
travel and contact with otl1ers with a similar illness 
should also be sought. If the patient handles food, 
they must cease work and if a diagnosis of food 
poisoning is made the case must be notified to the 
local consultant responsible for communicable dis
ease control. Examination and investigation should 
aim to exclude more serious diseases which mimic 
infectious gastroenteritis. An assessment of tl1e 
degree of dehydration should also be made. 

Table 1 9.6: Characteristics of types of food 
poisoning 

Rotavirus 

Staph. aureus 
E. coli 
Salmonella 
Campylobacter 

Onset 

2-5 days 

abrupt < 6 h 
2 days 
1 -2 days 
< 2 days 

Symptoms 

Diarrhoea, vomiting, 
systemic i l lness 

Profuse vomiting 
Diarrhoea, vomiting 
Diarrhoea, vomiting 
Diarrhoea (bloody), 

systemic i l lness 
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Table 1 9. 7: Clinical features of  dehydration 

Dry mucous membranes 
Reduced skin turgor 
Altered mental state (drowsy, lethargy) 
Depressed fontanelle if present 
Reduced and concentrated urine output 
Tachycardia 
Postural hypotension 

Table 1 9.8: Oral rehydration therapy (ORT) 

Fruit ju ices 
Flat soft drinks (not diet) 
Commercial oral rehydration salts - Dioralyte®, 

Reh id rat® 

MANAGEMENT  

These illnesses are generally self-limiting and not 
life threatening. Admission may be required where 
there is evidence of dehydration (Table 19.7), par
ticularly in small children or the frail elderly. If 
the patient is fit to continue treatment as an out
patient then general advice should be provided 
regarding oral rehydration therapy (Table 19.8) .  If 
the patient is significantly dehydrated intravenous 
fluid therapy may be necessary, commencing with 
normal saline. 

Most infective diarrhoea is caused by viral infec
tions. Stool samples should be taken for culture and 
sensitivity although antibiotic treatment should be 
reserved for those patients with a proven diagno
sis of invasive bacterial infection. 

Antidiarrhoeal medication is not indicated and 
may be harmful. Parenteral antiemetic therapy is 
occasionally useful in an adult who is vomiting 
profusely. 

H E PATIT I S  

This section deals with hepatitis produced by 
infectious agents, the hepatitis viruses (A, B and 
C), Epstein-Barr virus and Weil's disease as a 
result of infection by the spirochaete Leptospira 
icterohaemorrhagiae. 

H EPATIT I S  A 
Otherwise known as infectious hepatitis, this virus 
is acquired by faeco-oral transmission. Most cases 
are now seen in patients who have visited tropical 
areas. Incubation is approximately 30 days, with 
non-specific symptoms of nausea, lethargy and 
fever being followed by the development of abdom
inal pain, hepatosplenomegaly and jaundice. 
Complete spontaneous recovery usually occurs 
and the period of greatest infectivity has usually 
passed by the time the diagnosis is made. 

H E PAT IT I S  B 

This is of greatest concern as a result of its high 
infectivity and the ability for it to be transmitted by 
needlestick injury. Other common forms of trans
mission are sexual contact and as a result of needle 
sharing in intravenous drug abusers. Modern tech
niques for screening blood donors has removed 
the possibility of transmission by blood products. 

Protection from hepatitis B requ ires immunization, 

universal precautions against blood contamination 
and safe sharps disposal. 

All healthcare workers should be immunized 
against hepatitis B and should have their antibody 
levels checked regularly to ensure continuing 
immunity. Despite this, and as a result of the poten
tial to acquire other infections, carers should protect 
themselves from blood contamination by wearing 
gloves, eye protection and, where appropriate, 
protective clothing. Continuing vigilance must also 
occur to ensure the safe disposal of sharps. 

The onset of illness follows approximately 1-2 
months after infection with the virus. The illness 
follows a similar pattern to hepatitis A, although in 
some cases there is a fulrninant course resulting in 
hepatic failure. Patients may recover completely, 
develop a chronic hepatitis or become asympto
matic carriers of the virus. Treatment is largely 
supportive and the patient should be advised to 
avoid other hepatotoxins (particularly alcohol). 

Patients sustaining a needlestick injury from a 
needle contaminated by blood from a patient with 
hepatitis B should be managed according to local 
guidelines. If the patient has effective vaccination 



against the virus, no further action is usually 
required. However, consideration should also be 
given to the possibility that a patient carrying 
hepatitis B might also carry HIV (see above). 

H E PATIT I S  C 

This infection is classically associated with blood 
transfusion, although transmission may also occur 
during IV drug abuse and as a result of occupa
tional exposure. It follows a similar course to 
hepatitis B though as yet no effective vaccination 
or prophylaxis is available. 

E PSTE I N-BARR V IRU S  (E BV) 

Hepatitis may occur as  a result of  EBV infection 
either as an isolated illness or in association with 
the other feah1res of infectious mononucleosis. 
Diagnosis is based on visualizing abnormal mono
cytes on a blood film and demonstrating a rise in 
antibody titres to the virus. Treatment is expectant. 

lEPTOSP IROS I S  

Infection occurs when there is contact between 
broken skin or mucosa! membranes and water 
containing the spirochaete. Leptospira is carried 
by rats and excreted in their urine. Human infec
tion occurs from sewers a11d canals, and those who 
work in these environments are instructed to 
attend emergency departments for antibiotic pro
phylaxis if they sustain a wol!l1d or may have had 
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mucosa! contamination. Penicillin is an appropri
ate antibiotic in these circumstances. 

Weil's disease is characterized by a hepatitic 
illness with fever, vomiting, jaundice and renal 
failure. Treatment consists of penicillin and sup
portive therapy. 

Wounds potentially contaminated by water from 
sewers and canals should be treated with prophylac
tic penicil l in. 

LYM E  D I S EASE  

This is a tick-borne spirochaete infection. Initially 
a11 expa11ding red area of rash (erythema migrans) 
develops at the site of the tick bite, which may itself 
have gone urmoticed. The rash may develop a 
bull 's-eye appearance. This is followed by a flu-like 
illness and subsequently t11ere are cardiac effects 
including myocarditis and conduction abnor
malities, peripheral nerve lesions and large joint 
arthropathies. A chronic arthritis may develop. 
Treatment with penicillin or doxycycline is thought 
to reduce the incidence of chronic arthropathy. 
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H EAD TRAUMA 

I NTRODUCT ION  

Head injuries are the commonest cause of trauma 
deaths throughout the western world, playing a 
part in half of all deaths due to trauma. Each year 
around 5000 people die from head injuries in Britain 
and another 1500 are severely brain damaged. Sev
eral hundred thousand more sustain a 'minor' head 
injury and may present to an emergency depart
ment. Head injuries are most common in young 
adult males and may be due to assaults, road-traf
fic accidents, falls or other accidents. Head injuries 
due to falls are four times as likely to be lethal as 
those due to road-traffic accidents. 

The arbitrary division of head injuries into severe, 
moderate and minor groups is of little clinical use, 
especially in the emergency department. Therefore, 
in this chapter head injuries will be regarded as a 
single entity, representing a spectrum of severity. 

Severity of head injury can only be judged in 

retrospect. 

ANATOMY 

The head consists o f  the brain contained within a 
non-expansile (except in young children) box, the 
skull. On the front of the skull are the facial bones. 
Injuries to the facial bones are dealt with in 
Chapter 21 and are not further discussed here. The 
skull is covered by the scalp, which has five layers 
(Table 20.1) .  

Table 20. 1 :  The layers of the scalp 

Skin 
(sub)Cutaneous fat 

Aponeurosis 
Loose areolar tissue 
Periosteum 

Dura mater 

Arachnoid mater 

Figure 20. 1 :  The meninges and their spaces. 

The skull consists of the vault (the frontal, pari
etal, temporal and occipital bones) and the base, 
which runs obliquely along a line joining the mas
toid processes with the orbits. Within the skull are 
three layers of meninges or brain coverings. These 
are, from outwards in, the tough, thick dura mater 
which is attached to the inner surface of the skull, 
the thin arachnoid mater and the pia mater, which is 
tightly applied to the cortex of the brain (Fig. 20.1) .  
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These layers define the various spaces: 

• The extradural space, between the dura and the 
inner surface of the skull. This space contains 
arteries grooving the skull. 

• The subdural space, between the dura mater 
and the araclmoid mater. This space is crossed 
by large veins. 

• The subarachnoid space, between the subarach
noid mater and the pia mater. This space con
tains the cerebrospinal fluid. 

The brain has two cerebral hemispheres, a cere
bellum and a brainstem, which is in direct continu
ity with the spinal cord. The brainstem consists of 
the mid-brain, pons and medulla. The mid-brain 
and pons contain the reticular activating system 
that is vital for consciousness. The medulla contains 
centres that control breathing and cardiac func
tion. Cerebrospinal fluid is produced by choroid 
plexuses and leaves the ventricles of the brain to 
circulate in the subarachnoid space. The tentorium 
lies horizontally between the cerebral hemispheres 
and the cerebellum. The mid-brain passes through 
the large opening or incisura in the tentorium. The 
third cranial nerve (oculomotor nerve) also passes 
through the incisura. 

I NTRACRAN IAL PRESSURE  

Intracranial pressure (ICP) i s  the pressure within 
the skull and is normally controlled within tight 
limits by homoeostatic mechanisms. The cerebral 
perfusion pressure (CPP) is also regulated, a normal 
CPP being required for adequate perfusion of the 
brain tissue. The normal CPP is above 50 mrnHg. 
The CPP and ICP are related to the mean arterial 
blood pressure in the following way: 

Cerebral perfusion pressure = Mean arterial 
pressure - intracranial pressure. 

Thus, if intracranial pressure increases, owing to 
bleeding within the confined skull or to cerebral 
oedema or swelling, the cerebral perfusion pressure 
will fall, compromising the blood supply to the 
brain and making secondary brain damage likely. 
This equation also explains how hypovolaernia, via 
a fall in mean arterial pressure, causes a reduction in 
cerebral perfusion. 

Falls in cerebral perfusion may result from raised 
intracranial pressure or reduced mean arterial 
blood pressure. 

In addition, any increase in supratentorial pres
sure (e.g. cerebral swelling) can force the uncus 
of the temporal lobe through the incisura. Thi 

will pinch the oculomotor nerve of the same side, 
causing an ipsilateral fixed, dilated pupil. It als 
pinches the pyramidal tract on the same side, caus
ing contralateral spastic weakness of the arm and 
leg. If pressure within the skull continues to rise, 
the Cushing response occurs, with a fall in heart 
rate and a rise in blood pressure. This is a preter
minal event. 

Pupil lary di latation, hemiparesis, hypertension and 

bradycardia are late signs of raised intracranial 
pressure. 

I N IT IAL  ASSESSMENT  OF  T H E  
HEAD- I NJ U R E D  PAT I E N T  

The Royal College of Surgeons of England pro
duced a report in 1988 which stated that up to a 
third of all trauma deaths at that time were 
'preventable'. Many of these deaths were in 
patients with head injuries who were thought to 
have an isolated head injury but in fact had 
another injury that was missed, all attention being 
focused on the obvious injury to the head. These 
complicating factors included airway problems 
and unidentified causes of major haemorrhage, 
especially abdominal injuries such as splenic lacer
ations. Since the Royal College of Surgeons report 
was published, there have been marked improve
ments in trauma care. A major example is the 
advanced trauma life support (ATLS) course that 
was introduced to Britain in 1988 and concentrates 
attention on the ABCs of resuscitation (airway, 
breathing and circulation, see Chapter 4) . Nowhere 
is this approach more important than in the early 
management of head-injured patients, where the 
ABCs need to be prioritized above definitive man
agement of the head injury itself. 

Adequate management of the airway, breathing and 
circulation is vital to achieving optimum outcomes in 
head injury. 



Table 20.2: Primary and secondary brain damage 

Primary 

Cerebral lacerations 
Cerebral contusions 
Dural tears 
Diffuse axonal injury 

Secondary 

Hypoxia due to airway 
compromise or 
ventilatory problems 

Hypovolaemia due to 
blood loss 

Raised intracranial 
pressure due to brain 
swell ing 

Hypoglycaemia 
I nfection 
Increased or decreased 

temperature 
Seizures 

It is important to note the distinction between 
primary and secondary brain injury. Primary brain 
injury occurs at the time of the actual insult to the 
head; it may be a laceration or contusion to the 
actual brain substance. Secondary brain damage 
may occur either as a secondary effect of the pri
mary brain injury or from the effects of extra
cranial injuries such as hypoxia or hypovolaemia. 
Examples of primary and secondary brain damage 
are given in Table 20.2. 

In general, it is fair to say that there is very little 
that can be done about primary brain damage after 
the event. There are no techniques to repair neuro
logical tissue injured by mechanical force at the time 
of the trauma. Secondary damage, however, can be 
either prevented or treated and this is what the 
emergency department should be aiming to achieve. 
Much can be done by adhering to the ABCs of 
resuscitation: securing an airway, establishing good 
ventilation and oxygenation, and maintaining the 
circulation by preventing shock. In these ways, cere
braJ hypoxia and ischaernia can be avoided. 

In the initial assessment and management of 
head injuries it is therefore essential to stick to the 
ABCs and not be immediately distracted by the 
head injury itself. 

THE ABC O F  H EAD I N J U RY 
MANAG E M ENT  

The airway is the first priority. If ·the patient is con
scious and able to talk freely then his or her airway 
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is satisfactory. If not, it will need to be secured, 

using the hierarchy of airway control measures 
(see Chapter 4). Indications for early paralysis and 
intubation (preferably by an anaesthetist using an 
induction agent and a muscle relaxant) include the 
following: 

• Glasgow Coma Score of 8 or less 
• need for surgery 
• failure to maintain an adequate airway. 

Throughout the management of the airway the 
cervical spine must be controlled, either by in
line manual immobilization or by a combination 
of hard collar, sandbags and tapes. However, it 
should be borne in mind that there is now increas
ing evidence that prolonged wearing of a serni
rigid cervical collar is associated with rises in 
intracranial pressure. This is not usually a problem 
during the time most patients spend in an emer
gency department but is relevant to intensive care 
management. 

High-flow oxygen should be provided using 
a tight-fitting mask with reservoir bag. The 
chest must be examined thoroughly and any life
threatening problems (e.g. tension pneumothorax, 
massive haemothorax, open pneumothorax, flail 
chest), diagnosed and treated as soon as they are 
identified. Treatment of breathing problems is a 
higher priority than treatment of the head injury 
itself. 

The state of the circulation must be assessed by 
measuring the pulse rate and capillary refill time, 
and assessing the peripheries for temperature and 
colour. If the patient is shocked, this should be 
assumed to be due to hypovolaemia from blood 
loss and treated as such until proven otherwise. 

It is important never to presume that brain 
injury is the cause of shock. Other than in infants, 

it is not possible to lose a large enough volume of 
blood within the skull to cause hypotension, 
remembering of course that it is perfectly possible 
to bleed to death from scalp lacerations, although 
this is extremely rare. 

Isolated head injuries do not cause shock. 

Shock must be aggressively treated using intra
venous fluids, including blood if necessary, until 
the patient is normotensive and has a normal pulse 
rate. If this cannot be achieved by fluid resuscita
tion, the cause of the blood loss must be found and 
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dealt with by surgery. Again, the treatment of the 
circulation is a higher priority than the head injury. 

Only when the patient is completely stable from 
the ABC point of view should attention be turned 
to the head injury itself. A brief history should be 
obtained, including a description of the mecha
nism of injury, the past medical history and drug 
history (including allergies). This information will 
usually have to be sought from the paramedics 
and relatives. 

ASSESS M E N T  O F  T H E  H EAD IN JURY 

This can be broken down into the following: 

• assessment of conscious level, using the Glasgow 
Coma Scale 

• pupillary examination 
• neurological examination 
• scalp and skull examination. 

A s s e s s m e n t  o f  c o n s c i o u s  l e v e l  

This is best achieved using the Glasgow Coma 
Scale (Table 20.3). This is a scoring system based on 
three measurements: eye-opening, verbal response 
and motor response. The scores for each of the 
three components are added together, giving a 
total score. It must be noted that the minimum 
score is 3 and the maximum is 15.  

The patient is scored using the Glasgow Coma 
Scale. 

Painful stimuli used when measuring the Glas
gow Coma Scale should be applied to the supraor

bital margins; painful stimuli applied to limbs may 
not be perceived if there is a spinal injury. 

The Glasgow Coma Scale can be used to catego
rize patients into the following groups: 

• GCS less than 9: Patient is in coma. Severe head 
injury. 

• GCS 9-12: Moderate head injury. 
• GCS 13 or above: Mild head injury. 

The main value of the Glasgow Coma Scale, how
ever, is not in interpretation of a single reading. 
The scale provides an objective assessment of con
scious level and by repeating the assessment trends 
of deterioration and improvement are detected. 

Table 20. 3: The Glasgow Coma Scale 

Eye-opening response (E score) : 
Spontaneous 
Eyes open to speech 
Eyes open to pain 
Eyes do not open 

Verbal response (V Score): 
Oriented: knows name, age, date 
Confused 
Inappropriate words 
Incomprehensible sounds 
None 

Best motor response (M score): 
Moves l imbs to command 
Localizes pain 
Withdraws from painful stimulus 
Abnormal flexion (decorticate) 
Abnormal extension (decerebrate) 
No movement 

4 
3 
2 
I 

5 
4 
3 
2 
I 

6 
5 
4 
3 
2 

It is important to note that it is not merely the head 
injury that may cause changes in the level of con
sciousness. Hypoxia and hypovolaemia can also 
cause deterioration in conscious level. Any such 
deterioration should therefore prompt the doctor 
to a reassessment of the airway, breathing and 
circulation prior to considering the head injury 
itself. 

The Glasgow Coma Scale allows objective serial 
assessment of conscious level. 

P u p i l l a r y  e x a m i n a t i o n  

The pupils must be examined for their size and 
their reaction to light. A difference between the 
two pupils of more than 1 mm is abnormal. A fixed 
dilated pupil implies pressure on the ipsilateral 
oculomotor nerve as it passes through the tento
rium until proven otherwise. A sluggish response 
to light may be due to head injury. 

N e u ro l o g i c a l  e x a m i n at i o n  

A neurological examination should be carried out 
of the cranial and peripheral nervous systems 
(Table 20.4). Tone, power, co-ordination, sensation 
and reflexes must be examined and all results 



Table 20.4: The cranial nerves 

I Olfactory Smell 
I I  Ophthalmic Visual fields in all 

quadrants 
I l l  Oculomotor Pupils, external ocular 

movements 
IV Trochlear Failure of downwards 

outwards vision 
v Trigeminal Teeth clench (masseter) 
VI Abducens Lateral gaze 
VI I  Facial Smile 
VI I I  Auditory Hearing (both ears) 
IX Glossopharyngeal Palate movement 
x Vagus Parasympathetic 
XI Accessory Shrug shoulders 
XI I  Hypoglossal Tongue movement 

Table 20.5: Signs of basal skull fractures 

Blood or CSF leaking from the nose 
Blood or CSF leaking from the ear 
Battle's sign: Mastoid bruising 
'Panda eyes': Bi lateral periorbital bruising 
l ntracranial air on X-ray or CT scan 
Haemotympanum 

documented. In particular, differences between the 
left and right sides are looked for; such differences 
suggest an intracranial mass lesion that may well 

be amenable to neurosurgery. 

E x a m i n at i o n  of  t h e  s c a l p  a n d  s k u l l  

The scalp should be examined for lacerations, 
swellings and bruising. The depth of any lacer
ations and the presence of foreign bodies must be 
noted. Examination of the skull should be rigorous 
in the search for fractures. Vault fractures can be 
suspected by tenderness, swelling and bruising. 
The signs of basal skull fractures are summarized 
in Table 20.5. 

Battle's sign may not be apparent until 24 h after 
the injury and cannot be relied on in the early 
assessment of head injury. 

I NVEST I GAT I O N  A N D  MANAG EMENT  

Having completed the ABCs of resuscitation and 
assessed the head injury, critical decisions need 
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Table 20.6: Indications for skull X-ray 

Loss of consciousness at any time 
Amnesia at any time 
Neurological symptoms or signs 
CSF or blood from nose or ear 
Suspected penetrating injury 
Scalp bruising or swell ing 
Difficulty in assessing patient, e.g. very young, 

alcohol 

Table 20.7: Indications for u rgent CT scan 

Skul l  fracture 
GCS < I 5 after resuscitation 
Penetrating injury 
Fall in GCS of 2 points 

Table 20.8: Indications for admission for observation 

Depression of conscious level 
Skull fracture (including base) 
Neurological symptoms/signs 
Difficulty in assessing patient 
No responsible carer 
Other conditions, e.g. haemophil ia 

Table 20.9: Indications for urgent neurosurgical 

consultation 

GCS 8 or less after resuscitation 
Deteriorating conscious level 
Open brain injury 
Neurological signs, e.g. pupils, lateralizing features 
Abnormal ity on CT scan 

to be made about further imaging investigation 
{Tables 20.6 and 20.7), whether admission to hospital 
is required (Table 20.8), and whether or not consul
tation with a neurosurgeon is required (Table 20.9). 

For each of these questions, well-defined guide
lines aid decision making. 

S k u l l  X - r ay s  v e r s u s  C T  s c a n s  

Computerized tomography (CT) is the investiga
tion of choice for head-injured patients. It actually 
gives information about the brain rather than just 
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the box in  which i t  i s  contained. Increasingly in 
the UK, CT scanners are available 24 h a day and 
easily accessed by staff working in emergency 
departments. 

CT scans image brain i njury. 

The two factors that best predict the presence of 
intracranial haematomas are skull fractures and 
depressed conscious level (Table 20.10). It can be 
argued that any patient with either of these fea
tures should have an urgent CT scan. 

It can therefore be seen that the presence of both 
a skull fracture and a depressed level of conscious
ness increases the risk of there having been an 
intracranial bleed by a factor of 1500. Having 
either puts the patient in a high-risk group and 
is an indication for CT scanning. Similarly, a 
fully alert patient with no skull fracture is at 
extremely low risk and can be discharged if 
otherwise well and in the presence of adequate 
supervision. It should be noted that the same rela
tionship between skull fracture and intracranial 
haematoma does not apply in children. 

If a skull X-ray series is performed, useful infor
mation can be gleaned from it. Skull radiographs 
are difficult to interpret but vault fractures can 
usually be diagnosed, as can penetrating injuries, 
the presence of intracranial air and occasionally 
fluid levels. However, basal fractures are not visi
ble. When looking at skull X-rays always use all 
the information on the film and remember to look 
at the cervical spine. 

Table 20. 1 0: Risks of intracranial haematoma in an 
adult 

Conscious level No fracture Skull fracture 

Fully alert 
Depressed 

I in 6000 
I in 32 

I in 1 20 
I in 4 

Table 20. 1 I :  Spectra of head injury 

Fractures 
Diffuse brain injury 
Focal brain injury 
Haemorrhage 

Minor 

Linear vault fracture 
Concussion 
Contusion 
Extradural Subdural 

T H E  S PECTRA O F  H EAD I NJ U R I E S  

Head injuries are no"toriously difficult to classify 
and it is very useful to have a system to use to aid 
the memory and to make your findings more 
understandable to a neurosurgeon. Having carried 
out the initial assessment and resuscitation and 
then relevant investigations, it should be possible 
to describe the pattern of head injury in any given 
patient using the following four headings: 

• fractures 
• diffuse brain injury 
• focal brain injury 
• intracranial haemorrhage. 

Each of these can be represented along a spectrum 
as shown in Table 20.11.  The specific types of head 
injury are described below. 

S k u l l  fr a c t u re s  

Skull fractures are common but do not necessarily 
indicate the presence of underlying brain injury. 
They are, however, a useful 'flag', in that the pres
ence of a skull fracture means that the force 
involved in the injury was large enough to cause 
bony damage. As mentioned previously, skull frac
ture is one of the two best predictors of intracranial 
bleeding (the other being reduced conscious level). 
For this reason all patients with skull fractures 
should be admitted to hospital for neurological 
observation and all should have a CT scan. Simple 
linear skull fractures (Fig. 20.2) require no specific 
intervention. 

Depressed skull fractures (Figs 20.3 and 20.4) are 
difficult to diagnose but appear on skull X-ray as an 
area of increased opacity due to the overlying of 
bony fragments. Management is directed at the 
underlying brain injury and a CT scan is required to 
image the underlying brain and assess the degree of 
depression. To reduce the risk of convulsions, any 

Basal fracture 

lntracerebral 

Major 

Compound, depressed 
Diffuse axonal injury (DAI) 

Pulped brain 
l ntraventricular 



Figure 20.2: Linear vault skull fracture. 

Figure 20.3: X-ray of depressed skull fracture. 

fragments depressed by more than 5 mm should be 
elevated surgically. 

Open skull vault fractures imply tearing of the 
dura. The brain is therefore exposed, with a high risk 
of infection with either meningitis or cerebral abcess. 
Early operation is indicated to toilet the wound, 
close the dura and elevate any bony fragments. 
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Basal skull fractures are rarely seen on skull 
X-rays but the presence of intracranial air or blood 
in the sphenoid sinus is an indirect radiological 
sign of this injury. The clinical features have been 
listed above (Table 20.5) .  Basal skull fractures are 
open fractures as a result of communication 
through the sinuses or the middle ear. The patient 
will require a CT scan to detect intracranial injury. 
There is no good evidence for the use of prophy
lactic antibiotics in patients with basal skull frac
tures, though the patient should be closely observed 
for signs of developing infection. 

D i ffu s e  b r a i n i n j u r y 

This occurs when the whole brain is subjected to 
shearing forces, in the form of rapid acceleration or 
deceleration. In concussion, the damage done is 
minor and temporary but in diffuse axonal injury 
there is permanent, structural damage as a result 
of shearing of the white and grey matter throughout 
the brain. 

Concussion is defined as a brain injury with 
brief loss of neurological function. There may or 
may not be a short period of unconsciousness. 
Many neurological abnormalities may occur but 
most settle even before the patient arrives in the 
emergency department. For this reason, any neu
rological abnormalities present when the patient is 
seen by the doctor must not be put down to con
cussion. Most patients with concussion will be 
awake and alert when seen in the emergency 
department, but some confusion may persist, as 
may non-specific symptoms such as nausea, 
headache or dizziness. Neurological examination 
is normal. Once they are no longer confused, these 
patients may be allowed home with advice to 
return if their symptoms worsen or any new 
symptoms develop. Worrisome symptoms include 
drowsiness, vomiting, blurred vision and fits. 
They are usually issued with a 'head injury advice 
card' (Fig. 20.5) and only allowed home with a 
responsible carer. They should be advised to rest at 
home and avoid contact sports and alcohol for at 
least 3 weeks. Any patient who has been uncon
sciousness for more than 5 min should be admitted 
for observation. 

Symptoms of concussion such as headaches, 
poor concentration and nausea may persist for days 
or weeks after a head injury, and tend to be more 
prolonged after occipital injuries. It is common for 



240 H E A D  A N D  N E C K  T RA U M A  

Figure 20.4: CT of depressed skull fracture (sam: patient as  in Fig. 20.3) . 

patients to return to an emergency department sev
eral days after the injury as they are concerned 
about persistence of such symptoms. The diagnosis 
of post-concussional syndrome is used to describe 
these symptoms in the absence of significant intra
cranial pathology. 

Diffuse axonal injury (DAI) is at the other end 
of the spectrum of diffuse injury from concussion 
and is characterized by prolonged coma, often last
ing weeks. It is due to microscopic neuronal dam
age that is widespread throughout the brain. 
Surgery is of no benefit. The condition has a mor
tality approaching 50% and this is largely due 
to increased intracranial pressure from cerebral 
oedema. The CT scan may be normal in the early 
stages or show multiple punctate haemorrhages. 
Patients with DAI often progress into the perma
nent vegetative state (PVS) and will need to be 
cared for accordingly, with all the associated ethi
cal problems. 

F o c a l  b r a i n  i n j u r y 

In these, macroscopic damage occurs in a small 
area of the brain. Such injuries may need neuro
surgery because of mass effects. 

Cerebral contusions may be of any size and can 
be isolated or multiple. They may be either coup 
contusions, beneath the area of impact, or contra
coup contusions, on the opposite side of the brain. 
The contusion itself may cause a focal neurological 
deficit if it occurs near the sensory or motor cortex, 
or the surrounding swelling and oedema may cause 
mass effects, including tentorial herniation. CT 
scanning will elucidate the nature of contusions. 

Patients with contusions must be admitted, as 
delayed swelling may cause marked deterioration. 
Surgery is only indicated if there is significant 
mass effect or if bleeding occurs into the contusion. 
This latter eventuality is more likely in patients 
who abuse alcohol. 



Head Injury 

Children 

If your child has a minor injury, we will not always 
X-ray it because the treatment will be just the same. 

You should: 

• Try to keep your child resting quiet! y when you get 
home. 

• Give your child medicines, such as Calpol or 
Junifen, to relieve a mild headache. 

Take your child to your nearest Accident & 
Emergency department at once if: 

• They have a very bad headache that does not get 
better after they have taken medicine. 

• They become more sleepy than usual. 

• They vomit more than twice. 

• You are worried about them. 

Adults 

For a few days you should: 

• Make sure there is another adult to keep an eye on 
you. 

• Rest quietly at home. 

• Take tablets such as ibuprofen or paracetamol (both 
available from a chemist) to relieve a mild headache. 

For a few days you should not: 

• Join in any sports or strenuous activity. 

• Drink alcohol or eat heavy meals. 

For the attention of the person looking after you 
- take the patient to the nearest Accident & 
Emergency department at once if they: 

• Become more sleepy than usual. 

• Have a fit. 

• Develop any unusual symptoms. 
Please retain thi.r card/or future reference 

Figure 20.S: Typical head injury advice card. 

24 1 
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Figure 20.6: CT scan of an  extradural haematoma. 

l n t r a c r a n i a l  h a e m o r r h a g e  

Extradural (often referred to as epidural in 
American literature) haemorrhage or haematoma 
occurs as a result of a tear in a dural artery, usually 
the middle meningeal. The arterial tears are com
monly associated with a linear skull fracture of the 
temporo-parietal area that crosses the skull 
grooves of the artery. Extradural bleeds are rare 
but must always be considered as they can be 
rapidly fatal. The typical history of an extradural 
haemorrhage is a lucid period followed by increas
ing headache, vomiting and deteriorating level of 
consciousness. CT scans of extradural haematomas 
show a typical lentiform or biconvex high-density 
lesion just within the skull (Fig. 20.6). Acute extra
dural haemorrhage requires urgent surgery to 
evacuate the blood and prevent the development 
of secondary brain injury. If treated rapidly the 
prognosis in terms of both morbidity and mortality 
is excellent. The reason for this is that the cause of 
the symptoms and signs is injury to and bleeding 
from an artery, causing a rapidly expanding mass 
lesion. There is usually little or no associated pri
mary brain injury. Once the bleeding has been 
stopped and the clot evacuated there is no residual 
brain damage. For this reason, the mortality for 
patients who are alert before surgery is virtually 
zero, rising to 10-20% for those in coma. 

Acute subdural haemorrhage is more common 
and more life threatening than extradural hae
morrhage and there is frequently an associated 
primary brain injury. The blood usually comes 
from bridging veins between the cerebral cortex 
and dura but may come from brain lacerations or 

Figure 20.7: Acute subdural haematoma. 

cortical vessels. As well as the problems caused by 
the subdural blood there is often severe primary 
brain injury; hence the mortality is approximately 
60%. Outcome can be improved by early evacua
tion of the haematoma. The CT scan appearance of 
a subdural haematoma is typically that of a 'rind' 
of blood just within the skull which 'peels away' 
the cortex of the brain from the skull (Fig. 20.7). 

Subarachnoid haemorrhage causes blood in the 
CSF and meningeal irritation, characterized by 
headache and photophobia. The haemorrhage itself 
is not life threatening but traumatic subarach
noid haemorrhage implies major injury to the sur
rounding brain tissue. Calcium antagonists such as 
nimodipine can be used in traumatic subarachnoid 
haemorrhage to cause cerebral vasodilatation and 
limit ischaemic brain damage. 

lntracerebral and intraventricular haemorrhages 
(Fig. 20.8) have a high mortality rate and are usu
ally associated with substantial brain injury. The 
neurological deficit depends on the anatomical situ
ation. Neurosurgery is rarely of value in the treat
ment of intracerebral haemorrhage. 

REFERR ING  H EAD- I NJ U RE D  PAT I E NTS 
TO N E U ROSURG E O N S  

The indications for neurosurgical referral have 
already been listed in Table 20.9. When speaking to 
a neurosurgeon it is useful to have a system for 
describing your findings (Table 20.12). 



Figure 20.8: l ntracerebral haematoma. 

Table 20. 1 2: Important information for neurosurgical 
referral 

Name, age, sex 
Referring hospital and consultant 
Time of injury 
Type of injury 
Past medical history 
Pulse, BP, respiratory rate 
Extracranial injuries 
Plain radiology findings 
GCS score (E, M, V) 
Pupillary size and reaction 
Neurological findings 
CT findings 
Investigations and interventions 

S P E C I F I C  TREAT M E NTS I N  H EAD 
I NJURY 

These will usually only be given after discussion 
with the neurosurgeon who will be responsible for 
definitive care of the patient. 

M a n n i t o l  
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This is an osmotic diuretic and can be used to 
reduce intracranial pressure. It is important to 
appreciate that it is only a holding measure and 
that intra cranial pressure will rise again unless the 
underlying cause is remedied. It is frequently used 
in the acute situation, after discussion with the 
receiving neurosurgeons, to keep the intracranial 
pressure down during transfer to definitive care. 
The usual dose is 1 g kg-1 . 

C o n t ro l l e d  v e n t i l at i o n  

Arterial carbon dioxide tension affects cerebral 
circulation and should be controlled to maintain it 
at the lower end of the normal range ( 4.0-6.5 kPa) 
as measured by blood gas analysis. This is best 
achieved by endotracheal intubation, paralysis 
and controlled ventilation. Hyperventilation to 
produce hypocapnia is probably not beneficial as 
this causes cerebral vasoconstriction. Blood gases 
should be measured frequently. 

F l u i d  r e s t r i c t i o n  

IV fluids should be given only sparingly in order 
to prevent overhydration and cerebral oedema, 
leading to raised intracranial pressure. This is pos
sible only after blood loss in the chest, abdomen 
and pelvis has been excluded or treated. Remember 
that the treatment of shock takes priority over the 
treatment of the head injury itself. 

S t e ro i d s  

There is currently no conclusive evidence for the 
use of steroids in the early treatment of head injury. 
A randomized controlled trial is taking place to try 
and clarify this issue. 

B u r r  h o l e s 

These may need to be considered in cases of dire 
emergency if neurosurgical facilities are not imme
diately available. The commonest situation where 
they may be lifesaving is in the management of 
extradural haemorrhage, where the patient, after 
a lucid interval, is suddenly deteriorating, with 
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Table 20. 1 3 : Checklist of equipment for neurosurgical transfer 

Airway and anaesthetist. Make sure the airway is secure and that equipment is available to cope with 
emergencies en route (ET tubes, laryngoscope). An experienced anaesthetist should travel with the patient. 

Breathing and oxygen. Ensure that the oxygen supply is adequate for the journey. Use of a gas-powered 
ventilator will rapidly d rain the supply. 

Circulation. Ensure that there are two intravenous cannulae in place and working. Exclude bleeding from the 
chest, abdomen and pelvis before transfer. If found it requires treatment before transfer. 

Drugs and documentation. All necessary drugs (anaesthetic drugs) must be taken, as must al l notes, X-rays and 
scans. 

Equipment. If in doubt, take it. If it might go wrong, take two. 

Fluids. IV fluids and blood. 

reducing conscious level, a fixed dilated pupil and 
evolving hemiplegia. In these cases, burr holes 
may be placed in the temporal region of the skull, 
preferably by a surgeon who has experience 
in performing them. The best place for an 
exploratory burr hole is immediately above the 
zygomatic arch mid-way between the posterior 
orbital margin and the external auditory meatus. 
The site of the burr hole should be on the side of 
the suspected haematoma. This may be known 
from a CT scan, but if not, valuable guidelines are 
to explore the side of the dilated pupil (or the first 
to dilate) or the side of any skull fracture or exter
nal injury. 

TRAN S F E RR I N G  PAT I ENTS  TO 
N EUROSU R G I CAL  C ENTRES  

The head-injured patient will frequently need to be 
transferred, either within the hospital to a CT scan
ner or to another hospital for neurosurgical care. In 
either case it is essential that the patient be ade
quately resuscitated and stabilized before transfer 
and that all necessary persom1el and equipment 
accompany the patient during the transfer. 

Before transfer, the emergency department doc
tor must speak with the neurosurgeon who will 
receive the patient and communicate the informa
tion previously discussed. The neurosurgeon may 
clarify treatment which he or she wishes instituted 
before the patient is transferred (endotracheal intu
bation, mam1itol). For the transfer itself the items in 
the checklist in Table 20.13 should be considered. 

P ITFALLS I N  H EAD  I NJ U RY 
MANAGEMENT  

P a t i e n t s  u n d e r  t h e  i n fl u e n c e  o f  

a l c o h o l  o r  d r u g s 

These are a common problem in emergency 
departments. One must never assume that drugs 
or alcohol are the cause of depressed conscious 
level in these patients who have had a head injury. 
They should be aggressively investigated and 
managed assuming that the head injury is the 
cause of their clinical state. There should be a very 
low threshold for admitting these patients for 
observation. 

Always assume that reduced conscious level in an 
intoxicated head injured patient is due to the injury. 

R e a tt e n d e r s aft e r  h e a d  i n j u r y 

Frequently patients attending an emergency depart
ment following a head injury are allowed home 
after assessment and then reattend because of new 
or persistent symptoms. Studies have shown that 
these patients have a high incidence of intracranial 
lesions. There should be a low threshold for per
forming CT scans in this group. 

S c a l p  l a c e r a t i o n s  

It is possible to bleed to death from a scalp wound 
as the scalp is an extremely vascular structure. 



Bleeding from scalp wounds should be initially 
controlled by pressure. The skin should be infil
trated with local anaesthetic (1 % lignocaine with 
adrenaline) and the wound thoroughly explored. 
Any foreign material must be removed and debris 
scrubbed away. It is often possible to visualize the 
outer table of the skull and confirm or exclude 
skull fracture by gentle palpation. Closure of the 
scalp must take account of the fact that the scalp 
has five layers; it is vital to close the aponeurosis as 
well as the skin or haemostasis will not be 
achieved. This can be done by either performing a 
two-layer closure or by taking large 'bites' of skin 
with the suture material to ensure that the aponeu
rotic layer is picked up. 

S e i z u r e s  

Seizures after head injury may be either general
ized or focal. Both are common at the time of injury 
or very shortly thereafter and are not a reliable pre
dictor of long-term epilepsy. If short, they require 
no treatment. If prolonged or repetitive, they may 
be a sign of intracranial bleeding and may cause 
cerebral hypoxia, brain swelling and raised intra
cranial pressure. They should be treated with intra
venous diazepam lO mg, repeated after S min if 
necessary. If this is unsuccessful, phenytoin should 
be administered as an intravenous loading dose. 

R e s t l e s s n e s s  

This may be due to an expanding intracranial mass 
or haematoma. It may also be due to hypoxia, pain 
from injuries, a full bladder or painful bandages or 
plaster casts. Any identifiable cause of restlessness 
must be treated (ventilation for hypoxia, analgesics 
for pain). Sedatives should be withheld until neu
rosurgical advice has been sought. Chlorpromazine 
given intravenously is of value in cases of severe 
agitation. 

H y p e r t h e r m i a  

Elevations in body temperature increase brain 
metabolism and carbon dioxide levels. Temperature 
should be monitored and any hyperthermia should 
be treated by passive cooling and inhibition of 
shivering using chlorpromazine. 
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N ECK  I NJUR I E S  

This section deals with injuries to the upper airway 
and penetrating neck wounds and their manage
ment. Injury to the cervical spine is covered in 
Chapter 22. 

I NJ U R I E S  TO THE  LARYNX A N D  
TRACH EA 

Fractures of the larynx are unusual and are usually 
due to direct blows. There is a classic triad of 
hoarseness, surgical emphysema and palpable crepi
tus over the larynx. The diagnosis, if suspected, 
should be confirmed by CT scan or laryngoscopy 
and the patient referred to the ear, nose and throat 
(ENT) team. 

If the airway is not compromised, management 
of laryngeal fractures can be conservative with 
in-patient observation. If the airway is partially or 
totally obstructed, intubation should be attempted. 
If this is not possible, emergency tracheostomy is 
indicated, followed by surgical repair of the fracture. 

Trauma to the trachea may be blunt or penetrat
ing. If penetrating, the injury requires immediate 
surgery and primary repair of the trachea. Blunt 
injuries are more difficult to diagnose and require 
a high index of suspicion. As with laryngeal injuries, 
CT scanning and endoscopy are important diag
nostic adjuncts. Treatment is conservative if there 
is no airway compromise. If the airway is at risk, 
surgery is often required. 

N ECK  WOU N D S  

The most important anatomical consideration 
in the assessme_nt of neck wounds is whether or 
not the platysma muscle is breached. Platysma is 
the muscle immediately deep to the skin and if it is 
not breached the wound may be closed in the 
emergency department in the normal way. If, 
however, platysma has been breached there is a 
high likelihood of damage to vital deep structures 
(arteries, veins, nerves, lymph ducts, larynx, tra
chea, oesophagus) and the wound must be for
mally explored in the operating theatre, where 
injured structures can also be repaired. 
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The management of  patients with neck injuries 
follows the normal ' ABC' approach, with early ini
tial aggressive assessment and resuscitation of the 
airway, breathing and circulation, whilst of course 
immobilizing the cervical spine. Other than stop
ping obvious external haemorrhage from neck 
wounds, the definitive management of neck injuries 
takes place only when the patient is stable. 

F U RTHER READ ING  

Currie, D (2000) The Management of Head Injuries. A prac
tical Guide for the Emergency Room. Oxford University 

Press, Oxford. 



C H A P T E R  T W E N T Y O N E  

MAXILLOFACIAL INJ URY 

• I ntroduction 
• Airway management 
• Epistaxis 

I NTRODUCT ION  

Injuries to the face and mouth are assessed during 
the secondary survey and are not usually life 
threatening. However, some facial trauma may 
compromise the airway or cause profuse haemor
rhage, and in these circumstances must be man
aged in the primary survey. Haemorrhage from 
the maxillofacial region may be so severe as both 
to result in hypovolaemic shock and be respon
sible for airway obstruction. In addition, maxillo
facial trauma may be associated with concomitant 
cervical spine injury (in 2% of cases) and the neck 
must be protected in the initial management of the 
patient. 

AIRWAY MANAG E M E N T  

The patient should be examined in a good light, 
with an assistant suctioning away blood and 
debris from the mouth. A wide-bore (Yankhauer) 
sucker is essential to help clear the airway. In 
some cases immediate intubation or the forma
tion of a surgical airway will be necessary (see 
Chapter 4). 

REMOVAL OF  F O R E I G N  B O D I E S  

Loose fragments of teeth and bone should be 
removed. Broken dentures should be taken out but 
intact, well-fitting dentures can be left in situ. 

• Septa! haematoma 
• Classification of maxillofacial injuries 
• Further reading 

HAEMORRHAG E 

The soft tissues of the mouth can bleed profusely. 
Intra-oral bleeding can be controlled by placing a 
rolled-up piece of gauze over the bleeding point 
and asking the patient to bite firmly down on to it. 
This is clearly contraindicated in an unconscious 
or semi-conscious patient. Alternatively, firm 
pressure can be maintained by an assistant. If the 
bleeding is sufficient to compromise the airway, 
the airway should be secured by anaesthesia and 
intubation or the formation of a surgical airway. 

Loss O F  TON G U E  CONTROL I N  A 
FRACTU RED MAND I B LE 

Fractures of the mandible are not usually life threat
ening in those patients who can maintain their own 
airway. However, in patients with a head injury or 
who are intoxicated the airway may be compro
mised. Severe comrninution of the mandible or bilat
eral fractures are of particular concern. The muscles 
of the tongue are attached to the genial tubercles in 
the mid-line of the mandible on the lingual aspect. 
Mandibular fractures that leave this segment mobile 
may allow the tongue to fall backwards against the 
posterior wall of the pharynx causing respiratory 
obstruction. This segment must be pulled forward 
and held in this position to prevent further obstruc
tion. The tongue can be held forwards by passing a 
large suture (0 gauge black silk) h·ansversely 
through the dorsum of the tongue and then pulling 
the tongue out of the mouth. The suture should be 
held or taped to the side of the face. 
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POSTER IOR  I M PACT I O N  OF  THE  
FRACTURED  MAX I LLA 

The maxilla articulates with the base of  the skull 
along an inclined plane downwards and back
wards. Trauma to the face sufficient to cause a frac
ture at any of the Le Fort levels may move the 
maxilla backwards down along this inclined 
plane. This may result in obstruction as the soft 
palate impinges on the posterior wall of the phar
ynx. Immediate management of this potentially 
life-threatening problem involves inserting the 
index and middle fingers into the mouth and 
hooking them behind the soft palate. The maxilla 
is then pulled forwards to relieve the obstruction. 

D I RECT LARY N G EAL  TRAU MA 

This i s  discussed i n  Chapter 37 

CONTROL O F  SEVERE  HAEMORRHAG E  

Profuse haemorrhage can result from a fractured 
maxilla. This is best managed by a maxillofacial 
surgeon. Nasal Epistats® (Fig. 21.1)  are inserted 
into each nostril and inflated using saline. Two 
balloons are inflated, one anteriorly and one poster
iorly to exert a compressive force sufficient to stop 
the bleeding. Ideally, they are used in conjunction 
with dental props placed between the posterior 
teeth on both sides. Use of the Epistats® alone may 
cause bony separation of a fracture and make the 

Figure 2 1 . 1 :  Nasal Epistats®. 

bleeding worse. In severe haemorrhage from facial 
trauma, the priority is achieving a patent protected 
airway by whatever means necessary: intubation 
will almost always be required and experienced 
anaesthetic assistance should be called. 

I NTRA-O RAL SWE L L I N G  

Oral tissues may swell following trauma and thi 
may cause airway obstruction some hours after the 
initial injury. Continued close observation of an 
initially patent airway is therefore necessary. 

E P I STAX I S  

Nasal bleeding following trauma often occurs from 
Little's area, which is a rich plexus of vessels on 
the anterior part of the septum. This can usually be 
controlled by direct digital pressure on the lower 
nose. Alternatively, bleeding can be controlled with 
expanding sponge packs inserted into the nostrils 
(see Chapter 37). If these simple measures fail to 
stop the bleeding the nose should be packed. 

Bleeding from vessels in the posterior part of the 
nose may require insertion of a Foley catheter (size 
12/ 14G) w1til the tip is seen just behind the palate. 
The balloon is then inflated with saline and the 
catheter pulled forwards to produce tamponade. 
An anterior pack can then be inserted as described. 

S EPTAL HAEMATOMA 

Trauma to the nose may produce haemorrhage 
into the subchondrial space, resulting in a septal 
haematoma (Fig. 21 .2). This occurs commonly in 
children as the mucoperichondrium is loosely 
adherent to the underlying cartilage. The patient 
may complain of nasal obstruction but pain is only 
a feature if the haematoma becomes infected. On 
examination the septum appears swollen. 

If an abscess occurs, cartilage necrosis will fol
low, causing nasal collapse and deformity. Treat
ment consists of draining the haematoma using a 
needle or through an incision if blood clot has 
formed. Nasal packing will prevent recurrence 
and antibiotics are necessary. 



Figure 2 1 .2: Septal haematoma. 

In nasal trauma always check for the presence of 
septal haematoma. 

C LASS I F I CATI O N  OF  MAX I LLOFAC IAL 
I NJ U R I E S  

Injuries can be divided into those involving the 
soft tissues and those affecting the hard tissues 
(see Chapter 38 for dental trauma) .  

SOFT-T I S S U E  I NJ U RY 

The face and scalp are well perfused and profuse 
bleeding can occur after trauma. Injuries include 
superficial cuts and abrasions, lacerations and 
penetrating wounds. (Intra-oral lacerations are 
discussed in Chapter 38.) During the secondary 
survey a detailed examination of the face and scalp 
should include assessment of motor and sensory 
nerve function. A deep laceration over the cheek 
may injure the branches of the facial nerve and 
movement of the face must be noted. The parotid 
duct may also be damaged in a deep cheek lacer
ation, and if this is suspected (saliva may be seen 
extruding from the wound) the patient should be 
admitted for formal exploration and repair. 

Foreign bodies penetrating the face or mouth 
should be left in situ and removed under general 
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Figure 2 1 .3: Foreign body penetrating the face/mouth. 

anaesthetic unless they are causing airway obstruc
tion (Fig. 21.3). 

Wounds of the neck may involve some of the 
deep structures and should not be explored in the 
emergency department if they penetrate platysma. 
Penetrating neck wounds should be explored 
under general anaesthetic, and preoperative arteri
ography may be needed. 

Soft-tissue wounds can be simply covered dur
ing the primary survey using gauze. During the 
secondary survey they should be cleaned and cov
ered with a gauze dressing. Definitive treatment 
should be carried out under sterile conditions, with 
either local or general anaesthetic as appropriate. 
The wounds should be closed in layers using 
reabsorbable material (3/0 Vicryl or cat gut) for the 
deep layers and a non-reabsorbable material (5/0 
or 6/0 Prolene or nylon) for the skin. Sutures on 
the face are normally removed at 5 days. A course 
of antibiotics should be prescribed and a broad
spectrum penicillin is usually given. If there is a 
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penetrating wound into the mouth, metronidazole 
should be included. Where there is a possibility of 
significant cosmetic deficit following wound repair 
referral to a plastic surgeon for expert reconstruc
tion is indicated. 

BONY I NJ U RY 

M a n d i b u l a r  f r a c t u r e s  

These may be unilateral or bilateral and they are 
classified as follows: 

• dentoalveolar 

• condylar 

• angle 

• body 

• coronoid 

• symphysis 

• parasymphysis 

• ramus. 

Fractures of the mandible occur in patterns 
depending on the direction of the traumatic force. 
For example, an injury to the left side of the face may 
produce a fracture of the left angle and right condy
lar neck. A blow to the chin may result in a mid-line 
mandibular and bilateral condylar fractures (the 
guardsman's fracture, so called because it typically 
results from a fall forwards onto the chin - Fig. 21.4). 

A patient with a fractured mandible may com
plain of pain and swelling over the site of the 
injury and be unable to open their mouth fully. 
They may say that the teeth do not meet together 
properly (Fig. 21.5). Possible associated physical 

Figure 2 1 .4: Mandibular 
fractures. 

Figure 2 1 .5:  
Malocclusion as a result of 
a mandibular fracture. 



signs include: 

• swelling over the mandible 
• step deformity of the lower border of the 

mandible 
• numbness over the chin (injury to the inferior 

alveolar nerve) 
• laceration of the gingiva 
• mobile teeth 
• teeth not meeting properly (malocclusion) 
• mobile fragments of mandible 

• sublingual haematoma adjacent to fracture. 

D i s l o c at i o n  o f  t h e  j aw 

Dislocation of the condylar head from the fossa 
may occur following trauma or after simply open
ing the mouth too wide, as in yawning. The patient 
may present with their mouth open wide and will 
often drool saliva. They may be unable to speak 
and in considerable pain. A history should indicate 
whether this has happened before and for how 
long the jaw has been dislocated. 

·' ·�. 
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Reduction of the dislocation depends on how 
relaxed the patient can be made and it may be 
necessary to administer an intravenous benzodi
azepine prior to attempted reduction. The patient 
is seated in a low chair with the clinician standing 
in front. Both thumbs are placed on the lower 
teeth (or bony ridges in an edentulous patient) and 
sustained pressure applied in a downward and 
backward direction. The clinician should wrap 
gauze around the thumbs for comfort. Successful 
reduction can be felt by the clinician as the jaw 
goes back into place, producing instant relief for 
the patient. Repeated attempts at reduction should 
be avoided as the patient usually becomes dis
tressed; in these circumstances it is better to man
age the dislocation under general anaesthetic. 

MAXILLARY FRACTURES  

These may be unilateral or bilateral and may be a 
combination of different types, as classified below 
(Fig. 21 .6): 

Figure 2 1 .6: Maxil lary fractures. 
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• dentoalveolar 
• Le Fort I (low level) 
• Le Fort II (pyramidal) 
• Le Fort III (high level) .  

Plain radiographs are often difficult to interpret 
and may reveal different fracture levels on each 
side of the maxilla. 

The physical signs of maxillary fracture include: 

• bilateral facial swelling 
• mobility of maxilla 
• 'dish-face' deformity 
• mouth gagged open on posterior teeth 
• teeth not meeting properly (malocclusion) 
• bilateral periorbital bruising and oedema. 

N ASAL COM PLEX 

Fractures t o  the nose may occur following trauma 
from the front and from the side. The resultant 
nasal deformity reflects the direction of impact 
(Fig. 21.7) .  

The majority of  patients with nasal trauma 
present with discomfort, soft-tissue swelling 
around the nose and possible epistaxis. Septal 
deviation and haematoma are sought on examin
ation; both are rare. Patients with a septal 
haematoma should be referred immediately to 
ENT for drainage; patients with obvious septal 
deviation may be referred to the next convenient 
ENT clinic and advised to take pre-injury photo
graphs of their face with them. Other patients may 
safely be reassured that in the majority of cases the 
swelling will settle down and their appearance 
will return to normal. In the event of this failing to 
happen, patients may require manipulation of the 
nose. Depending on local policy, these patients 
should be reviewed after approximately 1 week 
either in the emergency department or a specialist 
clinic. Radiographs are not indicated in the imme
diate management of simple nasal fractures. 

Nasal bleeding and septal haematoma have been 
covered above. Severe nasal injury may disrupt the 
Hun ethmoidal bones, and the physical signs of a 
naso-ethmoidal fracture are given below (Fig. 21.8): 

• flattening of the bridge of the nose 
• widening of the intercanthal distance (greater 

than 35 mm) 
• nasal obstruction. 

Figure 2 1 .  7: Nasal fracture. 

Urgent referral to a maxillofacial, plastic or ENT 
surgeon is appropriate. 

ZYGOMAT ICO-ORB ITAL C O M P LEX  
FRACTURES  

Fractures in this region of the face are o f  p articular 
concern because of the possibility of damage to the 
eye. Examination of the eye should proceed in a 
logical fashion, starting rith the periorbital tissue 
and moving inwards (Table 21 .1 ) .  

Marked swelling often accompanies facial 
trauma and the eyelids may be closed, making 
examination of the eye difficult. However, it is 
essential that the eye is examined even if only to 
ascertain a baseline visual acuity and pupillary 
reaction. A small Snellen chart may be carried in 
the pocket for this purpose. 



Figure 2 1 .8: CT scan of a naso-ethmoidal fracture. 

Table 2 1 . 1 :  Examination of the eye (summary) 

Visual acuity testing 

Inspection of cornea and conjunctiva! sac, including 
eversion of the upper l id 

Stain ing with fluorescein and i nspection with blue 
light 

Pupil reactions 

Assessment of anterior chamber - use a slit lamp 
if available 

Ophthalmoscopy 

Visual fields if indicated 

Eye movements if indicated 

In a patient with swollen eyelids, gentle pressure 
applied to both upper and lower eyelids for 2 min 
will disperse the fluid and allow the eye to 
be examined. An assistant can help to assess the 
eye as the eyelids are compressed. Eye observations 
should be noted on a chart and continued regularly. 

Physical signs of a zygomatico-orbital complex 
fracture are given below: 
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• bruising and oedema around the eye 

• subconjunctival haemorrhage 

• paraesthesia of the cheek (injury to infra-orbital 
nerve) 

• step deformity of the inferior orbital margin 
(Fig. 21 .9) 

• flattening of the cheek 

• diplopia 

• traumatic mydriasis 

• restricted jaw opening. 

Figure 21.10 is a plain radiograph of a fractured 

right zygomatic arch. This fracture may produce a 
slight concavity of the cheek if the patient is exam
ined soon after the injury. Otherwise, there will be 
a swelling over the fracture for a few days. In 
uncomplicated zygomatic fractures, the complex 
of ophthalmic signs will be absent. The patient 
may have restricted mouth movements due to the 
bony fragments impinging on the temporalis 
muscle running beneath the arch. 

A patient may give a history of injury to the 
orbital region (e.g. having been h.it by a squash 
ball). There may be only slight bruising or diplopia. 
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', - -------- - - -

Figure 2 1 .  9: Step deformity of the inferior orbital 
margin .  

Figure 2 1 . 1 0: A simple zygomatic fracture. 

In these circumstances a blowout fracture of the 
orbital floor should be suspected and plain radi
ographs obtained. A blowout occurs when the thin 
floor of the orbit is fractured and there is hernia
tion of the periorbital fat into the maxillary sinus. 
Figure 21 .ll(a) illustrates a left orbital floor blow
out fracture and the 'tear drop' sign, which may 
not always be apparent. 

A subsequent coronal CT scan of the orbits will 
demonstrate whether there is herniation of the 
ocular muscles as has previously been described 
(Fig. 21 .ll(b)) .  Examination of the eye movements 

(a) 

(b) 

Figure 2 1 . 1  I :  Orbital floor fracture. (a) Plain X-ray. 

(b) CT scan. 

may reveal some restriction of upward gaze due to 
trapping of the muscles in the breach in the orbital 
floor. 

Patients with significant trauma to the eye or 
orbit should be referred to the ophthalmologist 
on call. 

f RONTAL BONE  FRACTURES  

These may occur in isolation or in association 
with other facial fractures. Plain radiographs are 



Figure 2 1 . 1 2: A frontal fracture. 
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essential and a CT scan may be required to deter
mine the extent of the injury (Fig. 21.12). 

F U RTHER  READ I N G  

I-Iawkesford, J .  and Banks, J .  (1994) Maxillofacia/ and 
Dental Emergencies. Oxford University Press, Oxford. 



SPINAL INJ URY 

• Introduction 
• Classification of spinal injuries 
• Assessment 
• Examination findings in spinal injury 
• Neurogenic and spinal shock 
• Safe handling and immobil ization of 

spinal-injured patients 

I NTRODUCT ION 

Injuries to the spine are common. Each year in the 
UK several hundred patients are permanently 
paralysed as a result of a spinal injury. In addition to 
these, many thousands suffer prolonged symptoms 
of pain and stiffness following a more minor injury 
to the soft tissues surrounding the spinal cord. The 
most common cause of spinal injuries in the west
ern world is road traffic accidents; these can cause 
a range of injuries, from fractures or dislocations 
of any part of the spinal column to the so-called 
'whiplash' injury due to sudden flexion-extension 
of the cervical spine. Most 'whiplash' injuries occur 
in drivers and front-seat passengers of cars. 

The most dangerous form of transport for ser
ious injuries is the motorcycle. Spinal injuries can 
also occur from falls and during sporting activities. 
Any patient who has fallen a distance greater than 
their own body height or who has been involved in 
a road traffic accident should be assumed to have a 
spinal injury until proven otherwise. 

Assume a spinal injury has occurred and immobilize 
the spine till proven otherwise. 

The concern in all patients with spinal injury is 
that the spinal cord itself may have been injured. It 
is important to remember that the vertebrae act as a 

C H A P T E R  T W E N T Y  T W O  

• Prevention of complications in spinal injuries 
• I nterpretation of cervical spine X-rays 
• Thoracic and lumbar spine injuries 
• Specific spinal fractures 
• lntervertebral disc lesions 
• Neck sprains 
• Further reading 

protective box for the spinal cord. Thus it is perfectly 
possible to injure the spinal cord without radio
logical evidence of vertebral injury. This is commonly 
the case in children and is known as 'SCIWORA' 
(spinal cord injury without radiological abnormal
ity). The spinal cord, if transected, will not recover; 
any damage and consequent paralysis is, therefore, 
permanent. Patterns of paralysis include quadriple
gia (where all four limbs are paralysed), paraplegia 
(where the lower limbs are paralysed) and herni
plegia (where both limbs on one side are affected). 
The suffix -paresis indicates that motor function 
has been disturbed in the distribution referred to 
(e.g. hemiparesis means loss of motor function 
down one side of the body). 

C LASS I F ICAT ION  OF S P INAL  I NJ UR I ES 

Frankel's classification is probably the most useful 
way of describing the types of neurological 
deficits, rather than the distribution of the deficits. 
It is summarized in Table 22.1 .  

ASSESSMENT 

As stated above, spinal injury should b e  assumed 
until proven otherwise. The most common parts of 



Table 22. 1 :  Frankel's classification of spinal injuries 

Frankel A: Complete sensorimotor deficit 
Frankel B: Complete motor paralysis. Sensory 

normal 
Frankel C: Useless motor capacity. Sensory normal 
Frankel D: Useful motor capacity. Sensory normal 
Frankel E: Normal neurological function 

Table 22.2: Patients with potential cervical spine 
injury 

Any patient with an injury above the clavicle 
Any victim of major trauma 
Any trauma victim who is unconscious 
Any patient who has fallen 
Any patient involved in a road traffic accident (RTA) 

the spine to be injured are the cervical and thora
columbar areas; these are the most flexible parts 
of the spinal column. The most common sites of 
injury, in adults, are where these flexible parts of 
the spine are fixed to the more rigid thoracic spine, 
that is, at the lower end of the cervical spine and 
the upper end of the lumbar spine. In children, the 
upper region of the cervical spine is more com
monly the site of injury. 

It should be assumed that there is a risk of spinal 
injury in all the situations listed in Table 22.2. 

In any of these patient groups the cervical spine 
must be immediately immobilized during the 'A' 
section of the primary survey, 'A' standing for 
'Airway with cervical spine control'. Complete 
immobilization of the cervical spine is achieved 
only by the application of a hard ('semi-rigid') cer
vical collar, sandbags either side of the neck and 
strong tapes securing the head of the patient to the 
trolley (Fig. 22.1). The only alternatives to these 
three components of cervical spine immobilization 
are either the correct application of a long spinal 
board together with head blocks and a hard collar 
(Fig. 22.2), or 'in-line manual immobilization' of 
the spine, where the head is supported by both 
hands of the doctor or nurse (Fig. 22.3) and neck 
movements prohibited. 

In some patients who are combative, full three
component immobilization of the cervical spine 
may not be possible and a commonsense compro
mise may have to be struck, with the application of 
a hard collar alone. It must be stressed that this 
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Figure 22. 1 :  Full cervical spine immobilization with 
collar, sandbags and tape. 

Figure 22.2: Immobilization using collar, spinal board 
and head blocks. 

does not provide proper cervical spinal immobi
lization. 

Immobilization of the thoracic and lumbar 
spine is more difficult but can be achieved by the 
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Figure 22.3: Manual in-l ine immobi lization of the 
cervical spine. 

Figure 22.4: Long spinal board. 

use of a long spinal board (Fig. 22.4) . The compli
cations of such boards, including pressure sores, 
especially of the sacrum, scapulae and heels, must 
be borne in mind and the patient removed from 
the device as soon as possible. 

Once the airway has been cleared and the cervi
cal spine has been immobilized, the rest of the pri
mary survey can be dealt with. Spinal injury may 
affect the breathing component as high cord injury 
results in denervation of the muscles of respiration 
and ventilatory inadequacy. Similarly, during the 
assessment of the circulation, spinal injury can 
cause shock; this is known as neurogenic shock, 
and results from loss of sympathetic innervation to 
the cardiovascular system causing loss of venous 
tone. It must also be remembered that the presence 
of spinal injury may mask signs of abdominal 
injury, making the latter extremely difficult or even 
impossible to diagnose clinically. During the 'cir
culation' phase of the primary survey, any shock 
must be assumed to be due to hypovolaemia and 
treated accordingly w1til proven otherwise. 

Definitive care of spinal injury should occur in 
specialist centres and transfer to another hospital 
may be necessary. For the emergency department 
clinician the maxim is 'do no further harm': further 
movement of an injured spine may produce further 
spinal or spinal cord injury. The medicolegal impli
cations of such iatrogenic injury do not need to be 
stated, as injuries due to inadvertent or unneces
sary mishandling constitute negligence. 

Assessment of the spine is by clinical examin
ation and imaging. Clinical examination must 
include inspection and palpation of the entire spine, 
searching in particular for areas of tenderness, 
steps, deformity and the presence of haematomas. 
As a consequence, the patient will require log
rolling in order to access the whole of the spine. 
Log-rolling requires five people (Fig. 22.5). 

The person controlling the head is in charge and 
responsible for ensuring the safety of the patient 
by checking that the rest of the team know their 
roles. The leader co-ordinates the role in each 
direction and ensures that the head remains in line 
with the rest of the spine whilst explaining the 
procedure to the patient. A second member of staff 
places their hands over the chest and pelvis, con
trolling the arm. The third person places a han 
over the pelvis and under the opposite thigh. The 
fourth member of the team controls the opposite 
leg by placing two hands under the calf and ankle 
('three hands ove1� three hands under') .  The final 
member of the team is responsible for examining 
the patient's spine, the back of the head and torso. 
A rectal examination should also be performed. The 
team leader must give clear instructions ('When we 
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Figure 22.5: Log-roll ing a patient. 

Table 22.3: Clearing the cervical spine by clin ical 
examination alone 

Sober and alert patient 
No painful distracting injuries 
Neurologically intact 
No spinous process tenderness 
No neck pain 
Pain-free neck movement 

start, I will say "1, 2, 3, roll", at the end, "1, 2, 3, 
down" ') .  

Log-rolling is followed by a full neurological 
examination, which must include assessment of 
tone, power, co-ordination, sensation and tendon 
reflexes. Radiological examination is initially by 
plain radiographs (see below), and suspected 
abnormalities are further investigated by compu
terized tomography (CT) or magnetic resonance 
imaging (MRI). 

Cervical spinal injury can only be excluded clin
ically if the conditions in Table 22.3 are met. 

EXAM I N AT I O N  F I ND I N G S  I N  
SP I NAL I NJ U RY 

A patient who is conscious is often able to identify 
pain and tenderness at the site of spinal injury 
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Table 22.4: Cl inical findings suggestive of cervical 

spinal cord injury 

Flaccidity and loss of reflexes 
Diaphragmatic breathing 
Flexion but not extension at the elbow 
Response to pain above but not below the clavicle 
Hypotension with bradycardia 
Priapism 
Loss of anal sphincter tone 

because there is loss of sensation below this level. 
In conscious, co-operative patients, spinal levels 
can often be accurately mapped out and numbness 
below a particular level gives valuable information 
about the location of a traumatic spinal cord lesion. 

If the patient is unconscious and the mechanism 
of the injury is either a fall or a road traffic accident 
there is a 5% risk of a cervical spine injury. Clinical 
findings that suggest a cervical spinal cord injury 
are shown in Table 22.4. 

As stated earlier the patient must be fully exam
ined for motor strength, sensory disturbance, 
reflexes, and also autonomic problems such as lack 
of bladder or bowel control (indicated by loss of anal 
tone) and priapism (a sustained penile erection). 

There are many tracts in the spinal cord but 
only three can be easily clinically examined. The 
first of these are the spino-thalamic tracts, which 
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carry pain and temperature sensations from the 
opposite side of the body. The dorsal columns 
carry fine touch and co-ordination information 
from the same side of the body. Finally the cortico
spinal tracts control movements on the same side 
of the body. 

If there is no sensory or motor activity this 
implies that there has been a total spinal cord lesion 
and this has a poor prognosis. An incomplete 
spinal cord lesion may recover to some extent so it 
is essential to be meticulous in the examination to 
detect any motor or sensory response. Sparing of 
sensation in the sacral dermatomes ('sacral spar
ing') may be the only sign of incomplete injury. The 
search for this must include sensory testing of the 
perineum and assessment of voluntary contraction 
of the anus. 

Although there are many possible patterns of 
incomplete spinal cord injury, there are several 
common types. 

ANTER IO R  CORD SYN DROME  

This is characterized by injury to the cortico-spinal 
tracts with severe motor loss, but the dorsal 
columns and therefore sensation are intact. 

POSTER IOR  CORD  SYN DROME  

The pattern of partial cord injury is opposite to 
that of anterior cord syndrome, with sensory loss 
and preservation of motor function. 

B ROWN-SEQUARD SYNDRO M E  

This is very rare and usually results from penetrat
ing cord injury. The presence of this syndrome 
indicates hemisection of the cord. On examination 
there is loss of fine sensation (dorsal columns) and 
movement (cortico-spinal tract) on the side of the 
lesion, with loss of pain and temperature sensation 
(spino-thalamic tract) on the opposite side. 

C E N TRAL CORD SYNDROME  

Central cord syndrome is thought to result from 
ischaemia as a result of injury to the anterior spinal 

artery or direct injury caused by impact from the 
ligamentum flavum. It classically occurs after an 
extension injury to the neck of a middle-aged or 
elderly patient and the X-rays do not show any 
obvious fracture or dislocation, although they may 
show some degenerative change. On examination 
there is tetraparesis with a patchy sensory loss. The 
upper limbs are affected much more than the legs, 
although the plantar reflexes are usually up-going. 
The anatomical basis of the condition is that there is 
injury to the central portion of the cord; cervical 
(central) fibres of the long motor tracts are affected 
but the lumbosacral (lateral) fibres are spared. The 
prognosis of this condition is usually good but 
paralysis may remain. No specific treatment is 
required other than the use of a cervical collar. 

N EUROG E N I C  A N D  S P I NAL  S H O C K  

It is very important to distinguish between these 
two phenomena, which are frequently confused 
with one another. 

N EU RO G E N I C  S H O C K  

This is due to interruption of the descending sym
pathetic pathways in the spinal cord. It results in 
loss of vasomotor tone and sympathetic innervation 
to the heart. The clinical effects therefore include 
vasodilatation of blood vessels and hypotension. 
The heart cannot mount a sympathetic response 
and there may even be a bradycardia. Patients 
with pure neurogenic shock are classically well 
perfused peripherally and do not show the pallor, 
cold skin and sweating of other forms of shock. 
The combination of hypotension and bradycardia 
should alert the doctor to the possibility of neuro
genic shock. It will not respond to fluid infusion 
alone but may require pressor agents to increase 
blood pressure, together with atropine to counter 
the bradycardia. A central venous line is invalu
able in guiding treatment. 

True cardiovascular shock in the presence of a 
spinal injury should always be assumed to be due 
to haemorrhage until proven otherwise, since any 
mechanism sufficient to cause a spinal injury is 
also likely to be sufficient to cause life-threatening 
injuries elsewhere. 



S P I NAL S H O C K  

This is not a circulatory phenomenon and is not 
strictly a form of shock. It is the complete loss of 
neurological function that occurs shortly after a 
spinal cord injury and is manifest by flaccidity and 
loss of reflexes. Days or weeks later, the 'shock' 
disappears and spasticity may replace the flaccid
ity. Spinal shock might be considered as 'concus
sion of the spinal cord'. 

SAFE HANDL ING  AND  
I M MOB I L IZAT ION  OF  S P I NAL- I NJ U RE D  
PAT I E NTS 

It  ca1mot b e  over-emphasized how vital i t  is to take 
all possible precautions when handling or moving 
patients with proven or suspected spinal injury. 
Ideally, such patients should be managed on a 
turning frame in order to avoid the development 
of pressure areas; however, this is rarely available 
in the emergency department. Whenever the 
patient is turned, the 'log-roll' technique described 
earlier should be used. 

PREVENT ION OF  C O M PL ICAT IONS  
I N  S P I NAL  I NJ U RI E S  

As stated previously, there is frequently little that 
can be done to improve the outlook in patients 
with spinal injury other than to prevent further 
harm. All care must be taken to avoid the develop
ment of bed-sores or decubitus ulcers, which begin 
to develop within hours of injury and usually 
involve the occiput, upper thoracic spine, sacrum 
and heels. 

Steroids are of value to reduce further injury to 
the spinal cord and improve recovery if used early 
(within 8 h of the injury) . Methyprednisolone 
should be given as an intravenous bolus of 
30 mg kg- 1 body weight over 15 min followed by 
an infusion of S.4 mg kg-1 h- 1 for 23 h. Before 
administering steroids the case should be dis
cussed with the spinal or neurosurgeon who will 
be taking over the definitive care of the patient. 
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I NTERPRETAT ION  O F  C ERVICAL 
S P I N E  X-RAYS 

Any patient with a suspected spinal injury must 
have a standard set of radiographs of the cervical 
spine. This comprises a lateral view (Fig. 22.6), an 
antero-posterior (AP) view (Fig. 22.7) and an open
mouth peg view (Fig. 22.8). If these are equivocal 
or show an injury CT scaiming should be carried 
out. The film that gives the most information is the 
lateral view and a system for looking at this is 
given in Table 22.5. It should be remembered that a 
lateral view alone will miss approximately 15% of 
significant cervical spine injuries and therefore a 
full series of radiographs and clinical examination 
must be performed, as described above. 

The X-ray should initially be checked for its 
adequacy. The occiput to the upper border of the 

Figure 22.6: Normal lateral cervical spine X-ray. 
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Figure 22. 7: Normal antero-posterior view of the 

cervical spine. 

Table 22.5: Looking at lateral cervical spine X-rays 

A is for Adequacy and Alignment: 

first thoracic vertebra should be visible. The four 
lordotic curves of the cervical spine are then traced 
out (Fig. 22.9). These are the anterior borders of the 
vertebral bodies, the posterior aspect of the verte
bral bodies, the jllllctions of the laminae and 
the spinous processes and the tips of the spinal 
processes. These should form smooth continuous 
lines. Next, each of the cervical vertebrae is 
examined for fractures. The cartilaginous spaces, 
particularly the gap between the odontoid peg and 
the arch of the atlas, the disc spaces, the facet joints 

Figure 22.8: Normal open-mouth odontoid peg fi lm. 

Adequacy: Are all seven cervical vertebrae and the top of the first thoracic vertebra visible? If not, the 
film is inadequate 

Alignment: Check that the following four curves are all smooth (see also Fig. 22.8): 

B is for Bones 

I .  The line join ing the anterior borders of the vertebral bodies. 
2. The line joining the posterior borders of the vertebral bodies. 
3.  The posterior spinal l ine, joining the posterior points of the laminae, where they meet in 

the mid-line. 
4. The line joining the spinous processes. 
If any of these curves is i rregular, assume injury. 

Trace round each of the vertebrae looking for fractures and irregularities. 

C is for Cartilages and soft tissue spaces: 
The disc spaces should all be regular. 
Look for prevertebral soft tissue swell ing. 
Is there any break in the prevertebral fat stripe, if present? 
Distances between the spinous processes. 

D is for Distances: 
Normal prevertebral distance is half the AP diameter of the vertebral body at C3 and the full AP 

diameter of the vertebral body at C6. 
In the adult there is usually 3 mm between the anterior arch of the atlas vertebra and the peg. 
More than 3 mm of vertebral malalignment implies dis location. 
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and the interspinous spaces are assessed. Finally, 
the prevertebral soft tissue thickness is measured. 
This should be a maximum of 3 mm at the lower 
border of the third cervical vertebra and the width 
of the vertebral body in the lower cervical spine. 

If there is any doubt about the radiological 
appearances, the presence of a spinal injury should 
be assumed and full spinal immobilization main
tained whilst a more senior opinion is sought. 
The emphasis for doctors working in emergency 
departments must be on the detection of abnor
mality rather than precise naming of injury and 
assessment of stability. 

THORAC I C  AND L U M BAR  S P I N E  
I NJ U R I E S  

These are common injuries that should be picked 
up during the secondary survey of the injured 
patient. Injuries to the lower thoracic and upper 
lumbar spines can cause paraplegia whilst spar
ing the upper limbs. The most likely sites to be 
injured are the cervico-thoracic and thoraco-lumbar 

Figure 22. 9: The lordotic curves of the cervical 
spine. 
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junctions, where most movement can occur. 
Injuries to the relatively rigid thoracic spine imply 
massive forces in fit adults, although injuries 
can occur with much lower energy in the elderly 
with osteoporotic bones or in patients taking corti
costeroids. 

Radiographs of the thoracic and lumbar spines 
are indicated in the following situations: 

• Any patient with a depressed level of con
sciousness who has sustained major trauma. 

• Any patient with bony spinal tenderness. 
• Any trauma victim with abnormal neurological 

findings. 
• Any patient with major or multiple trauma who 

has distracting painful injuries. 
• Any patient with a significant cervical spine 

injury. 

X-rays of the thoracic and lumbar spines should 
be performed in the radiology department since 
films taken in the resuscitation room tend to be of 
poor quality. 

S P E C I F I C  S P I NAL  F RACTURES  

STAB I L ITY AND C O L U M N S  OF  
THE  S P I N E  

The spinal column can be regarded as being made 
up of three vertical columns. The anterior column 
consists of the anterior parts of the vertebral bod
ies, the discs in between them and the anterior lon
gitudinal ligaments. The middle column consists 
of the posterior parts of the vertebral bodies and 
the posterior longitudinal ligaments. The posterior 
column consists of the spinous processes and the 
interspinous ligaments. If only one of these columns 
is disrupted the spine is usually stable, but damage 
to two or more of the columns usually produces 
instability and, consequently, cord damage in 
response to small amounts of movement is likely. 

j E F F E RSON F RACTU RE O F  T H E  ATLAS 
( F 1 G .  2 2 . 1 0) 

This is a fracture of the atlas or first cervical vertebra. 
This vertebra is a diamond-shaped ring interposed 
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Figure 22. 1 0: Jefferson fracture of the atlas. 

between the skull and the axis vertebra. It is com
monly injured by axial compression forces (e.g. 
diving into an empty swimming pool, or a driver's 
head 'bullseyeing' a windscreen) which cause the 
ring to burst. (Imagine trying to break a Polo Mint 
in one place!) 

Because the ring bursts and the fragments sep
arate, there is relatively little risk of spinal cord com
pression. This is also suggested by Steel's rule of 
thirds: a third of the space within the ring is taken 
up by the odontoid peg, a third by the spinal cord 
and a third is relatively empty, leaving space for the 
injured cord to expand. These fractures are diag
nosed on the lateral X-ray or peg view. They are 
unstable injuries but can be adequately treated by 
prolonged immobilization in a hard collar or Halo. 

0 DONTO I D  PEG  FRACTURES  
(F I G .  2 2 . 1 I )  

These are most commonly due to road traffic acci
dents and are of three types (Table 22.6) . 

All odontoid peg fractures can be very difficult 
to diagnose and CT scanning may be necessary to 
confirm the diagnosis. These patients should be 

Figure 22. 1 I :  Odontoid peg fracture type I I .  

Table 22.6: Types of odontoid peg fracture 

Type I: Above the base of the peg. Usually stable. 
Type I I :  At the base of the peg. Very unstable. 
Type I l l :  Extending into the vertebral body of the 

axis. Unstable. 

cared for by spinal or neurosurgeons, and surgical 
stabilization is often required. 

HANGMAN 'S FRACTURE  (F I G .  2 2 . 1 2)  

This is a fracture through the posterior elements 
(laminae) of the second cervical vertebra. It is 
caused by extension in association with distraction 
or axial compression. It is the mode of death in 
judicial hanging and might more properly be 
called the 'hangee's fracture'! The injury is very 
unstable and often requires operative intervention. 

CERV I CAL FRACTURES  AND 
FRACTURE-D I SLOCAT IONS  
{F I G .  2 2 . 1 3)  
These can occur at any level in the neck; the most 
common site is the cervico-thoracic junction. The 



Figure 22. 1 2: Hangman's fracture. 

Figure 22. 1 3 : Unstable fracture of body of axis 

vertebra (C2). 

causative event is usually a fall or a road traffic acci
dent and the mechanism can involve any combin
ation of flex.ion, extension, rotation and axial loading. 
Stability is often difficult to determine, especially in 
the emergency department, and all such patients 
should be referred to the relevant specialist team. 

FACET J O I N T  D I S LOCAT I O N S  
( F 1 G .  2 2 . 1 4 ) 

One or both facet joints may be dislocated. The 
mechanism is usually a rotational force. On the 
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Figure 22. 1 4: Bilateral facet joint dis location, 

showing 50% slip. 

lateral X-ray, the dislocation is probably unilateral 
if the upper vertebra is displaced on the lower by 
25% or less of the AP diameter and bilateral if the 
displacement is 50% or more. Bilateral facet joint 
dislocations are unstable. All facet joint disloca
tions require traction for reduction. 

TEAR-DROP FRACTURES  ( F I G .  2 2 . 1 5 ) 

A small piece of bone avulsed from the superior 
aspect of the vertebral body represents an exten
sion injury, is usually stable and requires only 
conservative treatment. On the other hand, a 'tear
drop' of bone avulsed from the lower border of the 
vertebral body is a flag to a much more serious 
injury, often with spinal cord damage. This injury 
requires further imaging and neurosurgical 
referral. 
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Figure 22. 1 5: Tear-drop fracture. 

C LAY-SHOVELLER' S FRACTURE 
( F I G .  2 2 . 1 6) 

This is a frachire through the spinous process of 
the seventh cervical vertebra and nowadays is 
more commonly caused by a collapsing rugby 
scrum than by shovelling clay. It is often difficult to 
see on X-ray, owing to overlying soft tissue shad
ows. The injury is extremely painful but is stable 
and can be treated symptomatically. 

C O M PRESS ION  FRACTU RES OF  THE  
THORAC I C  AND LUM BAR VERTEBRAE 
( F I G .  2 2 . 1 7 )  

These injuries are usually due to hyperflexion or 
axial compression forces and wedge compression 
of the vertebral bodies occurs. These fractures 
are more common in those with osteoporosis. The 

Figure 22. 1 6: Clay-shoveller's fracture of the spinous 
process of Cl. 

amount of wedging is usually quite small. If, 
however, the anterior height of the vertebral 
body is more than 25% shorter than the posterior 
height, or if the angle exceeds 30%, internal fix
ation is usually indicated. Because the thoracic 
spinal canal is narrow relative to the cord, spinal 
cord injury is common in association with thoracic 
injuries. 

THORACOLUM BAR IN JUR I E S  

These are common and due to flexion combined 
with rotation. They are ften unstable. Because the 
spinal cord itself terminates at this spinal level, it is  
the nerve roots making up the cauda equina that 
are liable to injury. Injury here will therefore lead 
to bladder and bowel control problems along with 
sensory and lower motor neurone deficits in the 
lower limbs. 



Figure 22. 1 7: Wedge compression fracture of 
thoracic vertebrae. 

TRANSVERSE PROCESS  I NJ U R I E S  

These are common in the lumbar area, their impor
tance being as a marker of possible high-energy 
injury to the closely related kidney or ureter. 

I NTERVERTEBRAL D I S C  LES IONS  

The intervertebral discs lie between the bodies of 
all vertebrae except the first and second cervical 
vertebra (the odontoid peg is part of C2 but repre
sents the body of Cl) and the sacrum (where the 
vertebrae are fused). The intervertebral discs con
sist of two parts: an outer fibrous ring or annulus 
fibrosus, and softer central material, the nucleus 
pulposus, which is like crabmeat in consistency. A 
'prolapsed intervertebral disc' implies protrusion 
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Table 22. 7: Signs suggesting entrapment of a lower 

lumbar nerve root 

Reduced straight leg raising on one side; this 
manoeuvre stretches the sciatic nerve and its 
constituent nerve roots and causes severe 
leg pain.  

Positive sciatic or femoral nerve stretch tests, 
depending on the level of the disc prolapse. 

Positive crossover test, where stretching the 
sciatic nerve on one side causes pain in the 
opposite leg. 

Reduced tendon reflexes and muscle weakness 
in the relevant motor nerve distribution. 

Reduced sensation in the corresponding 
dermatome. 

of part of the nucleus pulposus into the spinal 
canal. Such an event is common in the lumbar 
spine, less so in the cervical spine and rare in the 

thoracic spine. The effects of such prolapse or disc 
herniation depend on how much of the nucleus 
pulposus is extruded and what it presses upon 
(the spinal cord or emergent nerve roots). 

Disc herniation in the lumbar spine classically 
presents with fairly acute-onset back pain followed 
by unilateral leg pain, the leg pain being worse 
than the back pain. The typical onset is on rising 
from stooping, or during heavy lifting. The pain in 
the leg is often described as a sharp

. 
shooting pain 

down the back of the leg from the buttock. It may 
be associated with reduced or absent sensation, 
paraesthesiae or motor weakness. On examination 
there may be some tenderness in the back at the 
level of the disc involved, together with reduced 
movements of the lumbar spine. The crucial find
ings, however, are root tension signs indicating 
pressure on a nerve root (Table 22.7). 

Central disc prolapse is an orthopaedic emer
gency. The root tension signs are accompanied 
by bladder or bowel sphincter disturbance. This 
implies that the spinal cord is being compressed by 
the disc material and emergency surgery to relieve 
compression is mandatory. 

The investigation of disc prolapse is with CT or 
MRI scanning. Plain X-rays may show loss of disc 
space and can exclude bony pathology but are other
wise unhelpful in planning treatment. Some disc 
prolapses seen on MRI scamling are not clinically 
relevant, so the information from the scan must 
be tempered with clinical findings. The h·eatment 
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of prolapsed lumbar discs is initially conservative, 
with gradual mobilization, physiotherapy and anal
gesia. Failure to settle with this regimen will require 
further intervention, possibly including surgical disc 
excision. Periods of complete bed rest are no longer 
recommended and have been shown to be associ
ated with poorer recovery than early mobilization. 

Cervical disc prolapse can be caused by sudden 
neck movement, classically flexion with rotation. 
The symptoms are neck pain together with abnor
mal neurological findings on the side of the com
pressed nerve roots. The discs most commonly 
affected are those either side of the sixth cervical 
vertebra, thus the 6th and 7th cervical nerve roots 
are those most frequently implicated. There is pain 
and paraesthesiae in the arm, but frequently motor 
function is normal. Investigation by MRI scan will 
confirm the diagnosis and exclude other pathology 

(e.g. tumours). The treatment ranges from conser
vative (rest, traction, analgesia) to surgical excision 
of the disc, usually by an anterior approach. 

N ECK  SPRA I N S  

These injuries are due to acute flexion and exten
sion closely following one another and classically 
occur in drivers and front-seat passengers of cars 
involved in road traffic accidents, where they are 
known as 'whiplash' injuries. The usual causative 
accident is where the patient's car is struck from 
behind or crashes into the vehicle in front. 

The patient presents with neck pain, possibly a 
headache and variable neurological findings, 
although most commonly neurological examina
tion is normal. As time goes on, the neck and head 

pain often persist and there may be problems wit 
sleeping and concentration. Physical examinatio 
reveals tenderness over the neck itself, usually par
avertebrally over the neck muscles, and reduced 
movements of the neck, especially rotation and lat
eral flexion. 

Radiological investigation is controversial; an 
international group is currently developing guide
lines to help decide which patients need X-rays. 
Those with bony tenderness, significant loss of 
movement or abnormal neurological findings 
should be imaged. X-rays of the cervical spine usu
ally show a loss of the normal cervical lordosis but 
are otherwise normal (assuming there is no pre
existing degenerative changes). 

Treatment should consist of good analgesia, 
using non-steroidal anti-inflammatory drugs and 
conventional paracetamol-containing formulations, 
neck mobilization with physiotherapy as required, 
and good advice about the natural history of the 
condition. Soft cervical collars are associated with 
more prolonged disability and recovery and should 
not be used. Recovery is slow, especially in patients 
with pre-existing cervical spondylosis. The patient 
should be encouraged to return as early as possible 
to their normal activities. There is no evidence that 
recovery is delayed until claims for personal injury 
have been settled. 
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C H A P T E R  T W E N T Y T H R E E  

THORACIC TRA UMA 

• I ntroduction 
• Mechanism of injury 
• Primary survey 

I NTRODUCT ION 

Thoracic injury accounts for a quarter of all trauma 
deaths and contributes to a further half. The air
way, breathing and circulatory components of the 
primary survey of resuscitation can all be affected 
by chest injury and therefore influence neurological 
disability through cerebral hypoxia and hypo
volaemia. Most patients with unsurvivable thoracic 
injuries will die very soon after injury, before they 
can reach hospital. Patients who survive to hos
pital can usually be treated on basic principles and 
with simple procedures, such as chest drainage and 
analgesia. Only about 15% of cases require inter
vention by a cardiothoracic surgeon, more com
monly after penetrating rather than blunt injury. 
It is therefore important to recognize and treat 
life-threatening conditions, and to know when 
help is required. 

Chest injury is a major cause of mortality and 

morbidity. 

The outward appearance of the chest can be 
misleading when assessing thoracic trauma. 
Patients, especially children, can sustain severe 
internal injuries with few external signs. As a 
result it is essential to assess the patient thor
oughly, taking account of the mechanism of injury 
and maintaining a high index of suspicion for major 
vessel and myocardial damage. The chest should 
never be considered in isolation and associated 
injuries, especially in the neck and abdomen, must 
be sought. In particular, it must be remembered 

• Secondary survey 
• Further reading 

that any penetrating wound beneath the nipples 
must be considered to involve the abdomen as 
well as the chest until proven otherwise. 

M ECHAN ISM  OF  I NJ U RY 

The mechanism of injury will give important 
pointers as to what injuries are likely. Trauma team 
leaders must therefore obtain as much information 
as possible about the mechanism from the pre
hospital carers. Likely injuries can then be actively 
sought and excluded. Nevertheless, no injury 
should be missed as a consequence of a blinkered 
search for expected injuries. 

B LUNT I NJ U R I E S  

The type of blunt trauma is important, for example 
a fall or road traffic accident. involving several 
vehicles, a pedestrian struck by a vehicle or a 
vehicle striking a tree. At a road traffic accident, 
the process of 'reading the wreckage' can give a 
large amount of information. Was the collision a 
head-to-head or a side impact (Fig. 23.1)? Where was 
the patient and were they restrained? Were there 
any other occupants of the same vehicle and what 
has happened to them? How much intrusion into 
the passenger space has there been? If the patient 
was the driver, was the steering wheel deformed? 

If the mechanism suggests significant decel
eration, great vessel or cardiac damage is possible 
with little or no external appearance of injury. 
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Figure 23. 1 :  A side impact col lision road traffic 
accident. 

On the other hand, tyre or seat belt imprints on the 
chest wall signify a high level of force and must 
increase suspicion of serious internal injury. 

PEN ETRAT I N G  TRAUMA 

Surgical intervention is more likely (20-30%) to be 
needed in penetrating thoracic trauma than in blw1t. 
The type of weapon, the range and direction of 
strike can again give the trauma team vital point
ers. If the weapon is still in situ, it should not be 
removed. This should wait until the patient is 
in theatre, when any haemorrhage caused by the 
release of tamponade can be more easily controlled. 

Removal of knives from wounds should be carried 

out in an operating theatre. 

In missile injuries, it is not immediately import
ant as to whether a wound is an entrance or exit 
wound, and what the exact track of the missile was. 
Wrong assumptions can be made by premature 
labelling, and other injuries and projectiles missed 
as a result. The precise passage can be worked out 
later once the initial management is complete. 

Penetrating injuries are likely to be the result of 
assault and therefore forensic and medicolegal 
aspects should be remembered. 

B LAST I NJ U RY 

Patients involved in an explosion may have both 
penetrating and blunt trauma. In addition, the shock 

waves cause maximum damage at gas-tissue 
interfaces (see Chapter 29). The lungs are therefore 
particularly vulnerable and diffuse lung damage 
may develop up to 48 h later. Simple and tension 
pneumothoraces are frequent and air embolus can 
occur. Explosions are likely to be subject to intense 
criminal investigation and detailed notes must 
be kept. 

PRIMARY S U RVEY 

The goal in the primary survey i s  to identify and 
treat any immediately life-threatening conditions 
as they are found. The six conditions that must be 
actively sought are shown in Table 23. l .  The chest 
must be carefully examined in the usual sequence 
as part of the trauma primary survey. 

The immediately life-threatening chest injuries can 
be remembered using the mnemonic ATOMiC. 

The neck, as well as the chest, must be exam
ined at this time and the cervical collar may have 
to be removed while continuing to immobilize the 
spine manually. The collar may hide injuries and 
valuable information. If the patient already has a 
collar on, a limited examination should be possible 
through the cut-away section of the collar. A thor
ough and careful examination of the neck may 
reveal: 

• tracheal deviation 
• wounds 
• surgical emphysema 
• laryngeal disruption 
• distended neck veins. 

No wow1d penetrating the platysma should 
be explored in the emergency department. 
Thorough examination of all the structures in a 
deep neck wound must be performed in the oper
ating theatre. 

The examination of the chest should then pro
ceed with inspection for wounds, flail segments, 
bruising and chest expansion. The chest is palpate 
for tenderness and surgical emphysema, then per
cussed and auscultated on each side in the second 
intercostal space anteriorly and in the sixth inter
costal space in the mid-axillary line. Remember 
that a significant proportion of the chest wall is not 



Table 23. 1 :  Thoracic conditions to be diagnosed 
in the primary survey 

Airway obstruction 
Tension pneumothorax 
Open pneumothorax 
Massive haemothorax 
Flail chest 
Cardiac tamponade 

visible in the supine patient and the patient may 
have to be log-rolled early to search for wow1ds on 
the posterior chest wall. 

The six immediately life-threatening thoracic 
injuries to be identified by clinical examination in 
the primary survey are now discussed. 

AIRWAY O BSTRUCT ION  

The airway should be assessed and, if necessary, 
cleared and secured before moving on to the rest 
of the primary survey. Indicators of airway com
promise include: 

• hoarseness, change in voice quality 
• noisy breathing, stridor or gurgling 
• agitation 
• reduced level of consciousness 
• cyanosis (late) 
• intercostal or subcostal recession 
• accessory muscle use 
• bilaterally decreased chest expansion. 

The treatment of an obstructed airway begins 
with high-flow oxygen (15 1 min-1) and cervical 
spine immobilization, with appropriate airway 
manoeuvres beginning simply and progressing to 
intubation or a surgical airway if necessary. 

All major chest injuries require high-flow oxygen. 

TENS ION  P N E U M OTHORAX 

Direct trauma to the lung or chest wall creates a 
one-way valve into the pleural space. Air accumu
lates in the pleural cavity, initially compressing the 
affected lung, then the other lung as the medi
astinum is displaced. Another effect of mediastinal 
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Figure 23.2: X-ray of a tension pneumothorax. 

shift is decreased venous return to the heart, caus
ing a drop in cardiac output and shock (Fig. 23.2) . 

A tension pneumothorax can be produced dur
ing resuscitation as a result of positive-pressure 
ventilation of the injured lung. The person venti
lating the patient with a self-inflating bag will be 
aware of greater resistance to air flow. This diag
nosis should be considered in any patient who has 
initially responded well but has then deteriorated, 
especially following intubation and ventilation. 
An open pneumothorax can be converted into a 
tension pneumothorax by completely sealing the 
wound with an occlusive dressing. 

Figure 23.2 shows an X-ray of a tension 
pneumothorax, but it must be emphasized that 
tension pneumothorax is a clinical diagnosis and, 
if it is suspected, should be treated immediately 
without waiting for X-ray confirmation. 

The classic signs of tension pneumothorax are: 

• hyperinflation with decreased movement on 
affected side 

• hyper-resonance on affected side 
• absent or decreased air entry on affected side 
• deviated trachea away from affected side 
• distended neck veins 
• shock. 

Unfortunately, both distended neck veins and 
tracheal deviation are late signs and their absence 
does not exclude the diagnosis. In addition, dis
tended neck veins will only occur if the patient 
is not already hypovolaemic from an associated 
injury. 
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Figure 23.3: Needle thoracocentesis. 

The immediate treatment of tension pneumo
thorax is needle decompression (needle thoracocen
tesis). A large-bore intravenous cannula connected 
to a syringe is inserted into the second intercostal 
space in the mid-clavicular line. The cannula is 
inserted over the third rib rather than under the sec
ond in order to avoid damage to the neurovascular 
bundle. If a tension pneumothorax is present, the 
plunger of the syringe will be driven back. If this 
fails to happen, air should be injected in order to 
dispel any possible tissue plug within the needle. 
Whether the diagnosis is confirmed or not, the 
cannula should be left in place. The trocar and 
syringe can be removed. Complications include 
pneumothorax (where the initial diagnosis was 
incorrect), lung laceration and local haematoma 
formation (Fig. 23.3). 

Once a needle thoracocentesis has been per
formed, subsequent insertion of a formal chest 
drain is mandatory. The definitive treatment of a 
tension pneumothorax is a formal intercostal drain 
(Fig. 23.4a-d). 

Before commencing the insertion, it is essential 
to ensure that all the necessary equipment is to 
hand and that the patient is correctly positioned 
(Fig 23.4a) with their arm abducted and the forearm 

behind the head. In older patients, this positio 
can be difficult to sustain for long periods. 

The correct site, the fift11 intercostal space just 
anterior to the mid-axillary line, is identified and 
cleaned. Insertion one space above or below this 
is acceptable if there is trauma at the normal site 
(Fig. 23.4b). The site is then draped and local anaes
thetic injected. Local anaesthetic must be inserted 
as far as the pleura. It is also important to remem
ber to inject local anaesthetic at the site of insertion 
of the retaining suture (see below). The fifth inter
costal space is chosen for the following reasons: 

• safety (absence of vital structures) 
• ease of insertion (relatively thin part of 

chest wall) 
• cosmetic result (discreet scar) 
• patient comfort (ability to lie on back). 

A 2.5-3 cm skin incision is made parallel to the 
rib (Fig. 23.4c), followed by blunt dissection down 
to the pleura using a pair of forceps and a gloved 
finger. Once the pleura is reached, it can be per
forated using the same blLmt forceps. A finger 
should then be inserted into the pleural cavity and 
swept aroLmd the margins of the hole in order to 
exclude adhesions (Fig. 23.4b) .  When this is done, 
care should be taken as fragments of broken rib 
can occasionally cause lacerations to the examin
ing finger. The chest drain (usually about size 28) 
without a trocar can then be introduced in an 
upwards and backwards direction (Fig. 23.4c). A 
curved forceps can be used to guide the drain in 
the correct direction, and a second forceps is used 
to clamp off the drain during insertion (this is par
ticularly useful in preventing blood spillage when 
draining a haemothorax) (Fig. 23.4d). Fogging of 
the tube during respiration will confirm its posi
tion. It is essential to ensure that all the side-holes 
on the drain are inside the pleural cavity. The drain 
can then be connected to an underwater seal or 
bag with one-way valve and the clamp removed. 
Rapid bubbling of air will occur. The connection 
between the drain and the drainage tube should be 
securely sealed with tape. The skin hole is then 
closed arow1d the drain with mattress sutures and 
the drain held in place with strapping and suture 
(Fig. 23.4d). Purse-string sutures should not be used 
as they are difficult to close and cause an unsightly 
scar. Once the suturing is complete, 10-cm gauze 
pads are applied and the dressing taped in place. 
Once the drain is in place, a check chest X-ray 



(a) 

Figure 23.4: I nsertion of an intercostal drain. 

Table 23.2: Complications of intercostal drainage 

Damage to the intercostal vessel or nerve 
Damage to intrathoracic or intra-abdominal organs 
Incorrect tube position (extrapleural) 
Persistent air leak: 

Tracheo-bronchial rupture 
Leak at skin 
Leak in drainage system 

should be taken. The complications of intercostal 
drainage are given in Table 23.2. 

Although needle aspiration may be effective for 
spontaneous pneumothoraces, it should not be used 
for pneumothoraces that are traumatic in origin. 

lntercostal drains should be inserted with a 
controlled open technique. 

Once the drain is in situ, if an underwater seal is 
used the water level in the tube will rise and fall 
('swing') with breathing. This will occur even if the 
lung is fully expanded. The only cause of a non
swinging water level is a blocked or displaced tube. 

O P E N  P N E U M OT H O RAX 
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Large penetrating wounds to the chest which pene
trate to the pleura will produce an open pneumo
thorax. The patient is likely to be in respiratory 
distress, and if the wound has a diameter more 
than two-thirds that of the trachea, air will pass 
preferentially through it on inspiration instead of 
ventilating the lungs. This is known as a 'sucking' 
chest wound (Fig. 23.5). A one-way valve effect 
may cause a rapidly developing tension pneumo
thorax if the air cannot escape in expiration. 

The most effective emergency treatment for an 
open pneumothorax is an Aschermann Chest Seal® 

(Fig. 23.6). The older method of a sterile dressing 
fixed on three sides forming a valve in order to 
prevent a tension pneumothorax can also be used. 
A chest drain should be inserted away from the 
wound. The definitive treatment is surgical closure 
of the wound. 

f LA I L  C H EST 

If  two or more ribs are broken in two or more places, 
a segment of chest wall can become mechanically 



274 T H O RA C I C  T R A U M A  

Figure 23.5:  An open pneumothorax. 

unstable. This can also occur with costochondral 
separation or fractures of the costal cartilages. On 
inspiration, the flail segment is sucked inwards, 
reducing the tidal volume (Fig. 23.7). The main 
contributor to respiratory · compromise, however, 
is the underlying pulmonary contusion. Small flail 
segments can be extremely difficult to detect 
clinically, especially soon after injury. Paradoxical 
movement may be present although it may be 
masked by muscular spasm. Crepitus, pain and 
instability may be felt on palpation. 

Treatment begins with the administration 
of high-flow oxygen. Analgesia, usually an 
intravenous opiate, will also be required but care 
should be taken to titrate the opiate carefully to 
prevent inhibition of ventilatory drive. Intercostal 
or epidural blocks can be considered at a later 
stage. Any associated haemopnemnothorax should 
be drained. Fluid resuscitation should be cautious 
as the area of pulmonary contusion underlying the 
flail segment is vulnerable to fluid overload, and 
the arterial blood gases should be monitored regu
larly. Artificial ventilation is likely to be required 
if the blood gases are deteriorating, the respiratory 
rate rising, the patient is becoming exhausted or 
there are associated multiple injuries (particularly 
a head injury). 

Underlying pulmonary contusion is responsible for 
respiratory compromise in a patient with a flail chest. 

(bl 

Figure 23.6: An Aschermann® Chest Seal (a) in situ (b). 

Figure 23.7: A major flail segment. 



MASS IVE  H A E M OT H O RAX 

A massive haemothorax is the collection of more 
than 1500 ml of blood in the pleural cavity due to 
injury to the great vessels, chest wall or lLmg. There 
is usally an associated simple (or occasionally 
tension pneumothorax). Massive haemothorax is 
a circulatory problem as well as a breathing one. 
Fluid resuscitation must be commenced before the 
insertion of a chest drain. Although re-expansion of 
the lung can reduce bleeding, the massive haemo
thorax may have established some tamponade of 
the bleeding site, which will be released by drain
age, and this may precipitate torrential haemor
rhage. The signs of massive haemothorax are: 

• hypoxia 
• shock 
• dullness to percussion over affected side 
• reduced air entry over affected side. 

Two large-bore intravenous cannulae should be 
inserted before any attempt is made to drain the 
chest. Blood must be sent for cross-match and fluid 
resuscitation should be commenced. Once intra
venous access has been achieved, a chest drain 
can be inserted. In general, a larger drain (size 36) 
than would be used for, a pneumothorax should 
be used in order to prevent blocking. A drain 
inserted for a haemothorax should be inserted in the 
same location and in the same direction as for a 
pneumothorax. 

Thoracotomy is indicated by initial blood loss 
into the chest drain of more than 1500 ml, continuing 
loss of more than 200 ml h - l or the deteriorating 
p,hysiological status of the patient. 

CARDIAC TAM PONADE  

The pericardium is a fibrous sac which cannot 
expand acutely. Blood leaking into it from injury 
(usually penetrating) to the heart will lead to an 
increase in inh·apericardial pressure. Even small 
amounts of pericardia! blood can cause reduction 
in ventricular filling and a drop in cardiac output. 
Similarly, the aspiration of only 20 ml can cause 
haemodynamic improvement. A high index of 
suspicion must be maintained if tamponade is 
to be recognized, as the clinical signs may be 
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masked by other injuries or the envirorn11ent of the 
resuscitation room. Cardiac tamponade should 
particularly be suspected in the shocked patient 
with a penetrating chest injury which does not 
respond to an intravenous fluid bolus. 

Central venous pressure (CVP) measurement or 
echocardiogram may be useful in diagnosis but 
should not delay therapeutic aspiration if it is 
needed urgently. Pericardiocentesis in the resus
citation room should be reserved for seriously 
ill patients with suspected decompensated 
tamponade. 

The diagnosis may be relatively straightforward 
if there is a penetrating wound to the chest or 
upper abdomen, otherwise it can be extremely dif
ficult. It is characterized by Beck's triad: 

• hypotension 
• distended neck veins 
• muffled heart sounds. 

Muffled heart sounds as well as pulsus paradoxus 
and Kussmaul's sign (a raised jugular venous 
pressure (JVP) on spontaneous inspiration) can be 
extremely difficult to demonstrate in a noisy resus
citation room. 

The treatment includes immediate fluid resusci
tation and pericardiocentesis. The definitive treat
ment is thoracotomy and repair of the cardiac 
lesion. The technique of pericardiocentesis is given 
in Table 23.3. 

The complications of pericardiocentesis include: 

• pneumothorax 
• coronary artery and vein damage 
• myocardial damage 
• cardiac dysrhythrnias including ventricular 

fibrillation 
• damage to other mediastinal structures. 

THORACOTOMY I N  T H E  
RESUSC ITAT I O N  ROOM 

This should only be attempted on patients with 
penetrating h·auma to the chest who are in electro
mechanical dissociation on arrival. Even in the 
hands of experienced surgeons it has a poor chance 
of success. Victims of blunt trauma in cardiac arrest 
on arrival have a zero per cent chance of survival, 
and are not candidates for this procedure. 
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Table 23.3: Technique of pericardiocentesis 

Ensure all equipment is to hand and attach patient 
to cardiac monitor 

If time allows clean and drape skin and inject local 
anaesthetic 

Attach 1 5-cm large-bore cannula to three-way tap 
and 20-ml syringe 

Select entry site: 1 -2 cm to the left and below 
xiphisternum 

Direct cannula at 45° to skin, aiming for tip of left 
scapula and advance cannula slowly, aspirating 
continuously 

Watch ECG for myocardial injury patterns 
- ST segment changes or dysrhythmias 

Once blood is aspirated, aspirate to dryness 
Watch ECG during aspiration 
Withdraw needle leaving plastic cannula in place 
Secure cannula and three-way tap 
Reassess patient and response to procedure 
Transfer for thoracotomy 

Emergency room thoracotomy is indicated for 

patients with penetrating injury who have had signs of 

life documented by the paramedics or hospital staff. 

A left anterior approach is usually used, after 

insertion of a chest drain on the right. This approach 

allows access to the heart and descending aorta. 

The incision is made through the fifth intercostal 

space from 5 cm lateral to the sternum to the poster

ior axillary line. This avoids the internal mammary 

artery. The incision is then opened with rib 

spreaders. The following actions are now possible: 

• release of pericardial tamponade 
• direct control of bleeding from the heart or 

other structures 
• internal cardiac massage 
• internal defibrillation 
• direction of blood to the central circulation by 

compression of the descending aorta. 

The decision to perform th.is procedure is for 
senior medical staff. 

SECONDARY S U RVEY 

This head-to-toe examination o f  the patient should 
only be carried out once the primary survey 

Table 23.4: Secondary survey chest injuries 

Life-threatening: 
Pulmonary contusion 
Myocardial contusion 
Aortic rupture 
Diaphragmatic rupture 
Major airway rupture 
Oesophageal rupture 

(2 contusions + 4 ruptures) 
Others: 

Simple pneumothorax 
Haemothorax 
Subcutaneous emphysema 
Traumatic asphyxia 
Rib and sternal fractures 

has been completed and any immediately life
threatening injuries have been dealt with. 

The chest should be fully reassessed in the 
usual progression - look, feel, percuss, listen. The 
life-threatening injuries that must be actively 
sought in the secondary survey are harder to iden
tify and treat, but delay in diagnosis may have 
fatal results for the patient. Again a high index of 
suspicion and an appreciation of the mechanism of 
injury are essential (Table 23.4) . An ECG, arterial 
blood gases and, where injuries allow, a chest 
X-ray (taken erect if possible) should be included 
in the secondary survey. 

P U LMONARY CONTUS ION  

Pulmonary contusion is the commonest of the 
life-threatening chest injuries. It appears on chest 
X-ray as diffuse shadowing (Fig. 23.8). In the early 
stages, howeve1� the chest X-ray is often normal. 
Respiratory compromise increases insidiously as a 
ventilation/perfusion mismatch develops. The 
mechanism of injury is usually blw1t but contusion 
can develop in the track of a high-velocity missile. 

Pulmonary contusion is associated with flail 
chest. A degree of contusion should be assumed to 
be present under any rib fracture or mark on the 
chest wall, such as pattern bruising. Pattern bruis
ing occurs when the thorax is compressed with 
such force that an imprint of the compressing 
object is left on the skin. In children and young 
adults, there may be significant pulmonary dam
age without any rib fracture or outward sign of 
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Figure 23.8: A chest radiograph of pulmonary 
contusion. 

injury. The contused lung is very vulnerable to 
fluid shifts. Overload can lead to pulmonary 
oedema. Under-transfusion reduces pulmonary 
perfusion, causing tissue hypoxia and increased 
fluid leak from the alveolar membrane. Central 
venous pressure monitoring is advised. 

Clinical feahires which suggest the possibility 
of pulmonary contusions include pattern bruising, 
tyre and seat-belt marks as well as evidence of ten
derness and rib fractures. Hypoxia occurs and pro
gresses despite oxygen therapy and resuscitation. 
As stated above, the chest X-ray shows progressive 
diffuse shadowing. 

The immediate treatment of established or 
developing pulmonary contusion is high-flow 
oxygen. Serial arterial blood gas analyses and care
ful fluid resuscitation are essential. These patients 
may require intubation and ventilation as well as 
intensive and often prolonged medical support. 
The following features indicate the need to consider 
mechanical ventilation: 

• multiple injuries, particularly head injury 
• decreased level of consciousness 
• falling Pa02/rising PaC02 

• transfer or surgery required 
• elderly 
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• chronic lung or renal disease. 

MYOCARD IAL  C O N T U S I O N  

The severity of myocardial conh1sion ranges from 
minor bruising to necrosis as a result of coronary 
artery spasm, tissue oedema or intimal tears. The 
right ventricle, which lies anteriorly, is most often 
affected and rupture of chamber, septum and 
valve is possible. Myocardial contusion is easily 
missed but close attention to the prehospital report 
and associated injuries are useful pointers. A his
tory of a deformed steering wheel and sternal 
bruising or fracture is a strong indicator of myocar
dial damage. It is worth remembering that an 
ischaemic infarct may have been the initial cause 
of the trauma. 

The sequelae are similar to those of an ischaernic 
infarct - dysrhythmias, especially in the first 24 h; 
cardiac aneurysms, rupture and cardiac failure. 
Clinical features suggestive of myocardial con
tusion include heart failure, arrhythmias, ST seg
ment changes on ECG, ventricular dysfunction on 
echocardiogram, a rise in cardiac enzymes and 
abnormal isotopes studies in recovery phase. In 
managing these patients acidosis must be avoided, 
as this will increase damage and potentiate arrhyth
mias. ECG monitoring is essential and a referral to 
cardiologists should be made early. 

AORTI C  RUPTU RE 

Aortic rupture i s  the result o f  severe deceleration 
and 85-90% of patients die from the resulting 
haemorrhage before reaching hospital. The aorta is 
vulnerable to this mechanism of injury as it is fixed 
at some points and mobile at others. The most 
common site of rupture is at the level of the liga
mentum arteriosum. Patients who stirvive to reach 
hospital do so because haemorrhage is contained 
either within a mediastinal haematoma or by an 
intact adventitia forming a false aneurysm. 

Those patients who survive to hospital can be 
treated by repair or grafting, provided the diagno
sis is suspected and made. The mortality amongst 
survivors is 50% per day until operation. A high 
index of suspicion is vital to making the diagnosis 
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Figure 23.9 :  A chest radiograph of aortic rupture. 

Table 23.5: X-ray signs of aortic rupture 

Widened mediastinum 
Deviation of trachea to the right 
Elevation and rightward shift of the right main 

bronchus 
Depression of the left main bronchus 
Deviation of the oesophagus (nasogastric tube) to 

the right 
Obl iteration of aortic knob 
Obvious double contour of aorta 
Obl iteration of the aorto-pulmonary window 
Presence of a pleural cap 
Abnormal left mediastinal stripe 
Widened right paratracheal stripe 

as there are few specific indicators on examination 
and chest X-ray. A widened mediastinum is the 
most reliable indicator on chest X-ray (Fig. 23.9) 
and other features are shown in Table 23.5. No 
single feature or combination of these is com
pletely accurate in predicting the presence of this 
injury. The absence of all of these signs, however, 
has a high negative predictive value. The haemo
dynamically stable patient with suspected aortic 
rupture needs urgent further investigation. This 
should be at a hospital where any necessary opera
tive cardiothoracic procedure can be performed. 
The investigation of choice is angiography or 
spiral CT, but trans-oesophageal echocardiography 
may be of use. Treatment is surgical. 

Indicators of high-energy injury, such as frac
tures of the sternum, scapula, first or second rib, 
thoracic spine and multiple left rib fractures, may 
also be present. 

A high index of suspicion should be maintained 
and the mediastinum should be positively cleared 
in any patient with a high-energy deceleration 
mechanism of injury. 

D IAPH RAG MAT IC  RUPTURE  

Diaphragmatic rupture can result from blunt or 
penetrating trauma. Blunt trauma tends to cause 
large lacerations and penetrating trauma smaller 
ones that progress over time. The right side of 
the diaphragm is relatively protected by the liver. 
Herniation of abdominal contents through the 
rupture can lead to respiratory compromise and 
strangulation. If diaphragmatic rupture is present 
it implies the presence of associated injuries above 
and below the diaphragm. 

The most useful clinical clue will come from 
the presence of wounds or marks suggestive f 
diaphragmatic injury. In addition, there may be 
dullness to percussion on the affected side of the 
chest and decreased air entry with or witho t 
bowel sounds on chest auscultation. In many 
cases the diagnosis is made on the initial chest 
X-ray, where bowel or a nasogastric tube is seen in 
the chest (Fig. 23.10) .  Peritoneal lavage fluid may 
occasionally be aspirated from a chest drain. 
Contrast studies will provide further information. 

The emergency treatment of a ruptured 
diaphragm is careful management of associated 
injuries with nasogastric drainage and suction. 
Definitive treatment is by surgical repair. 

MAJOR A I RWAY RUPTURE  

Like aortic rupture this is frequently fatal a t  the 
scene of trauma. Both penetrating and blunt 
trauma can cause airway rupture, the latter as 
the result of a direct blow or shearing force . 
Laryngeal fracture is classically associated with 
injury caused by the neck of a cyclist striking a 
wire stretched across the road. The indicators vary 
depending on the level at which the rupture has 
occurred and can be subtle (Table 23.6). Associated 
injuries to other major structures must be excluded. 

In many cases, intubation will be difficult or 
impossible owing to haematoma, emphysema or 
loss of continuity of the airway. In these cases, a 



Figure 13. 1 0: Diaphragmatic rupture on a chest 
radiograph. 

Table 23.6: Signs of major airway rupture 

Laryngeal: 
. Hoarseness, change in voice qual ity 
Subcutaneous emphysema 
Fracture may be palpable 

Tracheal: 
Noisy partially obstructed airway 
Subcutaneous emphysema 
Most common site is crico-tracheal junction 

Bronchial: 
Haemoptysis 
Subcutaneous emphysema 
Persistent large air leak from chest drain 
Simple or tension pneumothorax 
Most common site is within 2-3 cm of carina 

surgical airway distal to the injury may be neces
sary. In injuries to the proximal major airways, 
expert qnaesthetic or ENT assistance may be nec
essary. Where there is a pneumothorax, a formal 
intercostal drain should be inserted. In open tra
cheal rupture an endotracheal (ET) tube can be 
placed through the defect. Definitive management 
is by surgical repair following bronchoscopy. 

m . 
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Figure 23. 1 I :  Oesophageal rupture on a chest 
radiograph. 

OES O PHAGEAL RU PTURE  

Oesophageal rupture is a rare consequence of 
trauma which produces few immediate signs but if 
missed can produce fatal complications. The usual 
mechanism of injury is penetrating, when associ
ated injury to other major structures must be 
excluded. Blunt trauma to the upper abdomen can 
forcibly expel stomach contents into the lower 
oesophagus causing rupture similar to Boerhaave's 
syndrome. 

Pain and shock are usually present dispropor
tionate to obvious injuries, with a left pneumo/ 
haemothorax in the absence of rib fractures or left 
chest trauma. Subcutaneous emphysema may be 
present. Food particles may be identified in the 
chest drain. The chest radiograph will demon
strate mediastinal air (Fig. 23.11) .  

The treatment of oesophageal rupture is surgi
cal following endoscopy and other oesophageal 
imaging. Oral methylene blue appearing in the 
chest drain may be used to confirm the diagnosis. 
Prophylactic antibiotics must be given. 

S I MPLE  P N E U M OTHORAX 
(TABLE  2 3 .  7)  

This may result from blunt or penetrating trauma, 
and should always be treated with an intercostal 
drain. A check radiograph should always be taken 
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Table 23.7: Signs of simple pneumothorax 

Decreased expansion on affected side 
Hyper-resonant percussion note on affected side 
Decreased or absent air entry on affected side 
Chest X-ray appearances (may be subtle 

if supine film) 

to confirm re-expansion and drain position. Where 
possible, the chest drain should be sited before 
mechanically ventilating the patient as positive
pressure ventilation can create a tension pneumo
thorax. The collapsed lung is perfused but not 
ventilated, creating a mismatch. A young fit patient 
may be uncomfortable but can often tolerate 
this with little respiratory distress. In an elderly 
patient with chronic lung disease and little 
respiratory reserve, a simple pneumothorax can be 
life threatening. 

HAEMOTHORAX 

Haemothoraces which are not immediately life 
threatening occur as the result of lacerations to the 
lung or intercostal blood vessels from blunt or 
penetrating trauma. They are normally self-limiting 
and have an associated pneumothorax. The diagno
sis is usually made from the chest X-ray, but again 
a supine film may only demonstrate subtle changes 
of generalized opacification of the hemithorax, 
even with large quantities of pleural blood. An 
erect X-ray will show more classic appearances 
of pleural fluid. Insertion of a chest drain will 
re-expand the lung, which will help reduce bleed
ing. A large-calibre chest drain should be used to 
ensure the removal of as much blood as possible 
without blockage. Apparently minor haemo
thoraces must be carefully observed for continu
ing bleeding. 

S U B CUTANEOUS  E M P HYSEMA 

Subcutaneous air does not require treatment 
unless there is an exceptional amount and respir
ation is compromised. It is a good indicator of 
underlying pathology (Table 23.8), which must be 
actively sought and treated. 

Table 23.8: Causes of subcutaneous emphysema 

Pneumothorax 
Major airway rupture 
Oesophageal rupture 
Wounds 
Blast injury 

Figure 23. 1 2: The petechial rash of traumatic 
asphyxia. 

TRAUMAT I C  ASPHYXIA 

Crush injury to the thorax prevents the patient 
expanding the chest and can cause temporary 
superior vena caval compression. Cardiac output 
is therefore reduced. Once the patient has been 
released, survival depends on treating the associ
ated injuries. Respiratory distress may or may not 
be present; plethora and petechial haemorrhages 
in the distribution of the superior vena cava are 
characteristic (Fig. 23.12). Other signs include 
scleral haemorrhages, and a decreased level of con
sciousness. Associated injuries must be sought and 
treated and high-flow oxygen administered. Fluid 
resuscitation must be carefully monitored. 

R IB  AND STERNAL FRACTURES  

Bony damage to the chest wall is a common resul t  
of trauma. Ribs fracture either at the site o f  trauma 
or laterally at the point of maximum curvature. 
The presence of a fracture implies underlying soft 
tissue damage. Palpation for tenderness, instabil
ity and crepitus is a more sensitive method for 



Table 23.9: Rib fractures and associated injuries 

Ribs 1-3: 
Protected by bony shoulder girdle 
Associated with severe injury to head, neck 

and chest 
High chance of major vessel or brachia! plexus 

injury 

Ribs 4-9: 
Pneumothorax 
Haemothorax 
Pulmonary contusion 

Ribs 1 0- 1 2: 
Right - liver laceration 
Left - splenic laceration 

Sternum: 
Myocardial contusion 
Pulmonary contusion 

identifying rib fractures than chest radiography, 
which may not detect w1displaced rib fractures 
and does not show costochondral separation. 
Chest X-ray can, however, show w1derlying dam
age such as pulmonary contusion or pneumotho
rax. The site of fracture determines the possible 
associated injuries (Table 23.9). The pain caused by 
a rib fracture, even if not associated with soft tissue 
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damage, can restrict chest expansion and ventila
tion leading to pneumonia, especially in the eld
erly. Appropriate analgesia, which can be either 
systemic, or by intercostal or epidural block, is 
essential. Tape or any other form of external sup
port must not be used as it reduces chest wall 
mobility and increases the risk of lung collapse 
and pneumonia. 

Sternal fractures may be clinically obvious, 
with severe tenderness or occasionally a step in 
the sternal contour. Special radiographic views are 
necessary to demonstrate them adequately. Because 
of the association with severe trauma, the majority 
of patients with even apparently isolated sternal 
fracture should be admitted for observation. It is 
also essential that the rare sterno-clavicular dis
location is not missed, as backwards displacement 
of the medial end of the clavicle into the neck 
can cause airway compromise. Urgent elevation is 
then needed and expert surgical and anaesthetic 
assistance must be sought. 
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I NTRODUCT ION 

Assessment o f  the abdomen i s  a critical part of the 
examination of the trauma patient. The abdomen 
may be the site of massive blood loss and a cause 
of trauma deaths, especially if the injury is unrec
ognized or undertreated. A high index of suspicion 
for internal injuries must be maintained even in 
the face of a normal initial examination. The signs 
of haemoperitoneum and ruptured hollow viscus 
are often absent or subtle, and can be obscured 
completely by associated injuries, alcohol and illicit 
drugs. Adjw1cts such as diagnostic peritoneal lavage 
(DPL), ultrasound (USS) and double-contrast com
puterized tomography (CT) are necessary to detect 
abdominal injmy, particularly where the patient's 
conscious level is reduced. 

The abdomen is vuh1erable to trauma as most of 
it is not protected by the skeleton. Any patient with 
injuries above and below the abdomen must be 
assumed to have abdominal injuries, and any pene
trating wmmd between the nipples and the knees 
must be treated as potentially involving the 
abdomen. 

The presence of injury above and below the 
abdomen indicates injury to the abdomen. 

The haemodynarnic state of the patient as well 
as the mechanism and site of injury will determine 

• Management 
• Specific abdominal injuries 
• Pelvic fractures 
• Urinary tract trauma 
• Further reading 

the timing of the formal abdominal assessment, but 
in the primary survey of a shocked patient the site 
of occult haemorrhage must be checked. Early sur
gical involvement and frequent re-evaluation are 
mandatory. 

Sources of concealed haemorrhage are: 

• floor (external) 
• chest 
• abdomen 
• pelvis and retroperitoneum 
• thighs. 

ANATOMY 

A good knowledge o f  both external and internal 
anatomy is essential when assessing the patient 
with abdominal trauma (Fig. 24.1) .  In conjunction 
with an appreciation of the mechanism of injury, 
potential problems can be identified and treated 
early or excluded. 

SURFACE ANATOMY 

The surface of the abdomen can be divided into the 
following regions: 

• Anterior abdomen: between the anterior axil
lary lines, from the inter-nipple lines to the 
inguinal ligaments and pubic symphysis. 



Upper border 
demarcated by 
diaphragm 

Peritoneal sac ---+-+------

Umbilicus 

Pelvic brim 

Lower border 
demarcated by 
pelvic floor 

A I nguinal ligament 

Figure 24. 1 :  Anatomy of the abdomen and pelvis. 

• Flanks: between the anterior and posterior axil
lary lines from the sixth intercostal spaces to the 
iliac crests. 

• Posterior abdomen: from the tip of the scapulae 
to the iliac crests between the posterior axillary 
lines. 

An area of all these regions is partly protected by 
the rib cage. Similarly, the posterior abdomen and 
flanks are covered by thick muscle layers affording 
some protection. 

I NTERNAL ANATOMY 

The internal anatomy o f  the abdomen and pelvis is 
divided into three areas (Fig. 24.1 ) .  

P e r i t o n e a l  c av i ty 

The peritoneum is a serous membrane sac. It has 
two layers: the parietal layer covers the internal 
abdominal wall and the visceral the intraperitoneal 
organs. The layers are in contact with each other 
with a potential space in between. It is into this 
space that haemorrhage occurs following organ 
damage. The peritoneal cavity can be subdivided 
into two regions: 
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• Intrathoracic or upper abdomen: covered by the 
lower rib cage. Trauma to this area can cause 
both thoracic and abdominal injuries. Contents 
include the diaphragm, liver, spleen and 
gallbladder and biliary tree, as well as the 
stomach. 

• Lower abdomen: contents include the small intes
tine, transverse and sigmoid colon. 

R e t ro p e r i t o n e u m  

Injuries to the retroperitonewn are particularly dif
ficult to recognize as its contents are not accessible 
to clinical examination. Bleeding is contained 
within this space and diagnostic peritoneal lavage 
will often be negative even with extensive haemor
rhage. The retroperitoneum contains the aorta, 
inferior vena cava, most of the duodenum, pan
creas, ascending and descending colon and upper 
urinary tract. 

P e l v i s  

The contents of the pelvic cavity are protected 
by the bony pelvis: they include the iliac blood 
vessels, rectum, lower urinary tract and female 
reproductive organs. The anatomy of the bony pel
vis is shown in Fig. 24.2. 
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MALE Promontory of sacrum 

Body of pubis 

FEMALE 

Tip of 
coccyx 

Symphysis 
pubis 

Figure 24.2: The anatomy of the bony pelvis. 

M ECHAN I SMS  OF I N JURY 

It is vital that as much information as possible 
is obtained regarding the mechanism of injury. 
Different injury patterns are recognized and raising 
the index of suspicion will help the resuscitation 
team to avoid missing any possible diagnosis. 

B LUNT TRAUMA 

Physical examination i s  unreliable a t  identifying 
intra-abdominal pathology in blunt trauma, being 
correct in only 50-60% of cases. Information from 
the incident, for example the height of the fall or 

speed of the road traffic accident, will suggest the 
magnitude of the injury. Pattern bruising from seat 
belts or blunt weapons will also assist in diagnosis. 
The forces that may cause abdominal injury can be 
classified as follows. Severe direct trauma is usu
ally responsible for solid organ injury such as liver, 
spleen and renal ruptures. Deceleration forces are 
most often associated with high-speed road traffic 
accidents and high falls. After the impact, organs 
continue to move forward on their points of attach
ment, tearing tissues and vessels. Examples include 
aortic and duodenal rupture. Shearing forces make 
tissue planes move over each other, tearing com
municating structures and blood vessels. 

If the patient with blunt trauma has unexplained 
shock and the chest and pelvic X-rays are normal, 



in the absence of any other cause, intra-abdominal 
haemorrhage should be assumed tmtil proved 
otherwise. Proof of intraperitoneal bleeding is not 
a prerequisite for laparotomy. 

Organ-specific diagnosis is not required prior to 
laparotomy. 

P E NETRAT ING  TRAU MA 

I n  most o f  the U K  penetrating trauma i s  rela
tively infrequent. Most penetrating abdominal 
wounds will require laparotomy, and all require at 
least local exploration. It is important to remember 
that any penetrating wound between the nipples 
and the knees should be assumed to potentially 
involve the abdomen until demonstrated other
wise. The damage caused will vary according to 
the weapon used. 

Stab wounds are most commonly caused by 
knives but many other, often seemingly irmocu
ous, implements have been used. Stab wounds are 
low-energy transfer injuries that cause direct tis
sue damage along a straight track. If the weapon is 
still in situ, it must be left until it can be removed in 
the operating theatre, where any resultant haemor
rhage from tamponade release can be swiftly con
trolled (Fig. 24.3). Information from the prehospital 
carers regarding the type and size of the weapon, 
the time and angle of attack, the range at which it 
was thrown or fired (where appropriate), and the 
condition of the patient and blood loss at the scene 
may aid management. 

In gunshot wounds (see Chapter 29), missiles 
may not follow straight tracks. Depending on the 
type of gun, the missile used and the range, there 
may be extremely high-energy transfer to the sur
rounding tissues causing cavitation. A large amount 
of dead tissue is created requiring extensive surgical 
debridement, especially since clothing and other 
foreign matter is carried into the wound. Secondary 
missiles can be formed if the initial missile frag
ments or bony splinters are produced. 

Any patient with a penetrating wound causing 
hypotension or peritonitis must have an immedi
ate laparotomy. Gunshot wounds traversing the 
peritoneum or retroperitoneum should also be 
explored at laparotomy. Haemodynamically nor
mal patients with stab wounds who have no signs 
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Figure 24.3: An abdominal stab wound. This wound 
was self-inflicted and the knife was removed in the 

operating theatre under general anaesthesia. 

of peritonitis should have their wounds locally 
explored by a surgeon, who can extend the oper
ation into a laparotomy if the abdominal fascia or 
peritoneum is breached. This is more likely with 
wounds to the anterior abdomen, as the flanks and 
posterior abdomen have thicker protective muscle 
layers. Stab wounds to the lower chest are difficult 
to explore and can be managed conservatively 
provided the patient remains well. The possibility 
of a small diaphragmatic wound should always be 
considered. This may initially be too small to allow 
herniation of abdominal contents, but over the 
years enlarge and eventually present as a result of 
strangulation of the contents of the hernia. 

All patients should be admitted and observed 
with serial abdominal examinations. Other investi
gations include diagnostic peritoneal lavage for 
anterior abdominal wounds and contrast CT for 
flank and posterior abdominal wounds. 

B LAST I NJ U R I E S  

The intestines are vulnerable to the effects of blast 
because they have a large air I soft tissue interface. 
The shock front may cause contusion and rupture 
of the gut wall and haemorrhage into the lumen. 
The secondary and tertiary effects of the blast can 
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also inflict a mixture of  penetrating and blunt 
trauma on the abdomen. 

P RI MARY S U RVEY 

The primary survey must follow the sequence of 
ABCDE. Each component is assessed and prob
lems are treated as they are identified. Abdominal 
trauma predominantly affects circulation and 
control of haemorrhage, unless the diaphragm is 
ruptured or splinted. If the patient is in shock 
and there is no external haemorrhage then internal 
sites must be considered. 

'Blood on the floor and four more' 

• chest 
• abdomen and retroperitoneum 
• pelvis 
• thighs (femoral fractures). 

The patient must be exposed from the mid
chest to .the knees, and the flanks and perineum (as 
well as the back and gluteal region during the log
roll) checked for pattern bruising and wounds. 
Palpation will localize pain, and the presence of 
guarding, rigidity and rebound tenderness should 
be established in the conscious patient. Percussion 
is usually difficult to hear in a noisy resuscitation 
room but the presence of rebound tenderness may 
be revealed. Auscultation for bruits and bowel 
sounds is rarely, if ever, of any value. Rectal exam
ination will provide information on the presence 
and degree of sphincter tone, state of the bowel 
wall and the presence of bony fragments in the rec
tal lumen from pelvic fractures. In addition the 
position of the prostate and the presence of blood 
on the glove should be established. Blood on rectal 
examination usually indicates bowel injury and 
the requirement for laparotomy. Vaginal examin
ation may also demonstrate the presence of bony 
fragments as well as blood. 

Clinical examination and the trauma series of 
radiographs should reveal significant haemor
rhage into the chest or due to pelvic and long bone 
fractures. A normal abdominal examination does 
not exclude significant pathology since signs may 
be absent, subtle or masked by drugs, alcohol and 
other injuries, especially in the early stages. 

Table 24. 1 :  I ndications for immediate laparotomy 

Hypotension with evidence of abdominal injury 

Peritonitis - early 

Persistent or recurrent hypotension despite 
adequate resuscitation 

Air under the diaphragm on chest X-ray 

Diaphragmatic injury 

Penetrating trauma with bleeding from the 
stomach, rectum or genitourinary tract 

Figure 24.4: Emergency pelvic external fixation. 

It is vital always to remember that laparotomy 
may be a part of resuscitation as a form of haemor
rhage control. Aggressive fluid resuscitation in an 
attempt to stabilize the patient before theatre 
wastes valuable time and may exacerbate haemor
rhage by disrupting clots and deranging clotting 
factors. The important procedure is 'turning the 
tap off' .  The indications for immediate laparotomy 
are given in Table 24.1 .  

Laparotomy for abdominal bleeding must not  be 
delayed. 

If there is a pelvic fracture causing major haem
orrhage, external fixation can be applied in the 
resuscitation room (Fig. 24.4) or, failing that, a 
sheet can be drawn around the pelvis pulling the 
fragments together or a pneumatic antishock gar
ment applied and inflated. 

Examination of the pelvic bones should be per
formed once only. If there is a frachire it will be 
painful if tl1e patient is conscious and repeated 
examination may increase blood loss. Gentle 



compression of the pelvis from the sides and pres
sure in a posterior direction may be applied, but if 
one is positive (palpable instability, crepitus or 
pain) the other should not be performed. A pelvic 
X-ray can easily be performed without interrupt
ing the resuscitation process. 

I SECON DARY S U RVEY 

The abdominal component o f  the secondary sur
vey should be repeated regularly. An abnormal 
finding suggests intra-abdominal pathology. An 
apparently normal examination should be viewed 
with suspicion, especially if there are coexistent 
head or spinal injuries. The usual sequence of 
inspection, palpation, percussion and auscultation 
should be used, followed by rectal and vaginal 
examinations. A rectal examination is mandatory 
before a urinary catheter is inserted in order to 
check for a high-riding prostate suggesting pos
terior urethral rupture. 

Normal cl inical examination does not rule out 
abdominal injury. 

Insertion of a nasogastric tube to decompress 
the stomach ( orogastric if base of skull fracture 
is suspected) should be considered. This may pro
vide diagnostic information, the presence of blood 
suggesting duodenal injury. Drainage of the 
stomach will also lessen the risk of vomiting and 
aspiration of the gastric contents. A urinary cath
eter should only be inserted when signs of ureth
ral injury have been sought. If perinea! bruising, 
meatal blood or a high-riding prostate are present 
there may be urethral injury and catheterization 
may cause further damage. Urological input is 
required. Once inserted, a urinary catheter will 
give diagnostic information, with haematuria sug
gesting upper urinary tract injury. Monitoring of 
the urinary output will provide a good index of tis
sue perfusion. Low urinary output suggests con
tinued bleeding or inadequate fluid resuscitation. 

Under no circumstances should the perform
ance of these procedures be allowed to delay the 
provision of life-saving surgery. Sadly, all too often 
time is wasted in the performance of procedures 
which are not immediately necessary. 

I NVEST IGAT I O N S  

B LOOD TESTS 
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In significant trauma, a full blood count and cross
match will be necessary and a clotting screen 
should be requested if significant amounts of 
transfused blood are likely to be required or the 
patient has, or is suspected of having, a clotting 
abnormality. Urea, electrolytes and amylase should 
also be requested, as should a pregnancy test in 
female patients of childbearing age. A raised amyl
ase is a relatively insensitive and non-specific indi
cator of pancreatic injury. 

RAD IOGRAPH S  

The chest X-ray in the initial trauma series may 
demonstrate gas under the diaphragm if it can be 
taken in the erect position (Fig. 24.5). Features of 
diaphragmatic rupture or low rib fractures should 
alert the doctor to the possibility of injury to the 
liver or spleen. 

The pelvic X-ray is important in demonstrating 
a potential source of major haemorrhage, though it 
is not uncommon for pelvic fracture to coexist with 
a major abdominal injury. 

U LTRASOUND (U S S) 
The use of ultrasound is increasing. Although it is 
operator dependent and not as sensitive or specific 
as CT or DPL, it is non-invasive and fast, especially 
as a scan can be done in the resuscitation room itself 
without transferring the patient to the X-ray depart
ment. The technique of FAST (Focused Abdominal 
Sonography for Trauma) is being developed as a 
rapid method of establishing the presence of free 
fluid in the abdomen by clinicians rather than 
radiologists. It is less important to know which 
organ has been injured once the diagnosis of 
haemorrhage has been established, as laparotomy 
is usually required. The pericardium can also be 
checked by ultrasound for developing tamponade. 
All these techniques are dependent on the experi
ence of the operator but are likely to become 
increasingly common with the development of 



288 A B D O M I N A L  A N D  G E N I T O U R I N A RY T R A U M A  

Figure 24.5: Gas under the diaphragm on an  erect 
chest radiograph. 

small hand-held ultrasound machines. A normal 
USS should be viewed in the same way as a 
normal clinical examination, with suspicion, and 
repeated regularly. 

CT SCAN N I N G  

CT scanning requires transfer of the patient to the 
scanner suite and is time consuming as oral con
trast needs to be administered prior to the scan. As 
a result, it is only suitable for haemodynamically 
normal patients. Patients with abdominal trauma 
are still inappropriately transferred for CT scans 
and die as a result. CT scanning is very specific but 
can miss diaphragmatic and pancreatic injuries. 

Unstable patients die in the CT scanning suite. 

D IAG NOST IC  P ER ITO N EAL LAVAG E 
( D P L) 

This invasive procedure can be rapidly performed 
in the resuscitation room. It should be done using 
the open method by the surgeon who will also 
carry out any subsequent laparotomy. The method 
for open peritoneal lavage is shown in Table 24.2. 
Peritoneal lavage is 98% sensitive for intraperi
toneal bleeding but will not detect retroperitoneal 
haemorrhage and rarely detects bowel injury. A 
pelvic fracture may give a false positive result. USS 

Table 24.2: Open method for peritoneal lavage 

I nsert nasogastric tube and urethral catheter to 
decompress stomach and bladder 

Define site - midl ine, one-third of distance 
umbi licus to pubic symphysis 

Clean and drape 

Infiltrate the site with lignocaine and adrenaline 

Make a small longitudinal incision and dissect 
down to peritoneum 

Grasp and gently l ift the peritoneum with forceps 
and make a small incision through it 

Insert the catheter into the abdominal cavity, 
aiming for the pelvis 

Attempt to aspirate through catheter - >5 ml 
fresh blood is positive 

I nfuse I I warmed Hartmann's and allow it to 
distribute 

Lower the fluid bag and allow it to drain 

Send a sample to laboratory for cell count and 
analysis 

Note: if pelvic fractures are present or the patient is 
pregnant the catheter can be i nserted a simi lar 
distance supra-umbil ically 

or CT after a DPL has been carried out is less accu
rate as residual lavage fluid makes identification 
of injury difficult. 

I n d i c at i o n s  

The principal indication is an equivocal clinical 
examination, although an unreliable clinical exam
ination due to head or spinal injury, alcohol or drugs 
should also be considered to be an indication. 

C o n t r a i n d i c at i o n s  

The only absolute contraindication is the need for 
an immediate laparotomy. Relative contraindica

tions include previous abdominal surgery, gros 
obesity, clotting disorders, cirrhosis and pregnancy. 

C o m p l i c at i o n s  

Complications are rare V\ith the open method, but 
include haemorrhage from the operation site, 



bowel or bladder perforation, injury to other intra
abdominal structures and wound infection. 

P o s i t i v e  r e s u l t s  

A positive result is indicated by: 

• 5 ml fresh blood on first aspiration 
• red blood cells > 100 000 m1-1 or white blood 

cells > 500 m1-1 in the aspirate 
• presence of bile, bacteria or faecal material. 

The presence of lavage fluid in a chest drainage 
bottle or urethral catheter bag suggests diaphragm 
or bladder rupture, respectively. 

MANAG E M ENT 

After the initial phase of assessment and resuscita
tion, the secondary survey and any investigations, 
the final destination of the patient must be 
decided. In many cases of abdominal trauma, the 
secondary survey will only be performed after the 
patient has undergone emergency laparotomy. 
There is, however, an increasing trend to manage 
solid-organ injury in haemodynamically normal 
patients (particularly children) conservatively. All 
patients with suspected abdominal trauma but not 
requiring immediate surgical intervention must be 
admitted for close observation and repeated clin
ical examination, as signs of abdominal trauma 
may develop over a prolonged period. 

Stab wounds that do not require emergency life
saving surgery can be explored. This should be done 
where an immediate laparotomy can be carried out 
should the need arise. Local anaesthetic is infiltrated 
and the wound track carefully followed. If it pene
trates the peritoneum the patient is at higher risk of 
intra-abdominal injury and a DPL or exploratory 
laparotomy should be considered. A full list of indi
cations for laparotomy is given in Table 24.3. 

S P E C I F I C  ABDOM I NAL  I NJ U R I E S  

SPLEEN  

Injuries to the spleen may vary from avulsion of 
the spleen from its vascular pedicle at its hilum 
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Table 24.3: Indications for laparotomy 

Hypotension with evidence of abdominal injury 

Peritonitis - early or late 

Persistent or recurrent hypotension despite 
adequate resuscitation 

Air under the diaphragm on chest X-ray 

Diaphragmatic injury 

Penetrating trauma with bleeding from the 
stomach, rectum or genitourinary tract 

Evisceration 

Gunshot wounds traversing the abdominal cavity 

Blunt abdominal trauma with positive DPL or 
ultrasound 

CT evidence of injury to pancreas or intestine 

CT evidence of specific injury to liver, spleen or 
kidneys 

Extraluminal contrast on 
gastrointestinal/genitourinary studies 

Persistent raised amylase 

and massive shattering of the parenchyma to small 
capsular tears. Haemorrhage may be massive or 
minor. Splenic trauma is suggested by signs of 
injury to the left upper quadrant and may be asso
ciated with lower left rib fractures. Exsanguinat
ing haemorrhage requires immediate surgical 
intervention. Minor degrees of injury, especially in 
children, may be managed conservatively, but the 
patient must be closely observed in an environ
ment where they can be rapidly taken to theatre if 
there is any deterioration. 

LIVER  

Hepatic Injury occurs a s  a result of blunt or 
penetrating injury to the right upper quadrant of 
the abdomen or right lower chest. Clinical signs 
may be obvious, witl1 shock and abdominal ten
derness and peritonism, but may be subtle or 
absent, particularly in the obtunded patient. The 
patient in shock will require laparotomy to con
trol haemorrhage. Again, on occasions a selective 
conservative approach may be adopted by senior 
surgeons. 
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PA NCREAS 

Pancreatic injury occurs a s  a result o f  blunt trauma 
to the upper abdomen and is often associated with 
the wearing of a lap seat-belt in a frontal impact 
road traffic accident. Associated injuries include 
duodenal injury and thoracolumbar spine injury. 
Serum amylase is not a good predictor of pancre
atic trauma and the injury is often only discovered 
on CT or at laparotomy. 

SMALL BOWEL  

As noted above, duodenal injury may occur a s  a 
result of blunt upper abdominal trauma. Suggestive 
findings include blood in the gastric aspirate and 
retroperitoneal air on X-ray. Rapid deceleration 
may cause injury to the jejunum and ileum, particu
larly with tears to the mesentery and its vessels, 
which may cause areas of bowel ischaemia and 
infarction. Small bowel is commonly injured by 
penetrating wotmds to the abdomen. The detection 
of free gas on X-ray mandates surgical exploration. 

LARGE BOWEL  

Injury to the colon and rectum is rare and usually 
occurs as a result of penetrating injury. Again sur
gical exploration and repair is required. 

PE LV IC  F RACTURES  

An antero-posterior pelvic radiograph is part of the 
'trauma series' of primary survey films. The bones 
and ligaments of the pelvis are very strong. 
Disruption of the pelvic ring suggests that high
energy forces have been involved in the mechanism 
of injury and other intra- and extra-abdominal 
injuries must be expected. Pelvic fractures can tear 
the presacral venous plexus and other blood vessels 
causing severe haemorrhage, but may not be the 
only bleeding point contributing to shock. 

The mechanism of injury and the forces brought 
to bear on the pelvis will determine the pattern of 
fracture and associated injuries seen. Pelvic frac
tures can be classified into the following broad 
groups. 

Figure 24.6: Diagram showing fractures caused by 
antero-posterior compression forces. 

ANTERO-POSTER IOR  C O M PRESS ION  
FRACTURES  ( F I G .  2 4 . 6 )  

Both the symphysis pubis and the sacroiliac joints 
can be disrupted. This causes the 'open-book' frac
ture and increases the pelvic volume. The presacra l 
veins may be involved, causing life-threatening 
haemorrhage. 

LATERAL C O M P RESS I O N  F RACTU RES 
( F 1 G .  24.  7)  

These are caused b y  a sideways impact and cause 
one hemi-pelvis to internally rotate. As a result, the 
symphysis pubis may damage the bladder or 
urethra. The pelvic volume is decreased and 
severe haemorrhage is unusual. 

F RACTURES D U E  TO V ERT ICAL  S H EAR 
FORCES  (F I G .  2 4 . 8 )  

These fractures are often caused b y  a fall from 
height. Major bony instability and bleeding are 
likely. 

Isolated fractures of one or more pubic rami ar;e 
relatively common in the elderly after apparently 
trivial falls. Analgesia and mobilization, often after 
an initial period of rest, are usually all that is 



Figure 24.7: Diagram showing fractures due to 
lateral compression forces. 

Figure 24.8: Diagram showing fractures due to 
shearing forces. 

required. The so-called 'butterfly fracture' of all four 
pubic rami, however, can be associated with signili
cant damage to the urethra and other structures. 

EXAM I NAT I O N  

Signs suggestive of pelvic fracture include bruis
ing in the flanks, scrotum and perineum. The legs 
should be examined for equality of length and 
rotation. Rectal and vaginal examination may 
reveal bony fragments. The initial treatment of 
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pelvic fractures in order to reduce bleeding has 
already been discussed. Urgent orthopaedic refer
ral for definitive management and prioritization of 
surgical and orthopaedic treatment is essential. 

U RI NARY TRACT TRAUMA 

Direct blows to the flanks and pelvic fractures are 
markers for potential genitourinary trauma. 
Haematuria is a poor indicator and may be absent 
in the most severe injuries, but its presence should 
not be ignored. Ultrasound, CT, intravenous uro
graphy (IVU) and other contrast studies are all 
useful investigative tools. Urological advice should 
be sought early. Operation is rarely required but 
delayed diagnosis will lead to increased long-term 
complications. 

KIDN EYS 

Avulsion of the kidneys from their blood supply is 
rare but will cause severe retroperitoneal bleeding 
and shock. If identified early the kidney may be 
saved by vascular repair. Most other renal injur
ies can be managed conservatively. If the patient 
has macroscopic haematuria they should be further 
investigated with a contrast CT scan or intraven
ous urography. In the absence of other signs of injury, 
if microscopic haematuria is present no further 
investigation is needed, though the patient should 
be reviewed ru1d the urine regularly retested. 

Renal trauma is predominantly treated conservatively. 

U RETERS 

Injury to the ureters i s  rare since they are well 
protected by the peritoneum and the psoas 
muscle. Occasionally tears occur at the pelvi
ureteric junction. 

B LADDER  

The bladder lies within ru1d is protected by the pelvis 
when empty but can rise as far as the umbilicus 
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when it  is  full, and it is  then vulnerable to trauma. 
Bladder rupture may occur as a result of direct 
trauma to the lower abdomen whilst the bladder is 
full or as a result of penetration by a spike of bone 
from a pelvic fracture. Rupture of the bladder may 
be peritoneal or extraperitoneal. Bladder rupture 
should be suspected if the bladder is empty on 
catheterization, and a cystogram will confirm the 
diagnosis and whether extravascation has occurred 
into the peritoneum. Intraperitoneal rupture always 
requires surgical repair. 

U RETHRA 

The urethra is rarely injured in females owing to its 
short length. In males the posterior urethra (above 
the urogenital diaphragm) can be disrupted in 
anterior pelvic fractures and the anterior urethra in 
straddle injuries. If there is blood at the urethral 
meatus, bruising of the perineum or a high-riding 
prostate on rectal examination, the presence of a 
urethral injury should be assumed (Fig. 24.9). A 
urethrogram or retrograde uretlu·ogram should be 
performed. If this is normal a gentle attempt at 
catheterization can be made. If the urethrogram is 
abnormal, a urologist should be consulted for a 
decision on bladder drainage and repair of the 
injury. 

Always assess the patient for u rethral injury prior to 

catheterization. 

S CROTAL AND P E N I L E  I N J U RY 

Blw1t injury to the scrotum may result in either scro
tal haematoma or ruptme of the tunica albuginea of 
the testis and extrusion of its contents. These condi
tions are difficult to distinguish clinically and an 
ultrasound scan is indicated. Rupture of the testis 

Figure 24.9: Scrotal bleeding in a patient with a 

ruptured urethra. (Reproduced with permission from 

L. Solomon, D.J . Warwick and S. Nayagam (eds), 

Apley's System of Orthopaedics and Fractures, 8th 
edition, published by Arnold, London, 200 I .) 

requires smgical repair, whereas scrotal haematoma 
is treated conservatively. Most penetrating injuries 
to the scrotum can be adequately cleaned and 
repaired in the emergency department if there has 
been no penetration through the cremaster into the 
scrotal sac. Non-absorbable sutures are preferred. If 
the wound is thought to penetrate deeply it should 
be formally explored in an operating t11eatre. 

Penile injuries usually occur during sexual 
intercourse. Tears of the frenulum are common 
and may cause worrying blood loss. Treatment 
with local pressure is usually successful. The cor
pus cavernosum may rupture whilst the penis is 
erect in intercourse. Pain is accompanied by local 
swelling. Surgical repair is recommended. 

F U RTHER  REA D I N G  

Skinner D, Whlmster F. Trauma. A Companion to Bailey and 

Love's Short Practice of Surgery. Arnold, London. 



C H A P T E R  T W E N T Y F I V E  

INJ URIES TO THE LOWER LIMB 

• Introduction 
• General principles 
• Pelvic injuries 
• I njuries to the hip 
• I njuries to the thigh and femur 

I NTRODUCT ION 

Injuries to the lower limb are common and range 
in severity from minor sprains and lacerations 
to life-threatening injuries such as multiple long 
bone fractures. In this chapter, the common lower 
limb injuries are discussed together with practical 
advice on their management in the emergency 
department. 

G E N ERAL P R I N C I PLES  

Airway obstruction and ventilatory inadequacy are 
always more important than limb injuries. Regard
less of initial appearances, the primary survey 
should be carried out in sequence. A formal assess
ment of the lower limbs will begin under E for 
exposure and be completed as part of the secondary 
survey. Lower limb injury may, however, threaten 
life, usually due to shock as a result of fractures of 
the pelvis or femur, multiple Jong bone fractures or 
diffuse bleeding into the soft tissues of the thighs. 
When this occurs, the priorities under C of the pri
mary survey are to control external bleeding and 
to splint the limb or pelvis (see Chapter 4). Only 
when resuscitation is w1der way and immediately 
life-threatening problems have been dealt with 
should limb-threatening injuries such as joint dis
location, open fractures, nerve or vascular injury 
and compartment syndromes be sought. 

• 
• 
• 
• 
• 

I njuries to the knee 

Injuries to the leg 
Injuries to the ankle 

Injuries to the foot 
Further reading 

Limb injuries may be life threatening or l imb 
threatening. 

Isolated lower limb injuries are most common 
and are usually self-evident. The patient will often 
be able to complain of wounds, pain, swelling, defor
mity and loss of movement following an injury. 

H ISTORY 

Three key aspects of the history should be estab
lished: 

• mechanism of injury 
• events leading to the injury 
• occupation and social circumstances (impact of 

injury). 

Limb injuries can occur by direct violence, indir
ect transmission of forces or through chronic over
use. A clear history of the mechanism of injury 
allows the doctor to visualize the size and direc
tion of forces and any likely deformity at the time 
of injury. There are clear patterns of lower limb 
and associated injuries that may be suggested by 
the history. This information can then guide exam
ination and investigation. It is also important to 
establish why the injury occurred. A primary car
diac or neurological event may have precipitated 
the accident and should always be considered. It is 
also necessary to understand the patient's occupa
tion and home circumstances in order to assess the 
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likely impact o f  any injury. An ankle sprain in a 
professional footballer may have greater signifi
cance (and require different treatment and rehabili
tation) than a similar injury in a bank clerk. A 
fractured neck of femur often signifies the end of 
independence for elderly patients. 

The history of injury is an important component of 

the assessment of l imb injury. 

Elderly patients, young children and patients 
with learning difficulties can often present with 
non-specific symptoms, poorly localized pain and 
an uncertain mechanism of injury. These patients 
can be the source of clinical errors if they are not 
thoroughly examined. It is also important to have 
a low threshold for radiographic examination, temp
orary immobilization and out-patient clinic follow
up if there is doubt about the presence or severity 
of injury. Patient groups who are prone to falling, 
such as toddlers, may have their pain ascribed to a 
previous but unconnected injury. Other potential 
causes should always be sought. 

EXAM I NAT ION  

Hurting the patient is often inevitable when exam
ining limb injuries. If the patient expresses pain, 
then early analgesia (sometimes at the triage stage) 
should be given before a detailed examination is 
attempted. Examination should then be tailored to 
the needs of the patient. This may mean modifica
tion of the examination routine. Occasionally, pro
vided significant injury can be excluded, detailed 
examination may have to be delayed until the 
patient returns for follow-up. 

The traditional look-feel-move-test approach is 
well suited for examination of lower limb injuries. 
The injured limb should always be compared with 
the other side and a systematic approach is essential. 
Wounds, deformity, swelling, wasting, shortening 
and scars should all be sought, as should abnormal 
movement (indicating ligament injury) and bony 
tenderness. The most painful area should be left 
until last. The expression 'bony tenderness' refers 
to tenderness elicited when bone is palpated rather 
than tenderness over the general area of the injury. 
Active movements should be assessed before passive 

Table 25. 1 :  MRC system for grading muscle power 

Grade 0 
Grade I 
Grade 2 
Grade 3 
Grade 4 
Grade 5 

No movement 
Flicker of movement 
Movement when gravity eliminated 
Movement against gravity 
Movement against active resistance 
Full and normal muscle power 

movement (which may not then be necessary) is 
attempted. All the joints of the lower limb are at 0° 
when the body is in the anatomical position. The 
range of movement should be recorded in degrees 
from the anatomical position, with power graded 
using the Medical Research Council (MRC) scale 
(Table 25.1 ) .  This allows repeat assessments to be 
made and compared. 

Most patients with fractures or joint injury will 
be reluctant to demonstrate active movements and 
unwilling to allow the examiner to test passive 
movements. If it is considered essential to examine 
passive movements before radiography, adequate 
analgesia should be provided. In most cases, how
ever, sufficient information can be gleaned from 
inspection and palpation alone to allow the exam
iner to request appropriate radiographs. Once 
these have been obtained, careful examination of 
movements can then be performed. 

Adequate analgesia aids assessment. 

When an injury is of sufficient force to cause 
a fracture, all tissues around the point of injury 
will have been subjected to the same force. It is 
very easy to become focused on a bony injury and 
forget ligamentous instability, tendon rupture, 
muscle injury, nerve damage or vascular damage. 
Vascular damage may be indicated by classic signs 
of haematoma and distal ischaemia, or more subtle 
signs of venous congestion. 

Circulation and sensation should be checked and 
documented distal to all injuries. 

Nerve damage is often described in terms f 
neuropraxia, axonotrnesis and neurotmesis (Table 
25.2). In reality, there is often a complex pattern of 
injury. Any peripheral nerve may be damaged by 



Table 25.2: Classification of nerve injury 

Neuropraxia Transient loss of function 
caused by compression. 
Rapid recovery 

Axonotmesis Loss of function but no loss of 
continuity. Recovery in weeks 
to months 

Neurotmesis Loss of function with division of 
nerve. No recovery unless 
repaired 

injury but the most vulnerable nerves in the lower 
limb are the common peroneal nerve at the neck of 
the fibula and the sciatic nerve posterior to the hip 
joint. Screening of peripheral nerve ftmction must 
be performed in all lower limb injuries. 

Testing for ligamentous instability by stressing 
ligaments at the ankle and knee and looking for 
excess movement is often difficult in the acute 
phase because of pain and swelling. Depending on 
the injury, it may be appropriate to inject local 
anaesthetic prior to testing. In most cases, how
ever, the patient should be brought back to clinic 
for formal testing once pain is controlled and 
swelling reduced. Tendon rupture may be evi
denced by inability to complete movements such 
as extending the knee (failure of the extensor 
tendon apparatus) or plantar-flexing the ankle 
(ruptured tendo-achilles). 

I NVEST IGAT ION  

The mainstay of investigation in lower limb injuries 
is plain radiography; however, radiographs will 
only reveal an underlying injury if they are accur
ately requested and directed. The most consistent 
diagnostic aid remains the history and examin
ation. Radiographs should always be taken in at 
least two planes. In some cases additional views 
may be necessary but should normally only be car
ried out after discussion with a senior doctor. Most 
films will subsequently be reported by a radiolo
gist, but decisions about management and referral 
are usually made by emergency department staff. 
It is therefore essential to have a good system 
of radiographic interpretation and a rapid follow
up process for undiagnosed or missed injuries. 
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Throughout this cl1apter, a systematic approach to 

radiographic interpretation is described for spe
cific lower limb regions. 

Radiographs do not show soft tissue disrup
tion, nerve, muscle, tendon or ligament damage. In 
some cases, ultrasound examination by an experi
enced sonographer may be available and can be 
used to examine joints and soft tissues, particu
larly around the hip, knee and ankle. 

TREATMENT 

Definitive treatment for many lower limb injuries 
requires orthopaedic referral or follow-up. All 
fractures should be reviewed in fracture clinic 
according to local departmental policies. In gen
eral, urgent orthopaedic consultation is required 
for patients with open, complex or multiple frac
tures, major joint disruption and extensive soft 
tissue injury. Specific management guidance is 
provided for each injury described below. 

Throughout this and subsequent chapters, refer
ence is made to analgesia (see Chapter 8) .  Control 
of pain facilitates clinical examination, radiographic 
positioning, and effective treatment of limb injuries. 
It also gains the confidence of the patient. Pain 
should be controlled as early as possible and prefer
ably before radiography. Non-pharmacological 
techniques such as supporting the injured limb, 
applying simple splints and covering wow1ds will 
help alleviate pain. In many cases, however, rapid 
conh·ol of pain with Entonox® or intravenous opi
oids may be necessary. In small children, oral or 
intranasal opiates may be used safely and effec
tively. Once acute pain is controlled, most patients 
will then require oral maintenance analgesia. For 
musculoskeletal injuries, the evidence supports 
the use of oral paracetamol, combined analgesics 
(e.g. paracetamol with codeine) or ibuprofen. A com
bination of paracetamol or a combined analgesic 
with a non-steroidal anti-inflammatory drug may 
be necessary. Where the oral route is not available, 
combinations of rectal paracetamol, intramuscular 
codeine and intramuscular or rectal diclofenac 
provide equivalent safe and effective alternatives. 
If pain is not controlled, the possibility of a missed 
diagnosis should be considered and the presence 
of complications such as arterial injury or com
partment syndrome should be excluded. 
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P E LV IC  IN JUR I ES  

G EN E RAL  P R I N C I P LES  

Pelvic injuries range in severity from stable 
uncomplicated avulsion fractures to major life
threatening disruption of the pelvic ring. The 
pelvis is formed by the two hip bones (each com
prising ilium, ischium and pubis), the sacrum, the 
sacroiliac joints and the symphysis pubis. These 
form a strong bony ring. Stable pelvic injuries do 
not involve the ring at all or disrupt only one part 
of it. They are not associated with displacement. 
Such injuries include fractures of one or both pubic 
rami on the same side, fracture of the ilium (run
ning into the sciatic notch) and fractures involving 
the sacroiliac joint on one side (Fig. 25. 1) .  

In order to sustain a pelvic fracture, there must 
have been a significant compressive or transmit
ted force on the pelvis. It is therefore likely that 
there will be some disruption to another part of 
the ring. The pelvis has been compared to a Polo 
mint®: it is not easy to break a Polo mint in only 
one place. When two areas of disruption are 
present clinically or radiographically the injury is 
described as unstable. Varying degrees of instabil
ity can occur depend-ing on the forces involved. It 
is important to appreciate that a widened sacroil
iac joint or symphysis pubis represents a frachire 
of the main pelvic ring. Thus, the combination of 
widening of the symphysis pubis and one sacroil
iac joint is an 

·
unstable injury. 

A widened sacroil iac joint or symphysis pubis 
represents a disruption of the main pelvic ring. 

When there is complete disruption of the ring, 
one half of the pelvis may rotate externally or, with 
more severe damage, be displaced in the vertical 
plane. Unstable injuries may thus be rotationally 
unstable but vertically stable, or both rotationally 
and vertically w1stable. The latter represents the 
most severe disruption and is associated with 
high-energy transfe1� multisystem trauma and 
high mortality. An average emergency department 
will see only two or three of these unstable frac
tures a year (Fig. 25.1 ) .  Their severity is therefore 
often underestimated. 

Regardless of the classification, all suspected 
pelvic injuries seen in the emergency department 
should be regarded as W1Stable until proven other
wise. In the context of resuscitation, stability refers to 
the likelihood of further displacement, disruption of 
injured tissues and bleeding. The general manage
ment principles of suspected pelvic fractures are: 

• early identification 
• adequate resuscitation 
• stabilization of the pelvis 
• identification of complications. 

Early identification can be achieved by main
taining a high index of suspicion in patients wh 
have been subjected to high-energy trauma such as 
road accidents, falls from heights and crush injuries. 
Clinical examination will often reveal bruising 

Figure 25. 1 :  Pelvic fractures: a stable fracture (/e� - fractured pubic rami) and an unstable fracture 
(right - fractured rami and disrupted symphysis pubis). 



spreading to the scrotum, buttock or anterior thigh 
if the pelvic floor is torn. The abdomen may be 
distended by a large retroperitoneal haematoma. 
In unstable injuries there may be differences in leg 
length and one or both legs may be externally 
rotated. One leg may be ischaemic if an iliac artery 
is damaged. If there is clinical evidence of pelvic 
disruption, no attempt should be made to confirm 
this by compressing or distracting the pelvis at the 
iliac crests. This will only cause further movement 
and disruption of haematoma. The diagnosis is 
usually confirmed by radiography. 

PELV I C  RAD I OG RAPHS  

There may be difficulty in interpreting initial pelvic 
radiographs. An important principle is that if only 
one fracture is seen, a search for the second fracture 
or disruption is essential. A systematic approach to 
radiographic interpretation is shown in Table 25.3. 

If only one fracture is seen, a search for the second 
fracture or disruption should be made. 

E M ERGENCY TREATMENT  

Emergency treatment aims to reduce bleeding and 
identify the principal complications of pelvic 
injuries. These are: 

• haemorrhage 
• urethral injury 
• visceral injury 
• disruption of the acetabulum. 

Table 25.3: Interpretation of pelvic radiographs 

Look for: 
Disruption to the inner or outer margin of the 

main bony ring 
Disruption to the inner and outer margins of the 

obturator foramina 
Differences in the widths of the sacroiliac joints 
Horizontal alignment of the superior surfaces of 

the inferior pubic rami either side of the 
symphysis pubis 

A symphysis pubis width of approximately 5 mm 
Disruption to the margins of the sacral foramina 

(the arcuate l ines) 
Symmetrical appearance of each acetabulum 

H ae m o r r h a g e  

P E LV I C  I NJ U R I E S  297 

Because of the relatively low incidence of unstable 
injuries, there is a tendency to underestimate fluid 
losses. The pelvis is extremely vascular and blood 
loss of 3-4 1 may occur. Hypovolaernic shock should 
therefore be anticipated in all but the most minor 
injuries (whether stable or unstable). Transient or 
no response to fluid resuscitation should prompt 
early stabilization of the pelvis by the application of 
traction, a pneumatic anti.shock garment or, prefer
ably, an external pelvic fixation device (Table 25.4). 
A sheet wrapped around the pelvis and pulled tight 
to provide compression may be an effective tem
porary measure. Such measures may be required 
before radiography if bleeding is severe. Temporary 
fracture reduction will reduce pelvic volume, tam
ponade bleeding and allow blood clots to form. 

Although bleeding is rarely isolated to one 
source, an attempt at selective embolization may 
be appropriate in uncontrolled shock; however, 
most pelvic fracture haemorrhage is venous and 
not amenable to embolization. An extreme meas
ure is ligation of the internal iliac artery on one or 
both sides. 

U r e t h ra l  i n j u r y 

Injury to the urethra is commonly associated with 
multiple fractures of the pubic rarni or displacement 

Table 25.4: Techniques for emergency stabilization 
of the pelvis 

Simple manoeuvres: 
Longitudinal traction of the leg in the vertically 

unstable pelvis 
Internal rotation of the leg in the rotationally 

unstable pelvis 
Sheet wrapped around the pelvis as a sling 
Application of a vaccum mattress (acting l ike a 

sl ing) 
Appl ication of pneumatic antishock garment 

(PASG) 

Application of an external pelvic fixation device: 
Standard fixator with pins inserted into i l iac 

crests joined by cross-connecting rods 
C-clamp type fixator with pins inserted external 

to the sacro-i l iac joints and joined by a single 
anterior bar 
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of the symphysis pubis. Clinical diagnosis i s  based 
on the presence of scrotal haematoma and blood at 
the urethral meatus. If urethral injury is suspected, 
a urological opinion should be sought and a ure
throgram performed. Otherwise, it is reasonable to 
try to get the patient to void and check for blood in 
the urine. A clear urine is unlikely to be associated 
with urethral injury. Bloody urine may be associated 
with a urethral injury or a bladder tear. Although 
catheterization may convert a partial urethral tear 
into a complete one, it is acceptable for an experi
enced operator to attempt to pass a fine catheter. 
If this cannot be passed with ease, the attempt 
should be abandoned and suprapubic catheteri
zation performed. This may also be difficult in a 
shocked patient with low urine output and supra
pubic swelling associated with the fracture. 

V i s c e r a l  i n j u r y 

Significant pelvic injury can damage the bladder, 
colon and uterus in the pelvis or the rectum, vagina 
and urethra as they pierce the pelvic floor. Injuries 
to the rectum or vagina represent open fractures 
and are associated with a high mortality. Vaginal 
and rectal examinations should be performed 
specifically to exclude such injury. Extraperitoneal 

rupture of the bladder frequently occurs and will 
produce haematuria. An early cystogram may be 
indicated to identify this complication. Because 
severe pelvic fractures result from high-energy 
injuries, simultaneous injury to other major viscera 
such as the liver or spleen is common and must be 
considered in the management of the shocked 
patient with a pelvic fracture. 

P U B I C  RAM U S  FRACTURES  

Pubic ramus fractures are generally associated 
with falls in the elderly. There is considerable pain 
and restricted mobility. There may be an associ
ated vertebral crush injury. Subtle hip fractures 
(impacted subcapital fractures) may also be associ
ated with pubic ramus fractures and it is essential 
to exclude these much more important injuries. 
If pain and circumstances allow, some patients may 
be managed at home. Most require only 2-3 days' 
bed rest with adequate analgesia and early mobi
lization. Many emergency departments experience 

considerable difficulty with admitting patients who 
cannot cope at home. A local policy for the manage
ment of these patients should be agreed betwee 
the orthopaedic, care of the elderly and rehabilita
tion services. 

F RACTURES  O F  T H E  SACRUM A N D  
COCCYX 

Compression of the pelvis may fracture the ala 
of the sacrum on one side. Falls from a height o 
to a hard surface may fracture the sacrum in the 
transverse plane. In both injuries, w1displaced and 
uncomplicated fractures require symptomatic treat
ment with bed rest. Displacement of sacral fractures 
may compromise the sacral nerve roots. Perinea] 
(saddle) anaesthesia, lower limb weakness (particu
larly plantar flexion) and incontinence should be 
excluded in all displaced fractures. Patients with 
neurological deficit must be referred urgently for 
orthopaedic review. In many cases, the nerve root 
fw1Ction recovers. 

Coccygeal injuries are common after falls in a 
seated position. Radiographic examination involves 
a high gonadal dose and should be avoided as it 
does not alter management. Tenderness over the 
coccyx or a palpable fracture is sufficient to make 
the diagnosis. Rectal examination should be per
formed in all patients to exclude tl1e serious compli
cation of a rectal tear. Severely displaced fractures 
should be referred for manipulation and possible 
excision. Most patients, however, can be allowed 
home with advice to use a ring cushion, avoid con
stipation and take adequate analgesia. 

FRACTURES  O F  T H E  I L IAC B O N E S  

The iliac crest and blade may be fractured by direct 
violence or as part of a more complex pelvic frac
ture. Isolated injuries of the crest and blade usually 
only require analgesia and bed rest, followed by 
early mobilization. 

AcETABULAR FRACTU RES 

Fractures o f  the acetabulum may complicate pelvic 
fractures or may occur alone. They are usually 



Figure 25.2: Radiograph showing central dis location 
of the hip. (Reproduced with permission from 
L. Solomon, D.J. Warwick and S. Nayagam (eds), 
Apley's System of Orthopaedics and Fractures, 

8th edition, publ ished by Arnold, London, 200 I .) 

associated with forces transmitted along the femoral 
neck. There are many patterns of injury and radi
ographic appearances may be subtle. Central dis
location of the hip is an acetabular fracture where 
the head of the femur displaces the central part of 
the acetabulum medially (Fig. 25.2). 

The anterior column refers to the mass of bone 
from the anterior inferior iliac spine to the superior 
pubic ramus. It includes the anterior part of the 
acetabular floor. The posterior column is the area 
from the sciatic notch to the ischial tuberosity that 
also includes the posterior part of the acetabular 
floor. Fractures may damage one or both of these 
columns and often require detailed radiographic 
assessment with oblique views Gudet views) and 
CT scanning. From an emergency department per
spective, analgesia should be provided, the type of 
injury should be identified from standard antero
posterior (AP) and lateral hip views, and further 
injury to the pelvis and the neurovascular struc
tures surrounding the acetabulum excluded. All 
acetabular fractures should be referred for immedi
ate orthopaedic review. 

A v u l s i o n  fra c t u re s  

Avulsion fractures are commonly seen in adoles
cents. There is a history of sudden muscular 
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Table 25.5: Avulsion fractures of the pelvis 

Fracture site 

Anterior superior i l iac spine 
Anterior inferior i l iac spine 

Inferior pubic ramus 
lschial tuberosity 
I l iac crest 

Muscle insertion 

Sartorius 
Rectus femoris 
Quadriceps femoris 
Adductors 
Hamstrings 
Oblique abdominal 

muscles 
Gluteus medius 
Erector spinae 

contraction (such as kicking a football) followed 
by a sharp pain arotmd the iliac crest or ischial 
area. The pain is worsened by resistance to con
traction of the affected muscle group. Radiographs 
will often reveal avulsion fractures (Table 25.5). 
Adequate analgesia, rest and early mobilization 
are usually all that is required, although in some 
cases there is a risk of non-union. If there is no 
obvious avulsion fracture, the injury usually repre
sents an apophysitis that will also settle with 
rest, analgesia and gentle return to activity. Physio
therapy is often of value. 

I NJUR I E S  TO THE  H I P  

G E N ERAL P R I N C I P LES  

Elderly patients with fractured neck of femur 
accow1t for the majority of hip injuries seen in 
emergency departments. Hip injuries in younger 
patients are relatively rare although there are a 
number of important conditions. · The limping 
child is discussed in Chapter 39. 

S PORTS I NJ U R I E S ARO U N D  T H E  H I P  

Sports injuries around the hip present to emer
gency departments as groin strains following exer
cise. The groin is the jwKtion of the thigh and the 
abdomen and most strains represent tearing of 
the tendinous origins of the adductor muscles. The 
patient describes a sudden sharp pain in the groin 
following turning or rapid changes in direction 
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with the hip abducted. Pain i s  exacerbated by 
adduction against resistance and bruising in the 
groin may be evident. 

A more direct blow or twisting injury may cause 
a strain of the capsule of the hip joint. The pain 
radiates to the thigh and is worsened by move
ments that decrease the volume of the capsule 
(extension and internal rotation). Other causes of 
groin pain include iliopsoas tendinitis, pubic sym
physitis and conjoint tendinitis. In all cases, more 
extensive injury should first be excluded. Once the 
likely diagnosis has been established, rest, anal
gesia and progressive return to activity with physio
therapy is indicated. 

D ISLOCAT I O N  O F  THE  H I P  

The hip is a deep-socketed and naturally stable 
joint. Considerable force must be applied and soft
tissue damage occur for the hip to dislocate. The 
majority of dislocations are posterior although 
anterior dislocations also occur. Force transmitted 
along the femoral shaft with the hip flexed as 
when seated usually dislocates the hip posteriorly. 
This is most often seen in car occupants whose 
knees have impacted against the dashboard. The 
patient will be in severe pain and the hip is typi
cally held slightly flexed, adducted and internally 
rotated (Fig. 25.3). A pelvic radiograph together 
with a lateral hip film will usually confirm the 
diagnosis. A careful search should be made for 
fractures of the posterior lip of tl1e acetabulum 
and associated fractures of the femoral shaft, neck, 

Figure 25.3: A patient with posterior dislocation of 
the hip showing shortening, internal rotation and 
flexion. 

head and pelvis. There is also an association 
between posterior dislocation of the hip, sciatic 
nerve damage, ipsilateral posterior cruciate injury 
and fracture of the patella. These associated injuries 
should be actively excluded. 

Anterior dislocation accounts for the minority 
of dislocations. The mechanism is wide abduction 
of the hip with or without transmission of force 
along the femur. This can occur in motorcyclists, 
afuletes and horse riders. There may be groin 
swelling and bruising and the leg will be short
ened and held in external rotation. Specific compli
cations that should be sought include compression 
of the femoral vessels and femoral nerve damage. 

The dislocated hip must be reduced as soon as 
possible to minimize the risk of sciatic nerve dam
age and avascular necrosis of the femoral head. A 
significant proportion of the blood supply to the 
femoral head is via the joint capsule. Dislocation 
both directly damages tl1e capsule and stretche 
undamaged areas. The sooner the dislocation i 
reduced the lower the incidence of avascular 
necrosis of the femoral head. Reduction usually 
requires analgesia and deep sedation and is best 
performed under a general anaesthetic. If there is 
likely to be significant delay, experienced doctors 
may attempt initial reduction of posterior disloca
tions in the emergency department. The trolley is 
placed low to the floor and the hip and knee are 
flexed to right-angles. The deformity is increased 
and traction is applied in the long axis of the 
femur. The hip often reduces with a palpable give. 
Once reduced, check radiographs should be per
formed and the leg placed in a Thomas splint 
pending further orthopaedic management. 

Delay in reduction of the dislocated hip increases 
the risk of sciatic nerve injury and femoral head 

necrosis. 

PROX I MAL F E M O RAL FRACTURES  

Below the age of 60 years, fracture of the femoral 
neck (hip) is generally associated with major 
trauma in men. With increasing age, however, falls 
in elderly women account for the majority of cases. 
Most of these fractures can be considered patho
logical because of the association with osteoporo
sis and the often trivial force required to sustain 



the injury. In some cases the fracture appears to 
precipitate the fall, implying that the injury is a 
stress fracture in osteoporotic bone rather than the 
result of trauma. Regardless of pathology, investi
gation of suspected femoral neck fractures repre
sents a significant component of the emergency 
department workload and these injuries are asso
ciated with high mortality and major lifestyle 
changes. Approximately 10% of patients die 
within 6 weeks and 30% within 1 year. Of the 
remaining 70% who survive, one-third will be 
unable to return to their former level of independ
ence or physical activity. Mortality and morbidity 
are high because of the frailty and co-morbidity 
associated with elderly patients, rather than the 
fracture itself. 

The typical patient reports a minor fall or sud
den giving way of the leg when turning abruptly or 
rising from a chair. There is well-localized pain and 
the patient is usually unable to bear weight. If the 
fracture is displaced, the leg will be shortened and 
externally rotated because the fracture allows ilio
psoas (and gravity) to rotate the femur externally 
(Fig. 25.4). Pain is worsened by attempted rotation. 

Radiographic examination must be performed 
in all elderly patients who have difficulty weight 
bearing and symptoms localized to the hip. An 
antero-posterior (AP) view of the whole pelvis 
and a lateral hip view on tlw affected side should 
be requested. Other pelvic injuries can mimic the 
pain of hip fracture and some fractures may only 
be visible on lateral views. Although most frac
tures are easily seen, a systematic approach to 
interpretation should be followed (Table 25.6). 

There are many differences between the vari
ous proximal femoral and femoral neck fractures 
but they occur in the same group of patients. The 
most important distinction from an orthopaedic 
perspective is whether or not the fracture lies 
within the capsule of the hip joint. An intracapsu
lar fracture can cut off the blood supply to the 
femoral head completely. Subcapital, transcervical 
and basicervical fractures are intracapsular. The 
common extracapsular sites of fracture are inter
trochanteric (between the trochanters), pertrochan
teric (involving both trochanters), subtrochanteric 
(beneath the trochanters) and avulsion of the 
greater trochanter (Fig. 25.5). 

Fracture of the greater trochanter is a less seri
ous injury and can occur following a violent adduc
tion strain. The patient experiences severe pain over 

\ 
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Figure 25.4: A patient with a proximal femoral 
fracture showing shortening and external rotation. 

Table 25.6: Interpretation of hip radiographs 

Use a bright light to assess the greater trochanter 
and the lateral view 

Look for: 
Fracture at the common fracture sites 

(basicervical, transcervical, intertrochanteric 
and pertrochanteric) 

Uninterrupted cortices around the femoral 
neck and head 

Symmetry of Shenton's lines (continuous arc from 
the inferior margin of the femoral neck to the 
inferior margin of the superior pubic ramus) 

An uninterrupted trabecular pattern 
Evidence of impaction (a dense white l ine 

crossing the femoral neck) 
Pubic ramus and acetabular fractures 
Angulation of the femoral head on the lateral view 
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(a) (b) 

(c) (d) 

Figure 25.5: Diagram of proximal femur with 
common fracture sites. (a) Subcapital; (b) transcervical; 

( c) intertrochanteric; ( d) pertrochanteric. 

the trochante1� abduction is painful and, if they are 
able to bear weight, the Trendelenburg test (droop
ing of the pelvis below the horizontal on the injured 
side when the ipsilateral leg is raised) is positive. 
This is because the abductor muscles are separated 
from their bony attachment. 

Most proximal femoral fractures are treated 
operatively. This should be done within 24 h to 
allow early mobilization. Optimum management 
in the emergency department involves: 

• adequate analgesia (intravenous opiates) 
• assessment of coexisting medical conditions 
• rehydration 
• protection from pressure sore risks 
• transfer to a ward within 1 h. 

Preoperative assessment can often be facilitated 
by routine ECG and chest X-ray before the patient 
is transferred to a ward. If there is a high level 
of clinical suspicion of a fracture, a chest X-ray 
should be performed at the same time as the pelvis 
and hip film. Fast-track admission procedures for 
patients with hip fractures should be in place. 
Decisions regarding the timing and nature of any 
operative intervention lie with the orthopaedic 
team. In general terms, prompt open reduction and 
internal fixation are indicated for younger patients 

Figure 25.6: Radiograph of undisplaced femoral 
neck fracture. (Reproduced with permission from 

L. Solomon, D.J. Warwick and S. Nayagam (eds), 

Apley's System of Orthopaedics and Fractures, 

8th edition, published by Arnold, London, 200 I .) 

with good bone quality and low fractures. In older 
patients, a hem.iarthroplasty is probably more 
appropriate for frachires at risk of femoral head 
avascular necrosis. 

Some patients may have an undisplaced (usu
ally impacted) subcapital or intertrochanteric frac
ture. The patient may be able to weight-bear and 
the leg may be orientated normally. The radio
graphic appearances can be very subtle and these 
fractures may be missed until they become dis
placed days or weeks after the injury (Fig. 25.6) .  
Patients who are being discharged from the emer
gency department should be advised to seek fur
ther medical advice if the pain persists or weight 
bearing becomes impossible. Good communication 
with nursing or residential homes and general 
practitioners is essential to ensure that these 
patients are appropriately followed up. Alternately, 



admission for rest and close supervision, further 
plain films, oblique views, tomography or even an 
isotope bone scan may be appropriate to exclude an 
impacted fracture if clinical suspicion is high. The 
patient who is non-weight bearing and definitely 
has no fracture also presents a problem. As with 
pubic ramus fractures, these patients usually 
require a short period of admission for analgesia, 
mobilization and assessment of home circum
stances. A policy for the management of these 
patients should be in place. 

Patients with hip pain following a fall should be 
carefully followed up. 

P ROSTH ET IC  H I P  PROBLEMS  

A n  increasing proportion o f  elderly patients may 
have a hip prosthesis. These patients may have 
falls or other accidents and present to the emer
gency department with hip pain. The problems 
that may be associated with hip prostheses are: 

• dislocation 
• component failure 
• loosening 
• infection. 

D i s l o c at i o n  

Following hip replacement, the fibrous capsule 
progressively thickens and strengthens. Within the 
first few months, however, minimal force may dis
locate a recently fitted or poorly aligned prosthetic 
joint. When this occurs, patients experience pain 
and are Lmable to stand. The leg is shortened and 
externally roated (similar to a hip fracture). The 
diagnosis is confirmed by radiographs in two 
planes which will clearly show the dislocated joint. 
Urgent orthopaedic referral for reduction and treat
ment is required. Sciatic nerve damage should be 
excluded as with any other hip dislocation. 

C o m p o n e n t fa i l u r e 

Although this is rare with new prostheses, any of 
the components of a prosthetic hip may fail. All 
patients who have a history of trauma and report 
pain around the hip should have radiographs to 
exclude component failure or damage. These are 
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best interpreted by experienced orthopaedic sur
geons and it may be appropriate to refer the patient 
for routine orthopaedic review once acute injury 
has been excluded radiographically. 

L o o s e n i n g  a n d  i n fe c t i o n  

Loosening may be the result of infection and occurs 
at the interface between cement and bone. It is 
commonest in the femoral stem and leads to pain 
and impaired function. These patients should have 
radiographic assessment of the joint and be 
referred for orthopaedic follow-up. If there is no 
acute problem, it is best to refer patients to the 
orthopaedic team who performed the original 
procedure. 

SL I P P ED  F E MORAL E P I PHYS I S  

Acute slip of the femoral epiphysis in children 
is the anatomical equivalent to an intracapsular 
fracture of the neck of femur in adults. Although 
it may result from direct trauma, it more com
monly represents an acute-on-chronic problem. 
Weakening of the epiphyseal plate and soft tis
sues by the hormones of adolescence is one of 
many factors that are thought to predispose to 
this condition. Others include genetic factors and 
obesity. The condition is most common in over
weight adolescent boys. Those who are weight 
bearing will have an antalgic gait, external rotation 
of the leg and possibly referred knee pain. More 
often the child will not weight-bear after a twist 
or fall, and the leg lies shortened and externally 
rotated. 

Always consider the diagnosis of sl ipped upper 
femoral epiphysis in adolescents presenting with 
knee pain. 

Radiographic examination will usually reveal 
the displacement. An AP pelvis film will show if 
there is any evidence of chronicity (new bone for
mation buttressing the neck) and exclude a sub
clinical epiphyseal slip on the ot11er side (Fig. 25.7). 
The lateral view provides the earliest signs of dis
placement. If no slip is present, a line drawn up the 
centre of the neck of the femur should bisect the 
epiphyseal base of the femoral head. 
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Acute injuries caused by direct violence require 
urgent reduction and stabilization to prevent avas
cular necrosis of the femoral head. No attempt 
should be made to manipulate a slipped femoral 
epiphysis in the emergency department. 

(a) 

(b) 

Figure 25.7: Radiograph showing slipped upper 
femoral epiphysis (a) compared with normal lateral 
hip view (b). 

I NJUR I E S  TO THE  TH I G H  AND F E M U R  

SOFT T I S S U E  I N JUR I E S  

The large muscle mass of the thigh is prone to 
injury following bltmt trawna or strenuous activ
ity. Acute injuries result in bruising and partial or 
complete rupture of muscles. The injury may be 
exh·insic (such as a 'dead leg' from a blow to the 
thigh) or intrinsic (a ruptured hamstring muscle) .  
Rupture of the rectus femoris is caused by sudden 
violent contraction of the quadriceps. Similar 
forces can cause rupture of the quadriceps tendon . 
Rupture of a hamstring muscle is common follow
ing sprinting. In all cases, the patient feels sudden 
severe pain and the ruptured part of the muscle i 
tender. A defect can sometimes be felt in complete!_ 
ruptured muscles. 

Immediately after injury the traditional treat
ment is RICE (rest, ice, compression, elevation) to 
reduce pain and swelling. Further oral analgesia 
should be provided i.f necessary, although it is 
illogical to give anti-inflammatory drugs for acute 
injuries as inflammation is part of the repair process. 
The need to repair a complete rupture will depend 
on which muscle is involved. Rectus femoris rup
ture rarely requires repair even i.f a palpable gap is 
present. In contrast, surgical repair is indicated in 
quadriceps tendon rupture to prevent the defect 
from widening. 

Aspiration of a thigh haematoma secondary to 
either a muscle rupture or an extrinsic injury is 
often unsuccessful; patients with significant muscle 
rupture or large haematomas should be referred 
for orthopaedic review. Less significant injuries 
should be referred for physiotherapy to restore 
fw1ction and prevent shortening. 

f EMORAL SHAFT FRACTURES  

The femur is the largest and strongest bone in the 
body. It can be fractured by direct trauma, twisting, 
or a blow to the front of the flexed knee. These high
energy injuries are commonly associated with mul
tiple trawna (such as road accidents, falls from a 
height and ballistic injury). The most common asso
ciated limb injuries are ipsilateral femoral neck, 
patellar and tibial fractures, posterior dislocation of 
the hip and ligament dismption in the knee. These 
must all be actively excluded. If there is no major 



trauma then pathological fracture secondary to 
osteoporosis or metastases should be considered. 

The diagnosis is usually obvious, with severe 
pain, swelling and deformity in the thigh. Weight 
bearing is impossible and there is abnormal mobil
ity at the fracture site. Spasm of the large adductor 
and hamstring muscles and loss of longitudinal 
stability result in shortening and external rotation 
of the leg. This shortening allows sequestration of 
large amounts of blood in the thigh and patients 
are frequently shocked. Blood loss of 3-5 units 
(1-2 1) can easily occur in a closed fracture. 

Open femoral shaft fractures are relatively com
mon although the large soft-tissue mass surround
ing the femur tends to reduce their severity. The 
fractures are usually open 'from within out', with a 
wound on the front or lateral aspect of the thigh. 
These wounds require meticulous debridement in 
the operating theatre and should be photographed 
and covered in the emergency department as soon 
as possible to minimize further contamination. A 
traction splint will reduce blood loss, help relieve 
pain and prevent further soft tissue injury by move
ment at the fracture site. Antibiotics and antitetanus 
treatment should be given as for any open fracture. 

Arterial and nerve injury is uncommon. Acute 
ischaemia due to femoral artery damage almost 
always resolves with traction and reduction of the 
fracture. Nerve palsy tends to be axonotmesis. Oper
ative exploration should be performed if there is 
any suspicion of vessel or nerve division. Neuro
vascular examination should also be repeated fol
lowing any manipulation or application of traction. 
Loss of sensation or of pulses is an indication for 
loosening and reapplying traction. 

The emergency management of femoral shaft 
fractures involves control of bleeding and applica
tion of traction. Traction splints used by ambu
lance services vary in their mechanism of traction 
and release. If a patient arrives with a traction 
splint in place, the position and traction should be 
checked but the splint should not be removed by 
inexperienced staff. Ideally, the splint should not 
be removed until after analgesia has been provided 
and either a Thomas splint has been prepared or 
the patient taken to theatre for definitive treatment 
of the fracture. 

All patients require analgesia. A femoral nerve 
block will provide excellent analgesia to the anter
ior of the thigh and the periosteum of the middle 
third of the femur (Chapter 8). A more extensive 
block (the 'three-in-one' block) can be achieved if 

I N J U R I E S  TO T H E  T H I G H  A N D  F E M U R  305 

volumes of 20-30 ml of local anaesthetic are used 
and pressure is applied with the palm of the hand 
to the femoral sheath distal to the block during and 
after injection. The local anaesthetic will track up 
the femoral sheath to anaesthetize the obturator 
nerve and the lateral cutaneous nerve of the thigh 
as well as the femoral nerve. This provides analge
sia for the hip as well as the anterior and lateral 
aspects of the thigh and femur. Traction reduces 
bleeding, pain and the risk of fat embolism; it also 
allows other more urgent injuries to be treated. 
It can be applied manually as soon as the injury 
has been identified. Temporary traction splints 
for adults and children can then be applied very 
rapidly and should be readily available in the 
emergency department. Radiographs of the whole 
femur and pelvis can then be taken whilst analge
sia is taking effect. It is possible to miss a femoral 
neck fracture if the proximal femur is obscured on 
the radiograph by the traction splint. 

Isolated femoral shaft fractures can be treated 
as a planned procedure. In t11e multiply injured 
patient, stabilization of the fracture within 24 h 
decreases the incidence of pulmonary complica
tions, systemic infection and mortality. In most 
cases the Thomas splint remains the mainstay of 
treatment in the intervening period. This can be 
applied using skin traction or, where large open 
wotmds exist, skeletal traction via a pin in the 
proximal tibia (Table 25.7). Urgent orthopaedic 

Table 25. 7: Application of Thomas splint 

Apply and maintain manual traction throughout 
Clean, photograph and dress any wounds 
Measure circumference of proximal thigh on 

uninjured side to determine appropriate Thomas 
splint ring size (allow some room for swelling) 

Apply skin �raction or insert pin 
Place a large pad directly beneath the fracture to 

act as a fulcrum 
Pull on the cords connected to either the skin 

traction tapes or the metal loop attached to the 
pin to maintain traction 

Slide the Thomas splint up the leg (whilst traction 
is maintained) until the ring reaches the ischial 
tuberosity 

Tie the cords to the end of the splint and use a 
Chinese windlass (tongue depressor or metal 
rod) to take up the slack 

Reassess neurovascular function 
Check regularly for thigh swell ing and tightness 

of the ring 



306 I N J U R I E S  TO T H E  L O W E R  L I M B  

Figure 25.8: Radiograph of supracondylar fracture. 

consultation is required for all patients with 
femoral shaft fractures. 

S U P RACO N DYLAR FRACTURES OF  THE  
FEMUR  

Supracondylar fractures of the femur are relatively 
common in elderly patients following a fall on 
to the flexed knee. Similar fractures in younger 
patients are associated with high-energy trauma 
and there may be significant fracture displacement, 
with open wounds and associated injuries. The 
equivalent injury in a child is a displaced lower 
femoral epiphysis. The limb is shortened and angu
lated at the fracture site. If the distal fragment is 
intact, it is pulled backwards by the action of 
gastrocnernius. This may endanger the popliteal 
artery and distal neurovascular function should be 

carefully assessed. Tracti n splints may increas 
this deformity and should be applied with a pa 
behind the fracture to allow slight flexion. 

Radiographs should be carefully studied for dis
placement and intra-articular extension (Fig. 25.8) . 
Frachires that extend to the intercondylar notch 
can separate one or both condyles away from the 
femoral shaft, or follow an oblique line. The nor
mal relationship of the condyles is essential for 
knee function: even a millimetre of displacement 
may result in deformity and interfere with flexion. 
All patients should therefore be discussed with the 
orthopaedic team. 

' 
I NJ UR I ES TO THE  K N E E  

G E N ERAL P R I N C I PLES  

I t  is often difficult to establish an accurate diagno
sis at the initial presentation of acute knee injuries. 
Although most settle with conservative treatment, 
there are some important injuries that require 
urgent intervention. All wing patients to rest for 
2 weeks with review in clinic 'once swelling has 
subsided' may actually cause further harm by 
allowing muscle wasting, delaying repair of ligament 
and tendon injuries, and allowing haemarthrose 
to clot and organize. Thus every effort must be 
made to identify major ligamentous injury, intra
articular fractures, acute haemarthroses and exten
sor mechanism damage. 

The clues to the underlying diagnosis are mainly i n  
the history. 

Most patients will accurately describe the mech
anism of injury and direction of the forces 
involved. Patients often report hearing or feeling a 
pop or crack at the time of the injury when com
plete ligament rupture has occurred. If the patient 
reports feeling something break then both a frac
ture and a major ligament injury must be excluded. 

Pain may help to localize the site of injury but 
is often non-specific. Rapid swelling indicates 
soft-tissue injury or, more importantly, an acute 
haemarthrosis due to an intra-articular fracture or 
ruphire of the anterior cruciate ligament (ACL) . In 
contrast, a gradual onset of swelling is more likely 
to represent a reactive traumatic effusion. Locking 



refers to inability to extend the knee fully. Blocking 
is probably a better term because some flexion is 
still possible. Locking may be true locking caused 
by intra-articular loose bodies of meniscal, carti
laginous or bony origin, or it may be due to pain 
behind the knee. Giving way is a sign of instability 
or meniscal injury. Early instability may indicate 
complete ligament rupture or a loose intra-articular 
structure, but it may also be the result of pain. 
The patient's experiences of giving way, locking, 
swelling and pain can all be confirmed on clinical 
examination. 

Examination should follow the basic look-feel
move-test principles. Of particular importance is 
the presence of a joint effusion, the patient's ability 
to straight leg-raise and the presence of any liga
mentous laxity on stress testing. 

The four cardinal symptoms of significant knee 
injury: 

• pain 
• swell ing 
• giving way 
• locking. 

A set of decision rules has been developed which 
can help in deciding who requires radiographic 
examination (Table 25.8). These 'Ottawa knee rules' 
have not been validated in patients aged less than 
18 years or older than 55 years. In all cases, AP and 
lateral films should

, 
be requested. A system for 

reviewing knee films is shown in Table 25.9. Most 
fractures are obvious but a normal radiograph 
does not exclude major ligamentous injury. Subtle 
signs include a lipohaemarthrosis (Fig. 25.9) and 
minor displacement or impaction of the lateral tib
ial plateau (Fig. 25.10). A pure chondral fracture 
cannot be seen on a radiogra ph. 

There is frequently only a sliver of bone 
attached to an osteochondral fracture, which is 
therefore difficult to see on a radiograph. There 
will, however, be a haemarthosis. If a tibial plateau 
fracture is suspected but not apparent on the AP 
film, oblique views are necessary to exclude the 
diagnosis. Similarly, oblique or skyline views may 
be necessary to exclude a patellar fracture that is 
not clearly seen on the AP film. 

If there is no convincing evidence of bony or 
major ligamentous injury, the patient should be reas
sured and a provisional diagnosis of knee sprain 
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Table 25.8: Decision rules for knee X-ray 

AP and lateral views are only required in 
patients who: 

Have isolated bony tenderness of the patella or 
Have bony tenderness at the head of the fibula or 
Are unable to flex the knee to 90° or 
Are unable to weight-bear both immediately 
after the injury and on examination 

(weight bearing is defined as taking four steps and 
transferring weight twice on to each leg) 

Table 25.9: Interpretation of knee fi lms 

On the AP film: 
Uninterrupted cortices around the femur, tibia, 

fibula and patella 
A step in the articular margins of the femur 

or tibia 
Fragments within the joint space 
Avulsion fractures of the tibial spines, biceps 

and collateral ligaments 
An area of increased bone density in the 

proximal tibia ( impaction) 
Loss of vertical alignment between the outer 

margin of the tibia and the femoral condyles 
Fracture of the fibular neck 
Fracture of the tibial spines 

On the lateral film: 
Uninterrupted cortices around the femur, tibia, 

fibula and patella 
A fat-fluid level (lipohaemarthrosis) in the 

suprapatellar bursa 

(with or without a traw11atic effusion) made. Cor
rectly applied compressive bandage, circular woven 
bandage (Tubigrip®) or simple crepe bandage can 
be provided to reduce swelling. Advice regarding 
rest and adequate analgesia, partial weight-bearing 
crutches and a review clinic appointment in 2-5 
days are also required. Whether knee injuries are 
reviewed in emergency or orthopaedic clinics often 
reflects local policies and practices. In general terms, 
knee injuries are best reviewed weekly by those 
with an interest in knees. Where an orthopaedic 
knee service exits, this should be utilized. 

SOFT-TI S SUE  I NJUR I E S  

The knee has a restricted range o f  movement (from 
0° to 150° of flexion and extension) and depends 
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Figure 25. 9 :  Radiograph of lateral (horizontal) knee fi lm with lipohaemarthrosis highlighted. (The fat-fluid level in 
the suprapatellar bursa indicates release of marrow from an intra-articular fracture - even if no fracture is visible.) 

primarily on the cruciate and collateral ligaments 
for stability. Any of these ligaments may be par
tially or completely ruptured. With partial ruphire, 
stressing a ligament will produce pain but no laxity. 
With complete rupture, stressing the ligament may 
not be painful at the ligament site but there will be 
laxity. In the acute setting, it is sufficient to deter
mine whether there is anterior, posterior, medial or 
lateral laxity. If there is doubt, stress radiographs 
are helpful but should only be requested after 
examination by an experienced doctor. 

A n t e r i o r  c r u c i at e  l i g a m e n t  ( A C L)  

r u p t u r e  

Anterior laxity indicates ACL ruphire. The ACL 
limits forward movement of the tibia on the femur 
and is most often ruptured by a sharp twisting 
movement of the femur relative to the tibia. Injuries 
are often caused by a rugby or football tackle from 
behind, which forces the upper tibia forwards. ACL 
rupture is the commonest major ligament injury. 
A haemarthrosis will develop very quickly and 
approximately a quarter of patients will also have a 
medial collateral ligament injury or a torn menis
cus (O'Donohue's triad refers to injury to all three 
structures). ACL laxity can only usually be demon
strated immediately after injury (before swelling 
and muscle spasm become prominent). It is tested 

with the knee at 90° (the anterior drawer test) and 
20° of flexion (Lachman's test). Patients often hold 
the knee in slight flexion because of the tight effu
sion, so Lachman's test is generally more accurate 
and easier to perform in the acute phase. 

Approximately one-third of patients with ACL 
ruphue recover completely and have no fmther dif
ficulties (even with sports). In another third the 
knee remains unstable and the patient is plagued by 
frequent giving way. The remaining third lie some
where between the two extremes, with intermittent 
symptoms. Because the outcome for any individual 
patient cannot be predicted, routine orthopaedic 
follow-up and conservative management are usual. 
This is in contrast to the patients with displaced 
avulsion fractures of the tibial spine, who are candi
dates for immediate repair. Undisplaced tibial spine 
fractures can be immobilized in a plaster cylinder 
and referred to frachire clinic. 

P o s t e r i o r  c r u c i a t e  l i g a m e n t  ( P C L) 
r u p t u r e 

The PCL can be ruptured by hyperextension or a 
blow to the upper tibia when the knee is flexed . 
This injury is typically seen in association w ith 
major trauma to the lower limb, such as occurs 
in motorcyclists and front-seat occupants of cars 
involved in collisions. There will be backward sag of 



Figure 25. 1 0: AP radiograph of knee with lateral 
tibial plateau fracture. (Reproduced with permission 
from L. Solomon, D.J . Warwick and S. Nayagam (eds), 
Apley's System of Orthopaedics and Fractures, 8th edition, 
published by Arnold, London, 200 I .) 

the tibia relative to the femur and a haemarthrosis. 
In contrast to acute ACL rupture, patients tend to 
make an excellent recovery from PCL rupture with
out surgical h·eatment. None the less, acute injuries 
should be discussed with the orthopaedic team. 

C o l l at e r a l  l i g a m e n t  i n j u r y 

Medial and lateral laxity should be tested at 20°-
300 of flexion to negate the action of the anterior 
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cruciate ligament. li there is significant laxity when 
the knee is in full extension then the ACL must also 
be damaged. Isolated tears of the medical collat
eral ligament (MCL) are caused by a blow to the 
lateral side of the knee (a pure valgus strain) 
or a combination of external rotation and valgus 
strain. The knee is held flexed and extension is lim
ited by pain. There will be tenderness along the 
ligament. Isolated lesions usually heal well with 
rest, analgesia and graded quadriceps exercises. 
Depending on the degree of pain, long leg splin
tage or plaster may be appropriate pending rou
tine clinic review. 

The lateral collateral ligament (LCL) joins the 
femoral condyle to the head of the fibula and is 
part of a ligament complex incorporating fascia 
lata and the biceps tendon. It is less important for 
stability than the other ligaments. Injury may result 
from a twisting injury or blow to the medial side of 
the knee causing a varus strain. Patients with sus
pected LCL tears can be treated symptomatically 
and reviewed routinely in clinic wlless there is 
gross instability. Common peroneal nerve palsy 
may be associated with LCL injuries as the nerve 
passes arow1d the neck of the fibula. 

M e n i s c a l  i n j u r y 

Meniscal injuries are usually caused by a clearly 
defined incident of rotational stress in the partially 
flexed, weight-bearing knee. The meniscus is torn 
by compression between the femoral and tibial 
articular surfaces. Pain is immediate and the 
patient cannot continue the activity. Weight bear
ing is also difficult and painful. There may be 
an acute haemartlu·osis following a tear of the 
vascular periphery, but usually there is minimal 
swelling as most of the meniscus is avascular. 
The joint line on the affected side will be tender. 
Medial meniscal injuries are five times more com
mon than lateral injuries. Acute tears are usually 
vertical splits in the substance of the meniscus 
but may extend into a bucket handle (by anterior 
extension) or a flap tear (by radial extension) .  Both 
can cause a springy block to full extension by jam
ming in the anterior segment of the joint. Smaller 
tears cause recurrent clicking, catching and joint 
line pain. 

If there is no locking, the patient can be safely 
reviewed in clinic once pain and swelling have 
subsided (usually 2-4 weeks) .  Analgesia, advice 
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regarding quadriceps exercises and partial weight
bearing crutches can be provided in the interim. 

A locked knee requires urgent orthopaedic review. 

H a e m a r t h r o s i s  

Bleeding into the knee is caused by major liga
ment injury, intra-articular fractures and rupture 
of the capsule. Although most patients with a 
haemarth.rosis have an ACL injury, the other causes 
must be excluded. A haemarthrosis is therefore an 
indication for further investigation. Ideally, the 
knee should be washed out in the operating the
atre and an arthroscopic examination performed. 
This relieves pain, prevents the synovitis that may 
result from the irritant effect of blood and reduces 
adhesions. Recovery and rehabili tation are thus 
much more rapid if the knee is washed out. If 
arth.roscopy is not available, blood should be aspi
rated under aseptic conditions and the aspirate 
examined for fat. The presence of fat in the aspirate 
indicates a likely intra-articular fracture. If the 
diagnosis remains unclear the patient should be 
referred for early orthopaedic review. 

A haemarthrosis indicates a significant intra-articular 
injury. 

C H RO N I C  K N E E  PA I N  

Patients often attend an emergency department to 
seek advice about ch.ronic knee pain. A wide range 
of conditions, most secondary to overuse, can 
cause pain and patients should initially be advised 
to rest, take adequate analgesia, and continue non
weight-bearing exercises. The most common com
plaint is anterior knee pain that is usually not 
associated with injury. The pain is poorly localized 
and aggravated by weight bearing on a flexed 
knee as well as prolonged sitting. There may be 
crepitus, weakness and an effusion, although clin
ical examination is usually normal. Causes include 
malalignment, osteochondral injury, degenerative 
change and chondromalacia patellae. The majority 
of patients improve with physiotherapy and symp
tomatic management. Those that do not should be 
referred to orthopaedics. 

Osgood-Schlatter's disease is a tibial tubercle 
apophysitis in active children characterized by pain, 
swelling and radiographic fragmentation of the 
tibial tubercle. It usually resolves with symptomatic 
treatment. The Sinding-Larsen-Johansen syndrome 
is a similar condition at the lower pole of the patella. 
Insertional tendinitis is the adult equivalent of 
these conditions and generally responds to anal
gesia and physiotherapy. A patient presenting with 
an acute exacerbation following injury should have 
an avulsion fracture excluded. Patellar tendinitis is 
similar to Achilles tendinitis and responds to the 
same treatment. 

f RACTU RES ARO U N D  THE  KNEE  

T i b i a l p l at e a u  fra c t u r e s  

Fractures of the tibial plateau are caused b y  axial 
loading combined with a strong valgus or varus 
force. The collateral ligaments act like a hinge and 
the tibial condyle is crushed or split by the oppos
ing femoral condyle. Severe valgus stress (di -
placement of the leg away from the mid-line) will 
impact the mass of the lateral femoral condyle on 
to the lateral tibial plateau. This is the most com
mon tibial plateau fracture and approximately half 
occur in road accidents. Frachires of the medial 
tibial plateau are uncommon but do occur. A range 
of fracture patterns can be found. Most represent 
either splitting of the tibial plateau with down
ward displacement of the tibial fragment or crush
ing of the tibial table. There will be difficulty 
weight bearing, pain and tenderness over the lat
eral joint line, a haemarthrosis, and bruising over 
the lateral side of the knee. Symptoms and signs 
may be surprisingly subtle and weight bearing has 
a high discriminatory value. AP, lateral, and occa
sionally oblique radiographs will confirm the 
diagnosis (see Fig. 25.10) .  A vertical line drawn at  
the outer margin of  the femoral condyles should 
pass within 5 mm of the outer margin of the tibial 
plateau. If it does not, then a P.lateau fracture 
should be suspected. 

Tibial plateau frachires require urgent orth -
paedic assessment. Although minimally displaced 
fractures (<2-3 mm) can be treated conservatively, 
full assessment of the knee requires an examin
ation Ul1der anaesthesia and arthroscopy, or further 
imaging may be required to determine the true 



Figure 25. 1 I :  Fractured patella on a lateral knee 
radiograph. 

extent of the fracture. A plaster cast will provide 
stability and comfort in the interim. 

P at e l l a r fra c t u r e  ( F i g .  2 5 . 1 I )  

The patella lies within the quadriceps tendon in 
the centre of the extensor mechanism and is sur
rounded by a fibrotendinous capsule. It acts as a 
pulley carrying the extensor mechanism around 
the knee during flexion. It may be fractured by 
direct violence (a fall on the knee or a road acci
dent) or following sudden muscle contraction (a 
stumble or partial fall). Fractures resulting from 
direct trauma may be incomplete, stellate or com
minuted. Fractures resulting from sudden contrac
tion tend to be transverse. Treatment depends on 
the nature of the fracture and whether the extensor 
mechanism is intact (demonstrated by full active 
extension of the knee against gravity). Surgery is 
not indicated for undisplaced fractures where the 
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extensor mechanism is intact. Thus if the patient 
is able to straight leg raise, the fractured patella 
will heal within its 'capsule'. Only analgesia and 
aspiration of any haemarthrosis may be required. 
If swelling allows, a long leg plaster cylinder can 
be applied in the emergency department and the 
patient reviewed in fracture clinic. 

Although it is important to preserve the patella 
where possible, any irregularity of its articular sur
face will cause osteoarthritis in later life, so commin
uted fractures are referred for reduction or excision. 
A damaged extensor mechanism also requires refer
ral for orthopaedic review and surgical repair. A 
transverse fracture tends to split the quadriceps 
expansions on either side and will require repair to 
prevent widening of the fracture. 

Avulsion of the quadriceps tendon from the 
patella, avulsion of the patellar tendon from the tib
ial tuberosity, avulsion fracture of the tibial tuberos
ity and rupture of the quadriceps and patella 
tendons may also occur with the same mechanism 
of injury. These conditions may easily be misdiag
nosed by assuming that the inability to straight leg 
raise is due to pain. These injuries generally require 
surgical repair and should be referred. 

K n e e  d i s l o c at i o n  ( F i g .  2 5 . 1 2 ) 

Dislocation of the knee joint is rare and is often asso
ciated with major injuries to all the ligaments. The 
tibia is most often displaced anteriorly and reduc
tion is best effected by gentle but sustained longitu
dinal traction. There can be additional injury to the 
popliteal vessels and nerves. An angiogram should 
be performed to exclude an intimal flap tear of the 
politeal artery and reduce the risk of late occlusion. 
Orthopaedic teams should be involved in the care 
of these patients from the outset. Following reduc
tion and immobilization, reconshuction of a dislo
cated knee can be attempted electively. 

Dislocation of the knee is associated with popliteal 
artery injury and requires vascular assessment. 

P at e l l a r  d i s l o c at i o n  

Dislocation of the patella may occur singly or as a 
recurrent problem. The patella can be dislocated by 
a sharp, twisting movement of the knee in slight 
flexion. It is common in female adolescents and is 
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Figure 25. 1 2: Dislocated knee on a lateral 
radiograph. 

often associated with abnormal patellofemoral 
anatomy. If spontaneous reduction has occurred, 
the patient will describe seeing the 'kneecap' lying 
on the lateral side of the knee. If still dislocated, it 
can be reduced under Entonox® by applying 
medial pressure and gently straightening the knee. 
The knee will remain swollen from local swelling 
and a haemarthrosis. There will be tenderness 
on the medial side of the patella. Radiographs 
may show a haemarthrosis and sometimes an 
osteochondral fracture on the medial side of the 
patella. 

The torn medial expansion needs to be rested 
in a plaster cylinder for 4 weeks. If there is no 
haemarthrosis and minimal swelling, this can be 
arranged in the emergency department and the 
patient brought back to fracture clinic. For patients 
who have recurrent dislocation, the chance of ade
quate healing is remote and they may need later 
operative repair. 

I NJUR I E S  TO T H E  LEG 

SOFT-TI SSU E I NJ U R I ES 

Minor soft-tissue injuries of the calf and shin are 
common. One of the most important injuries in the 
leg is a pretibial laceration in an elderly patient. 
Its importance lies in its frequency and the risk of 
complications. The typical laceration has a distally 
based flap with fragile, poorly viable skin. Very 
occasionally mattress sutures are required to 
oppose the wound edges, but excellent results can 
usually be obtained by applying adhesive wound 
tapes and a light pressure dressing once the 
wound has been cleaned. Patients should be 
advised to keep the limb elevated and return to the 
clinic in 5 days for wound inspection. Large, 
poorly viable flaps and complex lacerations may 
require plastic surgical review and it is essential to 
consider this early. 

Rupture of gastrocnernius occurs during racket 
sports, jumping and sprinting. The medial head 
is mosf commonly injured and the symptoms are 
similar to those of a ruptured Achilles tendon. Once 
th.is has been excluded, treatment is with analge
sia, gentle stretching, and strengthening exercises 
under the supervision of a physiotherapist. Repair 
is only indicated in the athlete with major dis
ruption and wide separation of the muscle and 
aponeurosis. 

Patients may present with shin pain that is asso
ciated with sporting activities or running. This is 
often described as 'shin splints' .  The differential 
diagnosis of shin pain is wide and includes tibial 
periostitis, stress fractures of the tibia and chronic 
compartment syndromes. They can be very diffi
cult to distinguish and are essentially chronic over
use injuries. 

Both the tibia and fibula are sites of stress frac
tures. Stress fractures are characterized by gradual 
onset of pain, localized swelling and tenderness. 
The most frequent sites are the junction of the mid
dle and distal thirds of tli.e tibia and just above the 
inferior tibiofibular ligament in t11e fibula. Hairline 
cracks or endosteal or exosteal callus may be visi
ble on plain radiographs, but there are often no 
radiographic features and bone scanning may be 
required to confirm the diagnosis. Rest, analgesia 
and physiotherapy- usually alleviate symptoms f 
both stress fractures and tibial periostitis. Chronic 



muscle compartment syndromes are mainly con
fined to the anterior and deep posterior compart
ments of the leg. Pain is produced by running and 
the diagnosis can be difficult to confirm without 
compartment pressure measurement during exer
cise. This is usually only available to specialist 
sports injury services. 

F RACTURES  OF  THE  T I B I A  AND  F I BULA 

Isolated fractures of the tibia or fibula may occur 
from direct violence. Indirect forces tend to cause 
fractures of both bones. Isolated fractures, of the 
tibia can occur as a result of direct trauma, twisting 
and repeated stress. They are frequently associated 
with ligamentous injuries of the knee. The fracture 
is treated in the same way as a fracture of both 
bones. 

The fibula can be fractured by a direct blow to 
the outer side of the leg or by twisting. These 
injuries cause transverse or spiral fractures, respec
tively. An isolated spiral fracture at the upper end 
of the fibula may be associated with a fracture 
of the tibia at the ankle that is easily overlooked 
(Fig. 25.13). The ankle must therefore be examined 
carefully in every patient with an apparently iso
lated fracture of the fibula. Similarly, the neck of 
the fibula should be examined in every patient 
with a significant ankle injury. It is essential that 
the combination of a fibular fracture with diastasis 
of the inferior tibiofibular joint and rupture of the 
medial ligament of the ankle (the Maismmeuve 
injury, see below) is not overlooked. 

If a fibula fracture is undisplaced and the tibia is 
intact, the patient can be allowed to weight-bear 
and no immobilization is required unless move
ment is painful. A below-knee plaster can always 
be used if pain is severe. These patients should be 
reviewed in fracture clinic. Common peroneal 
nerve injury should be excluded and any impair
ment documented. 

Fracture of both the tibia and fibula is common. 
These injuries are amongst the leading causes of dis
ability in yotmg adults. The patient cannot weight
bear and is usually in severe pain. Signs include 
swelling and tiruising over the anterior border and 
angular aJ1d rotational deformity of the limb. Bony 
tenderness will be obvious in conscious patients. 
Evidence of open fracture may be subtle, with only 
a small 'from within out' puncture wound visible. 
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Figure 25. 1 3 : Radiograph showing spiral fibular 
fracture associated with medial malleolar fracture. 

Any wow1ds should be photographed then 
covered with sterile dressings. These should not 
be dishubed again until the patient reaches the 
operating theatre (ideally within 6 h of injury). 
Antibiotic therapy should be commenced accord
ing to local antibiotic policy for all open fractures. 
The popliteal artery is anchored under the upper 
third of the tibia and is susceptible to damage in 
proximal fractures. Distal circulation should there
fore be checked carefully. AP and lateral views to 
include the knee and ankle joints are the only radi
ographs necessary. 

Uncomplicated tibial fractures will require 
manipulation and immobilization in a long-leg cast 
with the knee slightly flexed. The ankle should be 
at right-angles. This dorsiflexion of the fil1kle must 
be achieved by traction on the heel and not by dor
siflexing the forefoot and forcing the tibial frag
ment posteriorly. All patients will require hospital 
admission for observation and elevation. 

The two major complications of tibial fractures 
are compartment syndrome and infection in open 
fractures. Osteomyelitis complicates as many as 
10-20% of open tibial fractures and is reduced by 
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meticulous debridement, early restoration of soft 
tissue cover and stable fixation of the fracture. 

C o m p a r t m e n t  s y n d ro m e  

Increased pressure within a confined fascial com
partment may lead to ischaemia, necrosis, contrac
tures and permanent limb deformity. Compartment 
syndromes occur most often with fractures of the 
tibia and crush injuries of the foot. Despite this, 
clinical evidence of compartment syndrome should 
be sought in all injuries of the lower limb. Other 
causes include haematomas and swelling after ath
letic exertion or operation. The diagnosis is based 
on symptoms and signs, and can be confirmed by 
direct measurement of the compartment pressure. 
The patient complains of severe pain (not relieved 
by analgesia or splinting), localized tenderness, pain 
with movement and paraesthesiae. Pallor, paraly
sis and pulselessness are late signs and irreversible 
muscle necrosis will already have taken place. 

Passive stretching of the muscles within the com

partment will elicit severe pain and is a sensitive 

test. 

The immediate treatment of suspected com
partment syndrome includes splitting any plaster 
or bandages and elevating the limb to the level of 
the heart. Irreversible damage to the limb will 
occur if the compartment is not decompressed by 
fasciotomy within 4 h. The symptoms and signs 
are usually sufficient grounds for decompression. 
However, direct measurement of compartment 
pressure may be helpful. A single pressure reading 
of greater than 45 mmHg is an indication for fas
ciotomy. A 30 mmHg gradient between compart
ment pressure and diastolic blood pressure is 
required to maintain normal metabolic function. 
It may be possible to measure the pressure contin
uously and relate it to diastolic blood pressure 
in equivocal cases. Despite this, measurement of 
pressures can be misleading and should never 
override clinical judgement. Urgent orthopaedic 
review is indicated. 

Compartment syndrome is largely a cl inical 
diagnosis. 

I NJUR I E S  TO T H E  ANKLE  

G EN ERAL P R I N C I PLES  

The ankle joint is described a s  a mortice joint with 
the two malleoli and the articular surface of the 
tibia forming a socket for the talus. The talus is held 
in the mortice on the medial side by the strong 
deltoid ligament. On the lateral side it is held by 
the lateral ligament complex. The fibula and tibia 
are tightly bound by the tibiofibular ligaments. As 
with t11e pelvis, the ankle may be regarded as a ring
like structure composed of bones joined together 
by ligaments. As a general principle instability 
results when the ring is broken in two places, 
because of eitl-1er two fractures or a combination of 
a fracture and ligament damage. 

Injury occurs when the talus is moved within 
the rigid mortice. Ankle joint structures then fail in 
predictable ways according to the magnitude and 
direction of the forces involved. In general a trac
tion force (a pull by intact ligaments) on a malle -
lus results in a transverse fracture, and a pulsion r 
rotation and pulsion force results in an oblique or 
spiral frachtre. Four basic mechanisms of injury 
(external rotation, abduction, adduction and verti
cal compression) account for the majority of ankle 
sprains and fractures. 

Inversion of the heel when walking over rough 
grotmd causes external rotation of the talus. The 
talus rotates against the lateral malleolus and causes 
injury to the lateral ligaments. If the forces are great 
enough, the lateral malleolus fractures obliquely. If 
the force progresses further, the medial ligaments 
may be disrupted or the medial malleolus may be 
pulled off. This bimalleolar fracture is unstable. 
Continuation of the rotation pulls on the posterior 
tibiofibular ligament and avulses a posterior malle
olar fragment. This is now a trimalleolar fracture. 
Dislocation of the ankle may also occur (Fig. 25. 14) .  

Adduction of the talus results from striking the 
inverted foot on the ground.  If the forces are slight, 
a partial tear of the lateral ligament occurs. With 
greater energy there will be complete rupture of 
the lateral ligaments and possibly an avulsion frac
ture of the lateral malleolus. With yet further force 
the talus drives medially, knocking off the medial 
malleolus. 

Abduction of the talus will occur if the medial 
side of the heel and foot strikes the ground. As the 



Figure 25. 1 4: Ankle dislocation. 

foot everts, the talus drives laterally and tears the 
medial ligaments (or pulls a medial malleolar frag
ment off). The tibiofibular ligaments are then stres
sed and the talus may push a fibular fragment off. 

Vertical compression injuries may occur in road 
accidents (floor hitting foot) and falls from heights. 
Forces are transmitted vertically through the talus 
and into the tibia. The talus is often dorsiflexed dur
ing vertical compression injuries and its wide ante
rior part is forced into the mortice, shearing off the 
medial malleolus. The anterior tibial margin is next 
to be fractured (usually a crush fracture), followed 
by the lateral malleolus. With even greater forces the 
distal tibia may become grossly comminuted. This is 
an unstable injury that may require internal fixation. 

SOFT-T ISSU E I N JUR I E S  

A sprained ankle i s  one of the most common rea
sons for attending an emergency department. 
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Table 25. 1 0: Ottawa ankle rules for use of 

radiography in acute ankle injuries 

An ankle series (AP mortice view and lateral) is only 
required if: 

There is malleolar pain and 
The patients is aged 55 years or over or 
There is inability to weight-bear both immediately 

and in the emergency department or 
There is bony tenderness in the posterior half of 

the distal 6 cm of the medial malleolus or 
There is bony tenderness in the posterior half of 

the distal 6 cm of the lateral malleolus 

A foot se�ies is only required if: 
There is pain in the mid-foot area and 
The patients is age 55 years or over or 
There is inability to weight-bear both immediately 

and in the emergency department or 
There is bony tenderness at the base of the fifth 

metatarsal or at the navicular 

Clinically, there is localized swelling and tender
ness and early bruising may be apparent. The pat
tern of injury is related to the position of the foot at 
the time and the direction and magnitude of the 
forces involved. Patients will often clearly describe 
the mechanism and will be able to demonstrate the 
direction of deformity using the other leg. An audi
ble snap or crack may be reported by the patient at 
the time of the injury but is rarely associated with 
specific injury. The specific mechanisms that lead to 
ligament rupture and fracture are discussed above. 

The key issues for the doctor at this stage are 
whether there is likely to be an underlying frac
ture, and provision of the appropriate advice and 
follow-up. The Ottawa ankle rules are a set of deci
sion rules that help the doctor judge whether radio
graphic examination is likely to reveal a fracture 
(Table 25.10). A guide to interpreting ankle radio
graphs is given in Table 25. 11 .  The AP mortice 
view is taken with the foot internally rotated 15° to 
show the entire joint space and the presence of any 
shift or tilt of the talus (Fig. 25.15). 

Sprains and partial ligament tears are best 
managed by protected mobilization. The RICE regi
men for the treatment of soft-tissue injuries should 
be followed. A firm elastic support provides suffi
cient compression. The use of anti-inflammatory 
drugs reduces the time to recovery. The pain settles 
substantially after 10 days, but patients should be 
warned that the ankle will be uncomfortable for as 
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long a s  3 months. Physiotherapy should b e  pro
vided for all patients as soon as pain allows. Many 
departments have limited access to physiotherapy 
so the resources of the patient's general practitioner 

Table 25. 1 I :  Interpretation of ankle radiographs 

Look for: 

On the AP mortice view: 
A uniform joint space all the way round the talus 
An intact talar dome with no evidence of 

osteochondral fracture 
Fragments within the joint space 
Epiphyseal plate fractures 

On the lateral view: 
Uninterrupted cortices around the medial, 

lateral and posterior malleolus (posterior tibia) 
An intact calcaneum 
A normal Bohler's angle (30°-40°, see text) 
A fracture of the base of the fifth metatarsal 

Figure 25. 1 5: AP mortice view of the ankle showing 
talar shift due to disruption of the lateral ligament 
complex of the ankle. 

should be utilized where possible. Some patients 
may require a few weeks of rest before they can tol
erate physiotherapy. The treatment of complete 
ruptures of the lateral ligament is controversial, but 
consideration should be given to surgical repair. 

RICE - Rest, Ice, Compression, Elevation. 

A specific injury is rupture of the interosseou 
membrane and tibiofibular ligaments with a dias
tasis (widening between the tibia and fibula) and a 
high spiral fracture of the fibula (the Maisonneuve 
fracture). The importance of this injury is that the 
radiographs of the ankle may not reveal a fracture 
despite the severity of the injury. The diastasis 
requires operative correction. 

The Achilles tendon is susceptible to inflamma
tion as a result of overuse, and to acute partial or 
complete rupture (Fig 25.16). Of particular rele
vance to emergency department practice is distin
guishing acute tendon rupture from Achilles 
tendinitis or bursitis. The tendon is ruptured by the 
same movements that can tear the head of gastro
cnemius (typically sudden plantarflexion against 
resistance). Classically, the patient reports a feeling 
of being kicked or othenvise hit in the back of the 
leg or heel. Pain, weakness and swelling may only 
be moderate. Active plantar flexion will be intact 
owing to the action of other posterior tendons. On 
examination, however, a gap between the two 
ends of the tendon can usually be palpated and 
Simmonds' test reveals no plantar flexion on squeez
ing the calf on the affected side. This test will be 
negative in partial ruptures and tendinitis. Com
plete ruptures should be treated by application of a 

Figure 25. 1 6: Right Achil les tendon rupture. 



full below-knee cast in plantarflexion (an equinus 
plaster). Patients who present late (more than 7 
days after injury) have a high rate of rerupture and 
orthopaedic referral for operative management is 
indicated. Achilles tendinitis produces pain local
ized to the tendon itself and is attributed to a recent 
increase in use rather than a specific event. The ten
don is tender but intact. Analgesia and relative rest 
will usually suffice. 

F RACTURES  ABOUT THE  ANKLE  

Significant ankle fractures occur in three places: 

• the medial malleolus of the tibia 
• the lower end of the fibula, including the lateral 

malleolus 
• the 'posterior malleolus', or posterior margin of 

the tibia. 

The mechanism for these fractures is described 
above. Stable, undisplaced fractures of the lat
eral malleolus may be treated conservatively in a 
below-knee cast. The patient can subsequently be 
reviewed in fracture clinic. Undisplaced birnalleo
lar fractures may be treated the same way and 
reviewed after 1 week. Unstable fractures should 
be discussed with the orthopaedic team. Ankle 
fractures are intra-articular injuries and the aim of 
treatment is reduction to restore the normal ankle 
mortice. Pain, instability and osteoarthritis will 
result if an accurate reduction is not achieved. 
Manipulation under anaesthesia (by an orthopaedic 
surgeon) and application of a cast may be used, 
but more commonly open reduction and internal 
fixation are appropriate to achieve anatomical 
reduction. Check radiographs are essential in inter
preting the success of reduction. All of the follow
ing radiographic criteria should be met: 

• fibular length is restored 
• joint space all the way round the talus is uni

form 
• the talus sits squarely in the mortice with paral

lel articular surfaces 
• there is no tibiofibular diastasis. 

D IS LOCAT I O N  O F  T H E  AN KLE  

The ankle may dislocate if the mortice becomes 
unstable. This is usually associated with significant 
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ligamentous and bony injury, although dislocation 
without fracture can occur. The acutely dislocated 
ankle should be reduced as soon as possible to 
preserve skin viability and distal neurovascular 
function. If it is possible to take plain radiographs 
without incurring delay (while titrating analgesia 
to effect), then it is valuable to do so (see Fig. 25.14) . 
These initial views can convey the degree of deform
ity and displacement even if no fracture is present. 
Reducbon is achieved by traction on the heel and 
the leg can then be placed in a plaster back-slab 
pending further orthopaedic review. 

Ankle dislocations should be u rgently reduced to 
prevent ischaemia of soft tissues overlying the injury. 

I NJ U R I E S  TO T H E  FOOT 

FRACTURES O F  T H E  TALUS  

Fractures of the talus are unusual and associated 
with high-energy mechanisms of injury. The talus 
plays an important role in the ankle joint, the sub
talar joint and the mid-tarsal (talonavicular) joints. 
It is largely covered by articular cartilage. Fractures 
may involve the dome, the neck, the body or the 
smaller processes of the talus. The commonest 
fracture is of the neck of the talus following road 
accidents and falls from heights. The talus is forced 
against the anterior tibial margin as the foot is 
forcibly dorsiflexed.  The diagnosis is confirmed 
on radiographs (Fig. 25.17). The talus, like the 
scaphoid, receives its blood supply from distal to 
proximal and there is a significant risk of avascular 
necrosis. Displaced fractures should therefore be 
referred for urgent orthopaedic review. Undis
placed fractures may be treated in a below-knee 
non-weight-bearing cast, with orthopaedic follow
up. Fractures of the talar dome are osteochondral 
fractures that are usually caused by inversion 
injuries of the ankle and can be diagnosed by plain 
radiographs. 

CALCANEAL F RACTURES  

The calcaneum i s  fractured b y  a direct blow to the 
heel, most often caused by falling from a height. 
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Figure 25. 1 7: Radiograph of fractured talus. 
(Reproduced with permission from L. Solomon, 

D.J. Warwick and S. Nayagam (eds), Apley's System of 

Orthopaedics and Fractures, 8th edition, published 

by Arnold, London, 200 I .) 

Fractures are therefore often bilateral and associ
ated with thoraco-lumbar wedge fractures. Because 
the calcaneum is made of cancellous bone, it is 
crushed at the moment of impact and the heel may 
appear wider, shorter and flatter. There is usually 
marked swelling and tenderness, with inability to 
weight-bear. Radiographic assessment of the calca
neum involves a lateral and an axial view. Meas
urement of Bohler's angle will reveal flattening of 
the frach1re (measured by drawing a line from the 
posterior aspect of the calcaneum to its highest 
midpoint. A second line is drawn from this point 
to the highest anterior point. The angle between 
these two lines is Bohler 's angle) (Fig. 25. 18). A 
number of different types of fracture have been 
described and there are a number of treatment 
options. Of greater importance, however, is whether 
the subtalar joint has been involved. Major frac
tures destroy the subtalar joint and cause stiffness 
of the subtalar and midtarsal joints. This leads to 
disabling pain when walking on rough surfaces. 
All calcaneum fractures should be referred for 
orthopaedic review. If subtalar joint involvement 

Figure 25. 1 8: Bohler's angle. 

Figure 25. 1 9: Lateral radiograph showing a calcaneal 
fracture. 

is suspected, further imaging is used to assess the 
degree of displacement of the articular surface 
(Fig. 25.19) .  

TARSAL FRACTURES  A N D  
D I SLOCAT I O N S  

Minor extra-articular frachlres in the foot require 
only ice, elevation and early mobilization with the 
aid of physiotherapy. Any intra-articular fractures 
should be referred to the orthopaedic surgeons. 
The tarsal bones are hard, solid bones that are dif
ficult to fracture. They may, however, dislocate 
at either the mid-tarsal or tarsometatarsal joints. 
The mid-tarsal joint lies between the talus and the 
calcaneum posteriorly and the navicular and 
cuboid anteriorly. A mid-tarsal dislocation may be 
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Figure 25.20: Radiograph of foot showing navicular f�acture. 

associated with fracture of any of the tarsal bones, 
crush injuries to the foot and twisting injuries of 
the forefoot. The dislocation may be to the medial 
(adduction dislocation) or lateral (abduction dis
location) side. These injuries can be missed both 
clinically and radiographically. If they are not 
correctly diagnosed and accurately reduced the 
dislocation becomes permanent, and a disabling 
deformity may result. 

Fractures of the cuboid occur as a . result of lat
eral subluxation of the mid-tarsal joint with longi
tudinal compression of the cuboid. This rarely 

causes significant displacement and treatment is 
by immobilization in a cast. 

Fractures of the navicular may involve the 
tuberosity, the body or the dorsal lip. The tuberosity 
may be avulsed in an eversion injury (by the tibialis 
posterior tendon). Where the tuberosity is signifi
cantly displaced it should be reduced. Fractures of 
the cuboid and navicular may coexist. Fractures of 
the body of the navicular are often associated with 
injuries involving the mid-tarsal joint and result 
from high-energy trauma (Fig. 25.20). Avulsion 
fractures of the dorsal cortex are caused by forced 
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Figure 25.2 1 :  Radiograph of foot showing tarso
metatarsal dislocation. 

eversion of the foot. Large fragments (>25% of the 
articular surface) should be fixed. Otherwise, plas
ter immobilization will suffice. 

Dislocation or fracture-dislocation of the tar
sometatarsal (Lisfranc's) joint of the foot is an 
important injury that may also be overlooked. It is 
caused by direct crushing, an indirect twisting force 
or an axial load applied to the trapped foot. The foot 
appears swollen and pain is exacerbated by supina
tion and pronation while the subtalar joint is held. 
Severe displacement is associated with damage to 
the dorsalis pedis artery and forefoot ischaemia. 
Radiographic signs may be subtle, requiring a high 
degree of clinical suspicion (Fig. 25.21 ) .  AP, oblique 
and true lateral projections are required (Table 
25.12). Treatment requires prompt anatomical 
reduction by applying traction in the line of the 
metatarsals and pressure over their bases. 

M ETATARSAL FRACTURES AND 
D I SLOCAT IONS  

Metatarsal fractures may result from crush injuries 
to the forefoot. Although there may be little evidence 
of significant neurovasular damage, the margin of 
safety for soft-tissue swelling is much lower in the 

Table 25. 1 2: Radiographic signs of tarso-metatarsal 
fracture dislocations 

Look for. 
Diastasis between the first and second 

metatarsal shafts 
Small fracture fragments of the bones comprising 

the mid-tarsal joint 
Residual subluxation of the metatarsal bases 

seen on the lateral projection 
The medial margin of the base of the second 

metatarsal should l ine up with the medial 
margin of the middle cuneiform on the AP view 

The medial margin of the base of the third 
metatarsal should line up with the medial margin 
of the lateral cuneiform on the oblique view 

foot than elsewhere in the leg and a careful watch 
for compartment syndrome is warranted. Patients 
should be referred for admission if swelling is con
siderable. Otherwise, rest, ice, elevation and a cast 
is often all that is necessary. In cases where there 
are multiple displaced fractures, orthopaedic 
intervention may be required to ensure that the 
normal relationship of the metatarsal heads is 
restored (Fig. 25.22). 

The combination of inversion and forced plantar 
flexion at the ankle (mis-stepping on the edge of a 
step) causes the peroneus brevis tendon to avulse 
the base or styloid process of the fifth metatarsal. 
Occasionally, the epiphysis that lies parallel to the 
shaft of the metatarsal is confused with a frac
ture (which is usually transverse) (Fig. 25.23). The 
metatarsal shaft may also be fractured. There is 
considerable pain and tenderness of the fracture 
site immediately after the injury and a below-knee 
cast may be needed to relieve pain. Some patients 
can manage well with just a firm crepe bandage 
and will recover faster. 

The metatarsals are also prone to stress frac
tures ('march fractures') . The neck or the shaft of 
the second or third metatarsal is usually affected. 
The history is of prolonged exercise (or marching) .  
There is  a gradual onset of  pain in the forefoot, 
with local tenderness and swelling on the dorsum 
of the foot. Radiographs often do not show the 
fracture initially but if repeated will demonstrate 
the appearance of a haze of callus at the fracture 
site. If pain is severe the patient may require a 
below-knee walking plaster, but mild cases require 
only a period of rest of the part. 



Figure 25.22: Radiograph of foot showing multiple 
metatarsal fractures. (Reproduced with permission 
from L. Solomon, D.J . Warwick and S. Nayagam (eds), 

Apley's System of Orthopaedics and Fractures, 8th edition, 
published by Arnold, London, 200 I .) 

TO E F RACTURES  AND D I S LOCAT IONS  

The phalanges of the toes are vulnerable to crush
ing and stubbing injuries. Toes are also at risk of 
more severe open injuries, such as when the blade 
of a lawn mower clips them. There is often signifi
cant nail and soft tissue damage and a fracture that 
extends into the interphalangeal joint. 

Many emergency departments will avoid radi
ographs of toes (other than the great toe) if there is 
no evidence of open wounds, dislocation, angula
tion or rotation, on the basis that the radiograph 
will not change the doctor's management. On 
the other hand, certain knowledge that a toe is not 
broken may fundamentally alter the patient's 
approach to their symptoms and activities, and 
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Figure 25.23: Contrasting radiographs of fifth 
metatarsal fracture (/e�) and epiphysis (right). 

thus clearly affects the patient's management of 
themselves. Plain radiographs should therefore 
always be considered. 

Wounds and crush injuries of the distal pha
langes should be treated as soft-tissue injuries 
without regard to bony continuity. Severely con
taminated open fractures should be treated like 
any other open fracture. The wound should be 
thoroughly cleaned and the nail plate retained as 
much as possible (if only as a splint). Analgesia 
should be provided and the foot elevated until 
swelling has subsided. Closed fractures of the 
phalanges rarely require treatment other than 
reduction of rotational or angular deformity and 
strapping to an adjacent toe for 3-4 weeks. If there 
is obvious dislocation or displacement, this should 
be reduced. Orthopaedic follow-up need only be 
sought for injuries to the great toe that involve the 
proximal phalanx or are intra-articular. 
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INJ URIES TO THE UPPER L,IMB 
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I NTRODUCT ION  

Injuries to the upper limb account for a high 
proportion of patients presenting to emergency 
departments. The disabling effect of upper limb 
injury in the longer term can be out of proportion 
to the extent and life threat of the initial injury. 
Accurate diagnosis and treatment are therefore 
essential. This chapter provides a practical 
approach to the assessment and management of 
traumatic injury to the upper limb. 

G E NE RAL  P R I N C I P LES  

Many of the general principles that were discussed 
in relation to history, examination, investigation 
and treatment of lower limb injuries (Chapter 25) 
apply equally to the upper limb. In the seriously 
injured patient, the primary survey should always 
precede any formal assessment of limb injury. The 
priorities for management of the severe limb injury 
are then to control bleeding, provide immobiliza
tion and analgesia, and identify limb-threatening 
injuries such as major joint dislocation, open frac
tures, nerve or vascular injury and compartment 
syndromes. 

Fractures in the upper limb are common. They 
are also commonly missed. To avoid this, parti
cular attention must be paid to the mechanism of 

• Injuries to the elbow 
• Injuries to the forearm 
• Wrist injuries 
• Further reading 

1111ury, the likely forces involved and the likely 
deformity of the limb at the time of injury. 
Knowledge of the typical presenting features asso
ciated with specific fractures is required to guide 
the effective use of radiography. As with lower 
limb injuries, there are clear associations and pat
terns that are often suggested by the history. 
A fall on the outstretched hand, for example, can 
be associated with characteristic wrist, elbow and 
shoulder injuries, depending on the position of the 
hand and arm at the time of the fall. Frequently 
missed fractures include greenstick fractures and 
fractures of the humeral neck, radial head, distal 
radius and carpal bones. Another key aspect of the 
history is the patient's occupation and home 
circumstances. The disability caused to an elderly 
patient with a fracture of the distal radius of the 
dominant hand may be so great as to prevent the 
patient from cooking, shopping, bathing and using 
their mobility aids. Such patients are at further risk 
from accidental injury and should be carefully 
assessed before consid ring discharge. General 
principles of examination are given in Table 26. l .  

All the joints o f  the upper limb are at 0 °  when 
the body is in the anatomical position. There is 
often confusion over the movements of the thumb . 
Unlike the remainder of the upper limb, move
ments of the thumb are not in the true sagittal or 
coronal planes: they are in a plane which is angled 
some 30° forward from the coronal. 

As with lower limb injuries, urgent orthopaedic 
consultation is required for patients with open, 



Table 26. 1 :  General principles of upper l imb 

examination 

If the patient expresses pain then provide analgesia 
early 

Tailor the examination to the needs of the patient 
Follow the look-feel-move-test approach 
Always compare l imbs with the other side 
Look for abnormal contour, deformity, swelling, 

wasting, scars and wounds 
Feel for swel l ing, abnormal mover:nent, crepitus and 

bony tenderness 
Leave the most painful area until last 
Observe active movements before attempting 

passive movement 
Record range of movement in degrees from the 

anatomical position 
Grade power according to the Medical Research 

Council scale 
Always assess circulation and sensation distal to 

the injury 

Table 26.2: Aide-memoire for neurological 
examination of the upper l imb 

Motor Sensory 

cs Shoulder abduction Lateral arm 
C6 Elbow flexion Thumb 
Cl Elbow extension M iddle finger 
CB Wrist flexion Little finger 
T l  Little finger abduction Ulnar aspect of 

forearm 

complex or multiple fractures, major joint dis
ruption and extensive soft-tissue injury. All other 
fractures should be reviewed in clinic according to 
departmental policies. Specific management guid
ance is provided below. 

Nerve injuries in the upper limb range from 
major brachial plexus lesions to isolated periph
eral nerve injuries. They are potentially disabling 
and must always be carefully sought and excluded. 
Common injuries occur to the axillary nerve at the 
shoulder, the radial nerve row1d the humeral 
shaft, the ulnar nerve at the medial epicondyle, the 
median nerve at the wrist and the digital nerves in 
hand wounds. 

Table 26.2 provides an aide-memoire for the 
neurological examination of the upper limb: it 
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should be remembered that CS has no exclusive 
dermatome, so injuries may not be associated with 
sensory loss. 

8 RACH IAL  PLEXUS  I NJ U RI E S  

Brachial plexus injuries can give complex patterns 
of clinical signs and are generally divided into 
upper and lower lesions. Upper brachial plexus 
lesions affect the upper roots (CS, 6) and cords. They 
are caused by excessive separation of. the neck and 
shoulder such as in falls from motorcycles, cycles or 
horses, where the patient lands on the upper aspect 
of the shoulder and the head and shoulder are 
forced apart. They can also occur when the shoulder 
hits an immovable object while the body is still in 
motion. Wounds to the neck and contact sports 
may produce sinlliar injuries. Signs and symptoms 
depend on which part of the plexus is involved. 
Careful neurological examination must be docu
mented. There may be varying degrees of paralysis, 
altered sensation and anaesthesia. 

Lower brachia} plexus lesions occur when the 
arm is suddenly pulled superiorly, such as when 
falling from a height and grasping something to 
prevent the fall. The inferior trunk is injured (CS, 
Tl), with possible avulsion of the spinal nerves. 
Sensation and muscle power in the ulnar nerve 
distribution are most commonly affected. 

In any suspected brachial plexus lesion it is 
important to define the anatomical injury on the 
basis of neurological symptoms and signs. In par
ticular, the presence of a Homer's syndrome may 
indicate a preganglionic and irreparable lesion. 
The precise location of the injury may be very dif
ficult to establish with certainty in the emergency 
department and all patients with suspected bra
clual plexus lesions should be referred for early 
orthopaedic opinion. 

I NJUR I E S  TO THE  SHOULDER  

G EN ERAL P R I N C I P LES  

The shoulder is designed for mobility rather than 
stability and it is vulnerable to a range of acute 
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Table 26.3: Screening test for shoulder movements 

The patient is instructed to: 
Place their hands on the top of the head 

(abduction) 
Place their hands on the back of the neck 

(external rotation and abduction) 
Place their hands behind back (internal rotation, 

adduction and extension) 

and chronic injuries. Their are four articulations 
(glenohumeral, acromioclavicular, sternoclavicu
lar and scapulothoracic), all of which are involved 
in the normal range of movement. The most 
important of these are the glenohumeral and 
the acromioclavicular joints. Examination of the 
acutely injured shoulder should initially focus 
on these. 

Patients with acute shoulder injuries will often 
present with the shoulder adducted and sup
ported by the other arm. Inspection of the shoul
der from the front, side and back will reveal any 
abnormality of contour when compared to the 
other side. For example, if the tip of the acromion 
can be joined to the lateral epicondyle by a straight 
line then the glenohumeral joint is likely to be 
dislocated. Similarly, a complete acromioclavicular 
joint disruption will allow the shoulder to hang 
and make the lateral end of the clavicle very 
prominent. Palpation will reveal a step or tender
ness. Abnormalities of peripheral sensation or 
circulation should be readily identifiable if there 
is damage to the axillary or brachia! arteries. In 
many cases, radiography can then be requested 
without attempting to move the injured joint. With 
less severe injuries, a simple screening test can 
be employed to assess the range of movement 
(Table 26.3) . 

When testing individual movements it is 
important to separate scapulothoracic from gleno
humeral movement. When testing abduction, com
pensatory movements of the shoulder girdle and 
spine can be eliminated by holding the palm 
downwards. This will allow the range of gleno
humeral abduction to be observed. To test flexion, 
the palm should be facing medially. Horizontal 
flexion is tested with the arm abducted to 90° and 
rotation tested with the elbows flexed and tucked 
in at the waist. Extension is the least important 
movement. 

Table 26.4: The rotator cuff muscles 

Supraspinatus - in itiates arm elevation and abducts 
the shoulder 

lnfraspinatus - external rotator 
Teres minor - external rotator 
Subscapularis - internal rotator 

ROTATOR C U F F  I NJ U R I ES 

The head of the humerus is held against the gle
noid by a cuff of specialized muscles known as the 
rotator cuff (Table 26.4). These all originate on the 
scapula, traverse the glenohumeral joint and insert 
on the proximal humerus. Repetitive impingement 
of the subacromial bursa and the rotator cuff 
muscles and tendons produces a syndrome of acute 
inflammation progressing to chronic inflammation, 
degeneration and eventual tearing of the rotator 
cuff. TI-Us spectrum of impingement injury includes 
subacromial bursitis, rotator cuff or supraspinatous 
tendinitis and rotator cuff tears. 

Acute rotator cuff tears may be due to direct 
trauma, such as traction on the arm or a relatively 
minor fall on a background of chronic impingement. 

In patients who present to the emergency depart
ment with acute shoulder pain following a sports 
injury or fall, it may be impossible to distinguish 
an acute rotator cuff tear (partial or full thicknes ) 
from rotator cuff tendinitis or subacromial bursitis. 
In general terms, bursitis and tendinitis tend t 
affect younger patients who have a short history 
of repetitive activity with the arm abducted. Tears 
tend to occur with significant acute injury or in 
older patients with a history of a previous injury 
and chronic shoulder pain. 

On examination, differences in the range of 
active and passive movements may help identify 
a rotator cuff problem. Active abduction and exter
nal rotation worsen the pain and patients are 
generally unable to hold the arm at full abduction 
(tending to hunch the shoulders instead). There 
may be a painful range of movement (often 
described as a painful arc). Passive movements 
tend to be easier because the rotator cuff muscles 
are relaxed and impingement is reduced. 

Well-localized subacromial tenderness and pa· 1 
on stressing the individual rotator cuff muscles 
may also provide further information. It is, however, 
notoriously difficult for the non-specialist to make 



an accurate diagnosis. Radiographs may be nor
mal or reveal evidence of chronic impingement 
(non-specific sclerosis of the humeral head, degen
erative changes in the glenohumeral and acromio
clavicular joints and osteophytes) .  Once fracture 
and dislocation have been excluded, analgesia and 
a sling should be provided and the patient should 
be followed up within a week. Stiffness can 
be problematic if the patient keeps the shoulder 
immobile for any significant length of time. The 
patient should be warned that pain from shoulder 
injuries is often worse at night and that they should 
tailor their analgesia to reflect this. 

f RACTURES  O F  THE  SCAPULA 

Scapular fractures are rare. They can be divided 
into three broad categories: fractures of the muscle
covered body, fractures of the acromion and cora
coid process, and fractures of the glenoid and 
neck. Despite being embedded in a large muscle 
mass, the body of the scapula is most often frac
tured. This results from high-energy direct blows 
or crush injuries and is frequently associated with 
underlying chest injuries and injuries of the spine 
and pelvis. Motorcyclists and patients ejected from 
vehicles in road accidents typically have these 
fractures. Fractures of the acromion and coronoid 
process tend to occur following direct blows, and 
fractures of the glenoid and neck of the scapula are 
often associated with subluxation or dislocation of 
the shoulder. 

In the multiply injured patient, a fracture of the 
body of the scapula should be positively excluded 
on the chest radiograph (Fig. 26.1) .  Otherwise, 
these patients tend to have a shoulder series per
formed because of pain localized to the shoulder. 
Fractures of the scapula may still be overlooked, 
particularly fractures of the glenoid. A true antero
posterior (AP) view, an axillary view and a lateral 
scapular or 'Y' view may be necessary to exclude 
a fracture. 

If a fracture of the body of the scapula is found, 
there should be a low index of suspicion for pul
monary contusion. It is wise to assess baseline 
arterial blood gases and admit these patients for 
observation regardless of how well they appear. 
Despite the forces involved, the displacement of 
the fracture itself is minimal and healing is usually 
quick and uncomplicated. Treatment is with a 
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Figure 26. 1 :  Fracture scapula seen on a chest 
X-ray. (Reproduced with permission from L. Solomon, 

D.J . Warwick and S. Nayagam (eds), Apley's System of 

Orthopaedics and Fractures, 8th edition, published by 

Arnold, London, 200 I .) 

broad arm sling and analgesia followed by gentle 
mobilization. 

Fractures of the body of the scapula may be associ
ated with significant intrathoracic injury. 

It may be possible to treat patients with frac
tures of the glenoid and acromion as out-patients. 
However, large articular steps in the glenoid 
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cavity, substantial fragments (>25% o f  the articular 
surface) and associated subluxation or dislocation 
are indications for urgent orthopaedic referral 
rather than routine fracture clinic review. 

f RACTURES  O F  THE  CLAV ICLE  

The clavicle i s  the most commonly fractured bone 
in the body. Most injuries result from a fall directly 
on to the shoulder or on to the outstretched hand. 
The patient will support the injured arm with the 
other hand and there may be obvious deformity 
and swelling at the fracture site. The commonest 
site of fracture is the middle third. With complete 
separation of the bone ends, the medial fragment 
is pulled upwards and backwards by the clavicu
lar head of stemocleidomastoid and the lateral frag
ment is pulled downwards, forwards and medially 
by the weight of the arm. The bone fragments may 
then overlap and there will be shortening. Most 
movements of the shoulder will cause consider
able but well-localized pain. 

The clavicle is not routinely radiographed in 
two projections: a single AP view will usually con
firm the diagnosis (Fig. 26.2) . It is important to 
check carefully for a greenstick fracture in chil
dren. Injuries to the acromioclavicular, stemocla
vicular and shoulder joints should be excluded. 
Neurovascular function in the arm should be 
documented although, despite the proximity of 
the clavicle to the subclavian vessels and brachial 
plexus, there is rarely any injury. Occasionally, a 
communicating vein passing anterior to the clav
icle is ruptured. This may produce a large subcuta
neous haematoma anterior to the fracture site. This 
does not indicate subclavian vessel injury. 

Figure 26.2: AP radiograph of clavicle fracture with 
overlap of fragments. 

A broad arm sling and analgesia should be pro
vided immediately. Patients with compromised or 
tented skin, open fractures, abnormal neurological 
or vascular signs in the arm and fractures associ
ated with torticollis (possible cervical spine facet 
joint dislocation) must be discussed with senior 
staff. Otherwise there is little indication for reduc
tion (even with comminution and extensive deform
ity) and the patient can be reviewed in fracture 
clinic. 

A collar and cuff which allow the arm to pull 
the lateral fragment down should not be use 
since they do not provide support for the weight of 
the arm and act to distract the bony ends. Figure
of-eight bandages or other elaborate slings should 
not be used by the non-specialist. Immobilization 
should be for only as long as pain persists, in order 
to prevent stiffness at the shoulder and elbow 
(1-2 weeks).  Thereafter, gentle mobilization within 
the limits of pain should be advised. Healing will 
take place over 6-10 weeks. The patient should be 
warned that there may be a prominence at the frac
ture site, much of which will resolve with time. 

Ac RO M I O C LAV I C U LAR (AC) J O I NT 
I NJUR I E S  

The clavicle is attached to the acromion b y  the 
AC and coracoclavicular ligaments. Falls on to 
the point of the shoulder, such as in a fall from a 
horse or bicycle, commonly sprain or rupture the 
AC ligament as the shoulder moves downwards 
but the clavicle is restrained by the first rib. With 
greater forces, all the ligaments may be ruptured 
and the clavicle completely separated from the 
acromion. In both cases there is marked pain and 
tenderness at the AC joint. The outer end of the 
clavicle will appear prominent and it may be pos
sible to temporarily reduce a subluxation or dis
location by lifting the arm while pushing down o 
the clavicle. When the clavicle is no longer attached, 
the shoulder may appear deformed and the outer 
end of the clavicle will not move with the acromio 
when the abducted shoulder is moved anteriorly 
and posteriorly (horizontal flexion). 

Specific radiographs should be requested when 
AC joint injury is suspected. Subluxation is 
detected as a step between the inferior surfaces 
of the acromion and the clavicle on an erect 
AP radiograph .  These inferior surfaces should be 



Figure 26.3 : Comparative radiographs of AC joints 

before and after weight bearing, showing widening of 

the AC joint. 

in a straight line. If the appearances are equivocal, 
further radiographs can be taken with the patient 
holding weights in both hands so that both AC 
joints can be compared (Fig. 26.3). 

Where there is complete dislocation of the AC 
joint in the dominant hand in a patient whose work 
involves strenuous upper limb use, an orthopaedic 
opinion should be sought regarding open reduc
tion. However, most cases can be treated initially 
by taking the weight off the joint with a broad arm 
sling and providing analgesia. Despite persistent 
deformity most patients achieve excellent func
tional results with minimal treatment. 

STERNOCLAVI C U LAR (SC)  J O I NT 
I NJ U R I ES 

Injuries to the SC joints are rare. A fall or blow 
to the front of the shoulder may transmit forces 
through the clavicle, disrupting the SC joint. 
Sprains may be complicated by rupture of the SC 
and costoclavicular ligaments, with anterior or 
retrosternal displacement of the medial end of the 
clavicle. The clavicle is most often forced forwards 
and downwards, leaving the patient with intense 
local pain, marked tenderness over the joint and 
an asymmetrical appearance of the suprasternal 
notch. Radiographs are rarely helpful. Again, the 
weight of the arm should be supported with a 
broad arm sling and the patient provided with 
simple analgesia. The patient should be warned 
that some prominence of the medial end of the 
clavicle may persist. Otherwise, pain will settle 
with time and avoidance of heavy lifting, and there 
is rarely any resultant instability. A much more 
serious but less common injury is retrosternal 
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displacement of the medial end of the clavicle. The 
structures in the thoracic inlet may be compressed 
in these patients and they should all be referred for 
further investigation (usually CT) and, if neces
sary, reduction under anaesthesia. 

D ISLOCAT ION  OF THE  SHOULDER  

The glenohumeral joint may b e  dislocated in three 
directions: anterior, posterior and true inferior 
(luxatio erecta). Anterior dislocation is most com
mon and results from forced abduction and exten
sion of the arm, or forced external rotation such 
as occurs in a fall where the hand is fixed on 
the ground and the body rotates internally. The 
humeral head rotates externally out of the glenoid 
and comes to lie anteriorly and medially, to give 
the classic appearance of squaring of the shoulder 
(Fig. 26.4). There is variable damage to the anterior 

Figure 26.4: Photograph of patient with anterior 
shoulder dislocation showing squaring of the shoulder. 
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joint capsule and rotator cuff. There may also be 
a fracture of the greater tuberosity of the humerus 
or the anterior lip of the glenoid. 

Anterior dislocation is often easy to identify 
and clinical examination should be directed at 
excluding lower brachial plexus lesions (radial 
portion of posterior cord), axillary nerve and axil
lary artery damage. The axillary nerve may be 
injured as it winds round the surgical neck of the 
humerus. Paralysis of the deltoid and anaesthesia 
over the lateral part of shoulder result, but it may 
be impossible to determine deltoid function in the 
acute phase. 

Posterior dislocation is less common than 
anterior dislocation and easily missed. It may be 
caused by a direct blow on the front of the shoul
der or a fall on the outstretched, internally rotated 
hand. It should be specifically excluded in patients 
who have been electrocuted or suffered general
ized seizures. The head of the humerus is dis
placed posteriorly but there is little medial 
displacement. The patient experiences pain and 
the contour of the shoulder is abnormal when 
looked at from the side. 

True inferior dislocation is rare. The humeral 
head slips inferiorly and becomes lodged beneath 
the glenoid with the arm fully abducted. The 
patient presents with their arm fully abducted and 
held above their head. There may be significant 
neurovascular damage. 

Radiographs should always be obtained before 
attempted reduction. An AP view is standard and 
may show anterior dislocation clearly. In all cases, 
however, a second view should be taken. Patients 
with dislocated shoulders experience a lot of pain 
and are reluctant to allow the shoulder to be moved 
at all. Thus, analgesia should be provided before 
radiography, as some movement is inevitable in 
order to obtain appropriate views. There are two 
principal types of second view: axial or 'armpit' 
and Y view (Table 26.5). It is essential that the nor
mal anatomy on whichever second view is used is 
understood. Radiographs of an anterior dislocation 
will show the head of the humerus lying under the 
coracoid process on the AP view (Fig. 26.5), the 
head of the humerus lying anterior to the glenoid 
on the axial view (Fig. 26.6) and the head displaced 
anteriorly on the Y view (Fig. 26.7) . 

AP radiographs of a posterior dislocation may 
initially appear normal. Internal rotation of the 
humeral head may, however, alter the shape of the 

Table 26.5: Shoulder radiography 

An AP view should be obtained in all patients 
(Fig. 26.5) 

An axial view (Fig. 26.6) :  
Requires abduction of the injured arm 
Looks up through the patient's axilla 
Shows the humeral head sitting on the glenoid 

l ike a golf-ball on a tee 
Shows the acromion and coracoid processes 

(which point anteriorly) 

A Y view (Fig. 26. 7): 
Is a lateral scapular view 
Does not require the arm to be moved 
Shows the scapula posteriorly and the ribs 

anteriorly 
Shows the blade of the scapula (stem of Y) 
Shows the coracoid and acromion (l imbs of Y) 
Shows the humeral head overlying the centre of 

the glenoid (centre of Y) 

Figure 26.5: Typical appearance of anterior 
dislocation on AP radiograph. 

humeral head on the radiograph and give it a 
'light- bulb' appearance (Fig. 26.8). The head of the 
humerus will lie posterior to the glenoid on the 
axial view and be displaced posteriorly on the Y 
view. 

Dislocations without fractures should be 
reduced in the emergency department. Orthopaedic 
or senior medical advice should be sought for 
fracture/ dislocations before attempted reduction. 
Reduction requires adequate analgesia, the correct 
environment, adequate personnel and the correct 
manoeuvre. No single method will work for all dis
locations, but the most commonly used teclmique 



Figure 26.6: Axial X-ray of posterior dislocation. 

Figure 26. 7: Y-view (lateral scapula) radiograph of 

anterior dis location. 

for anterior dislocations is Kocher's method (Table 
26.6). An often forgotten alternative is to use 
gravity and lie the patient face down on the couch 
with a fluid bag or sandbag under the clavicle. The 
arm is then allowed to hang freely (weights can be 
added) and the patient is pro-vided with anal
gesia. As the muscles relax, the dislocation will 
often reduce spontaneously. In a busy department 
there is no reason why patients with anterior dislo
cations cannot lie in this position during the 
inevitable wait for formal reduction. 

Radiography should be repeated after all reduc
tions. Once reduction has been achieved, the 
patient should be provided with a collar and cuff 
and advised to wear appropriate clothing so that 
external rotation is prevented . A further examin
ation of the neurovascular status should be made 
and documented. An alternative is to provide a 
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Figure 26.8: AP radiograph of posterior dislocation 
with 'lightbulb' shape of humeral head (compare with 
Fig. 26.5). 

Table 26.6: Reduction of anterior dislocation of 
shoulder - Kocher's method 

Provide adequate analgesia and sedation if 
necessary 

Apply traction along the arm with the elbow flexed 
Slowly rotate the arm externally 
If muscle resistance felt, stop for a moment then 

continue 
Once 90° external rotation reached, shoulder 

may reduce 
If pain and spasm prevent external rotation then 

provide further analgesia and consider referral 
If external rotation achieved but shoulder has not 

reduced, maintain traction and adduct the 
shoulder (bring elbow across chest) 

Then rotate the shoulder internally to bring the 
hand towards the opposite shoulder 

If unsuccessful, repeat all stages 
Repeat radiography after reduction 

body bandage or stocking, but many patients find 
this uncomfortable. All dislocated shoulders 
should be reviewed in fracture clinic. 

Reduction of a posterior dislocation is achieved 
by applying traction to the abducted shoulder 
and rotating the arm externally. If the reduction 
appears stable then the patient can be provided 
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with a collar and cuff, analgesia, and a routine 
fracture clinic appointment. Uncertainty regarding 
stability should warrant urgent orthopaedic review. 
Instability may occur because of damage to the 
posterior joint capsule, and patients with unstable 
injuries may require plaster immobilization in 
abduction and external rotation. 

Reduction of true inferior dislocation is achieved 
by traction in the position in which the arm is lying, 
followed by adduction. The shoulder should then 
be managed as for anterior dislocations. 

I N JUR I E S  TO THE  ARM 

SOFT-T I S S U E  I NJ U R I E S  

Wounds in the upper arm may damage the 
brachia! artery, the median, ulnar or radial nerves 
and the tendons of the muscles that act at the 
shoulder and elbow. Wounds that extend beyond 
the deep fascia should be referred for appropriate 
surgical review depending on local policy. Incised 
wounds and lacerations can often be cleaned and 
closed provided there is no evidence of glass or 
other foreign bodies. A low threshold for soft
tissue radiography should be maintained. 

The triceps tendon may rupture spontaneously 
or after injury. There is usually well-localized pain 
of sudden onset and a defect can be felt in the ten
don. There will be weakness of resisted extension 
at the elbow. Distal biceps rupture may also occur 
after a single traumatic event and is usually a 
sports injury associated with heavy lifting or 
sudden forced contraction of the biceps. There is 
sudden pain in the antecubital fossa and weakness 
of elbow flexion and supination. A defect will 
also be palpable. The long head of biceps can also 
rupture at its proximal insertion following sudden 
heavy lifting or pulling. Rupture may be associ
ated with chronic impingement and bicipital ten
dinitis. In these cases, relatively little force may be 
required to cause rupture. The ruptured biceps 
muscle will bulge in the arm. 

The median nerve arises from the lateral and 
medial cords of the brachia! plexus and runs with 
tl1e brachia! artery to the antecubital fossa, where 
it lies deep to the bicipital aponeurosis and the 
median cubital vein (medial to the brachia! artery). 
There are no branches in the arm. Damage to the 

median nerve in the arm will cause weakness of 
pronation of tl1e forearm and flexion of the wrist, 
in addition to the classic features of median nerve 
damage seen in the hand. 

The ulnar nerve is the terminal branch of the 
medial cord of the brachia! plexus and it runs with 
the brachia! artery deep within the arm. It enter 
the forearm by passing between the medial epi
condyle of the humerus and the olecranon. Injury 
to the ulnar nerve in the arm will cause impaired 
flexion and adduction of the wrist and poor grasp, 
in addition to ulnar nerve signs in tl1e hand. 

The radial nerve is the direct continuation of 
the posterior cord of the brachial plexus. It passes 
arow1d the body of the humerus in the radial 
groove and then anterior to the lateral epicondyle, 
where it divides into deep and superficial branches. 
The deep branch is entirely muscular. Injury to the 
radial nerve proximal to the origin of triceps results 
in weakness of triceps, brachioradialis, supinator 
and extensors of the wrist, thumb and fingers. 
When the radial nerve is injured in the radial 
groove by a humeral shaft fracture, the triceps is 
not completely paralysed. Wrist drop is the charac
teristic clinical sign in the hand. 

f RACTU RES OF  THE  PROX I MAL 
H U M ERUS 

Fractures of the proximal humerus are often 
caused by a direct blow to the anterior or lateral 
part of the arm, a fall on the side of the body or 
a fall on the outstretched hand in an elderly osteo
porotic patient. In younger patients, these are high
energy injuries that result from contact sports, 
heavy falls or road traffic accidents. The patient 
will support the arm with the other hand. There 
will typically be severe pain in the upper arm that 
is aggravated by movement. There may also be 
gross deformity or bruising gravitating down the 
arm, particularly if presentation is delayed. 

There are many different patterns of proximal 
humerus fractures but these can be grouped into 
four main types in adults: 

• avulsion fractures of the tuberosities 
• impacted fractures of the surgical or anatomical 

neck 
• displaced comminuted fractures 
• fracture-dislocations. 



Figure 26.9: AP radiograph of three-part proximal 
humeral fracture. (Reproduced with permission from 
L. Solomon, D.J . Warwick and S. Nayagam (eds), 
Apley's System of Orthopaedics and Fractures, 

8th edition, published by Arnold, London, 200 I .) 

These are usually diagnosed by AP and lateral 
radiographs (Fig. 26.9) and are commonly described 
by the specific injury or the number of fragments 
involved (e.g. ' three-part fracture'). In children, the 
common injuries are a greenstick fracture of the 
surgical neck or proximal epiphyseal separation. 

Proximal humerus fractures can, as with shoul
der dislocations, cause neurovascular damage. 
The axillary neurovascular bundle is immediately 
anteromedial to the glenoid and may be com
pressed or disrupted by the fracture. If the humeral 
sl1aft is displaced medially, the lower cords of 
the brachial plexus may also be damaged. Neuro
vascular examination is essential to exclude these 
complications. 

Correct shoulder fw1ction relies on the orienta
tion of the rotator cuff muscle insertions (tuberosi
ties) and the humeral head. It is therefore important 
to obtain early orthopaedic advice about the man
agement of these injuries, and all patients should 
be seen in fracture clinic unless there is an indication 
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for immediate referral .  While awaiting clinic review, 
patients with undisplaced avulsion fractures of the 
tuberosities and undisplaced or impacted fractures 
of the neck can be treated with a sling and anal
gesia. Displaced or angulated fractures of the neck 
may benefit from the gentle traction applied by 
the weight of the arm in a collar and cuff. Where 
disimpaction is unnecessary, a broad arm sling 
should be used. Dislocations with fracture of the 
greater tuberosity should be treated like uncompli
cated dislocations of the shoulder and reduced. 
The greater tuberosity will usually return to its 
normal position. Failed reductions, displaced frac
tures of the tuberosities and complex fracture dis
locations should all be referred urgently for 
orthopaedic review. 

H U M ERAL SHAFT FRACTURES  

Fractures of the humeral shaft may result from 
either direct forces such as blows to the arm or falls 
on to the side, or indirect forces such as a twisting 
fall or a fall on an outstretched hand. The humerus 
is also a common site for pathological fractures. 
The patient will be unable to move their elbow 
or shoulder and will be supporting the injured 
arm against the torso with the other hand. There 
may be detectable mobility at the fracture site, 
although deliberate attempts should not be made 
to elicit this. 

Radiographs in two projections will show the 
true relation of the fragments. In fractures involv
ing the upper third, the upper fragment will be 
pulled medially by pectoralis major. In middle 
third fractures the upper fragment tends to be 
abducted, owing to deltoid pull. The radiograph 
therefore frequently reveals a displaced and angu
lated fracture. The radial nerve may be injured 
in middle third fractures as it spirals round the 
humerus. It may be transected, trapped between 
the fragments, impaled on a bone spike or simply 
contused. Evidence of radial nerve palsy (weak 
extensors of the wrist) should be sought. 

Simple fractures may be treated by analgesia 
and a collar and cuff. A hanging plaster or a U-slab 
may enhance traction in moderately displaced 
fractures. Open fractures, fractures with comrninu
tion, marked angulation or displacement, and 
patients with radial nerve injury should be referred 
immediately for orthopaedic review. 
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Figure 26. 1 0: Radiographic appearance of 
a supracondylar fracture of the humerus. 

FRACTURES  O F  T H E  D I STAL H U M ERUS 
(F 1 G .  2 6 . 1 0)  

A fall on the outstretched hand or on to the point 
of the elbow may result in a supracondylar frac
ture of the humerus. These fractures of the distal 
humerus are more common in children than in 
adults. They should be excluded in all children who 
have pain, swelling and restriction of movement 
around the elbow following injury. On examin
ation, there may be marked swelling and deformity 
with tenderness over the distal humerus. The radial, 
anterior interosseous, median and ulnar nerves and 
the brachial artery can be damaged as the distal 
fragment is displaced (usually posteriorly) during 
the injury. 

AP and lateral radiographs of the elbow will 
reveal the majority of fractures, although green
stick fractures can be difficult to identify and up to 
a third of fractures will be undisplaced. The frac
ture line is usually transverse and lies just prox
imal to the trochlea and capitellum. The complexity 
of the epiphyseal arrangement around the elbow 
in children and difficulties with radiographic posi
tioning in all patients can lead to difficulty inter
preting the films (see Table 26.7). Comparison 
views of the other elbow are justified if there is 
diagnostic difficulty. 

Provided neurovascular damage has been 
excluded, pure posterior, lateral or medial displace
ment of less than 50% of bony contact and greenstick 
fractures without angulation can often be managed 
conservatively. Undisplaced fractures in adults can 

be held in an above-elbow back slab with a sling, or 
treated with only a collar and cuff in children. The 
radial pulse must be checked after applying the cast. 
If this has been lost, the dressings from in front of 
the elbow should all be cut and the arm extended 
slightly until pulse is restored (a pulse oximeter on 
the finger during application of the plaster can be 
a useful way of monitoring the pulse waveform). It 
is often advisable to refer children with displaced 
supracondylar fractures for a period of observation, 
given the risk of neurovascular damage. 

Urgent operative reduction is generally indi
cated if there is evidence of arterial obstruction, 
off-ending of the frachire or significant angulation 
(e.g. a tilt of greater than 15° from the normal 45° 
relationship between the articular surfaces of the 
humerus and the humeral shaft) . 

In adults, a direct blow or a fall on to the point 
of tl1e elbow with the elbow flexed may cause 
fractures which, in contrast to children, commonly 
involve the articular surfaces and split the distal 
humerus. Intra-articular fractures bleed into the 
joint capsule and cause swelling and stiffness in 
the elbow. Operative repair may be required if the 
fragments are large, but conservative management 
often suffices. Nevertheless, orthopaedic advice 
should be sought. 

I NJUR I E S  TO T H E  ELBOW 

SOFT-TI SSUE  I N J U RY ABOUT 
THE E LBOW 

The elbow is injured relatively infrequently com
pared to other upper limb joints. Soft-tissue 
injuries tend to represent over-use rather than 
acute sprains or tendon rupture. The most fre
quent of these are medial and lateral epicondylitis 
and olecranon bursitis. Wmmds around the elbow 
can damage the brachia! artery and any combina
tion of the radial, ulnar and median nerves, but 
these are uncommon. 

Lateral epicondylitis is commonly referred to as 
temus elbow. It is caused by inflammation at the 
insertion of the common extensor origin. Patients 
present with pain and tenderness over the lateral 
epicondyle wluch may radiate down the arm. Tlus 
may follow acute injury or, more commonly, a 



period of unaccustomed activity that puts tension 
on the common extensor tendon. Tennis and other 
racquet sports are good examples but not the only 
cause of this condition. The pain is reproduced by 
both active extension and passive flexion of the 
wrist (with the elbow held straight). Treatment 
involves rest, activity modification as appropriate 
and analgesia. Physiotherapy may also be required. 
More rarely resistant cases may require local steroid 
injection or even surgery. An avulsion fracture of 
the lateral epicondyle should be excluded if there 
has been an injury. 

Tennis elbow is lateral epicondylitis. 

Medial epicondylitis is commonly referred to as 
golfer 's elbow. It is caused by inflammation of the 
common flexor origin. Patients present with pain 
and tenderness over the medial epicondyle that 
may also radiate down the arm. As with lateral 
epicondylitis, this may follow acute injury or a 
period of any unaccustomed activity that puts ten
sion on the common flexor tendon. Tennis, golf 
and other activities involving repetitive wrist flexion 
and pronation may be responsible. The pain can be 
reproduced by both active flexion and resisted 
extension of the wrist. The ulnar nerve may be 
involved in the inflammatory process in two-thirds 
of patients and ulnar nerve signs should be sought. 
Treatment also involves rest, activity modification, 
analgesia and physiotherapy. An avulsion fracture 
of the medial epicondyle should be excluded if 
there has been a specific injury. 

Golfer's elbow is medial epicondylitis. 

Olecranon bursitis is inflammation of the super
ficial olecranon bursa following bl1mt injury or 
repetitive stress. It may also be a manifestation of 
gout or rheumatoid arthritis (see Chapter 31) .  The 
bursa is enlarged and may be pain free. There is 
usually little or no restriction of elbow movement. 
Tenderness and erythema associated with systemic 
symptoms suggest a septic bursitis. This should be 
excluded by aspiration and urgent microscopy of 
the aspirate. Simple bursitis can be treated with 
rest and activity modification. Patients with septic 
bursitis should be investigated further and treated 
with antibiotics. These patients should be followed 
up to ensure resolution of symptoms. 

P U LLED E LBOW 
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Pulled elbow is a specific upper limb injury fre
quently seen in young children (usually under 4 
years old). When the child is suddenly lifted by the 
wrist or hand with the elbow extended and the 
forearm pronated, the radial head is pulled out of 
the annular ligament. The child experiences pain 
and subsequently refuses to use the affected arm. 
The elbow is typically held partially flexed and 
pronated. There may be tenderness over the lateral 
side of the elbow. If there is a clear history of sud
den traction and the appearances are characteristic, 
it is generally acceptable to attempt reduction dur
ing initial examination. This is achieved by placing 
the thumb over the radial head then, with the other 
hand, supinating and pronating the forearm fully 
with the elbow flexed to 90°. The child will often 
cry out and the radial head will be felt to reduce. 
Following a successful reduction the child should 
start using the arm and hand, although it may be 
necessary to wait for about an hour. Failure to use 
the arm after this merits an X-ray to exclude a frac
ture. However, some small children will not use 
their arm for up to 48 h following successful reduc
tion of a pulled elbow and if the X-ray is normal, 
clinic review in 24 h is appropriate. In some cases, 
reluctance to move the arm may be due to failure of 
reduction: in these cases review at 24 h is also 
appropriate and very often the pulled elbow will 
have reduced spontaneously before clinic review. 

In cases where the history is uncertain, elbow 
radiographs should be obtained to exclude a frac
ture before attempting reduction. A pulled elbow 
is often reduced by the radiographer positioning 
the elbow at 90° for a lateral radiograph. 

f RACTURES  ARO U N D  THE  ELBOW 

Falls on to the point of the elbow and the out
stretched arm may cause fractures around the 
elbow. Typically, these are either distal humeral 
(supracondylar fractures) or fractures of the ole
cranon or radial head. However, the medial and 
lateral epicondyles may be avulsed and complex 
intra-articular fractures of the humeral condyles 
may occur. 

Almost all patients will complain of severe pain 
and will support the injured elbow. There is often 
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Table 26.7: Radiographic interpretation of elbow views 

Look for: 
On the AP film: 

Uninterrupted cortices around the ulna, radial 
head and neck and distal humerus 

An abnormal radiocapitellar line (a line drawn 
along the centre of the shaft of the proximal 
radius should pass through the capitellum) 

The ossification centre of the trochlea and, if 
that is present, the ossification centre of the 
medial epicondyle 

On the lateral: 

A visible posterior fat pad (always abnormal) 
A displaced anterior fat pad (may be normal 

unless displaced) 
Uninterrupted cortices around the ulna, radial 

head and neck and distal humerus 
An abnormal radiocapitellar line 
An abnormal anterior humeral l ine 

(approximately one-third of the capitellum lies 
anterior to a line traced along the anterior 
cortex of the humerus) 

The medial epicondyle lying within the joint 

considerable swelling and the elbow is held partially 
flexed. There is often little to be gained from clini
cal examination other than localization of tender
ness and reassurance that neurovascular function 
remains intact. AP and lateral radiographs will 
usually identify the fracture (Table 26.7). 

A useful clue to the presence of a subtle fracture 
is the presence of a visible posterior fat pad and a 
displaced anterior fat pad on the lateral view. 
These fat pads are in close association with the 
joint capsule and appear as black streaks adjacent 
to the surrounding grey soft tissues. A joint effu
sion or haemarthrosis displaces the fat pads away 
from the bone. A visible posterior fat pad is always 
abnormal. An anterior fat pad may be visible 
in normal films but it should not be displaced 
(Fig. 26.11 ) .  Other radiographic features to suggest 
injury are given in Table 26.7. 

A common problem is the patient with a history 
of direct or indirect elbow injury following a fall, 
a reduced range of movement on examination and 
visible fat pads but no fracture on radiographic 
examination. The effusion may be felt as a bulging 
of the joint capsule mid-way between the lateral 
epicondyle and the olecranon process. There is likely 
to be a radial head or other intra-articular fracture 

Figure 26. 1 I :  Lateral radiograph of elbow showing 
abnormal anterior and posterior fat pads. 

in these patients and they should be reviewed in 
clinic. Repeat films may subsequently reveal the 
fracture if there is little clinical improvement. 

The medial epicondyle may be avulsed or frac
tured by sudden contraction of the forearm flexors 
or a direct blow. In most cases there is bruising 
and pain around the medial epicondyle, with 
symptoms similar to medial epicondylitis (although 
more severe). There may be ulnar nerve injury as 
well. Radiographs will usually reveal the fracture 
in adults, although there may be considerable dif
ficulty in children because of the variable develop
ment of ossification centres. Paradoxically, minor 
displacement may be more obvious than major 
displacement (when the avulsed fragment may 
come to lie within the elbow joint). Undisplaced 
fractures may be treated with analgesia, collar and 
cuff and routine fracture clinic follow-up. 

The medial epicondyle usually ossifies by 6 years 
of age although this may be variable. A useful rule 
of thumb is therefore to look for the ossification 
centre of the trochlea on the radiograph. This 
invariably ossifies after the medial epicondyle. 
Thus if the trochlea is visible, the medial epi
condyle should also be visible somewhere on the 
radiograph. If it is not where it should be, then it 
has been avulsed (Fig. 26.12). 



Figure 26. 1 2: Avulsion fracture of the medial 

epicondyle in a child. (Reproduced with permission 

from L. Solomon, D.J . Warwick and S. Nayagam (eds), 

Apley's System of Orthopaedics and Fractures, 8th edition, 
published by Arnold, London, 200 I .) 

During dislocation of the elbow, the medial epi
condyle may also be avulsed. It may subsequently 
become lodged within the joint when the elbow 
is reduced. This diagnosis may be made radio
graphically by identifying whether the medial 
epicondyle is visible on the lateral film. If it is, then 
it is lying within the joint. These patients require 
manipulation under anaestl1esia and possibly open 
reduction. 

The lateral epicondyle is much less frequently 
injured than the medial epicondyle. Fracture may 
follow a varus strain and the fragment may be dis
placed. Rarely, it may become lodged within the 
joint. Symptoms and signs resemble those of lat
eral epicondylitis. The ossification centre for the 
lateral epicondyle appears much later than that for 
the medial epicondyle and there is rarely the same 
degree of diagnostic difficulty as in medial epi
condyle injuries. 

Fracture of the condyles, capitellum and trochlea, 
intercondylar fractures and comminuted fractures 
may all cause intra-articular fragments (Fig. 26.13) 
and long-term elbow problems. These complex 
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Figure 26. 1 3 : Radiograph of complex elbow fracture. 

injuries should all be referred for orthopaedic 
opinion. 

Fractures of the olecranon tend to follow a fall 
on the point of the elbow. TI1ey may become dis
placed owing to the pull of the triceps tendon. Less 
frequently, the fracture may represent an avulsion 
fracture caused by forced contraction of triceps 
(or resisted extension of the elbow). In minimally 
displaced fractures, it is reasonable to place the 
arm in an above-elbow back slab and refer the 
patient to fracture clinic. There is, however, a risk 
of further displacement. Displaced fractures require 
immediate orthopaedic referral. 

Radial head and neck fractures are considered 
here because they often present as elbow stiffness 
and pain. In a fall on the outstretched hand, the 
radial head impacts with the capitellum and may 
fracture in a number of ways. The patient will 
present with a painful elbow with restricted exten
sion. Supination and pronation are often pre
served. In some cases, tenderness will not be 
elicited until the radial head is rotated under the 
examiner's thumb. The frachire is usually visible 
on the standard elbow radiographs but additional 
radial head views may be required (Fig. 26.14). 
Undisplaced fractures should be mobilized early. 
The patient will require analgesia and a sling, 
together with advice about maintaining mobility 
of the elbow. It may take several months for full 
extension to be restored. Displaced fractures will 
restrict pronation and therefore require ortho
paedic review. Grossly displaced or cornminuted 
frachires are best treated by early excision and 
mobilization and should therefore also be referred 
urgently. 
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Figure 26. 1 4: Radiograph showing a radial head fracture. 

D I SLOCAT I O N  O F  T H E  E LBOW 

Dislocation of the elbow is frequently caused by 
a fall on to the outstretched hand with the elbow 
partially flexed. The patient is in great pain and 
will support the arm. On examination tl1ere is often 
marked swelling and deformity, with loss of the 
normal contour of the olecranon and epicondyles. 
A dislocated elbow can be distinguished from a 
supracondylar fracture by the relationshlp between 
the epicondyles ahd the olecranon. These struc
tures normally form an equilateral triangle when 
looking at the flexed elbow from behind. This rela
tionship is distorted when the elbow is dislocated. 
This distinction is rarely of any value given that 
both injuries will be clearly identified radio
graphically (Fig. 26.15) .  Associated fractures of the 
humeral condyles, epicondyles, coronoid process 
and radial head may also be seen. The radius and 
ulna are most often dislocated posteriorly and lat
erally relative to the humerus. Occasionally, the 
ulna or radius may be dislocated in isolation. These 
injuries are always associated with accompanying 
injuries to the radius and ulna, and further radio
graphs should be obtained to identify these (see 
below). The brachlal artery, radial and ulnar nerves 

Figure 26. 1 5: Radiograph showing dislocation of the 
elbow. 

are then vulnerable to damage, and this should be 
excluded in every case. 

Reduction can be achieved by applying traction 
along the limb with the elbow in slight flexion. 
The elbow often reduces with a definite 'clunk'. 
An assistant can greatly assist the reduction by plac
ing their hands around the arm from behind and 
pushing on tl1e olecranon with the thumbs. Once 



reduced, repeat radiographs should be obtained 
and the elbow placed in an above-elbow plaster 
back slab at 90°. All dislocations with associated 
fractures should be discussed with the orthopaedic 
team. Uncomplicated dislocations may be reviewed 
in fracture clinic. 

I NJUR I E S  TO T H E  FOREARM 

SOFT-T I S SUE  I N J U RY 

The forearm is a common site for wounds, crush 
injuries and fractures. Considerable anxiety is 
caused by forearm wounds that involve profuse 
arterial bleeding. Bleeding can always be con
trolled by both direct pressure and elevation or, if 
this cannot be tolerated by the patient, application 
of pressure or a tourniquet over proximal arteries. 
A sphygmomanometer can be used as an above
elbow tourniquet. Attempts at clamping or tying 
the severed artery often damage the vessel fur
ther and may result in excessive blood loss. Once 
bleeding has been controlled, the patient can be 
treated for shock and referred urgently for explor
ation and surgical repair. 

As with the upper arm, any wound that pene
trates the deep fascia should also be referred for 
surgical review. More superficial wounds can 
often be managed in the emergency department. 
Of particular importance are injuries involving 
glass and those that may lead to the development 
of a compartment syndrome. 

All wounds caused by glass should have soft tissue 
radiographs to exclude retention of glass in the 
wound. 

This should be the case for all wounds, regard
less of how convinced the patient and doctor are 
that there is no glass in the wound. If glass is 
found then the patient should be referred for sur
gical review, given the danger of damaging other 
structures in the forearm during removal. 'Blind' 
removal of foreign bodies is rarely successful and 
a formal attempt with a bloodless field and image 
intensification where necessary is much more 
appropriate. 

There is a high incidence of compartment 
syndrome in forearm injuries. As discussed in 
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Chapter 25, increased pressure within confined 
fascial compartments may lead to ischaemia, 
necrosis, contractures and permanent limb deform
ity. Although the forearm compartments are most 
vulnerable, fascial compartments in the arm may 
also be affected and clinical evidence of com- · 
partment syndrome should be sought in all upper 
limb injuries. Compartment syndromes may occur 
shortly after the initial injury or several hours later. 
The typical symptoms are persistent pain that is 
disproportionate to the severity of the injury (and 
poorly responsive to analgesia or splinting), a 
tensely swollen and tender muscle compartment, 
and worsening of the pain on passive stretching of 
the muscles within the compartment. There may 
be subtle sensory impairment and paraesthesiae as 
nerves passing through the compartment become 
hypoxic. The intracompartmental pressures rarely 
rise sufficiently to obstruct the brachia! or radial 
arteries so the pulse is usually maintained and the 
hand remains warm. 

The presence of a distal pulse does not exclude 
compartment syndrome. 

As with the lower limb, immediate treatment 
includes splitting any plaster or removing band
ages and elevating the limb. A clinical diagnosis is 
usually sufficient to arrange urgent fasciotomy 
and decompression, although many surgeons meas
ure compartment pressure directly. Urgent ortho
paedic review is required for any patient with a 
suspected compartment syndrome. 

The median, ulnar and radial nerves may be 
damaged by injury to the forearm. These injuries 
are usually caused by incised wounds that may 
result from deliberate self-harm or, more often, by 
accidents in the kitchen or falls while holding a 
glass. The median nerve supplies most of the anter
ior compartment muscles of the forearm before 
becoming relatively superficial at the wrist. At the 
wrist it lies medial to the flexor carpi radialis 
tendon and deep to palmaris longus (which is 
absent in about 20% of people). It is most commonly 
injured at the wrist just proximal to the flexor ret
inaculum and carpal tunnel. In the hand the median 
nerve gives off motor fibres to the three thenar 
muscles (abductor pollicis brevis, flexor pollicis 
brevis and opponens pollicis) and the first and 
second lumbrical muscles. 
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Injury to the median nerve around the elbow 
results in weakness of pronation and flexion of the 
wrist and fingers as well as loss of thumb move
ments and impaired sensation in the hand. Flexor 
tendon injuries are frequently associated, as the 
median nerve lies deep to the flexor tendons in the 
forearm. Injury to the median nerve at the wrist 
will result in classic hand signs such as inability 
to oppose, abduct or flex the thumb and loss of 
sensation in the lateral portion of the palm, the 
palmar surface of the thumb and the radial two 
and a half fingers. Simple tests of median nerve 
motor ftmction are to ask the patient to make a fist, 
and to resist attempts to press the abducted thumb 
into the plane of the hand with the back of the 
hand lyu1g flat on a table. 

The radial nerve is occasionally injured with deep 
wotmds of the forearm. The radial nerve passes 
into the forearm anterior to the lateral epicondyle 
and divides into deep (posterior interosseous) and 
superficial (radial nerve) branches. The posterior 
u1terosseous branch supplies most of the extensor 
muscles in the forearm and the superficial radial 
nerve continues on the radial side of the forearm 
lateral to the radial artery. It supplies sensation to 
the dorsum of the thumb, first web space and 
hand. Injury at the elbow (or to the deep branch) 
results in weakness of wrist, thumb and finger 
extension and loss of sensation on posterior sur
face of forearm, hand and proximal phalanges of 
lateral three and a half digits. The sensory innerv
ation overlaps with the median and ulnar nerves 
and is so variable that normal sensation does not 
indicate an intact radial nerve. 

The ulnar nerve enters the forearm between the 
olecranon and medial epicondyle and is particularly 
vulnerable to both elbow injuries and wow1ds along 
the ulnar border of the forearm. It lies relatively 
superficially in the distal forearm just medial to the 
ulnar artery and supplies the small muscles of 
the hand. The characteristic clinical sign of ulnar 
nerve damage is inability to adduct or abduct the 
medial four digits (weak interosseous muscles). 
This can be demonstrated by asking the patient to 
hold a piece of paper between the ring and little 
fingers with the fingers extended. Flexion of the ring 
and little fingers and sensation over the ulnar one 
and a half digits and the ulnar half of the palm is 
also impaired. 

All patients with suspected nerve u1jury should 
be referred urgently for surgical review. Early repair 

is possible and may restore a great deal of use 
hmction. 

RADIAL AND U LNAR F RACTURES  

The bones of the forearm are often fractured fol
lowing direct blows or in falls where the forearm is 
subjected to twisting forces. Adults tend to have 
either isolated fractures of the ulna or complex 
angulated and displaced fractures of both bones. 
Children more commonly have greenstick fractures 
where the cortex on one or both bones remains at 
least partially intact and there is angulation but no 
displacement. In all cases, patients with visible 
deformity of the forearm require early analgesia 
and splinting in a position of comfort before radio
graphy. The distal pulses and sensation must 
always be checked and the development of com
partment syndrome considered. 

Fractures of the forearm bones are often associ
ated with radio-ulnar joint dislocations and axial 
or rotational deformity. The radius and ulna are 
botmd together at the elbow and wrist, as well 
as throughout their length, by the interosseous 
membrane. Thus any injury to one of these bones 
is frequently associated with an injury to either the 
other bone or to the ligaments that bind them. If 
isolated fracture of the radius or ulna occurs with 
angulation or displacement but no dislocation, 
then there must also be shortening of the forearm 
and the other bone must be dislocated at either the 
elbow or the wrist. The commonest combination of 
this type is a fracture of the ulna with dislocation 
of the radial head. This combination is often referred 
to as the Monteggia fracture-dislocation and is 
typically caused by forced pronation. The charac
teristic radiographic abnormality is disruption of 
the radio-capitellar line on the AP or lateral elbow 
views (Fig. 26. 1 6) .  This is a lille drawn through the 
centre of the shaft of the radius. It should always 
pass through the capitellum on both views. If it 
does not, then the radial head is dislocated. 

Monteggia fracture: fracture of the ulna with 
dislocation of the radial head. 

The mirror image of this injury is a fracture of the 
radial shaft with dislocation of the ulna at the distal 
radio-ulnar joint (Fig. 26.17). This is referred to as 
the Galeazzi fracture-dislocation. The distal end of 



Figure 26. 1 6: The Monteggia fracture-dislocation: 

fracture of the ulna with dis location of the radial head. 

Figure 26. 1 7: The Galeazzi fracture-dislocation: 
fracture of the radial shaft with dis location of the ulna 
at the distal radio-ulnar joint. 

the ulna (excluding the ulnar styloid) should lie just 
proximal to the articular surface of the radius on 
AP radiographs of the wrist. If it extends further 
distally then the joint is disrupted. Both of these 
injuries should always be excluded in patients with 
isolated radial or ulnar fractures. Radiographs of 
the forearm must therefore include the whole length 
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of the radius and uh1a together with the elbow and 
wrist joint in both AP and lateral views. 

Galeazzi fracture: fracture of the radial shaft with 
dislocation of the ulna at the distal radio-ulnar joint. 

Dislocation at the proximal or distal radio-ulnar 

joints should always be excluded in patients with 

isolated radial or ulnar fractures. 

Axial rotation occurs in forearm fractures if the 
fracture line allows the pronators of the forearm to 
work independently of the supinators. This is more 
common in fractures involving the upper third 
of the radius, where the proximal fragment is 
supinated by the action of biceps and the distal 
fragment is pronated by pronator teres and quad
ratus. Axial rotation occurs in addition to any 
angulation or displacement caused by the fracture. 
Rotational deformity may be evidenced on plain 
films by loss of the normal relationship between 
bony landmarks on lateral or AP films. In extreme 
cases, a lateral forearm radiograph may show a lat
eral view of the elbow but an AP view of the wrist. 
Because of the complexity of these injuries and the 
fact that they invariably require internal fixation, 
orthopaedic review should be sought in every case. 

Direct blows can result in isolated transverse 
fractures of the radius or ulna, but fracture or 
dislocation of the other bone must still always be 
excluded. The ulna is most often fractured in isola
tion, as the forearm is used to defend against direct 
blows. An w1displaced fracture of the ulna can be 
treated with an above-elbow plaster (with the hand 
in mid-pronation) and a broad arm sling. Routine 
fracture clinic review can then be arranged.  

In children, the fractures are frequently buckle 
or greenstick fractures. In buckle or torus fractures, 
there is often a subtle buckling of one or both cor
tices of the distal radius or ulna. These are essen
tially compression fractures and they are rarely 
displaced. They heal without complication and can 
be treated symptomatically (Fig. 26.18). A short 
period in a below-elbow plaster may be required to 
control pain. These fractures are very commonly 
missed. Greenstick fractures in the forearm are 
usually angulated but, because at least one cortex 
is intact, are not displaced (Fig. 26. 19). Whether 
manipulation is required or not depends on the 
degree of angulation. Angular deformities of less 
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Figure 26. 1 8: Radiograph of wrist showing buckle 
or torus fracture. 

than 10° rarely require manipulation. However, the 
presence of intact periosteum and cortex at the con
cavity of the fracture can cause fmther angulation. 
It is often necessary to overcorrect the deformity to 
reduce it and great care is required in applying the 
plaster. These fractures should therefore be dis
cussed with the orthopaedic team. 

D ISTAL RADIAL FRACTURES  

Fractures of the distal radius are amongst the com
monest limb frachues seen in the emergency depart
ment. They are caused by falls on to the outstretched 

hand with the hand itself in various positions, the 
most common being a Colles' frachue. A Colles' 
fracture is a frachlie of the distal radius within 
2.5 cm of the wrist joint which results in dorsal 
angulation and displacement of the distal frag
ment towards the dorsum and the radial side 
(Fig. 26.20). There is accompanying damage to the 
inferior radio-ulnar joint and the ulnar styloid may 
be avulsed by the triangular fibro-cartilage as the 
distal radial fragment displaces. It is predomin
antly seen in middle-aged to elderly women who 
have fallen on to the pronated outstretched hand 
(so-called 'fall on outstretched hand' or FOOSH). 

The patient has a painful and often obviously 
deformed wrist (described as the dinner-fork 
deformity). However, much more subtle presenta
tions can arise and all patients with pain and 
tenderness of the distal radius after a fall should 
have AP and lateral wrist radiographs. 

The fracture is usually obvious on the films but 
may be missed if impaction has rendered the frac
hlie line difficult to see. In these cases, it is useful 
to measure the angles between the articular sur
face and shaft of the radius. Normally, the articular 
surface of the distal radius is tilted forward on the 
lateral view and approximately 20° forward on 
the radial side on the AP view. There may only be 
a reduction of these angles with a subtle buckle 
in the cortex over the dorsal aspect of the distal 
radius, or a very slight increase in bone density 
where the fragments have impacted. 

A displaced Colles' fracture requires manipula
tion. Although this is relatively easy to achieve, 
holding the fracture in the correct position often 
causes problems. In deciding whether to manipu
late the fracture, the degree of deformity, the pres
ence of an ulnar styloid fracture or a backward 
tilt of 10° or more on the lateral radiograph may 
be used as a guide. Any clinically obvious deform
ity requires manipulation. Frachlies of the ulnar 
styloid indicate significant disruption of the radio
ulnar joint and backward tilt of greater than 10° 
will affect future wrist flexion and hand function. 
If there is doubt about whether to manipulate a 
fracture, senior advice should be sought. 

Colles' fractures are much less common in 
yow1ger adults and do not occur in children. The 
same mechanism of injury tends to be associated 
with comminuted frachlies of the distal radius 
or frachlies of the radial styloid in young adults. 
Where the distal radial fragment is comminuted 
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Figure 26. 1 9: Radiograph of forearm showing angulated greenstick fracture. 

(a) 

(b) 
Figure 26.20: Colles' fracture. (a) Lateral and 
(b) AP radiographs. 

and the fracture line extends into the joint, it is 
important to seek orthopaedic advice regarding 
the need for open reduction and internal fixation. 
A dinner-fork deformity in children indicates an 
angulated fracture of the distal radius or, more 
often, an epiphyseal fracture. The Salter-Harris 
classification of epiphyseal injuries should be used 
to describe these fractures (Table 26.8 and Fig. 26.21). 
One of the commonest epiphyseal fractures in chil
dren is that of the distal radius and the commonest 
type is a Salter-Harris type II. 

Anaesthesia must be provided in order to reduce 
distal radial fractures. Options include intravenous 
regional anaesthesia (Bier's block), haematoma block 
and general anaesthesia. Haematoma blocks are 
often more successful if the anaesthetic is correctly 
placed and sufficient time (at least 20 min) is allowed 
to pass before manipulation is attempted. It is often 
forgotten that tl1e ulnar styloid will not be included 
in the haematoma block and will require a separate 
local anaesthetic injection. 

Whichever anaesthetic method is chosen, 
manipulation involves preparation, disimpacti.on, 
correction of dorsal displacement and angulation, 
correction of radial displacement and application 
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Table 26.8: Salter-Harris classification of epiphyseal 

injuries 

Type I The whole epiphysis separates from or 
sl ips off the shaft (metaphysis) 

Type I I  The whole epiphysis separates and 
carries a small triangular metaphyseal 
fragment 

Type I l l  Vertical fracture through the epiphysis 
which joins with fracture through 
epiphyseal plate (only part of epiphysis 
separates) 

Type IV Vertical or oblique fracture through 
epiphysis and metaphysis (separation 
of part of epiphysis with metaphyseal 
fragment) 

Type V Crushing of part or all of the epiphysis 

Figure 26.2 1 :  Salter-Harris class ification of 
fractures. 

of a plaster back slab. Following manipulation, the 
forearm should be fully pronated with the wrist 
slightly palmar flexed and in full ulnar deviation. 
There are several techniques for manipulating a 
Colles' frachrre. In simple terms, the hand is pulled 
distally to disimpact the fracture, then the wrist is 

Table 26.9: Manipulation of Calles' fracture 

Provide adequate analgesia and anaesthesia 
Prepare a bandage and plaster slab 
Ask an assistant hold the elbow flexed and provide 

counter traction 
Apply traction along the line of the forearm by 

grasping the thumb, index and middle fingers 
Maintain traction until the fragments disimpact 

(confirm this by palpation with the other hand) 
Extend the elbow and maintain traction by placing 

the heel of one hand over the dorsal surface of 
the radius and grasping the forearm and wrist 

Correct the dorsal displacement by using the heel 
of the other hand to press on the volar surface 
of the forearm proximal to the fracture site 

Correct the radial displacement by using the heel 
of the other hand to press on the radial side of 
the hand and forearm distal to the fracture site 

Apply the plaster slab while maintaining traction 
through the thumb, index and middle fingers 
again 

Position the wrist in sl ight pal mar flexion and ful l  
ulnar deviation with the plaster on and maintain 
the position until the plaster sets 

flexed and pulled into ulnar deviation. A suggested 
step-by-step method is given in Table 26.9. 

As with all reductions, check radiographs 
should be taken to ensure an acceptable reduction 
has been achieved. If the position is acceptable, the 
patient can be provided with a sling and a review 
appointment for the following day. Provided there 
are no complications then, the patient can be seen 
in fracture clinic in a week with a view to com
pleting the plaster and assessing any change in 
position. 

Falling on to the outstretched hand with the 
wrist flexed rather than extended may cause a 
Smith's (or reverse Colles') fracture (Fig. 26.22). This 
may be identical in radiographic appearance to a 
Colles' fracture on the AP film but has the opposite 
deformities on the lateral film (volar angulation and 
displacement to the volar and ulnar side). If the 
fracture line enters the joint so that the anterior lip 
of the radius is displaced proximally with the hand 
it is often referred to as a Barton's fracture. 

Reduction of a Smith's fracture requires dis
impaction with traction along the arm while the 
elbow is extended and the forearm supinated . 
Once disimpaction has been achieved, the wrist is 
extended, pulled radially and held in this position 
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Figure 26.22: Smith's fracture. 

while plaster is applied. The forearm should be 
fully supinated and the wrist fully extended. This 
is a difficult position to maintain and open reduc
tion and internal fixation is often the preferred 
option. Comminuted or intra-articular fractures 
should be referred to orthopaedics prior to any 
attempt at manipulation. 

WRIST I NJ U R I E S  

SOFT-T I S S U E  I NJ U R I E S  

Wrist pain is a common presenting complaint to 
emergency departments. The wrist acts as a stable 
platform for the hand and is intimately involved in 
hand movements. Significant disability can there
fore result from acute soft-tissue wrist injuries. 
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Patients will often report a fall on to a hyperflexed 
(palmar flexion) or hyperextended (dorsiflexion) 
wrist, or a similar mechanism such as stopping a 
football with the palm of the hand. There will usu
ally be some soft-tissue swelling and restriction in 
movement. A simple screening test for dorsiflexion 
is to ask the patient to place the palms together (as 
in prayer) and then bring the hands down the front 
of the body to extend the wrists. Placing the backs 
of the hands together will reveal the extent of 
palmar flexion possible. Gentle passive circular 
movements will often give a feel for the severity 
of injury. If movements are relatively preserved, 
there is rarely a major injury to the wrist and a 
sprain can be diagnosed. In all cases, however, the 
possibility of distal radial and scaphoid fractures 
should be considered. If there is any doubt then 
radiographs should be obtained. 

The precise anatomical diagnosis of wrist sprains 
may be very difficult. Pain that is well localized to 



344 I N J U R I E S  TO T H E  U P P E R  L I M B  

the ulnar side of the wrist may indicate a triangu
lar fibrocartilage complex injury. The pain will be 
exacerbated by ulnar deviation and palmar flexion. 
If pain is aggravated by pronation and supination 
then the distal radio-ulnar joint may be involved. 
In all cases a period of rest, immobilization and 
analgesia will provide effective treatment for the 
acute injury. It is important to remember that some 
patients may come to rely on wrist braces and 
recovery can be prolonged. 

Tendinitis and tenosynovitis may occur in any 
of the flexor or extensor tendons that cross the 
wrist. Tenosynovitis is inflammation of the tendon 
sheath and it commonly occurs after repetitive 
activity. Patients complain of a pain over the affected 
part of the wrist following the activity. They may 
relate the onset of symptoms to an acute event. 
The wrist will have a slight reduction in range of 
movement and there will be signs of acute inflam
mation. The individual tendons or tendon sheaths 
involved may be localized by detailed examination 
although this is not usually necessary. In many 
cases, palpable or even audible crepitus can be 
detected on clinical examination. One of the most 
common examples is De Quervain's tenovaginitis. 
Repetitive pinching motion may cause inflamma
tion around the abductor pollicis longus and exten
sor pollicis brevis tendons. Patients complain of 
well-localized pain from the radial styloid to the 
metacarpophalangeal joint of the thumb. This pain 
is exacerbated by ulnar deviation of the hand and 
flexion of the thumb. 

Treatment of tenosynovitis involves activity 
modification, rest in a thumb spica or wrist brace 
with thumb extension, and non-steroidal anti
inflammatory drugs lmtil the inflammation sub
sides. If the pain is very severe, rest in a plaster of 
Paris may, rarely, be necessary. The most important 
differential diagnosis is suppurative or pyogenic 
tenosynovitis. If there is any doubt about the 
possibility of infection, a septic screen should be 
performed and the patient reviewed by a senior 
doctor. 

Any process that significantly reduces the size of 
the carpal tunnel (inflammation, anterior disloca
tion of the lunate, arthritis, tenosynovitis) may com
press the median nerve. The pati�nt may present 
with wrist pain from the primary injury and paras
thesiae or diminished sensation in the digits. These 
median nerve signs must be recognized and the 
cause of the carpal tunnel compression identified. 

CARPAL FRACTURES  AND 
D I SLOCAT I O N S  

A fall on an outstretched hand may cause a frac
ture or dislocation involving any of the carpal 
bones. These are arranged in two rows that are 
bridged by the scaphoid. The scaphoid is therefore 
the most vulnerable to injury during dorsiflexion 
of the wrist, and over 90% of carpal fractures 
involve the scaphoid. It is commonly fractured 
across its waist (Fig. 26.23). The patient will com
plain of pain and tenderness in the wrist, with a 
reduced grip. Although there may be some full
ness in the anatomical snuff-box, there is usually 
no deformity or bruising. On examination, there is 
tenderness in the snuff-box, weakness of pinch 
grip and pain on dorsiflexion. Other signs include 
pain on axial compression of the thumb metacarpal 
and tenderness over the palmar aspect of the 
scaphoid. These are all non-specific signs. Fractures 
of the radial styloid, severe wrist sprains and frac
tures of the thumb metacarpal will all have similar 
features. Thus radiography is required in all cases. 
A guide to interpretation of wrist radiographs is 
given in Table 26. 10. 

Fractures of the scaphoid are often hairline and 
very difficult to see. To reduce the chance of miss
ing the injury, therefore, two oblique views are 
taken in addition to the AP and lateral of the wrist. 
Displaced fractures should be referred immedi
ately to the orthopaedic team. Undisplaced frac
tures may be placed in a scaphoid plaster and 
referred routinely to fracture clinic. A scaphoid 
plaster is applied with the wrist fully pronated, 
radially deviated and moderately flexed with the 
tl:}umb in mid-abduction (opposite the ring finger). 
The position of this plaster is important and advice 
should be obtained if there is uncertainty. 

If there is pain and tenderness but no radio
logical abnormality, the patient should be provided 
with analgesia and a review clinic appointment for 
approximately 10 days after the injury. It should be 
explained to the patient that there may be a frac
ture that is not visible on the initial film and that 
it will be necessary to repeat the films. The use of 
some form of inunobilization, such as a scaphoi 
plaster or a simple wrist brace with thumb exten
sion, depends on the pain experienced by the 
patient. When the patient returns to clinic, the brace 
or plaster should be removed and further scaphoid 



Figure 26.23: Scaphoid views and fracture. 

Table 26. 1 0: Interpretation of radiographs of the 
wrist 

Look for: 
On the AP view: 

Uninterrupted cortices around the eight carpal 
bones - particularly the scaphoid 

Uniform joint spaces between the carpal bones 
(approximately 1 -2 mm) 

Uninterrupted cortices around the distal radius 
and ulna 

Uninterrupted cortices around the distal 
metacarpals 

On the lateral: 
The straight l ine through the centres of the 

radius, lunate and capitate 
The capitate lying within the concavity of the 

l unate 
Uninterrupted cortices around the radius and 

ulna 
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radiographs taken. The fracture line should be 
more easily visible following bone resorption. If 
there is still no fracture despite persisting symp
toms then a further 2 weeks of analgesia and 
immobilization are required. If there is still pain 
after further review then a bone scan should be 
arranged as an out-patient and immobilization con
tinued. In some centres, MRI scanning is being used 
as an alternative to nuclear bone scanning. 

Fractures through the bodies of other carpal 
bones are rare. Minor avulsion or 'flake' fractures 
of the carpal bones may be associated with dorsi
flexion and palmar flexion injuries (wrist sprains). 
Occasionally, such fractures result from a direct 
blow. The exact origin of the flake is often difficult 
to determine radiographically. These injuries require 
symptomatic treatment only. They often represent 
significant soft tissue injury and benefit from sub
sequent physiotherapy. 

There are a number of carpal dislocations and 
fracture dislocations. The most important of these 
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Figure 26.24: Lunate dis location. 

are lunate and perilunate dislocations. These may 
be easily overlooked. The radius, lunate and capi
tate articulate with each other and lie in a straight 
line on the lateral radiographs. The capitate sits in 

the concavity of the lunate. In a lunate dislocation, 
the patient is in considerable pain and movement 
at the wrist will be minimal. There is often media 
nerve compression. The lateral radiograph will 
reveal the lunate rotated anteriorly and no longer 
articulating with the capitate (Fig. 26.24). The centre 
of the radius and capitate will remain in a straight 
line. In the AP view, the dislocated lunate becomes 
triangular shaped and the margins of the carpal 
joints are no longer uniform. 

In perilunate dislocation the whole of the carpus 
is dislocated posteriorly, leaving the lunate and 
radius articulation intact. This severe injury is often 
associated with a scaphoid fracture. Both lunate and 
perilunate dislocations should be referred to the 
orthopaedic team for urgent review and reduction 
under anaesthesia. 

F U RTHER  READ ING  
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I NTRO D U CT ION  

Hand injury, infection and inflammation are com
mon presentations to the emergency department, 
and are all too often treated insufficiently seriously 
by doctors. This leads to a greater likelihood 
of incorrect diagnosis and suboptimal treatment 
that can result in prolonged morbidity for the 
patient. 

The objectives in this chapter are to discuss the 
salient features in the assessment of the hand, and 
the general principles of managing hand problems. 
Common pathologies presenting to emergency 
departments are described, subdivided into soft
tissue injuries and infections, tendon, ligamentous, 
nerve and bony injuries. 

ANATOMY  OF  THE  HAND 

A basic knowledge of the anatomy of the hand is 
essential for the correct management of hand con
ditions and injuries. 

N ERVES  

The cutaneous nerve supply of the hand is illus
trated in Figure 27. l .  It _is important to note that 
the cutaneous nerve supply does vary between 
individuals and in particular the ulnar nerve may 
cover the ulnar two and a half digits. The nerve 

C H A P T E R  T W E N T Y S E V E N  

• General principles of hand management 
• Common and important hand pathologies 
• Further reading 

supply to the small muscles of the hand is given in 
Table 27.l .  

Each digit i s  supplied b y  two digital nerves. 
The digital nerves to the fingers run in close asso
ciation with the digital arteries on the volar aspects 
to the radial and ulnar sides of the digit. 

TENDONS  

There are two flexor tendons to each finger, the 
flexor digitorum profundus (FDP), which attaches 
to the proximal part of the distal phalanx and 
flexes the distal interphalangeal joint (DIPJ), and 
the flexor digitorum superficialis (FDS), which 
attaches to the proximal part of the intermediate 
phalanx and flexes the proximal interphalangeal 
joint (PIPJ). The deep flexor emerges from under 
the superficial flexor (which divides into two slips) 
at the intermediate phalanx. The thumb has one 
long flexor, flexor pollicis longus (FPL), which 
attaches to the distal phalanx and flexes the inter
phalangeal joint (Fig. 27.2). 

There are two extensor tendons to the index and 
little fingers and one each to the middle and ring 
fingers. The action of the extensor tendons is to 
extend the metacarpophalangeal joints (MCPJ) 
and the interphalangeal joints. Each tendon div
ides into a central slip and two lateral slips. The 
central slip inserts into the base of the intermediate 
phalanx and extends the PIPJ. The lateral slips 
insert into the base of the distal phalanx and 
extend both PIPJ and DIPJ. The extensor tendons 
to the thumb are the extensor pollicis longus (EPL) 
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Figure 27. 1 :  Sensory nerve distribution of the hand. 

Table 27. 1 :  Nerve supply of muscles of the hand 

Nerve 

Median nerve 

U lnar nerve 

Muscle 

Abductor 
pollicis brevis 

Adductor pollicis 

Action 
-

Abduction 
of the thumb 

Adduction of 
the thumb 

Radial 

Median 

Ulnar 

and extensor pollicis brevis and, with the abductor EDC 
pollicis longus, these tendons form the borders of 
the anatomical snuff-box. The EPL inserts into the 
base of the distal phalanx and extends the inter
phalangeal joint of the thumb. The extensor polli
cis brevis and abductor pollicis longus abduct and 
extend the thumb. 

B O N ES 

The bones of the wrist and hand are illustrated 
in Fig. 27.3. Injuries of the wrist are dealt with in 
Chapter 27. 

B LOOD S U P P LY 

a Extensor insertion 
into distal phalanx 

b Central slip 
c Lateral sl ip 
d Slips from lumbrical 

and interossei 
e Sagittal bands 

EDC Extensor digitorum communis 
EDM Extensor digitorum minimi 
ECU Extensor carpi ulnaris 
El Extensor indicis 
EPL Extensor pollicis longus 
EPB Extensor pollicis brevis 
ECR Extensor carpi radialis 
AbPB Abductor pollicis brevis 

The blood supply to the hand arises from the 
radial and ulnar arteries, which form the palmar Figure 27.2: Extensor tendons of the hand. 



Proximal 
phalanx 
of little 
finger 

Hamate 

Triquetral 
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Sesamoid bone 

Trapezium 

Pisiform Lunate Scaphoid Trapezoid 
process 
of ulna 

Figure 27.3: Bones of the wrist and hand. 

of ulna 

arch. Each finger has two digital arteries, which arise 
from the palmar arch and pass along the sides of 
the fingers adjacent to the digital nerves. The blood 
supply to the thumb is more complex. 

f I N G ER T I P  AND  NA I L  B E D  

The anatomy of the finger tip and nail bed is shown 
in Figure 27.4. 

ASSESSMENT  

The assessment should b e  struch1red and method
ical. It is divided into history, examination and 
appropriate investigations. 

Styloid process 
or radius 

H ISTORY 

Essential background information regarding hand 
dominance, occupation and hobbies or pastimes 
should be clearly recorded. Previous significant 
injuries or illness affecting the hand or other joints 
should be noted. 

The patient should be asked about the main 
complaint. A clear history relating to the main 
complaint must be elicited. Exactly what hap
pened should be clearly recorded, including how it 
occurred and when it happened, together with any 
associated or subsequent symptoms. The environ
ment in which the injury was sustained should be 
recorded. In workplace accidents, details of any 
machinery involved and whether the correct pro
tection and accident prevention procedures were 
being followed at the time of the injury should be 
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a Nail plate 
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d 
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b 

b Eponychium (nail fold) 
c Lunula (overlies germinal matrix) 
d Paronychium 
e Sterile matrix (nail bed) 
f Insertion of FOP 
g Insertion of extensor tendon 

Figure 27.4: Anatomy of the finger tip and nail bed. 

noted. This information may be required for sub
sequent legal reports. 

In patients without a history of trauma the story 
is often longer and less precise and greater acumen 
is required to identify the correct diagnosis. It is 
important to ask about factors that exacerbate or 
relieve the main symptoms in such patients and to 
record any relevant past history related to tetanus 
status, allergies and current medication. 

EXA M I NAT ION  

It is important to b e  aware of the possibility of 
associated injury elsewhere, and especially to the 
ipsilateral shoulder, elbow or wrist when examin
ing the hand. All rings must be removed by the 
assessment nurse. Patients who are tmwilling to 
have their rings removed must sign a form indicat
ing their responsibility for this course of action. 
A methodical approach must be followed: 

• look 
• feel 
• move. 

All rings must be removed by the assessment nurse. 

LOOK 

The natural posi tion of the hand reveals a 'racquet
grip' -like cascade of the fingers. The whole hand 
must be examined and not just that part indicated 
by the patient. It is essential to look for swelling, 
bruising, changes in the colour and tension of the 
skin and obvious wounds. 

F E E L  

The presence of warmth, tenderness, crepitus and 
instability of any of the affected parts should be 
established. 

M OVE 

Passive and active movement of the hand will 
reveal gross pathology. In the injured hand pain 
will be an obvious limiting factor. 

At this stage it may be possible to reach a pri
mary or short list of differential diagnoses. Depend
ing upon the site of the injury or illness one or more 
of the following specific tests will confirm or add 
to the primary diagnosis. 

Te n d o n s  

The examination of the important tendons of the 
hand is summarized below: 

• Flexor digitorum profundus (FDP) . With the 
palm up, the patient is asked to 'bend the tip of 
your finger '  whilst the proximal interpha
langeal joint (PIPJ) is held immobilized. 

• Flexor digitorum superficialis (FDS). The other 
fingers are immobilized (thus immobilizing the 
deep flexors) in full extension on a flat surface 
and the patient is asked to bend the injured fin
ger. Flexion of the PIPJ confirms that the FDS 
tendon is intact. 

• Flexor pollicis longus (FPL). The patient is 
asked to bend the tip of the thumb against 
resistance. 

• Extensor tendons. The patient is asked to 
straighten fingers fully against resistance from 
flexion at the level of the proximal phalanx. 

• Extensor pollicis longus (EPL). The hand is 
placed flat on the table (palm down) and the 
patient is asked to lift only the thumb. EPL will 
become prominent as the dorsal border of the 
anatomical snuff-box. 



Figure 27.S: Testing the ulnar col lateral ligament of 

the thumb. 

L i g a m e n t s  

T H E  ULNAR COLLATERAL  L IGAM E NT ( U C L) 

O F  THE  METACARPOPHALANGEAL J O I N T  O F  

THE  T H U M B  

The UCL of the thumb i s  tested b y  grasping the 
thumb metacarpal firmly between the thumb and 
index finger of one hand. With the other hand the 
thumb is abducted with the joint in 30° of flexion. 
The ulnar collateral ligament must always be com
pared with the uninjured side as there is consider
able variation between individuals. An intact UCL 
is confirmed by a firm end point (Fig. 27.5) . An ill 
defined, 'spongy' end point suggests likely UCL 
rupture. 

C O L LATE RAL L IGAME NTS ( C L) O F  THE  

INTERP HALANGEAL J O I NTS 

Interphalangeal joints are stabilized by the collat
eral ligaments laterally and a fibro-cartilaginous 
volar plate on the flexor aspect. The collateral liga
ments are tested in 30° of flexion. Each collateral 
ligament that may have been damaged should be 
stressed, bearing in mind the mechanism of the 
injury. Injury to the ligament is recognized by abnor
mal movement at the joint with a soft end point in 
comparison with uninjured joints. 

Damage to the volar plate will often be recog
nized radiologically as a small avulsion fracture 
from the base of the intermediate phalanx (Fig. 27.6). 

N e r v e s  

The motor and sensory supply to the hand is via a 
combination of the median, ulnar and radial nerves 
(see Table 27.1 and Fig. 27.1) .  
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Figure 27.6: Volar plate avulsion fracture. 

SENSORY 

The history will provide the first clue of injury. 
Blunt trauma to the hand may induce 'numbness' 
but this is due to neuropraxia and the patient can 
be reassured. Where a laceration is present (espe
cially where glass was involved) the patient should 
be assumed to have nerve injury and this should 
be positively excluded. Any laceration involving 
glass should be X-rayed. 

In assessing for nerve injury the most useful 
examination is for abnormalities of light touch and 
pin-prick sensation, which are usually more appar
ent when comparing an abnormal with a normal 
area. A useful technique is to instruct the patient to 
close their eyes and say 'yes' when they feel the 
touch stimulus. In addition, loss of sympathetic 
innervation leads to absence of sweating in the 
distribution of the injured nerve which may be 
detectable on examination. 

M OTOR 

The median nerve is assessed by testing its thenar 
motor branch. This is performed by assessing the 
strength of opponens pollicis or flexor pollicis 
brevis. Palpable contraction of the muscles in the 
thenar eminence indicates intact median nerve 
motor function. 

The ulnar nerve's motor function can be 
assessed by testing the strength of the intrinsic mus
cles using finger abduction by asking the patient to 
cross their fingers. Alternatively, Froment's test can 
be used which tests the function of the adductor 
pollicis. Normal ulnar nerve function allows a 
piece of paper to be held between the thumb and 
index finger with the thumb extended at the inter
phalangeal joint (Fig. 27.7a). Weakness due to ulnar 
nerve injury will result in flexion of the interpha
langeal joint of the thumb (Fig. 27.7b ) .  

The radial nerve has no motor supply in the 
hand. 
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(a) (b) 

Figure 27. 7: Froment sign indicating (a) normal and (a) 

(b) abnormal ulnar nerve function. 

Figure 27.8: Testing u lnar nerve function. 

Despite a nerve being divided examination may 
initially be normal due to conduction of impulses 
across the site of nerve injury. After 24-48 h, axonal 
degeneration occurs and neurological signs of injury 
become obvious. 

Vas c u l a r s u p p l y  

Examination must include assessment and docu
mentation of the blood supply distal to the injury. 

I NVESTIGATIO N S  

X-ray examination is commonly carried out for 
trauma, foreign body demonstration or to exclude 
osteomyelitis. Rare diagnoses of metabolic or 
inflammatory diseases (sarcoid, gout) or arthro
pathies can also be made. 

When ordering investigations it is important 
to be as specific as possible about the required 

(b) 

Figure 27.9: Adequate (a) and inadequate 
(b) radiographs. 

films rather than, for example, requesting 'hand, 
wrist and scaphoid'. Adequate films in two 
planes are essential and the purpose of the film 
(e.g. identification of foreign body) should be 
made clear on the request form (Fig. 27.9). 

G EN E RAL P R I N C I PLES  O F  HAND 
MANAG E M ENT  

Adherence to a number of basic principles will 
lead to the patient's hand injury being properly 
managed. There are three main phases in the man
agement of such patients that will, if carried out 
correctly, result in the best possible outcome for 
the patient: 

• immediate treatment 
• a period of immobilization, elevation and rest 
• aggressive physiotherapy and rehabilitation. 

ACUTE TREATMENT  

All the structures that may b e  involved in a hand 
injury must be individually examined. In the case 



of penetrating wounds each structure must be seen 
to be intact as well as to be functioning normally, 
in order to ensure that partial injuries do not sub
sequently progres? to loss of fm1ction. 

Pain may significantly affect the likelihood of 
achieving an informative examination. Good local 
anaesthetic blockade, therefore, may be important 
for both diagnosis and treatment. It is important 
to make sure that sensation is recorded prior to 
blockade. 

All wounds should be fully explored once they 
are anaesthetized. In deep wounds or extensive 
wounds, when local anaesthesia cannot be achieved 
or damage to involved struch1res excluded, formal 
exploration in an operating theatre by a surgeon 
will be required. Adequate debridement and irri
gation of fresh wounds is mandatory for good 
healing. If the wound is dirty it may sometimes 
be necessary, following surgical debridement, to 
leave the wound to heal by secondary intention. 
Alternatively, delayed primary closure may be used. 
These patients should be discussed with a senior 
doctor. The hand has an excellent blood supply that 
encourages rapid healing. Straightforward, clean 
wounds should be closed with 4.0 or 5.0 mono
filament non-absorbable suture. Adhesive wound 
tapes should not be used for the closure of lacer
ations involving the flexor or extensor surfaces. 

Following reduction of any dislocated joints and 
manipulation of fractures repeat X-ray is essential 
to determine the effect of the intervention. 

In general, antibiotics are recommended for 
contaminated wounds, human and animal bites, 
open frachLres, and old (>12 h) wounds. The 
urinary sugar or BM Stix® and temperature should 
be checked in patients with signs suggestive of 
infection. 

Do not forget to record tetanus status and immunize 

if necessary. 

I MM O B I L IZAT I O N  

Wounds will range from those that can be left open 
to those that will require dressing with a combin
ation of non-adherent paraffin gauze, gauze swabs 
and bandages. Elevation of the hand in a high arm 
sling for 24 h in any significant injury where 
swelling is likely, is necessary in order to minimize 
oedema and enhance healing. Adequate analgesia 
is also essential. 
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A variety of basic splint techniques are available 
to immobilize all or part of the hand for a short 
period of time. These include neighbour (buddy) 
strapping, Bedford splints, metal and foam combin
ation Zimmer splints, mallet splints and plaster of 
Paris (PoP). They are discussed in the relevant sec
tions below. It is important only to immobilize that 
part of the hand that requires it and to give the 
patient clear guidance on the period of splintage. 
Follow-up with the appropriate specialist is vital. 

REHAB I L ITATI O N  A N D  
PHYS I OTHERAPY 

All significant hand m1uries must be referred 
back for emergency department review clinic, the 
orthopaedic fracture clinic or a specialist hand 
clinic. Rehabilitation with a combination of self
and formalized physiotherapy may be prolonged. 
However, even injuries that do not need specialist 
follow-up in a hospital will require simple com
monsense advice on early self-physiotherapy in 
order to gain full and early function. 

C O M M O N  AND  I M PO RTANT HAND 
PATHOLOG I ES  

In the following sections the hand service refers 
to the hospital specialist who deals with hand 
injuries. He or she may be a specialist hand sur
geon, an emergency physician with an interest in 
hand injury, an orthopaedic surgeon or a plastic 
surgeon. 

SOFT-T I SSUE  I N JUR I E S  A N D  
I N F ECT IONS  

N a i l - b e d  i n j u r i e s  

These are common, especially in children, and 
often occur as a result of catching a digit in a door. 
In adults, a misplaced hammer blow is a common 
method of injury. There are four grades of severity 
(Table 27.2). 

SUBUNGUAL HAEMATO MA 

The nail-bed injury manifests only as a subungual 
haematoma. This can be inordinately painful but is 
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Table 27.2: Classification of nail-bed injuries 

Subungual haematoma 
Sprung nail 
Nail-bed laceration 
Open fracture of the terminal phalanx 

satisfyingly relieved by trephining the nail using a 
heated paperclip and releasing the underlying 
pressure if performed early. There is no value in 
trephining a subungual haematoma which is more 
than 24 h old as the blood is likely to have clotted. 

SPRUNG NA IL  

When the nail base comes to lie above the nail fold, 
the term 'sprung nail' is used. There is usually an 
associated subungual haematoma. In such patients 
the nail should be repositioned under the nail fold 
using a local anaesthetic ringblock (see Chapter 8). 
This may require mobilization of the nail from the 
underlying matrix and repair of any associated 
laceration. 

NAIL-BED LAC E RAT ION  

A laceration may b e  confined to the nail bed or 
extend into the surrounding skin. In children the 
laceration may be deep enough to cause a partial 
amputation. The best cosmetic result is obtained 
by formal repair under tourniquet and ring block. 
The nail is removed and the nail bed repaired with 
absorbable 6-0 sutures. The remaining wound is 
also sutured and the nail replaced to act as a tem
porary splint. In some cases the use of multiple 
adhesive wound tapes may be an effective method 
of closing finger-tip lacerations, particularly those 
to the pulp. 

O P E N  FRACTURE  OF THE  TERM INAL  P HALANX 

In these cases a deep nail-bed laceration is associ
ated with a fracture of the terminal phalanx. 
Formal repair of the laceration is again recom
mended. The nail should be replaced in situ as a 
splint for the fracture. 

Antibiotics (flucloxacillin or erythromycin) 
should be given if there is a bony injury in associ
ation with the nail-bed injury or in association 
with a subungal haematoma requiring trephining. 
Trephination in the absence of a fracture is not 
an indication for antibiotics. Follow-up should be 
arranged at 1 week and the patient advised that 

although a new nail will grow back there may be 
a ridging to the nail plate. 

F i n g e r- t i p i n j u r i e s  

These injuries may be due to slicing, producing a 
relatively clean laceration, or crushing, resulting 
in partial or complete amputation of the tip of the 
finger. They can be classified as follows: 

· 

• Pulp loss alone less than 1 cm2. These can be 
treated conservatively by cleaning the wound 
and applying a non-adherent dressing. Regular 
review is usually necessary. 

• Pulp loss greater than 1 cm2 with or without 
bone exposure should be referred to the hand 
service. Skin closure can be achieved either 
by the formation of flaps, by skin grafting or 
by terminalization (shortening of the terminal 
phalanx to achieve adequate skin cover). 

In children conservative treatment is generally 
recommended even where there is bony involve
ment. Th.is decision should be left to experienced 
staff. 

Antibiotics are indicated where an open, bony 
injury is confirmed on X-ray. Non-adherent dress
ings (e.g. paraffin gauze) should be used, although 
all dressings become adherent after a few days of 
drying. Follow-up to review cosmetic results and 
instigate appropriate exercises for the finger tip is 
important. 

B i t e s  

Bite injuries may be caused by a variety of animals, 
including other humans. Patients presenting with 
lacerations over the extensor aspect of the meta
carpophalangeal joint may have sustained the 
injury by punching another person in the mouth. 
Examination will reveal an abrasion or ragged lac
eration over the extensor aspect of the metacarpal 
head. X-ray may reveal a fracture of the metacarpal 
head (classically of the little finger) and possibly 
retained tooth fragments from the opponent. The 
main concern is the variety of bacteria present in 
the wound (commonly streptococci and mixed 
anaerobes). Small abrasions and lacerations require 
an aggressive surgical scrub, debridement and pro
phylactic antibiotics (usually co-amoxiclav). 

All such wounds should be explored down to the 
MCPJ space. Any suggestion of joint involvement 



mandates referral to the hand service for formal 
exploration. If the wound is not deep, the edges 
should be debrided and the wound left open 
for delayed closure or allowed to heal by secondary 
intention. Follow-up should be arranged at 1-2 
days. The hand must be elevated in a high arm 
sling and appropriate prophylactic antibiotics pro
vided. Patients should be advised to return if they 
develop spreading cellulitis, lymphangitis or the 
systemic symptoms of infection. Any indication of 
failure to control infection is an indication for 
admission and intravenous antibiotic therapy. 

Other bite injuries are commonly caused by dogs 
or cats. Pasteurella multocida is a common pathogen. 
Bites from cats should be X-rayed to exclude the 
presence of tooth fragments. WoLmds from large 
dogs should be X-rayed to check for w1derlying 
fractures and tooth fragments. Aggressive surgical 
debridement and cleansing of the wound in com
bination with penicillin therapy is appropriate. 
Abrasions, however, require cleaning only and antibi
otic prophylaxis is not indicated. Wounds should be 
left open, as immediate closme is likely to result in 
sepsis. Always check tetanus status and provide 
fmther immunization if required. 

G l a s s  l a c e r at i o n s  ( F i g .  2 7 . 1 0 ) 

Injuries to the hands associated with glass merit 
particular mention. The exact mechanism of the 
injury must be elucidated and documented. The 
wound must always be examined carefully as it 
may be deeper than it initially appears. A major 
structure is often involved despite an innocuous 
appearance of the wound. The wound must always 
be X-rayed. However, not all glass is opaque and 
exploration of the wound may also be required. 

All glass wounds must be X-rayed. 

H ig h - p re s s u re i n j e c t i o n  i n j u r y 

High-pressme injection injmies are rare but import
ant. They are easily misdiagnosed and the end 
result may be catastrophic (potentially amputation). 
They occur as a result of high-pressure injection 
of paint or sealant from a spray gw1. A detailed 
history is essential. The wound initially looks benign 
with no physical signs apart from a tiny puncture. 
If diagnosis is delayed, the inoculum travels along 
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Figure 27. 1 0: X-ray of a retained glass foreign body. 

.. 

Figure 27. 1 1 :  Paronychia. 

the tendon sheath into the palm, setting up an 
intense inflammatory tenosynovitis which can 
extend into the forearm. X-rays may show a radio
opaque inoculum. The hand should be elevated 
and the patient referred immediately to the hand 
service for urgent surgery. Formal exposure and 
irrigation from the finger tip into the palm or even 
more proximally is required. 

P a r o n y c h i a  ( F i g .  2 7 . 1 I )  

Paronychia is a common infection involving 
the tissues surrounding the nail. It is common in 
those whose occupation involves chronic exposure 
to water. There are two broad categories. Early 
paronychia manifests as a cellulitis affecting the nail 
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fold but with no signs of pus formation. Treatment 
with antibiotic therapy against staphylococcus is 
usually successful. Established paronychia will 
demonstrate fluctuance around the nail fold, with 
a collection of pus that may extend under the nail. 
A digital nerve block is essential. Management 
consists of drainage of the pus through an incision 
over the point of maximal fluctuance and irriga
tion, leaving the wound open. On occasions, 
removal of the nail is required to drain the pus 
completely. Flucloxacillin (or erythromycin if the 
patient is allergic to penicillin) may be required for 
a week if there is cellulitis, and follow-up can be 
arranged with the patient's GP. 

P u l p  s p a c e  i n fe c t i o n  

This is an infection of the terminal volar pad of 
the finger, usually as a result of a puncture wound. 
Pus collects within the tense fibrous septa of the 
pulp space. A patient presents with an intensely 
painful throbbing finger and a tense swollen fin
ger tip, suggesting the presence of pus. These are 
often not fluctuant. Management consists of a ring 
block of the finger and surgical drainage through 
a lateral pulp incision. Late presentation or missed 
diagnosis may lead to osteomyelitis of the terminal 
phalanx, with long-term morbidity. 

P a l m a r s p a c e  i n fe c t i o n s  · 

Palmar space infections are rare and usually fol
low a penetrating injury to the palm that has been 
neglected by the patient or misdiagnosed by the 
doctor. The two main potential spaces in the hand 
are the palmar space (lying between the flexor ten
dons and metacarpals of the ulnar three fingers) 
and the thenar space (between the flexors of the 
index and adductor pollicis). Severe pain and ten
derness in the palm are the predominant features. 
There may also be a loss of the normal concavity 
and curvature of the palm as well as dorsal swelling. 
Management consists of intravenous antibiotics 
and urgent referral to the hand service for formal 
incision and drainage. 

We b s p a c e  i n fe c t i o n  

This is typically due to a penetrating injury. 
Presentation, especially if delayed, is of pain with 

swelling of the web on dorsal and volar aspects. 
Intravenous antibiotics should be given and the 
patient referred to the hand service for incision 
and drainage. 

Te n d o n  s h e a t h  i n fe c t i o n s  

These are easily missed, leading to long-term mor
bidity. The wound may initially be innocuous and 
often occurs on the volar aspect of the finger tip. 
Progression of the infection along the flexor ten
don will lead to the finger being held in flexion, 
with tenderness progressing into the palm. Pain at 
this stage is severe and exacerbated by attempted 
passive extension of the finger (Kanavel's sign). 
Management consists of elevation, intravenou 
antibiotics and urgent referral to the hand service 
for incision, drainage and irrigation of the entire 
sheath. 

S e p t i c  a r t h r i t i s  

This classically occurs as a consequence of a pene
trating injury although it may occasionally result 
from haematogenous spread of infection. Patients 
present with pain swelling and erythema of the 
hand and a misdiagnosis of w1complicated cellu
litis may be made. However, the pain is usually 
focused around a joint and is severe when any 
attempt is made to move the joint. Management 
consists of elevation, intravenous antibiotics and 
referral to the hand service for incision and 
drainage. Appropriate X-rays should be performed. 

N e r v e  i n j u r y 

Recognition of nerve injury in the hand relies upon 
obtaining a clear history and performing an appro
priate examination. Inability to do this (e.g. in 
intoxicated patients) should be managed by sim
ple wound dressing and reassessing the patient 
when they are sober. Objective sensory disturbance 
in the hand should always be referred to the hand 
service for exploration. Depending upon the level 
of the nerve injury, repair or debridement to pre
vent neuroma formation will be required. This 
decision should be made by a member of the hand 
service. In general, lacerations distal to the distal 
interphalangeal joint (DIPJ) that result in sensory 
loss are not suitabie for surgical repair. 



B u r n s  

Bums to the hand are extremely common and usu
ally result from contact with a hot surface or liquid. 
The area of the burn should be recorded on a simple 
diagram and the depth of burn indicated (see 
Chapter 28). Full-thickness burns of the hand should 
be referred to the burns or hand service. Partial 
thickness bums may be treated in a 'Flamazine® 

bag' or with paraffin-gauze-based dressings. 
Paraffin-based dressings will require regular 
changes and the patient is usually best reviewed 
after 24 h. When a 'Flamazine® bag' is used this 
should not be routinely changed after 24 h unless a 
large amount of exudate has accumulated in the 
bag. Although 'Flamazine® bags' are easy to apply 
they are less convenient for the patient, who should 
also be warned about the macerated appearance of 
the hand when the bag is removed. In due course 
the bag should be replaced by paraffin-gauze-based 
dressings. In all cases moderately strong analgesia 
such as codydramol will be required, and early 
mobilization of the hand must be encouraged. 

TENDON AND L IGAM ENTO U S  I NJ U RY 

M a l l e t  fi n g e r  

A mallet deformity of the finger results from a 
seperation of the insertion of the terminal extensor 
slip from the base of the distal phalanx. Such 
injuries are commonly due to an impaction injury or 
a blow to the end of the finge1� for example from a 
cricket ball. In elderly patients there may be no clear 
history of trauma. Examination reveals a 'droop' to 
the terminal phalanx, with the patient able to flex at 
the DIPJ but not extend (Fig. 27.12). X-ray should 
always be performed as a proportion will avulse a 
fragment at the terminal phalanx as well. 

Treatment consists of a well-fitting mallet splint 
that immobilizes the DIPJ in full extension but 
should not impair movement of the PIPJ (Fig. 27.13). 
The patient should be taught how to remove and 
reapply the splint on a flat surface i:o prevent flex
.ion. Review is arranged for 2 weeks to resize the 
splint once oedema has settled. The splint is applied 
for up to 6 weeks in those with associated bony 
injury and 8 weeks where tendon rupture alone 
has occurred. Mallet deformity with an associated 
avulsion frach1re tends to have a better outcome. 
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Figure 27. 1 2: Mallet finger. 

Figure 27 . 1 3 : Mallet finger treated in a mallet spl int. 

Mallet finger with an associated laceration can 
be managed in a similar fashion once the lacer
ation has been sutured. If both ends of the tendon 
can be clearly identified, repair to the tendon 
should be carried out by the hand service. 

B o u t o n n i e r e  d e fo r m i ty 

This results from ruphrre of the central slip of the 
extensor tendon over the PIPJ of the finge1� such that 
the PIPJ 'herniates' through the lateral slips. It may 
occasionally present as an open injury. Mechanisms 
include landing on the knuckles on hard ground or 
lacerations on glass. The classic appearance is of 
flex.ion of the PIPJ; an inability to fully extend the 
fingers may not become obvious for a few days, 
owing to general swelling of the PIPJ. As a conse
quence, this is an injury that can easily be missed. 
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The acute presentation is with a swollen PIPJ 
and possible Boutonniere deformities should be 
reviewed in 3-5 days. Patients with a confirmed 
Boutonniere deformity should be referred to the 
hand service for either closed splintage or surgical 
repair. Open Boutonniere injuries will need refer
ral for surgical repair. 

U C L  r u p t u re ( ' g a m e k e e p e r 's 

t h u m b ' )  

Rupture of the UCL occurs as a result of a hyper
abduction injury to the thumb. Sport, in particular 
skiing (often on dry ski slopes), seems to be the 
main culprit nowadays. Misdiagnosing the injury 
as a 'sprain' will inflict significant morbidity on 
the patient (Fig. 27.14). 

It is essential to listen carefully to the patient 
regarding the precise mechanism of injury. 
Examination has been outlined above in the sec
tion on ligament examination. Management in 
confirmed cases consists of referral to the hand 
service for early repair. If the presence of rupture is 
suspected but unconfirmed, review in 3-5 days for 
reassessment is appropriate when swelling has 
reduced. Ultrasound examination may also be 
used to assess the integrity of the UCL. 

F l e x o r  t e n d o n  i n j u r y 

The commonest cause is penetrating injury to the 
hand. The exact mechanism of the laceration must 
be clearly identified. Examination may reveal an 
obvious division of the tendon. It is essential 
to formally test the integrity of both the FDS and 
FDP. Seemingly normal clinical examination must 
always be followed by careful inspection of a well
anaesthetized wound with a tourniquet in good 
light to exclude partial tendon division. One should 
remember that a tendon injury may not be at the 
same level as the laceration. X-ray is essential to 
exclude foreign body or bony injury. 

If a partial or complete rupture is suspected or 
found the patient must always be referred to the 
hand service. Antibiotics and tetanus cover should 
be given as appropriate. 

Closed rupture of the flexor digitorum pro
fundus may also occur. This classically happens in 
rugby players who grasp an opponent's jersey as 
he pulls away. The patient presents with severe 

Figure 27. 1 4: Gamekeeper's thumb. 

Figure 27. 1 5: An extensor tendon injury. 

pain or the appearance of a lump along the track of 
the flexor tendon and inability to flex at the DIPJ. 
This is a significant injury that requires urgent 
referral to the hand service. 

E x t e n s o r  t e n d o n  i n j u r y ( F i g .  2 7 . 1 5 ) 

Extensor tendon injury is usually associated with a 
lacer a ti on. Diagnosing extensor tendon injury 
relies on identifying the mechanism of injury and 
careful evaluation of the wound. X-ray examin
ation is essential to exclude foreign bodies or asso
ciated bony injuries. Confirmation of a complete or 
partial tear should result in referral to the hand 
service. Antibiotics and tetanus cover should be 
given as appropriate. 

BONE  AND J O I NT I NJ U R I E S  

Fractures and dislocations involving the bones of the 
hand provide due warning of significant associated 



soft-tissue injury and the likelihood of prolonged 
rehabilitation, especially if the initial care is poor. 

Adherence to the basic principles of obtaining a 
clear history, careful examination and the appro
priate X-rays will set the patient on the correct path 
leading to a short period of immobilization fol
lowed by early rehabilitation. Most fractures and 
dislocations can be managed conservatively. 

Details of the mechanism of injury will give an 
indication of the forces involved in causing the 
injury. Examination will reveal signs of possible 
bony injury, including bruising, swelling, crepitus, 
deformity, or in some cases just significant tender
ness at the fracture site. X-rays must then be 
ordered. Inadequate views of the injured joint or 
bone all too often lead to misdiagnosis. 

D i s l o c a t i o n s  

These are most commonly of the PIPJ or DIPJ of 
the finger, although occasionally of the metacar
pophalangeal joints (MCP) or the interphalangeal 
joints (IPJ) of the thumb. Mechanisms include end
on impact or hyperextension injury. Clinical exam
ination usually confirms an obvious dislocation. 
Digital nerve blockade and an X-ray to exclude 
associated fracture are essential. 

If X-ray confirms dislocation alone, longitu
dinal traction will usually result in relocation. In cer
tain circumstances where there is an associated 
fracture or where the volar plate has interposed 
itself into the joint space, closed reduction will not 
be achieved. Such patients should be referred to 
the hand service for open reduction. Once reduc
tion has been achieved it is essential to reassess 
the joint, ensuring that the collateral ligaments are 
checked and that reduction has occurred. AP and 
lateral X-rays should be performed (Fig. 27.16). 

A stable joint can be neighbour strapped (also 
called buddy or companion strapping: Fig. 27.17) 
or a Bedford splint (Fig. 27.18) can be applied: the 
patient should be encouraged to start mobilization 
in 4-5 days and reviewed in clinic at 2 weeks. An 
unstable joint requires a dorsal splint with the 
MCPJ at 70° and the PIPJ at 30° in the first instance. 
The patient should be referred to the hand service 
for follow-up. 

Dislocation of the DIPJ will respond similarly to 
longitudinal traction. The flexor and extensor inser
tions to the terminal phalanx must be assessed. 
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Figure 27. 1 6: Dislocated interphalangeal joint. 

Figure 27 . 1 7: Neighbour (buddy) strapping. 

Figure 27. 1 8: Bedford splint. 
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I f  the joint i s  stable, treatment consists of  neigh
bour strapping the fingers for 10-14 days. 

Testing the integrity of the ulnar collateral liga
ment is essential following reduction of the MCPJ 
of the thumb. The thumb should be immobilized 
in a cast for 14 days. Volar plate injury is com
monly associated with IPJ injuries. Close follow
up and early physiotherapy will prevent stiffness 
and contracture. More complicated fracture dis
locations involving the articular surfaces require 
referral to the hand service. 

N o n - a r t i c u l a r p h a l a n g e a l  f ract u re s  

It is essential to distinguish the fracture of the phal
anx which is stable and will go on to rapid bony 
union from the fracture which is unstable and that 
will lead to delayed union or to surgery. Oblique, 
spiral and occasionally transverse fractures of the 
middle and proximal phalanges, especially where 
rotation or significant displacement has occurred, 
are unstable. 

Rotational deformity must be corrected before 
application of splintage. This can be assessed by 
making sure that the ends of the nails are aligned 
when viewed end-on. If the fracture is commin
uted or open this will also complicate or delay 
bony union. All such unstable fractures should be 
referred to the hand service in the hospital. 

Stable fractures of the phalanges can have 
appropriate conservative treatment instituted in 
the emergency department if local joint guidelines 
have been agreed with the hand service. Treatment 
options include neighbour strapping, mallet splint 
for terminal phalangeal frachires or flexion block 
Zimmer splint for proximal or middle phalangeal 
fractures. Fractures classified as unstable but 
where rotation has been corrected may also be 
managed conservatively in the first instance with a 
flexion block splint (Fig. 27.19) and referred to the 
hand service. 

A r t i c u l a r fra c t u r e s  

These range from small chip fractures associated 
with dislocations, commonly of the PIPJ, which are 
managed conservatively by splintage, to fractures 
involving more than 25% of the articular surface 
which are likely to require surgical intervention. In 
certain circumstances where there is associated 

Figure 27. 1 9: Zimmer spl int in situ. 

dorsal subluxation on the true lateral X-ray, these 
may be managed conservatively by a technique of 
closed reduction with extension block splintage 
for a period of time. However, these will require 
close follow-up. 

In children, articular fractures are classified 
using the Salter-Harris classification (see Chapter 
39). Fractures involving the epiphysis and result
ing in angulation will require manipulation under 
regional anaesthesia to achieve a true alignment. 
This can be achieved using a pen as a fulcrum 
(Figs 27.20 and 27.21) .  

B e n n e tt 's  fract u re ( F i g .  2 7 . 2 2 ) 

This is an w1stable intra-articular fracture of the 
carpometacarpal joint of the thumb. The fragment 
is left in joint but the abductor pollicis longus pulls 
the metacarpal shaft out of position. The injury is 
inherently w1stable. These fractures should be 
referred to the hand service for closed reduction 
a°nd fixation or even open reduction. 

M e t a c a r p a l  fra c t u r e s  

The commonest metacarpal fractures are of the lit
tle and ring metacarpal heads and these usually 
result from the patient punching someone or some
thing (often a wall). It is, however, not unusual for 
the patient initially to deny the true mechanism of 
injury. Associated abrasions are often from teeth, 
and significantly increase the risk of infection. The 
majority of these fractures can be treated conserva
tively, usually by neighbour strapping of the asso·
ciated fingers, although in some centres a 'boxing 
glove' splint around a rolled bandage is used or a 



Figure 27.20: An angulated epiphyseal fracture. 

Figure 27.2 1 :  Results of the manipulation of the fracture shown in Fig. 27.20. 
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Figure 27.22: Bennett's fracture. 

volar cast is applied with the hand in the position 
of function. Similar rules regarding recognition of 
w1stable fractures apply. These injuries should be 
referred to the hand service. Fractures with rota
tional deformity where one finger turns under the 
others on flexion (Fig. 27.23) require referral to the 
hand service. 

Angulation of 30° or more for the index and 
middle metacarpals and 60° or more for the 4th 
and 5th metacarpals should be manipulated, but 
may well require surgical fixation. 

Figure 27.23: Little finger metacarpal fracture with 
rotational deformity. 
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BURNS 

• Introduction 
• Major burns 
• Smaller burns 
• I nfection and burns 

I NTRO DUCT ION  

Many doctors never forget their first patient with 
a major burn. These patients have a unique emo
tional impact on all who are involved with them. 
Fortunately, the majority of burns presenting to 
emergency departments are not life threatening. 
However, correct management of minor burns is 
important to speed return to full function and 
ensure the best possible cosmetic result. 

MAJOR  BURNS  ( F I G .  28 . 1 )  
A major burn is present when 15% or more of the 
total body surface area (TBSA) is burned beyond 
simple erythema. Children tolerate burns less well 
and 10% of the TBSA is an indication for active 

Figure 28. I :  A major burn. 

C H A P T E R  T W E N T Y E I G H T  

• Burns in special places 
• Burns and chi ldren 
• Further reading 

resuscitation with intravenous fluids. Major burns 
are frequently associated with other significant 
injuries. A patient may jump from a height to avoid 
flames or receive blast injuries (see Chapter 29) as 
a result of an associated explosion. 

Burned patients may sustain further injury in escap
ing from the fire. 

F I RST A I D  FOR  A MAJ O R  BURN 

In the prehospital environment, the first priority is 
to ensure that it safe to approach the burn victim. 
The patient must be removed from risk of further 
injury. Burning clothes should be extinguished as 
quickly as possible. Flames travel upwards and will 
continue to burn the upright patient. The patient 
should therefore be lain flat and face down, and the 
actively burning area should be smothered with a 
heavy coat or rug. Smouldering clothes should be 
doused with water. Hot wet clothes should then be 
removed. The patient must be transferred to hos
pital as quickly as possible. Time spent on active 
cooling and elaborate dressings is wasted. If cling
film is available, this makes a good field dressing. 
Clean plastic bags are useful for hands. Burnt 
clothes that are adherent to the skin should be left as 
attempts to remove them may cause further injury. 

Chemicals causing corrosive burns should be 
removed as quickly as possible. If the corrosive is a 
dry powder, it should be brushed off. More often 
the corrosive is liquid or gas. In these cases, there 
should be prolonged irrigation with water. Parti
cular attention should be paid to irrigating the face 
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and the eyes. The name of  the corrosive and any 
related information should accompany the patient 
to the hospital since this may affect management. 
Further information is often available from the 
Regional Poisons Unit. 

As with all trauma, the history and the mecha
nism of injury is important. In particular, it is 
important to ascertain: 

• The nature of the burning agent. Flame burns 
have a high risk of inhalational injury; hot water 
burns do not. 

• If flame burns are involved, whether there was 
entrapment in a confined space, increasing the 
risk of inhalational injury. 

• Whether there was loss of consciousness, sug
gesting carbon monoxide poisoning. 

• Whether associated injuries are possible. 

HOSP ITAL MANAG E M E N T  

A i rw ay 

Resuscitation should follow the ABC system. The 
airway is frequently mismanaged in major burns. 
Early endotracheal intubation, using a gaseous 
induction, is recommended if there is evidence of 
inhalational injury. There is no place for observa
tion and conservative management of a compro
mised airway. Over hours tissue swelling develops, 
making delayed intubation increasingly difficult. 

The burned airway should be secured with an endo

tracheal tube before problems occur. 

Airway assessment should include the factors 
that suggest inhalational injury (Table 28.1) . 

Table 28. 1 :  Factors associated with inhalational burns 

Flame burns (hot water burns may compromise 
airways but this is rare and usually the result of 
hot fluid aspiration) 

Facial burns 
A hoarse voice (ask the patient whether their voice 

seems normal for them) 
Carbonaceous sputum 
Burns in the oropharynx 
Confusion or agitation 
Stridor 
Entrapment in a burning environment 

Pulse oximeh-y is useful in assessing oxygen
ation but should be interpreted cautiously, since 

0 carbon monoxide poisoning will result in falsely 
high saturations in the presence of significant tis
sue hypoxia. If there is any possibility of cervical 
spine trauma, the neck should be immobilized 
with a rigid collar, sandbags and tape. 

B re at h i n g  

Once the airway has been secured, breathing can b 
assessed. Circumferential full-thickness burns of 
the chest can cause restricted chest excursion and 
subsequent respiratory embarrassment. However, 
this does not occur acutely and escharotomy is 
rarely required in the early stages. The incisions 
required for an adequate chest escharotomy are 
shown below (Fig. 28.2). Since full-thickness burn 
are insensate, analgesia is not necessary. The inci
sion is of adequate depth if it bleeds or fat is vis
ible, and the edges of the wound will be seen to 
part as the tension is released. 

Smoke inhalation may coexist with a respira
tory burn or occur in isolation. It results in the 
deposition of soot in the distal airways which 
damages the mucosa and cilia and may obstruct 
smaller calibre airways. Irritation of the airway may 
also result from products of combustion, resulting in 
laryngospasm and bronchospasm of varying sever
ity. Most patients will respond well to treatment 
with a nebulized f3ragonist such as salbutamol. 
A small number of severely affected patients may 
go on to develop a pneumonitis and pulmonary 
oedema over the next 48 h. 

Figure 28.2: Chest escharotomy. 



Carboxyhaemoglobinaemia (or carbon monox
ide poisoning) should be suspected whenever 
there is entrapment in a burning environment. 
Peak carboxyhaemoglobin levels (COHb) levels 
of less than 20% are usually asymptomatic; 
higher levels cause headache (20-30%), confusion 
(30-40%) and coma (40-60%). Levels greater than 
60% are usually fatal. There is, however, poor cor
relation between the measurements made in the 
emergency department and symptoms, as levels 
will have declined, depending on the length of time 
that has elapsed since the patient was removed 
from the source of poisoning and whether oxygen 
has been administered. 

Treatment is with high-flow oxygen. Increasing 
the inspired oxygen concentration as much as pos
sible (use a well-fitting face mask with a rebreath
ing bag) dramatically increases the dissociation of 
carbon monoxide from haemoglobin. Hyperbaric 
oxygen is often considered and physiologically 
sound. However, there is no real proven benefit 
and the logistics of arranging hyperbaric care may 
make it impractical. Individual cases should be 
discussed with the nearest hyperbaric unit. 

The cherry-red appearance of carbon monoxide 

poisoning is rarely seen in live patients. 

Cyanide poisoning should be suspected when 
there has been exposure to fumes from burning 
polyurethane (furniture padding), wool, silk or 
vinyl. Hydrogen cyanide gas is released when these 
substances are burnt. Cyanide is a cellular poison 
that prevents oxygen utilization. Clinical pointers 
include extreme anxiety, a depressed level of con
sciousness, respiratory distress without cyanosis 
and a metabolic acidosis. Venous oxygen saturation 
is high (40% is normal) and values of greater than 
90% have been reported in cyanide poisoning. 
Diagnosis is based on the findings of severe 
metabolic acidosis with a raised anion gap and 
serum lactate. Treatment is with dicobalt edetate, 
and 300 mg should be given and repeated if 
there is no rapid clinical improvement. The diag
nosis must be clear in these cases since these treat
ments have a considerable risk. Expert advice 
from a poisons unit is essential. Increasing evi
dence favours high-dose vitamin B12 as a less toxic 
alternative. 

C i r c u l a t i o n  
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Inadequate treatment of the fluid losses occurring 
in major burns continues to be a preventable 
source of mortality and morbidity. Two secure, 
short, wide-bore intravenous cannulae should be 
inserted and rapid intravenous fluid infusions 
should be started. Blood should be taken for inves
tigations, including baseline haematocrit and urea 
and electrolytes. Burnt overlying skin is not a con
traindication to cannulation. If simple intravenous 
cannulation proves impossible then an ankle venous 
cut-down should be established. Performing a cut
down through burnt skin is often an effective way 
of gaining intravenous access unless the skin is 
deeply charred. The cosmetic effect of a cut-down 
through burnt skin is unimportant and underlying 
veins may be spared. Central access should be 
avoided where possible as these cannulae have 
low flow rates. 

Once fluids are up and running a calculation 
should be made as to the fluid requirement for the 
first Sh.  The amount of fluid required is related to 
the weight of the patient, the burn surface area and 
the time elapsed since the burn. The aim should be 
to provide 4 ml kg-1 of body weight of Hartmann' s 
solution per % total body surface area. This vol
ume is given in the first 24 h from the time of burn. 
Half the volume is given in the first 8 h, the other 
half in the remaining 16 h (the Parkland formula). 
An example of a calculation of fluid requirement is 
given in Table 28.2. 

All timings are calculated from the time of the 
burn, not the time of arrival in hospital. As with all 
fluid therapy, the correct volume is reflected by 
adequate urine flow rates. The urine output should 
be at least 0.5 ml kg-1 h-1 in adults, l ml kg-1 h-1 

in children and 2 ml kg-1 h -l in those aged under 
1 year. If urine output is inadequate, additional 

Table 28.2: Worked example of fluid replacement 
for burned patient 

An 80 kg patient suffers a 70% burn and arrives I h 
after the accident. 

Requirement in the first 24 h = 

4 X 70 X 80 = 22 400 ml 

In the first 8 h after the burn = I I 200 ml 

As I h already elapsed initially requires 1 600 ml per 
hour for next 7 h 
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fluids should be  infused. It is important to note 
that intravenous fluid maintenance requirements 
should be added to these amounts, which are 
designed simply to replace fluid lost from the burn 
wound. 

Adequacy of fluid replacement should be assessed 

by monitoring urine output. 

There are many different formulae for calculat
ing burns fluid requirement and the choice of fluid 
is controversial: low molecular weight colloid solu
tions such as Haemaccel® or Gelofusine® are often 
used in the UK. These probably have no significant 
advantage over crystalloid solutions. Hartmann's 
solution is an increasingly popular choice and is 
the recommended fluid if using the formula given 
above. Whatever fluid is used it should be warm 
and there should be enough of it. 

Obese patients should have their fluid require
ment calculated using their ideal weight. Elderly 
patients and those with cardiac disease present 
a difficult fluid management problem. A central 
venous catheter may be useful to monitor venous 
pressure, but should not be used as an infusion 
line and should not be inserted in the emergency 
department. 

D i s a b i l i t y  

Disability should be assessed in the conventional 
way using the Glasgow Corna Scale pupillary 
reactions. 

E x p o s u re 

The area of the burn should be estimated. The 'rule 
of nines' (Fig. 28.3) is easily remembered and very 
useful for rapid assessment. It does, however, lead 
to over-estimation of the burn surface area. 

As a rough guide, the palrnar surface of the 
patient's hand, including the adducted fingers, can be 
considered to represent 1 % of the TBSA. This is 
also useful for estimating the total area of multiple 
small burns. A more accurate estimation of the burn 
surface area can be.made at this stage by using the 
Lund and Browder charts (Fig. 28.4) . 

Burn size is often over-estimated in the initial 
assessment as a result of including simple ery
therna in the burnt area. 

18% 18% 

Figure 28.3: The rule of nines. 

Simple erythema is not counted as part of the burnt 
area. 

Circumferential full-thickness burns should be 
specifically noted. Around the trunk, neck, limbs 
and digits burnt skin contracts, producing a tourni
quet effect that can cause distal ischaernia in 
the limbs or restriction of respiration. This should 
be relieved as soon as possible and certainly 
within 3 h by longitudinal incisions through the 
burnt skin along its full extent. Since full-thickness 
burns are insensate, analgesia should not be 
necessary. 

Hypothermia should be anticipated and avoided. 
Burnt patients may rapidly become hypotherrnic. 
The on-scene first aid may result in rapid cooling 
as a result of cold water hosing and the application 
of wet blankets. The removal of clothing and loss 



CHART FOR ESTIMATING SEVERITY OF BURN WOUND 
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Figure 28.4: Lund and Browder chart. 
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of the normal thermoregulatory function of the 
skin reduce protection. Rapid infusion of cool fluid 
can further exacerbate the problem. Steps should 
be taken from the patient's arrival in hospital 
onwards to keep them warm. 

Analgesia must be given. Intravenous opiates 
are ideal, in small boluses titrated to effect, with an 
antiemetic, for instance 2.5 mg of morphine every 
2-3 min in an adult. Subcutaneous and intramus
cular injections should be avoided in potentially 
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shocked patients since this can cause erratic and 
unpredictable absorption. Partial-thickness burns 
are extremely painful: the presence of air passing 
over them can cause significant pain. Covering 
and dressing a bum provides valuable analgesia. 
Full-thickness bums are painless, since the nerves 
to the skin are dead. However, full-thickness bums 
are rarely :isolated and usually have an area of 
adjacent partial-thickness bum. 

S e c o n d a r y  s u r v e y  

Once appropriate resuscitation is established, a 
thorough examination of the whole patient should 
be carried out. This must include a search for 
occult injuries. A chest X-ray should be obtained 
and pelvic and cervical spine X-rays may be neces
sary depending on the clinical setting. A urinary 
catheter should be passed if there is no evidence of 
urethral disruption. A sample of the urine should 
be dip-tested for blood and sent for microscopy. A 
positive test for blood on dipstick with clear urine 
on microscopy implies the presence of myoglobin. 
This should be specifically sought, and if it is 
found therapy should be initiated in consultation 
with the intensive care unit in order to prevent 
acute renal failure. 

A nasogastric tube should be inserted to decom
press the stomach, as gastric stasis and vomiting 
are common. The burns should be photographed 
with a Polaroid camera and the images stored 
in the patient's notes. The burns should initially 
be covered with a dry non-absorbent material. 
Clingfilm has the advantage of transparency; ster
ile towels are also useful. Clingfilm must never be 
wrapped circumferentially around a limb since 
subsequent swelling may result in distal ischaemia: 
it should be carefully laid in sheets over the area of 
the bum wound. Absorbent dressings may be 
necessary for areas of bleeding following escharo
tomy. Creams such as Flamazine® must never be 
applied to major bums. 

Do not cover a major burn in cream. 

The patient's tetanus status should be ascer
tained if possible, and, if there is any doubt, immu
nization and immunoglobulin should be given. 

Table 28.3: Patients requiring transfer to a 
burns unit 

Burns of greater than 20% TBSA 
lnhalational burns 
Burns with a significant area of full-thickness 

burn 
Burns of special areas (hands, feet, perineum) 
Burns in association with other injury 

There is no place for administering prophylactic 
antibiotics. Infection can convert a partial-thickness 
burn to a full-thickness bum, but prophylactic 
antibiotics merely encourage resistant bacteria. 
Infection risks can be minimized by keeping the 
bum covered and encouraging staff to wear sterile 
gloves. 

Major bmns require referral to a bums unit an 
some smaller bums will also benefit from the 
expertise of such a unit (Table 28.3). In most cases 
this requires interhospital transfer of the patient. 
The decision to transfer burns with associated 
injmies will depend on the availability of other 
specialities at the hospital with the bums unit. It is 
vital to ensure that the patient is adequately resus
citated prior to transfer and that all relevant notes 
are photocopied and accompany the patient. Care 
is improved if the following questions are asked 
before transfer: 

• Is the airway clear? 
• Is there good vascular access? 
• Is enough fluid being given? 
• Has the patient had adequate analgesia? 
• Has the bladder been catheterized? 
• Have other life-threatening injuries been 

excluded? 

SMALLER BURNS  

Minor bums is a misleading term. They are cer
tainly not minor to those who suffer them. Smaller 
bums is a more accurate term. Inappropriate man
agement will delay return to normal function and 
:impairs the cosmetic o tcome. Th.is section dis
cusses first the diagnosis of the bum and then the 
management. 



H ISTORY AND EXA M I NAT ION  

The nature o f  the burning agent should be 
ascertained, and the circumstances leading to the 
burn described. If a doctor cannot visualize the 
mechanism of injury then the history is incom
plete. The time-lapse since the accident is import
ant. A brief medical history should be taken to 
look for: 

• allergies, particularly to antibiotics 
• tetanus status 
• other illnesses, such as diabetes or epilepsy. 

A social and occupational history should be 
taken. This has more significance at the extremes 
of age. Elderly patients living alone with a burn to 
the dominant hand may require help from social 
services. Neglect or even non-accidental injury 
should be considered in children and in the 
elderly. 

The burn should be examined, and if possible, a 
Polaroid photograph should be taken. Burns are 
classified into the following types. 

S i m p l e  e ry t h e m a  

Simple erythema heals well and requires no treat
ment other than analgesia. 

S u p e rfi c i a l  p a r t i a l - t h i c k n e s s  b u r n s  

Superficial partial-thickness burns extend no fur
ther than the germinal layer of the skin (sited 
between the epidermis and the dermis). These 
burns appear red and raw, with thin-walled blis
ters. These usually heal well with dressings and 
analgesia. The cosmetic result is usually excellent, 
provided infection is avoided. 

F u l l - t h i c k n e s s  b u r n s  

Full-thickness burns extend through the dermis 
into the subcutaneous tissues. They are insensate 
on testing with a sterile pin. There is a characteris
tic leathery, hard look and coagulated vessels may 
be seen. Again the dead germinal layer makes 
healing from the base of the wound impossible 
and grafting is usually necessary unless the burn is 
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small (usually less than 1 cm2), in which case slow 
healing may occur from the wound edges. 

The bum should be measured and these find
ings documented on the patient's record. 

CAUSES  OF  BURN  

Hot water burns are the commonest burns in 
emergency department practice. Elderly patients 
often spill hot drinks into their lap and children 
pull boiling kettles on to themselves. Most domes
tic hot water burns are superficial partial-thickness 
burns. However, steam has the ability to cause full
thickness burns rapidly. Industry often uses super
heated steam and this can cause greater damage. 
Boiling oil, most commonly from deep-fat frying 
pans, is hotter than water and the damage caused 
is consequently greater. 

Direct thermal burns are also common, for 
example from burnt clothing. These bums are more 
likely to be full-thickness or deep partial-thickness 
than are hot water burns. 

Electrical burns are fortunately less common. The 
systemic state of the patient should be considered 
and it should be noted that the electric shock may 
have thrown the patient some distance, resulting 
in other injuries. Loss of consciousness suggests 
an arrhythmia and the need for cardiac monitoring. 
A normal ECG without loss of consciousness prob
ably excludes significant cardiac injury. Electric 
shocks can also damage joints, notably classically 
but rarely causing posterior dislocations of the 
shoulder, and tetanic contraction of the hands may 
delay release of the electrical source. 

The bum damage and depth are usually greater 
than the superficial appearance would suggest. 
The entry wound is usually small and full-thickness. 
Exit wounds should be looked for. The ipsilateral 
elbow is a common site from a burnt hand. 
Electrical bums across the head have the ability to 
cause early and late ophthalmic injuries such as 
cataract and glaucoma. Electricity is preferentially 
conducted through tissues such as muscle and 
nerves. Underlying damage to the muscles around 
the bum site is common and is often not immedi
ately apparent. Compartment syndrome is possi
ble and should be anticipated. If there is the 
possibility of any injury worse than superficial 
burns, specialist advice should be sought. 
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Electrical burns are often worse than they look, with 

severe underlying tissue damage. 

Chemical burn severity depends on the con
tact time and chemical agent. If the chemical's 
characteristics are unknown, advice should be 
sought from the Regional Poisons Unit. Whatever 
the chemical agent is, dry powders should be 
brushed off and wet chemicals should be washed 
off with copious amounts of water. Irrigation 
should be prolonged for at least 15 min. 
Neutralizing agents must not be used as the neu
tralization process often results in the generation of 
further heat, worsening the burn wound. 

Neutralizing agents for chemical burns are generally 

of no use. 

Cement is a common cause of chemical burns, 
classically involving the knees. The lime compo
nent combines with water to form calcium hydrox
ide. This is a strong alkali and penetrates the skin, 
causing deep burns that may only become appar
ent when clothing is removed. Initial treatment 
consists of brushing off any visible dry powder 
followed by sustained powerful irrigation by 
water. Clothing containing cement dust should 
be washed before it is worn again. These burns 
should be followed up in clinic, as burns that are 
initially superficial may become deeper over a 
couple of days. 

Hydrofluoric acid causes particularly unpleas
ant burns and systemic effects. It is used widely for 
etching and frosting glass and in the production of 
fuels, electronics, dyes, and for cleaning stone and 
brick buildings. Rapid penetration of the skin 
causes local and systemic effects. The systemic 
release of fluoride ions alters calcium, magnesium 
and potassium homoeostasis. The increased potas
sium permeability causes nerve depolarization 
and subsequent pain. Hypocalcaemia should be 
treated with intravenous calcium chloride. 

The immediate management is copious irriga
tion; ice applied to the burn provides good analge
sia. Topical calcium gluconate gel has been used in 
the past and intralesional calcium gluconate injec
tions (0.5 ml cm -2 of burn) can provide rapid anal
gesia. Senior staff and poisons units should be 

involved in making treatment decisions in these 
patients. Significant (greater than 2%) hydrofluoric 
acid burns should always be admitted. 

Phenol (carbolic acid) is a corrosive agent widely 
used in industry. It causes necrosis of the skin 
resulting in a white or brown painless coagulum. 
Systemic effects are uncommon, but renal failure 
should be considered. The initial treatment is as 
for any other chemical burn. 

Radiation burns are rarely seen in emergency 
departments. Simple sunburn usually produce 
erythema only, but in severe cases there may be 
partial-thickness burns that require dressing. 

TREATMENT OF  SMALLER  B U R N S  

Initial first aid consists o f  placing the affected part 
under a cold, running tap. This provides analgesia 
and stops the burn process. Rapid cooling of this 
type should be used cautiously in children with 
torso burns, since hypothermia is a real possibility. 

The aims of treatment are to: 

• prevent infection 
• treat any infections as they occur 
• create an optimal environment to promote 

healing 
• identify patients who need further specialist 

help 
• ensure rapid return to function. 

Large thin-walled blisters should be aspirated 
with a sterile needle (if left they will usually rup
ture, soaking the dressings with oedema fluid); 
smaller blisters may be left intact. There is no point 
in removing the surface of a blister ('deroofing'), 
since all that will be left is a painful raw surface to 
which dressings will stick. The intact blister leaves a 
sterile, moist environment in which the burn will 
heal well. The wound should be dressed and advice 
should be sought regarding departmental policy; 
experienced nurses are usually happy to advise. 
The functions of the dressing are to prevent infec
tion, provide a moist environment for healing and 
provide analgesia. There are many ways of dressing 
a burn and practice will vary from department to 
department. A 'traditional' burns dressing consists 
of four layers: 

• a moist non-adherent layer 
• a dry non-adherent layer 



• an absorbent layer 
• a bandage to secure the dressing in place. 

A paraffin gauze preparation is the most common 
choice for the inner layer. Preparations containing 
antiseptics such as chlorhexidine have no 
additional benefit and may stimulate an allergic 
reaction. Two or three sheets of the first layer 
should be applied. A simple non-adherent dress
ing makes a good second layer. The purpose of this 
layer is to prevent burn exudate reaching the 
absorbent layer and providing a track for infection. 
Burn exudate reaching the third layer indicates 
that the protective function of the dressing has 
been lost and the dressing should be replaced. 
Simple gauze is a good third layer. 

The burn wound should be inspected at regular 
intervals. Every 3-5 days is usually sufficient, 
though each time the dressing is completely 
removed healing epithelial cells are stripped from 
the surface of the healing wound and the infection 
risk is increased. The aims of follow-up are to: 

• accurately diagnose the depth of the burn 
• identify those patients who will need skin

grafting 
• identify infections early and provide treatment 
• change part of the dressing. 

Changing the whole dressing for the sake of 
change is not necessary. The outer three layers 
should be removed. If the wound is clean and heal
ing well, then there is no merit in removing the 
inner layer. 

I N FECT ION A N D  BURNS  

A severe infection can convert a partial-thickness 
burn to a full-thickness burn. Treatment of infec
tions should start from the first dressing. Covering 
the wound provides an important barrier. There 
is, however, no place for systemic, prophylactic 
antibiotics. Iniection is not prevented and all that 
occurs is later infection with resistant bacteria. 
There is one exception to this rule. Early infection 
of a burn with beta-haemolytic Streptococcus is life
threatening, especially in a child, and can result 
in a toxic shock syndrome. If the burn patient 
has a sore throat, a throat swab should be taken. 
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If beta-haemolytic Streptococcus is isolated, then 
benzyl penicillin should be given. 

Prophylactic antibiotics are rarely indicated for 
burns. 

If a burn appears to be infected at follow-up 
then the dressing should be removed and the burn 
swabbed and redressed. Systemic antibiotics 
should be given and the usual infecting agents 
are Staphylococcus aureus and Streptococcus. 
Flucloxacillin is a reasonable first-choice antibiotic 
although it may need to be changed depending on 
swab results. Admission for intravenous antibi
otics may be necessary in cases where there is sys
temic illness or oral therapy is w1successful. Burns 
are tetanus-prone wounds: if there is any uncer
tainty about the immune status of the patient 
immunization should be given. 

B U RN S  I N  SPEC IAL  PLACES  

Common causes of facial burns (Fig. 28.5) include 
release of steam and hot water from car radiators 
or flashbacks from gas appliances. The possibility 
of airway involvement (see above) should always 
be considered. The eyes must be carefully exam
ined for any injury. The visual acuity should be 
recorded and fluorescein used to identify any 
corneal damage. Ocular burns require ophthal
mology referral. Burns involving the eyelids and 
lip margins should be referred to a plastic surgeon. 

Figure 28.5: Facial burns. 
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Contractures, particularly of  the eyelids, can occur 
within 24 h. Less significant burns can be managed 
in the emergency department. Dressing facial 
burns is usually difficult or impossible and leaving 
the burn open to the air is usually the best option 
in simple uncomplicated facial burns. The patient 
must be instructed to keep the area clean and 
return at the first sign of infection. Applying 
creams and ointments to the burn is generally of 
little benefit. Flamazine® cream must never be 
applied to the face as it can result in permanent 
black discoloration, owing to its silver content 
(Flamazine® contains silver sulphadiazine). 

Never apply Flamazine® to facial burns. 

The hands are a common site for burns. The 
most important concern with burnt hands is not 
cosmesis but minimizing the loss of function that 
can occur. Flexion deformities can result from con
tractures secondary to deep partial-thickness or 
full-thickness burns. 

Immobilization results in stiffness of fingers 
and mobilization of the hand should occur as soon 
as pain permits. Adequate analgesia will promote 
mobilization. Specialist referral is often necessary 
despite the small areas involved. 

Patients with hand burns should be encouraged to 
mobilize the hand early. 

Dressing the hand can often be an involved 
and time-consuming process. The Flamazine® bag 
(Fig. 28.6) is a good initial treatment. The hand is 

Figure 28.6: Flamazine® bags. 

liberally coated in ointment and placed inside a 
waterproof bag. This is sealed at the wrist. The 
hand is tl1en elevated in a high arm sling. The bag 
needs to be changed every day. The patient should 
be warned that the hand will become swollen, 
white and unsightly, partly from being in a moist 
warm environment. After a few days the extent of 
the burn will be more apparent and less cumber
some dressings can be applied. After a few days, 
the dressing can be changed for a standard paraffin
gauze-type dressing. Flamazine® bags are often not 
robust enough for use in small children, and small 
localized areas of burn to fue hands can be treated 
with local application of a paraffin-based dressing 
which may be less incapacitating to the patient. 

The soles of the feet are occasionally burnt. 
Patients with burns to both feet usually require 
admission for elevation and dressings. Similarly, 
burns to the genitalia and perineum are not uncom
mon. These areas are difficult to dress and prone to 
infection. Admission may be necessary if the area 
cannot easily be dressed, and treatment involves 
exposure of the burn in a clean environment. 
Specialist referral is usually necessary for further 
management in these cases. 

BURNS  AND C H I LD R E N  

Children's skin is more delicate than adult skin; as 
a consequence, hot water that may be merely 

Table 28.4: Factors suggesting non-accidental cause 
of burn injury 

Delay in presentation: burnt chi ldren usually 
scream and demand immediate attention in a way 
that is hard to ignore 

If the reported mechanism of injury is inconsistent 
with the physical findings 

If there is a 'dipping injury': both legs are burnt as if 
the child has been dipped into hot water. This is 
particularly suspicious if the buttocks are spared; 
this implies that the child was pushed on to the 
cooler floor of the bath 

If the burn is on the dors m of the hand: curious 
children touch hot objects with the palmar aspect 
of the hand 

If the burns could have been caused by a cigarette 



uncomfortable to an adult can cause scalds in chil
dren. Burning is a regrettably common form of 
non-accidental injury (Chapter 39). The suspicion 
of child abuse should be raised in the presence 
of any of the factors listed in Table 28.4. 

F U RTHER  REA D I N G  
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C H A P T E R  T W E N T Y  N I N E  

BLAST AND G UNSHOT INJ URY 

• Introduction 
• Blast injury 
• Gunshot injury 

I NTRODUCTION 

With the growth of terrorism on a national and 
international scale, incidents involving injuries 
caused by bombs, bullets and other projectiles are 
becoming increasingly common (Fig. 29.1) .  The 
prevalence of the drug culture in many of our 
inner cities also provides an environment within 
which the use of firearms is common and brings 
the threat to the doors of our emergency depart
ments. Therefore, it is now important that all doc
tors who might have to deal with the victims of 
such incidents are aware of the features of the 
injuries these weapons cause. 

The first priority for any doctor in these circum
stances is to avoid becoming a victim themselves. 
If called to the scene it is important to follow the 
instructions given by the security services pre
cisely, otherwise more people may become 
involved in attempts to rescue the hapless good 
Samaritan. In the emergency department it should 
not be forgotten that dangerous weapons may still 
be on the body of the victim and that it is not 
unknown, even in this country, for a 'gangland 
battle' to continue within the department. 

B LAST I NJ U RY 

A list of recent UK terrorist explosions is given in 
Table 42.2. It should not be forgotten, however, 

• Clin ical management 
• Further reading 

Figure 29. 1 :  The City of London bomb. 

that injuries due to blast also occur in industrial 
situations, and may bring with them problems 
specific to that environment, such as chemical 
contamination. 



Figure 29.2: The shock front following the 
detonation of high explosive. 

THE NATURE  OF  BLAST 

S h o c k  w av e  ( F i g .  2 9 . 2 ) 

Explosives are substances that produce large vol
wnes of gases at high temperature and pressure 
when detonated. So-called low explosives, such as 
gunpowder, burn on ignition and only explode if 
confined. High explosives, however, do not need to 
be confined, but require a small detonating charge 
('detonator') to initiate the explosion. 

As the gases expand they compress the sur
rounding air, creating a shock wave (or shock 
front) with an almost immediate rise in pressure, 
which moves out from the source of the explosion 
as a rapidly expanding sphere of high-pressure 
gas. The velocity of the shock wave, at over 
3000 m s-1 in air, is initially faster than the speed of 
sound, but this rapidly declines depending on the 
amount and nature of the explosion and the sur
rounding environment. As the shock wave moves 
away from the source, the pressure difference gen
erated falls away and is briefly replaced by a 
period of relative negative pressure. The shock 
wave is responsible for the primary blast injury. 
When blast waves meet an object such as a wall, 
they are reflected (like ripples meeting the side of a 
pond) and the reflected wave reinforces the ori
ginal (incident) blast wave, producing even higher 
pressure and potentially devastating injuries. This 
is an important factor in many terrorist bombings 
of public houses and similar settings and accounts 
in part for the appalling injuries received in such 
confined spaces. 

Table 29. 1 :  Blast injuries 
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Primary (blast wave): ears, lungs, abdomen 
Secondary (fragment injuries) 
Tertiary (displacement, leading to impact injuries 

and amputations) 
Burns 
Crush injuries 
Psychological effects 

B l a s t  w i n d  

The shock wave produces an area of rapid turbu
lent movement of displaced air, the blast wind or 
dynamic overpressure. This movement of a large 
volume of air (equal to the volwne of gases pro
duced by the explosion) has potentially devastat
ing effects. It is the blast wind that is responsible 
for the traumatic amputations, bodily disintegra
tions and fragment injuries of secondary and terti
ary blast injury. 

EFF ECTS OF B LAST (TABLE 2 9 . 1 )  

P r i m a r y  b l a s t  i n j u r y 

Primary blast injuries result from the effects of the 
shock wave. It must be emphasized, however, that 
the injuries described rarely occur alone and are 
almost invariable found together with the more 
obviously dramatic secondary and tertiary blast 
effects. 

When blast waves meet a body, two types of 
wave result: 

• stress waves 
• shear waves. 

Stress waves are similar to sound waves and 
travel through the body at very high speeds. Very 
large local forces produced by the passage of the 
waves produce small but very rapid distortion of 
the tissues. These are stress waves and are particu
larly important in areas where tissues of different 
densities meet. The greater the difference in dens
ity, the greater the effect. 

At the same time, shearing forces are created by 
the different accelerations imparted to tissues of 
different densities by the shock wave. 

The blast wave also compresses and heats small 
areas of air (e.g. the alveoli) which expand, creating 
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further shock fronts (implosion) .  Within the body, 
the blast wave will be reflected off denser structures 
in its path causing very significant local forces by 
summation. The final primary blast effect is direct 
compression of the body of the victim by pressure 
waves encircling the body. 

The organs most effected by primary blast effects 
therefore are the lungs, abdominal organs and tym
panic membranes. 

I n j u r y t o  t h e  e a r s  

The ears are the most sensitive organs to primary 
blast injury and rupture of the tympanic membrane 
can occur at pressures above about 15 kPa. The 
effects of blast vary from congestion of the tympanic 
membrane to complete disruption of the ossicles of 
the middle ear. Whilst it is undoubtedly true that 
patients rendered deaf by blast have suffered sig
nificant blast effects and should be observed for 
other potential injuries, ear injury is extremely 
unpredictable as it depends largely on the orienta
tion of the auditory canal to the shock front and 
may therefore be absent in patients at serious risk 
of injuries elsewhere. 

Deafness is a sign of significant blast exposure. 

L u n g  i n j u r y 

Injury to the lw1g occurs at pressures above 
1 75 kPa. The term blast lung is usually used to refer 
to a syndrome of alveolar damage with haemor
rhage and consolidation, pulmonary oedema and 
airway haemorrhage. These changes are due to 
the transmission of the shock wave through the 
wall of the thorax rather than via the upper air
ways. Other problems include acute pulmonary 
oedema, pneurnothorax, hae1nothorax or pneurno
mediastinum, and a syndrome resembling adult 
respiratory distress syndrome (ARDS) (Table 29.2). 

The injuries seen in lungs as a consequence of 
blast are thought to be due to the initial rapid 
acceleration imparted to the chest wall by the 
shock wave. The lung changes in so-called blast 
lw1g are very similar to those seen in conventional 
traumatic lung contusion. 

The symptoms of lung injury due to blast are 
given in Table 29.3. Breathlessness and hypoxia 
occur, with possible progression to acute respiratory 

Table 29.2: Primary blast effects on the lungs 

Alveolar haemorrhage with consolidation 
Acute pulmonary oedema 
Pneumothorax, haemothorax or 

pneumomediastinum 
Adult respiratory distress- l ike syndrome 

Table 29.3: Symptoms of primary blast injury to the 
lungs 

Shortness of breath 
Dry cough 
Chest pain 
Restlessness 
Confusion/agitation 

failure in a minority of cases. Frank blood or 
blood-stained pulmonary oedema fluid may be 
aspirated from the upper airways. The chest radio
graph may be normal or show diffuse or localized 
shadowing typical of alveolar consolidation as well 
as pneumothorax, haemothorax or pneurnomedi
astinum and rib fractures. 

Currently, the only effective treatrnent for pro
gressive respiratory failure is respiratory support 
in intensive care. However, lung injury is uncom
mon and the majority of victims appear to suffer 
short, self-limiting symptoms without progressio 
to respiratory failure. It is usually found in patients 
who were close to the initial explosion and all such 
patients, irrespective of apparent absence of phys
ical injury, should be admitted for observation, as 
a very small proportion will subsequently develop 
ARDS-like syndrome. In practice, the vast majority 
of victims who are sufficiently close to the blast to 
sustain primary blast injuries will also have sus
tained serious, if not fatal, secondary and tertiary 
ID Juries. 

High-flow oxygen should be given to all blast victims. 

Pneurnothorax, haemothorax and pneurnomedi
astinurn require tl1e insertion of an intercostal drain, 
and all patients who receive mechanical ventilatio 
should be very carefully observed for the develop
ment of these complications. The use of prophylac
tic chest drains should be considered in patients 
who are to be mechanically ventilated .  



Table 29.4: Primary effects of blast on the abdomen 

Immediate perforation 
Intestinal wall haemorrhages with delayed 

perforation 
Mesenteric tears 
Retroperitoneal haemorrhage 
Solid organ damage 

All blast victims should be monitored by pulse 

oximetry. 

Fluid replacement in blast victims should always 
be carefully monitored as there is no doubt that 
over-enthusiastic infusion of large amounts of fluid 
increases pulmonary oedema, producing hypoxia 
and worsening the prognosis. 

A b d o m i n a l i n j u r y 

Injuries to gas-containing intra-abdominal organs 
occur at higher pressures than cause injury to the 
lungs. The primary effects of blast on the abdomen 
are summarized in Table 29.4. These injuries are rela
tively uncommon in explosions in air, although they 
occur more frequently with explosions under water. 

Intestinal perforation presents in the same way 
as any other perforation, with peritonitis. Laparot
omy and surgical repair is usually required. Haem
orrhage may also occur into the retroperitoneum, 
from solid organs and from mesenteric tears. 

The initial treatment of primary blast injury to the 
abdomen, like that of primary lung injury, relies on 
careful attention to the primary survey sequence of 
airway, breathing, circulation, disability and expos
ure. Symptoms and signs suggestive of abdominal 
injury include abdominal tenderness and disten
sion, rectal bleeding (a sign of intramural haem
orrhage) and abdominal pain. Testicular pain is 
common but does not require any specific treatment. 

Any patient who has any evidence of abdom
inal injury requires urgent surgical review and is 
likely to require laparotomy. If there are any vic
tims of an explosion, a wait and see policy may be 
instituted for patients with equivocal findings. 

S u d d e n  d e a t h  

A small proportion of the victims of blast die with
out any evidence of external injury. It has been 
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Figure 29.3: Air emboli in the coronary arteries 
following exposure to blast. 

suggested that these deaths are due either to cardiac 
arrhythmia or to air emboli (Fig. 29.3). 

S e c o n d a r y  b l a s t  i n j u r y 

Secondary blast injuries result from fragments dis
placed by the blast wind. These may be fragments 
of the bomb (bomb casing or nails) or materials 
from the environment such as glass, masonry or 
wood. The size and number of fragments varies 
dramatically, as do the injuries - from massive non
survivable wounds to multiple superficial lacer
ations. All these wounds can be assumed to be 
heavily contaminated with bacteria. Tattooing of 
exposed skin with dirt is a problem in these 
patients. 

It should also be remembered that it is in this 
group of patients that primary blast injuries are 
also most likely to occur. 

Management of these patients follows the stand
ard system of primary and secondary survey, and 
the devastating nature of some of these injuries 
should not distract from careful attention to such a 
systematic approach. 

Te r t i a r y  b l a s t  i n j u r i e s  

Tertiary blast injuries result from the blast wind. 
The mass rapid movement of air causes the 
devastating injuries so commonly associated with 
terrorist incidents. Victims standing very close to 
the explosion may suffer complete disintegration. 
Slightly furt11er away, traumatic amputations occur, 
producing ragged amputations usually through 
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a long bone rather than a joint. These are avulsive 
amputations and the tissue damage, which is usu
ally extensive, will be found to extend proximally 
from the amputation stump where tendons and 
other tissues are avulsed. It is possible that these 
amputations follow damage to the limb from the 
initial shock wave. The blast wind also causes 
movement of bodies through the air, giving the 
opportunity for further injuries on impact with the 
environment. These appalling-looking injuries 
require careful surgical toilet (reimplantation is 
rarely, if ever, possible) after any other life-threat
ening injuries have been identified and dealt with 
(Figs 29.4 and 29.5) . 

B u r n s  

Flash and flame burns occur in explosions. Flash 
burns usually occur at the time of detonation. 
Although the results may look dramatic (like very 
severe sunburn) they are usually superficial and 

Figure 29.4: Secondary blast injuries. 

Figure 29.5: Amputations due to blast. 

healing is rapid, without scarring. Flame burns usu
ally only occur if the explosion has caused the envir
onment to ignite. The treatment of burns due t 
explosion is identical to that of other burns although 
particular attention must be paid to the presence of 
possibility of other injuries. 

C r u s h  i n j u r i e s  

Crush injuries are relatively common following 
explosions and crush asphyxia is a common cause 
of death amongst victims recovered from the ruins 
of buildings. Intensive respiratory support is likely 
to be needed for those patients who have sus
tained crush injuries to the chest. Abdominal crush 
injuries may require laparotomy. The possibility of 
electrolyte disturbances following the relief of pres
sure on trapped muscle should not be overlooked. 
Hyperkalaemia can cause cardiac arrest and 
released myoglobin can contribute to renal failure. 
A good urine output should be maintained by 
appropriate fluid replacement. 

P sy c h o l o g i c a l  

Both the victims of blast explosion and the rescuers 
are at risk of suffering psychological sequelae from 
their experiences. Factors in the development of a 
post-traumatic stress reaction include the preinci
dent mental state and 'support systems' available, 
the nature of the experience and the support and 
leadership given during the incident. Feelings of 
guilt occur in survivors (especially those who have 
lost relatives) as well as in rescuers who have been 
involved in unsuccessful actions. There is no doubt 
that the terrible nature of the injuries that result 
from explosions can be particularly devastating 
for some people. Coupled with this is the indis
criminate nature of the terrorist bomb. Emergency 
service personnel and medical and nursing staff 
function more effectively and suffer less psycho
logical damage if they see themselves as perform
ing a valuable role as part of a team, and are kept 
well informed and perceive strong but concerned 
leadership. All those involved in such an incident 
should be involved in a 'hot' debrief at the end of 
the incident and also encouraged to attend a more 
detailed debrief a short time after the incident, 
as well as to talk about their experiences with 
colleagues and family or friends. 
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I NTRODUCT ION  - M I S S I LES  

Missiles, including bullets, are effective at causing 
damage because they have kinetic energy given by 
the formula: 

KE = 1 /2 M v2 

where KE is the kinetic energy, M the mass of the 
projectile and V2 the square of the velocity of the 
missile. 

The effectiveness of bullets in causing damage to 
tissues depends on how much of the available 
energy is transferred to the tissue. Thus if a bullet is 
stopped by tissue, all the available energy is h·ans
ferred to work upon the tissue to cause damage. If a 
bullet passes straight through tissue without any 
significant slowing, very little damage may be done, 
as the energy given up is only proportional to the 
difference between the initial and final velocities. 

Thus, the old concept of high- and low-velocity 
missiles has been replaced by the concept of energy 
transfer. It is this that determines the damage pro
duced. The wounds are more usefully divided into 
high-energy transfer and low-energy transfer rather 
than high- and low-velocity. It should also be 
remembered that the same amount of damage will 
produce different effects depending on the tissue 
involved - a gunshot wound to the heart will have 
immediate devastating effects compared to one pro
ducing equal damage to the muscle of the thigh. 

H IGH- A N D  LOW-EN ERGY TRANSFER  
WOU N D S  

Clinically, the most important difference between 
high- and low-energy transfer wounds is that in low
energy transfer wounds the tissue damage is largely 
confined to the track of the missile, whereas in high
energy transfer wounds injury extends radially for 
some distance from that track. This is because of the 
formation of a temporary cavity (Fig. 29.6). 

Temporary cavitation occurs when the missile 
transfers large amounts of energy, causing the tis
sue to accelerate away from the path of the missile. 
The cavity lasts a few milliseconds, then collapses. 
The temporary cavity formation results in negative 
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pressure, which sucks dirt and debris into the 
wound, producing gross tissue contamination and 
destruction. 

Factors affecting the amount of energy trans
ferred may be divided into two groups: 

• features of the missile 
• features of the tissue. 

f EATURES  OF T H E  M I S S I L E  

Greater amow1ts of energy are transferred by a 
bullet to tissue if the area of the bullet that strikes the 
tissue is increased by deformation (the principle 
behind the notorious 'dum-dum' bullet with its soft 
nose) or fragmentation. Military bullets, including 
many of those used by terrorists, are required by law 
(under the Hague Declaration of 1899) to have a 'full 
metal jacket' in order to reduce the likelihood of 
fragmentation or deformation and hence to reduce 
'superfluous wounding'. Many bullets used by the 
police or sportsmen (hunters) have an exposed core 
at the tip designed to ensure maximum energy 
transfer and hence stopping power, whilst minimiz
ing collateral damage as a result of complete pene
tration of the intended victim by the bullet. 

The rifling that is found in rifle (and some 
handgun) barrels is designed to give stability to the 
bullet in flight. In practice all bullets are unstable, 
and demonstrate deviation along their long axis, 
or yaw, whilst in flight (Fig. 29.7(a)). 

This effect is increased when the bullet enters 
a denser medium such as soft tissue, causing the 

Figure 29.6: Temporary cavitation in a high-energy 
transfer wound. This photograph, taken using a 
high-speed camera, is of a simulation using a bul let 
fired into a block of gelatine. 



380 BLAST A N D  G U N S H OT I NJ U RY 

(a) 
Air resistance 

Centre of mass 

(b) 

Axis of 

/ 
/ 

/ 
/1-

pro1ect1le 

Angle of 
yaw 

- - - + 
Line of flight 

90° YAW 
Site of maximum energy transfer 

AIR TISSUE 

Figure 29.7: (a) Yaw and (b) tumbling. 

bullet to tumble. The effect of this is to increase 
energy transfer. Retardation of a bullet is greatest 
when its long axis is at 90° to the axis of its travel. 

f EATURES  O F  T I S SUE  

As stated above, when a missile strikes a very 
dense substance such as bone, rapid slowing 
results in the transfer of large amounts of energy 
together with bony destruction and the formation 
of secondary fragments of bone, which in turn can 
cause further damage. A further effect of striking 
bone is to change the direction of the path of the 
missile: this makes clinical prediction of likely 
damage extremely difficult. In general, the more 
dense the tissue penetrated, the greater the energy 
transfer. The effects of the energy transfer will vary 
to some extent on the type of tissue involved. 
Cavitation within an organ such as the liver is 

' ' ' , _ _ _ _ _ _ 

Figure 29.8: M issile track and position at time of 
wounding. 

likely to cause devastating damage to the friable 
tissue, particularly as it is contained within a non
distensible capsule. Injury to skeletal muscle may 
well be more extensive than is clinically apparent 
owing to stretching of the muscle tissue. 

The track of a bul let cannot be predicted from the 
entry wound. 

It is vital that it is always remembered that 
a major determinant of the track of a missile is the 
position of the victim at the time of wounding 
(Fig. 29.8). As a consequence of this it is possible for 
missiles entering the shoulder to cause abdominal 
injury, or missiles entering the thighs to penetrate 
the thorax. 

Fracture of bone may also occur distant from 
the track of a bullet owing to the transfer of large 
quantities of energy to the tissue immediately sur
rounding the missile track. 

TYPES OF  M I S S I L E  

B u l l e t s  

In clinical practice, unless the bullet was fired from a 
weapon belonging to the police or military, it is 



likely that the precise type both of the weapon and 
of the bullet will not be known to the clinician. In 
any case, such information should not lead to the cli
nician drawing unjustifiable conclusions regarding 
the nature of the injury based on erroneous assump
tions and lack of clinical experience in this field. 

In general, handguns fire jacketed lead bullets 
producing low-energy transfer wounds and injury 
along the track of the projectile. The significance 
of the injury will depend to a large extent on the 
organs involved in the wound. A wound to the 
heart involving low-energy transfer is still almost 
certain to be lethal. 
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As mentioned above, police and hunting 
weapons are usually partially jacketed, deform on 
impact and produce high-energy transfer wounds. 
Modern bullets designed for military use (which 
are in widespread use amongst terrorists) have a 
full metal jacket and are intended not to deform or (a-i) 

fragment. Complete penetration of a body is pos
sible unless very dense tissue is struck. However, 
tumbling and fragmentation can also occur, pro
ducing devastating high-energy transfer wounds. 

B at o n  ro u n d s  

The baton round (Fig. 29.9), usually referred to as a 
'rubber bullet' or 'plastic bullet', presents a large 
area of impact and is designed to cause painful 
soft-tissue injury in order to discourage further 
involvement in civil disturbance. Penetration does 
not occur; however, fatalities have occurred when 
rounds have struck the abdomen, chest or head. 
Injuries tend to be more severe in children. 

A i rg u n s  

Airgun injuries produce single low-energy wounds, 
which in the majority of cases are not associated 
with significant injury. Their effects can be serious 
in small children or when penetration of the eye 
with intracranial involvement occurs. As a con
sequence these injuries must always be taken 
seriously. In the majority of cases, without compli
cations, referral or simple removal under image 
intensification is appropriate (Fig. 29.10). 

S h o t g u n s  

Shotguns are designed to fire multiple pellets vary
ing in size from birdshot (the smallest) to buckshot. 

(a-ii) 

(b) 

Figure 29.9: Baton rounds: (a) round; (b) skin 
marking. 
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Figure 29. 1 0: An airgun pellet in the orbit. 

At ranges of less than 5 m the pellets may act as a 
single missile, producing a large entry wound and 
a high-entry transfer wound which may be lethal. 
At longer ranges, individual pellets result in multiple 
low-energy transfer wounds with varying depths 
of penetration. Close-range shotgun wounds are 
contaminated with fragments of clothing and 
wadding from the cartridge and are consequently 
at high risk of infection. 

C L I N ICAL  MANAG EM ENT  

MANAG E M ENT  I N  T H E  E M ERGENCY 
D E PARTMENT  

The resuscitation of all patients with ballistic injury 
must follow the principles of the primary survey. 
It is vital that clinicians are not distracted by the 
cause of the patient's injury. 

Resuscitation always follows the system of primary 

and secondary survey. 

Life-saving surgery should not be delayed. 
Wounds should be covered with moist sterile dress
ings, not impregnated with iodine. 

Victims of both explosions and shootings are by 
definition victims of crime and a full forensic inves
tigation will be necessary. It is essential therefore 
that clinicians do not damage evidence that might 
subsequently be of value. Clothing should be cut, 
if necessary, away from rather than through holes 
made by fragments or bullets, and should be 
handed over to the police. If bullets are removed 
from wounds, gloved fingers should be used as 
forceps can damage the rifling marks that may link 
the bullet to a particular weapon. 

It is widely stated that entrance and exit 
wounds can be identified because the latter tend 
to be larger and more ragged than the former. 
Although in general this is true, unfortunately it is 
not invariably the case and a mistaken approach 
along these lines can lead to significant errors 
in clinical management. Furthermore, because of 
deflection of bullets by bone, fragmentation and 
through-and- through penetration, the presence of 
missiles within the body can only be safely estab
lished by appropriate radiographs taken in two 
planes. 

REG IONAL  I NJ U R I E S  

C h e s t  i n j u r y 

A plain chest X-ray should be performed, in order 
to identify any of the injuries listed in Table 29.5, 

and the location of any missile present. If there is 
any possibility of mediastinal injury, CT scanning 
with contrast should be performed. Other useful 
investigations in the stable patient include oesopha
geal contrast studies and echocardiography. 

In patients in whom there is no evidence of 
injury to the mediastinum, conservative manage
ment following tl1e insertion of an intercostal drain 
is appropriate in the majority (85%) of cases. 

Penetrating ballistic injury to the thorax requires 
intercostal drain insertion. 



Table 29.5: Chest X-ray findings in gunshot injury to 
the chest 

Pneumothorax/tension pneumothorax 
Haemothorax 
Fractures 
Lung tissue injuries 
Diaphragmatic injuries 
Mediastinal injuries 
Missile/missile fragments 

Occasionally, fragments of a missile may cross 
the medias tin um, causing injury on the opposite side 
of the chest without external evidence of injury. 

Major haemorrhage will require urgent thora
cotomy. Other indications for surgery include 
evidence of mediastinal damage, major chest wall 
injury and persisting air leak from an intercostal 
drain. Very occasionally, emergency room thoraco
tomy should be considered for patients with no car
diac output as a result of massive haemorrhage or 
cardiac tamponade. 

Unless there is evidence of mediastinal injury, 
conservative management is appropriate in the 
majority of cases of chest injury. 

A b d o m i n a l i n j u ry 

All patients with penetrating ballistic trauma to the 
abdomen will require urgent laparotomy and there 
is therefore no role for complex radiological inves
tigations that will result in unnecessary delay in 
transferring the patient to theatre. Plain X-rays in 
two planes may provide useful evidence regard
ing the missile track and location of any foreign 
body. The presence of gas under the diaphragm 
does not necessarily signify visceral perforation 
as gas can be introduced at the time of peritoneal 
perforation. 

Penetrating ballistic trauma to the abdomen 
mandates laparotomy. 

Rectal examination, which is mandatory, may 
reveal evidence of bleeding into the gastrointestinal 
tract. 

S p i n a l  i n j u r i e s  
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As with all spinal injuries, the essence of good 
management is the prevention of further damage 
by restriction of unnecessary movement, together 
with prevention of further tissue deterioration by 
maintenance of optimal tissue perfusion and oxy
genation. Late-onset paralysis may occur due to 
thrombosis of arterial blood supply to the spinal 
cord. In the presence of a neurological deficit, high
dose methylprednisolone should be administered 
after consultation with the appropriate specialty. 

L i m b  i n j u r y 

Ballistic injuries to the limbs may be life threaten
ing or limb threatening owing to damage to major 
vessels. Vascular damage requires initial control of 
haemorrhage and adequate resuscitation followed 
by reconstructive surgery. All soft-tissue wounds 
of the limbs require surgical exploration and wound 
toilet, in order to ensure that all foreign material 
and dead and non-viable tissue that might act as 
a focus for infection is removed. 

ANTI B IOT IC  THERAPY 

All ballistic wounds must be assumed to be bac
terially contaminated. Tissue necrosis in an anaer
obic environment makes life-threatening infection 
a significant possibility. All patients should receive 
broad-spectrum antibiotic cover together with 
tetanus prophylaxis. Third-generation cephalos
porins are appropriate for limb injuries, with the 
addition of metronidazole where leakage of bowel 
organisms is likely. 
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C H A P T E R  T H I R T Y  

SOFT-TISS UE AND WO UND 

INFECTIONS 

• I ntroduction 
• Primary soft-tissue infection 

I NTRO DUCT ION  

Soft-tissue infections can be broadly divided into 
primary soft-tissue infection and those associated 
with wound management. The general principles 
of wound management are covered in Chapter 5. 

Specific issues related to the prevention, recognition 
and treatment of wound infection are discussed 
here. The practical management of other forms of 
primary soft-tissue infection are also covered. 

PR IMARY SOFT-T I S SUE  I N F ECT ION 

The term primary soft-tissue infection is used here 
to differentiate between infections associated with 
the management of traumatic injury and those 
which either present without a history of wounding 
(such as furuncles and paronychia) or arise follow
ing minor defects in the skin, such as cellulitis. 
Although most soft-tissue infections arise following 
some form of dermatological insult, the division is 
useful and aids discussion of their management. 

C ELLUL IT I S ,  ERYS I P E LAS A N D  
I M PET IGO 

Cellulitis refers to soft-tissue inflammation sec
ondary to bacterial invasion of the skin. Streptococci 
(principally Streptococcus pyogenes) are the most 

• Wound-related infection 
• Further reading 

common cause, although staphylococci and, in 
younger children, Haemophilus influenzae may cause 
the same condition. Cellulitis may develop any
where in the body from a small puncture wound 
or in an area of skin that is damaged in some other 
way (such as dermatitis). There is localized tender
ness, skin warmth, swelling and erythema over the 
affected area. The irregular border is often poorly 
defined. When the calf is involved, there may be 
difficulty differentiating cellulitis from deep vein 
thrombosis or phlebitis. Streptococcal cellulitis may 
be followed within a relatively short period by bac
teraemia or septicaemia. 

Cellulitis around the eye is not uncommon. It 
is usually caused by Staphylococcus, Haemophilus or 
Pnewnococcus species (which also cause bacterial 
conjunctivitis). The risk of spread of infection to 
the orbit behind the eye is great and these patients 
should be urgently referred to the ophthalmol
ogy team. 

Erysipelas is a rare but characteristic streptococ
cal infection that is localized to the dermis or epi
dermis in the face, leg or arm. Pain, burning and 
redness are preceded in many cases by a prodrome 
of headaches, malaise and fevers. There is typically 
a well-defined hot, red plaque with an irregular 
raised and well-defined margin. Facial erysipelas 
extends in a butterfly distribution and may affect 
the forehead and scalp (Fig. 30.1) .  As the infection 
progresses, vesicles and bullae appear and there is 
marked oedema. The vesicles rupture and become 
crusted. Desquamation occurs as the rash fades. 
Erysipelas is more superficial than cellulitis and 
has a sharper demarcation. 
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Figure 30. 1 :  Erysipelas. 

Swabbing of the skin or aspiration at the edge of 
the infection may allow a microbiological diagno
sis to be made but this is rarely successful in either 
cellulitis or erysipelas. 

Uncomplicated cellulitis can be treated with 
oral penicillin and flucloxacillin and the patient 
either referred to their general practitioner or 
followed up in clinic. Before discharge, the edge 
of the cellulitic area shQuld be clearly marked on 
the skin and the patient told not to erase the 
mark. This aids the determination of improvement 
or spread, especially if the review is by another 
doctor. The patient should be advised to return 
straight away if he develops any systemic symp
toms, the cellulitis continues to spread or there are 
signs of 'tracking' up the limb. Erysipelas can be 
treated with penicillin alone mtless staphylococcal 
infection is also suspected. An appropriate alterna
tive antibiotic should be given if there is penicillin 
allergy. 

Patients with cellulitis or erysipelas who are 
systemically unwell should be referred for in
patient care and intravenous antibiotics com
menced after blood cultures. Systemic antibacterial 
treatment is more appropriate than topical anti
biotics because the infection is too deeply seated 
for adequate penetration of topical preparations. 
Options include phenoxymethylpenicillin with 
flucloxacillin (or erythromycin alone if penicillin
allergic), or co-amoxiclav alone. 

Figure 30.2: Impetigo. 

Impetigo is a highly infectious superficial skin 
infection caused by streptococci or staphylococci. 
It may involve normal skin or complicate pre
existing skin problems (such as eczema or psoriasis). 
There is blistering with a yellow crusting exudate 
(Fig. 30.2). Lesions are often first visible around the 
mouth and nose before spreading to other parts of 
the body. Streptococcal impetigo is superficial and 
does not affect the dermis. The lesions are heaped 
up and may be crusted spots or red papules. 
Staphylococcal impetigo tends to produce larger, 
blistering lesions that also become crusted. There 
may be bullae with pus. 

Impetigo may be treated by topical application of 
fusidic acid or mupirocin or, if widespread, with 
oral administration of flucloxacillin or erythromy
cin. Topical treatment for 7 days is usually adequate. 
Mupirocin is not related to any other antibiotic in 
use and is particularly effective for skin infections 
due to Gram-positive organisms. To avoid the devel
opment of resistance, mupirocin should not be used 
in hospital or for longer than 10 days. 

ABSCESSES  

An abscess is a localized collection o f  pus. 
Abscesses take a variety of forms and are referred 
to by a variety of different names. In general terms, 
however, all present with similar feahtres. The 
patient complains of localized pain and swelling 
and there is a tender, fluctuant mass on examina
tion. If the patient is systemically unwell and 
there is evidence of cellulitis, lymphadenitis and 
regional lymphadenopathy, then the infection may 
be becoming disse�ated.. These patients warrant 



Figure 30.3:  A paronychia of the thumb. 

early referral. Most patients who attend the 
emergency department will, however, have a well
localized and uncomplicated cutaneous abscess. 
Despite this, it is prudent to bear in mind that this 
may be the first manifestation of an underlying 
condition such as diabetes, inflammatory bowel 
disease or HIV infection. 

Abscesses are caused by a variety of organisms 
and arise in a variety of skin types and appendages. 
Folliculitis is a superficial infection of the hair 
follicle that is commonly caused by Staphylococcus 
aureus. Deep-seated infections around the hair 
follicle are called furuncles (boils). They occur in 
the head, neck, axillae, thighs and buttocks. When 
a number of adjacent hair follicles are involved, a 
carbtmcle develops with a large indurated area and 
multiple draining sinuses. This commonly occurs 
on the back or back of the neck. It is very often asso
ciated with diabetes. 

Another common cause of an abscess is an 
infected sebaceous cyst. There is obstruction of the 
ducts of a sebaceous gland and formation of a 
sterile cyst. This may be present for many years. 
Should the cyst contents become infected, however, 
an abscess rapidly forms. Most of these abscesses 
occur in the trunk and extremities and are caused 
by Staphylococcus aureus or Escherichia coli, Klebsiella 
and Proteus species. 

Perirectal, genital, inguinal and buttock 
abscesses are predominantly caused by anaerobic 
bacteria. Abscesses in the axillae may be associated 
with apocrine sweat glands infected with Proteus, 
Staphylococcus aureus or Streptococcus viridans. A 
paronychia is a superficial abscess over the lateral 
nail fold of a finger or toe (Fig. 30.3), commonly 
caused by anaerobes or staphylococci. 
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Table 30. 1 :  Incision and drainage of an abscess 

Clean the surrounding skin 
Anaesthetize and drape the area 
Make an incision which conforms to skin creases 

and fold 
Incise along the length of the abscess cavity 
An ell iptical incision wi l l  prevent premature closure 

and reaccumulation of pus 
Probe the cavity with a blunt instrument to gently 

break down any loculations 
Do not compress the surrounding tissues 
Send sample for culture 
Place loosely packed antiseptic (usually 
iodine-based) wick in cavity 

Whatever the location or causative organism, the 
mainstay of treatment for abscesses is incision and 
drainage (Table 30.1). In most cases, incision and 
drainage is all that is required. Simple abscesses 
which are well localized and can be readily anaes
thetized using field or regional blockade can be 
treated in an appropriate treatment room within the 
emergency department. Complex abscesses, those 
that are close to tmderlying neurovascular struc
tures and those which are difficult to anaesthetize, 
should be referred for surgical consultation. This is 
particularly important for carbuncles, perirectal 
abscesses, pilonidal sinuses and abscesses in the 
face, mouth, breast, hand, axilla, groin and peri
neum. Children should also generally be referred. 

There is sometimes uncertainty about the fluc
tuance of an abscess. In these cases it is worth 
attempting to aspirate pus in order to guide treat
ment decisions. Ultrasound may also help to con
firm the presence of pus. If pus is present, the 
abscess should be incised and drained. The aspir
ated pus can be sent for microscopy and culture. 
If no pus is obtained, the patient can be treated 
with antibiotics and reviewed. Once the abscess is 
drained, antibiotics are rarely required in other
wise healthy patients. Antibiotics are only indi
cated if the patient is systemically unwell or the 
infection shows signs of spreading. Patients with 
infected sebaceous cysts will require follow-up for 
removal of the cyst capsule. 

Following excision and drainage, early follow
up will be required for dressing and wick changes. 

Soft-tissue infections in the hand and face merit 
special mention. Those in the face may rapidly 
progress to involve the cavernous sinus and should 
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therefore b e  referred urgently. Collections of pus in 
the hand tend to have throbbing pain and local 
tenderness without the classic sign of fluctuance. 
Hand infections can rapidly spread through the 
fascial spaces and cause long-term damage. Pus 
may collect in the finger pulp space, the thenar 
space or any of the web spaces. A collection of pus 
in one of the web spaces of the hand should be 
drained in theatre by a specialist surgeon through a 
vertical dorsal incision. These can all be difficult to 
distinguish and should be referred urgently. The 
hand should be elevated and systemic antibiotics 
commenced. 

Suspected deep hand infections require urgent 

surgical referral. 

LI FE-THREAT E N I N G  SOFT-T I SSUE  
I N FECT ION 

Any soft-tissue infection may, if untreated, progress 
to cause a generalized bacteraemia or septicaemia. 
Of particular importance in the emergency depart
ment are rapidly progressive soft-tissue infections 
which require urgent treatment and referral. 

Necrotizing fasciitis is a term used to describe 
soft-tissue infection which spreads rapidly along 
fascial planes. Streptococcus pyogenes and Staphylo
coccus aureus are usually involved. The infection 
starts in an arm or a leg. There is swelling, redness, 
pain and fever followed by bronze discoloration 
of the limb. Haemorrhagic blisters and necrosis 
of skin and soft tissues then occur within a few 
days. With mortality reaching 40% at this stage, 
antibiotics combined with surgical removal of the 
necrotic tissue can be life saving. 

Staphylococcal scalded skin syndrome (Fig. 30.4) 
is a rare disease caused by an exotoxin of Staphylo
coccus aureus. It is characterized by the sudden 
onset of extensive erythema followed by bulla for
mation and desquamation of large areas of skin 
which then resembles scalds. The exotoxin cleaves 
the epidermis and renders the patient susceptible 
to bacterial superinfection. This condition affects 
children more often than adults and may progress 
to a toxic shock syndrome with fever, hypotension 
and renal failure. Treatment is supportive, with 
intensive care and antibiotics to eliminate the toxin
producing staphylococcus. Both staphylococcal 

Figure 30.4: Staphylococcoal scalded skin syndrome. 

scalded skin syndrome and toxic shock syndrome 
should be differentiated from toxic epidermal 
necrolysis. Despite the similar names, toxic epider
mal necrolysis is regarded as a severe form of ery
thema multiforme following hypersensitivity to 
chemicals or drugs. It primarily affects older chil
dren and adults. Patches of tender erythematous 
skin suddenly appear and become loose. There is 
then separation of the dermis from the epidermis 
and extensive mucous membrane involvement. 
Dehydration and infection then become the major 
risks. It is not caused by infection or exotoxins but 
may appear very similar clinically. 

WOU N D-RELATE D  I NF E C T I O N  

Although all wounds are colonized b y  bacteria, 
only approximately 10% of wounds treated in 
emergency departments will become clinically 
infected. The risk of a wound becoming infected 
depends on the mechanism of wounding, the 
anatomical site, the degree of contamination and 
the level of host susceptibility. Wound manage
ment therefore involves assessment and reduction 
of the risk of infection as well as repair of tissues 
(see Chapter 5). 

PREVENT I O N  OF WOUN D  I N F ECT I O N  

The important components of wound management 
in preventing infection are shown in Table 30.2. 

With regard to wound cleaning and irrigation, 
the method of cleaning is perhaps more important 
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Table 30.2: Measures to reduce wound infection 

Aseptic wound management 
Skin cleansing 
Wound cleansing and i rrigation 
Removal of debris 
Debridement 
Prophylactic antibiotics 
Delayed closure 
Wound dressings 

than the agents used. Irrigation and gentle scrub
bing will considerably reduce the bacterial load. 
Bacterial proliferation occurs within the first 6 h so 
thorough wound irrigation should be performed 
as soon as possible. Low-pressure irrigation will 
remove large particles of debris in the wound, but 
higher pressures (such as through a 21 gauge 
needle) may be required in w1tidy wounds with 
deep contamination and small particles of debris. 
Scrubbing will help to remove embedded debris 
and is best performed with a surgical scrubbing 
brush or high-porosity sponge. Given the paucity 
of evidence to suggest that any cleaning or irriga
tion fluid is superior to normal saline, some emer
gency departments use normal saline to clean and 
irrigate simple uncomplicated wounds. Regardless 
of the type of irrigation fluid, sufficient quantities 
must be used. 

Wound cleaning can be painful and distressing 
for the patient. In order to ensure that it is done 
effectively, adequate analgesia and local anaesthe
sia should be provided. In some cases, it may be 
better to get the patient to clean the wow1d them
selves (under guidance). 

When a patient attends with an untidy, heavily 
contaminated wound, decisions regarding prophy
lactic antibiotics are often only considered after 
cleaning, debridement and repair. It has long been 
recognized in elective surgical practice that prophy
lactic antibiotics are more effective if given before 
the procedure rather than after. Thus, if antibiotics 
are to be used they should be given early, initially as 
an intravenous bolus prior to handling and manipu
lation of the wound itself. 

In deciding whether to use prophylactic antibi
otics, a number of factors should be considered 
(Table 30.3). Particular attention should be paid to 
patients who are at risk of endocarditis, have 
indwelling prosthetic devices or who are in1muno
suppressed (e.g. are diabetic or on corticosteroids). 
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Table 30.3: Prophylactic antibiotics - factors to 

consider 

Compound fractures 
Deep puncture wounds 
Mammal bites 
Heavily contaminated wounds 
H igh-risk occupation (farmer, gardener, 

fisherman etc.) 
Delayed presentation 
Extensive wound 
Necrotic tissue 
Tetanus risks (see below) 

Flucloxacillin alone is usually sufficient for prophy
laxis wuess specific risk factors indicate an alterna
tive (co-amoxiclav for mammal bites and anaerobes, 
metronidazole for serious anaerobic risk). Most 
patients do not require any form of antibiotic 
prophylaxis. 

Debridement, delayed closure and wound dress
ings are considered in more detail in Chapter 5. 

To reduce the risk of i nfection, a wound should not 
be closed if it is not clean. 

TREAT I N G  I N F ECTED  WOU N DS 

Wounds that have received a high inoculating 
dose of bacteria may become infected regardless of 
the use of good wound management techniques 
and prophylactic antibiotics. Clinically significant 
infection is classically revealed by: 

• pain and tenderness at the wound site 
• . redness and heat in the area surrounding the 

WOLU1d 
• purulent exudate 
• general malaise with raised temperature. 

A challenge in emergency department practice 
is to identify early wound infection before all of 
these classic features become obvious. Streptococcal 
infections tend to cause an early spreading cellulitis 
and ascending lymphangitis. There is spreading 
erythema and pitting oedema. The wound should 
be opened to ensure that there is no localized 
abscess and then cleaned and left open. A skin 
marker should then be used to delineate the extent 
of the erythema. After an initial intravenous dose of 
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benzyl penicillin, the patient should commence 
oral penicillin and flucloxacillin pending review in 
2 days. Before prescribing any penicillin, a drug 
history should be taken. If there is a history of an 
allergic reaction to any penicillins, erythromycin 
or clarithromycin should be used as an alternative. 
If the history is unconvincing, a penicillin can be 
given but the patient should be warned of the 
potential risk and be closely monitored for the first 
4 h after administration. 

Staphylococcal infections often result in local 
pus formation. Throbbing pain that disturbs the 
patient is an early sign and often indicates abscess 
formation. If a local abscess is suspected, all sutures 
or staples should be removed and all pus and dead 
material debrided. Swabs should be sent for cul
ture and any specimen of pus sent for Gram stain
ing. Blood cultures may be appropriate if the patient 
appears systemically unwell. 

The wound should be cleaned and irrigated and 
allowed to heal by secondary intention. Systemic 
antibiotics, an appropriate dressing and daily 
inspection will be required. Patients who are sys
temically unwell, pyrexial (temperature greater 
than 38°C) and have regional lymphadenopathy or 
spreading cellulitis should be referred for in-patient 
management. 

The choice of antibiotic will vary according to 
local policy and prevalent organisms. It should 
be assmned that staphylococcal infections will be 
resistant to penicillin and that fl ucloxacillin will also 
be required. Ciprofloxacin and co-amoxiclav have 
been advocated for wound infections but Gram
positive organisms, which are much more likely to 
cause skin and soft-tissue infections, respond less 
well to ciprofloxacin. Co-amoxiclav is effective but 
is expensive and has not been directly compared 
witl1 flucloxacillin. Doses of all antibiotics should be 
checked with the current formulary, particularly 
when treating children. A common error is to pre
scribe too small a dose for too short a period. All 
patients with wound infections should be reviewed 
within 1-2 days. 

I N FECT IONS  D U E  TO B ITES  

Wound infections which occur within 24 h of animal 
bites are often caused by the Gram-negative bacil
lus Pasteurella multocida. Dogs and cats are often 
responsible and the infection is characterized by 

an intense and rapid inflammatory response. There 
is an acute onset of redness, swelling, pain and 
regional lymphadenopathy within hours of the bite. 
Occasionally, the patient may present with life
threatening sepsis. If more than 24 h has elapsed 
since the bite, it is likely that the wound infection i 
caused by staphylococci or streptococci. In either 
case, wound swabs should be taken and the patient 
commenced on co-amoxiclav or penicillin and flu
cloxacillin. Patients who are allergic to penicillin 
should be given eryfuromycin or clarifuromycin. 

L I F E-THREAT E N I N G  WOU N D  
I NFECT ION  

Simple wounds can lead to life-fureatening sepsis 
if they are not managed correctly. Of particular 
importance are clostridial and uncontrolled staphy
lococcal infections. The clostridia are anaerobic 
Gram-positive spore-forming organisms. Their 
natural habitat is the soil or the intestinal tract of ani
mals and hwnans. Wound infection with clostridial 
species can produce gas gangrene or tetanus. 

Te t a n u s  

Clostridium tetani spores are worldwide in distribu
tion in the soil and in animal faeces. It is not an 
invasive organism and infection remains very 
strictly localized to the wound which has become 
contaminated with spores. The spores germinate 
and develop in devitalized tissue. The incubation 
period ranges from 4-5 days to several weeks and 
the inoculating dose may be very small. The organ
isms then produce a toxin called tetanospasmin, 
which interferes with neuromuscular transmission. 
The disease manifests as muscular spasms and 
stiffness arow1d the wound, followed by trismus, 
tetanic seizures and respiratory failure. Although it 
is a rare disease, most cases occur in elderly, non
immw1ized patients and the mortality is approxi
mately 50%. Prevention of tetanus depends on 
effective immw1ization, proper care of wounds 
contaminated with soil and prophylactic use of 
antitoxin. All patients should have their tetanus 
irnmw1ization status clearly determined. 

Appropriate wound management is the most 
effective way of preventing wound infection. 



Tetanus vaccination is offered routinely to babies 
in combination with diphtheria and Bordetella 
pertussis as a triple vaccine (DTP). The triple vaccine 
gives protection against tetanus in childhood. 
Subsequent booster doses of tetanus vaccine are 
offered at school enh·y and school leaving. 

Wounds are considered to be tetanus prone if: 

• they more than 6 h old 
• are puncture-type 
• have devitalized tissue 
• are septic 
• are contaminated with soil or manure. 

Patients with tidy wounds that are more than 
6 h old should have a booster dose of adsorbed 
tetanus vaccine if the primary course (or any pre
vious booster) was given more than 10 years previ
ously. If the patient has never been immunized, the 
first dose of the full course of tetanus immuniz
ation should be given in the emergency department 
and the patient instructed to consult their GP for 
the remainder of the course (two further doses at 
4-week intervals). If the patient is a school-age 
child then, provided more than 10 years have 
elapsed since the school-entry booster, tetanus 
vaccine should be given. It is important to then 
notify the GP that this booster has been given so 
that records can be updated and the school-leaving 
booster be omitted. 

The addition of a dose of human tetanus 
immunoglobulin and antibiotic prophylaxis (with 
benzyl penicillin, co-amoxiclav or metronidazole) 
should be considered for tetanus-prone wounds. 
In general terms, the decision to provide immuno
globulin will depend on whether the patient has 
ever been immunized (many elderly patients may 
not have completed immmlization), whether the 
patient has received a dose of tetanus vaccine 
within the previous 10 years, and whether the risk 
of infection is considered to be very high (such as in 
contamination with faeces) . These cases should be 
discussed with a microbiologist. Patients with any 
features suggestive of tetanus should be referred 
urgently. 

G a s g a n g re n e  
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( c l o s t r i d i a l m y o n e c ro s i s )  

Gas gangrene is a rapidly progressive limb- and 
life-threatening wound infection. Many different 
toxin-producing clostridia can cause invasive 
infection if introduced into damaged tissue. The 
commonest is Clostridium perfringens (formerly 
called Clostridium welchii) . Once a wound is con
taminated, the spores germinate and the bacteria 
multiply. They ferment carbohydrates in the tis
sues and produce gas within 1---4 days. The result
ing distention of tissues, along with release of 
other damaging toxins, allows spread of infection. 
Tissue necrosis extends, there is increased bacterial 
growth and generalized sepsis follows. Clinically, 
there is severe pain and swelling at the wound site, 
with generalized toxicity, crepitus in the subcuta
neous tissues and a malodorous serosanguinous 
discharge from the wound. Severe muscle injuries 
and deep wounds of the thighs and buttocks are 
often affected. 

As with tetanus, appropriate wound care and 
prophylactic antibiotics and antitoxins in heavily 
contaminated wounds will prevent clostridial infec
tions. Prompt and extensive surgical debridement 
may be required for patients who present with old 
wounds and early evidence of infection. Gas gan
grene is typically a mixed infection with proteo
lytic clostridia, Gram-negative organisms and other 
bacteria present. Broad-spectrum antibiotics (includ
ing Gram-negative cover), hyperbaric oxygen and 
surgery form the basis of treatment of established 
cases. 
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C H A P T E R  T H I R T Y  O N E  

THE PAINF UL JOINT 

• I ntroduction 
• Approach to the patient 
• Differential diagnosis of painful joints 

I NTRO DUCT ION  

This chapter concerns the assessment, diagnosis 
and treatment of patients with pain or swelling 
in or around joints that appears to be unrelated 
to injury. Traumatic injury involving the joints is 
covered in Chapters 25 and 26. A wide range of 
conditions may cause joint pain and this chapter 
provides a structured approach to the most import
ant of these in the emergency department. 

APPROACH TO T H E  PAT I ENT  

Traumatic injury is often easier to assess and treat 
than symptoms that appear to be unrelated to injury. 
In the former, a focused history and examination 
can be rapidly conducted and effective treatment 
initiated. In contrast, joint pain unrelated to trauma 
may be a manifestation of complex and severe 
underlying systemic disease. It is therefore import
ant to approach these patients holistically and with 
an understanding of the common diseases that may 
present with joint pain. 

In all cases, the differential d iagnosis should include 
infection and referred pain. 

Ideally, on completion of the assessment, it 
should be possible to characterize the joint pain as 
articular or non-articular in origin and inflamma
tory or non-inflammatory in nature (Table 31 .1 ) .  

• Important conditions 
• Further read ing 

Table 3 1 . 1 :  Assessment of patients with joint pain 

Determine whether it is acute or chronic 
(more than 6 weeks) 

Localize the complaint (articular or non-articular) 
Determine the pathological process (inflammatory 

or non-inflammatory) 
Formulate a differential diagnosis 

Given the chronic nature of many rheumato
logical and musculoskeletal disorders, it may not 
be possible to establish a clear diagnosis in the 
emergency department. None the less, a logical 
approach to the history, examinati9n and investiga
tions will ensure that important conditions are iden
tified and referred appropriately. 

H ISTORY 

Patients may present complaining of pain in any 
joint. They may have little appreciation of the sig
nificance of repetitive activity, mi.nor injury in the 
recent past or other apparently unrelated symp
toms. A clear and detailed history is thus essential. 
Many patients may have no recollection of injury, 
but will recognize a temporal relationship between 
their symptoms and possible precipitating events 
when prompted. Common examples include the 
painful wrist after painting the bedroom, a painful 
shoulder after moving house and pain in the knee 
following a short gastrointestinal illness. Equally, 
the patient may ascribe their pain to a coincidental 
and unrelated minor injury. 



Certain diagnoses are more frequent in specific 
age groups. Reactive arthritis (Reiter 's syndrome) 
is more common in the young, whereas osteoarth
ritis is most often a condition of the elderly. When 
considering elderly patients, the impact of existing 
medical conditions and treatment should be con
sidered. Drug-induced gout is, for example, more 
common in the elderly. Some diseases are also more 
common in a particular gender or race. Gout and 
reactive arthritis occur more often in men, whereas 
rheumatoid arthritis is commoner in women. 

The chronology of the complaint (onset, evolu
tion and duration) is important. Acute-onset joint 
pain tends to be infectious, crystal-induced or 
reactive. It is these patients who more often pres
ent to the emergency department. Non-inflamma
tory and immune-related joint conditions such as 
osteoarthritis and rheumatoid arthritis are often 
chronic. Chronic symptoms are generally defined 
in rheumatology as those lasting for more than 
6 weeks. Most of these patients consult their gen
eral practitioner. Joint pain may also be described 
as intermittent (gout) or migratory (gonococcal or 
viral arthritis). 

Determining if joint pain is articular in origin 
requires careful evaluation. Articular disorders are 
associated with pain and a restricted range of both 
active and passive motion. Non-articular joint pain 
(from associated muscles, ligaments, bursae and 
tendons) is generally worse on active movement. 
Stiffness is common in all musculoskeletal dis
orders. However, morning stiffness related to inflam
matory disorders lasts several hours and is usually 
improved with activity and anti-inflammatory 
medicines. The stiffness associated with non
inflammatory conditions, such as osteoarthritis, is 
intermittent, short-lived, and tends to be exacer
bated by activity. 

Morning stiffness is typical of an i nflammatory 
arthropathy. 

The number and distribution of involved joints 
should be noted. Articular disorders are described 
as monoarticular (one joint involved), oligoarticu
lar, pauciarticular (up to three joints involved) or 
polyarticular (more than three joints involved). 
Joint pain secondary to septic arthritis or gout 
is typically monoarticular, whereas rheumatoid 
arthritis is polyarticular. Joint involvement tends to 
be symmetric in rheumatoid arthritis but is often 

A P P RO A C H  TO T H E  PAT I E N T  395 

asymmetric in reactive arthritis and gout. The upper 
extremities are frequently involved in rheumatoid 
arthritis, whereas lower extremity arthritis is char
acteristic of early Reiter 's syndrome and gout. 

A systems review should reveal systemic features 
such as fever, rash (Reiter's syndrome), myalgia and 
weakness (polymyalgia rheumatica) and morning 
stiffness. In addition, some conditions are associated 
with involvement of other organ systems, including 
the eyes (Reiter's syndrome) and gastrointestinal 
and genitourinary tracts (gonococcal arthritis). 

EXAM I NAT ION  

Examination should not be limited to the affected 
limb or joint as is often the case following injury. 
Many rheumatological conditions have systemic 
or extra-articular manifestations and a full general 
examination is usually indicated for non-traumatic 
joint pain. Specific examination of the affected joint 
should follow the traditional look-feel-move-test 
sequence. The aim is to establish whether the pain 
is articular or non-articular in origin and inflam
matory or non-inflammatory in nature. Comparison 
should always be made with the unaffected side 
when examining limbs. 

In joint examination - look, feel, move, test. 

Articular disorders are often associated with 
swelling of the whole joint caused by an effusion, 
bony enlargement or synovial proliferation. There 
may be deformity of the joint. Non-articular dis
orders are associated with focal areas of tenderness 
which are often remote from the joint margins. 
There is seldom any deformity. It may be difficult to 
distinguish true articular swelling caused by effu
sion or synovial proliferation from non-articular 
or periarticular swelling and inflammation (such 
as bursitis). The latter usually extends beyond the 
normal joint margins. Bursal effusions overlie 
bony prominences and are fluctuant with sharply 
defined borders. A distended joint may be obvi
ously swollen but this may only be revealed in full 
extension. The patient may attempt to minimize 
pain by keeping the joint partially flexed. This is 
the position of least intra-articular pressure and 
greatest volume. 

A restricted range of motion is frequently 
caused by effusion, pain, deformity or contracture. 
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Table 3 1 .2: Inflammatory and non-inflammatory 
causes of joint pain 

Inflammatory: 
Infection (Staphylococcus aureus, Neisseria 

gonorrhoeae) 
Crystal-induced (gout, pseudogout) 
Immune-mediated (rheumatoid arthritis, 

systemic lupus erythematosus) 
Reactive (rheumatic fever, Reiter's syndrome) 

Non-inflammatory: 

Trauma (rotator cuff tendin itis) 
Degenerative change (osteoarthritis) 
Synovial hyperplasia (pigmented villonodular 

synovitis) 
Mechanical joint pain (degenerative meniscal tear) 

Contractures may reflect previous episodes of syn
ovial inflammation. Crepitus may be felt during 
palpation or movement and may be prominent in 
osteoarthritis. Joint deformity usually indicates a 
long-standing or aggressive pathological process. 
Deformities may result from ligamentous destruc
tion, soft-tissue contractures, bony enlargement, 
ankylosis, erosive disease or subluxation. A careful 
examination for sources of musculoskeletal pain 
or pain of soft-tissue origin should be undertaken 
when a complaint of joint pain is not supported 
by any objective findings referable to the joint cap
sule. Non-articular conditions such as a carpal tun
nel syndrome, enthesitis (such as Achilles tendinitis) 
and bursitis should be readily identified. 

The underlying pathological process may be 
inflammatory or non-inflammatory (Table 31 .2). 
Inflammatory disorders are suggested by the car
dinal signs of inflammation (erythema, warmth, 
pain and swelling), the presence of well-defined 
systemic symptoms (morning stiffness, fatigue, 
fever), or biochemical evidence of inflammation 
(elevated acute-phase proteins) . Non-inflammatory 
causes of joint pain are rarely associated with acute 
inflammation or systemic illness. 

I NVEST IGAT I O N S  

An initial differential diagnosis of the cause of joint 
pain can be made following the detailed history 
and clinical examination. A number of features may 
indicate that further investigation is warranted in 

Table 3 1 .3 :  Aspiration of synovial fluid 

Revise the anatomy 
Clean the skin 
Anaesthetize the skin and subcutaneous tissues 
Insert a large-bore needle into the site of maximal 

fluctuation or by the route of easiest access 
Empty the joint space as completely as possible 
Examine synovial fluid for appearance and viscosity 
Send fluid for urgent cell count, microscopy 

and Gram stain ing 

the emergency department. Any acute monoarth
ritis requires further investigation, as does joint pain 
associated with neurological signs or systemic mani
festations of serious underlying disease. Where 
there is doubt about the role of investigations, advice 
should be sought from a senior clinician. Ortho
paedic teams tend to manage suspected septic 
arthritis, whereas general medical or rheumatology 
services tend to manage the other forms of arth
ritis. Early referral is often more appropriate than 
arranging a selection of screening tests with little 
predictive value. Such referrals need not be on an 
emergency basis if the problem is long-standing 
and infection has been excluded. 

Investigations that may influence management 
in the department are a full blood count and meas
urement of an acute-phase protein such as the 
C-reactive protein (CRP) or erythrocyte sedimen
tation rate (ESR). These are characteristically raised 
in inflammatory conditions such as rheumatoid 
arthritis but are normal in osteoarthritis and non
inflammatory conditions. 

A raised serum uric acid is a good confirmatory test 
for gout but is not diagnostic .  

A low level of uric acid excludes acute gout. It is 
more commonly used to monitor treatment. Spe
cialist serological investigations such as rheumatoid 
factor, antinuclear antibodies and complement 
levels should only be performed after discussion 
with the appropriate specialist. These tests should 
not be used for screening. 

Aspiration and analysis of synovial fluid i 
always indicated in acute monoarthritis or when 
an infectious or crystal-induced arthropathy is 
suspected (Table 31 .3). The shoulder, wrist, knee 
and ankle may all be aspirated in the emergency 



Table 3 1 .4: Synovial fluid analysis 

Non-inflammatory: 
Clear, viscous and amber-coloured 
White cell count < 2000 µ1- 1 

Predominance of mononuclear cells 

Inflammatory: 
Turbid and yellow with reduced viscosity 
White cell count 2000--50 000 cells µr 1 

Predominance of polymorphonuclear leucocytes 

Infection: 
Turbid and opaque with reduced viscosity 
White cell count usually > SO 000 µ.r 1 
Predominance of polymorphonuclear leucocytes 

(> 75%) 

department if a suitably experienced clinician is 
available. Relative contraindications to aspiration 
are cellulitis or impetigo at the injection site and 
coagulopathy. 

Synovial fluid analysis ·may be crucial in distin
guishing between non-inflammatory and inflam
matory processes. This distinction can be made on 
the basis of the appearance, viscosity and cell count 
of the synovial fluid (Table 31 .4). Haemorrhagic 
synovial fluid may be seen with a 'bloody' (trau
matic) tap, neuropathic arthropathy, haemarthrosis 
or following injury. Synovial fluid should always 
be sent for Gram staining, microscopy and culture. 
Cellularity and the presence of crystals are assessed 
by light and polarizing microscopy. If gono
coccal arthritis is suspected, immediate plating of 
the fluid on appropriate culture medium may 
be required and microbiological advice should be 
sought. 

In terms of imaging, plain radiographs are use
ful when there is a history of trauma, chronic infec
tion is suspected, there is a chronic, progressive 
disability, or in any acute monoarthritis. In most 
inflammatory disorders, early radiography may 
only reveal soft-tissue swelling or juxta-articular 
demineralization. Calcification (of soft tissues, car
tilage or bone), joint space narrowing, erosions, 
bony ankylosis, new bone formation (sclerosis, 
osteophyte formation or periostitis) or subchon
dral cysts may suggest specific underlying condi
tions. Ultrasound is useful in the detection of some 
soft-tissue abnormalities. These include synovial 
cysts (Baker's cysts) in the knee, rotator cuff tears 
and major tendon injuries. 
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TREATMENT 

The aim of treatment in the emergency department 
is to relieve pain, prevent further injury and treat 
the underlying condition. The fundamentals of 
treatment are: 

• treatment (or referral for treatment) of the under-
lying cause 

• rest or activity modification 
• analgesia 
• temporary splintage 
• physiotherapy. 

Corticosteroid injections are often used by 
orthopaedic surgeons, rheumatologists and general 
practitioners to treat established causes of joint pain 
(such as impingement . syndrome) . It is generally 
inappropriate to commence such treatment in an 
emergency department setting unless the diagno
sis is clear. 

D I F F ERENT IAL D I AG N O S I S  OF  
PAI NF U L  J O I NTS 

THE PA I N F U L  S H OULDER  

Rotator cuff tendinitis (impingement syndrome), 
chronic rotator cuff tears, bicipital tendinitis, sub
acromial bursitis, calcific tendinitis, acromioclavicu
lar joint arthritis, adhesive capsulitis and septic 
arthritis may all present with shoulder pain. How
ever, the commonest cause of non-traumatic shoul
der pain is referred pain from the neck. A history of 
restricted shoulder movement, pain at either the 
extremes of movement or on specific movements, 
and pain which tends to be worse at night tends to 
localize pathology to the shoulder. Referred pain 
from the cervical spine tends to be worse during 
activity and better at night and does not usually 
restrict shoulder movements. None the less, mid
cervical disc or nerve root disease may produce 
pain very similar to rotator cuff pathology, so 
an examination of the neck and a simple neurolog
ical examination of the limbs is indicated in all 
patients presenting with non-traumatic shoulder 
pain. Other sources of referred pain are the chest 
wall, diaphragm (liver and gallbladder) and intra
thoracic lesions. 



398 T H E  PA I N F U L  J O I N T  

Always consider the cervical spine a s  a possible 

source of shoulder pain. 

The shoulder joint has the greatest mobility of 
all peripheral joints (Table 31 .5). It is therefore 

Table 3 1 .5: Range of movement at the shoulder 

Movement 

Abduction 
Adduction 
Flexion 
Extension 
Internal rotation (arm at side) 
I nternal rotation (arm abducted) 
External rotation (arm at side) 
External rotation (arm abducted) 

Normal 

1 80° 
45° 

1 80° 
60° 

1 00° 
80° 
70° 
90° 

vulnerable to a range of traumatic and non-traumatic 
conditions. The importance of shoulder stability 
and strength in controlling upper limb movements 
is reflected by the degree of disability experienced 
by patients with painful shoulders. A simple screen
ing test for shoulder movement is to ask the patient 
to abduct both arms (full abduction) then place 
both hands behind the neck with elbows out to the 
side (external rotation and abduction), then place 
both hands behind the small of back (internal rota
tion). If these active movements are restricted, then 
the patient should be asked to indicate the precise 
site of pain and passive movement should be tested. 

Most non-traumatic shoulder pain is a conse
quence of chronic impingement. In understand
ing the spectrum of impingement syndrome, it is 
important to appreciate the anatomy of the cora
coacrornial arch (Fig. 31 .1 ) .  This is formed by the 

I .  Supraspinous fossa 

2. Spine of scapula 

3.  Acromion 
4. Acromioclavicular joint 

5. Acromial end of clavicle 

6. Coracoid process 
7. Sternal end of clavicle 

Figure 3 1 . 1 :  Anatomical diagram of the coracoacromial arch. 



coracoid process anteriorly and the acromion 
posteriorly. The coracoacromial ligament forms the 
roof of the arch and the humeral head provides 
the floor. This arch defines the space within which 
the muscles of the rotator cuff (supraspinatus, infra
spinatus, teres minor and subscapularis), the sub
acromial bursa and the tendon of the long head of 
biceps must fit. Impingement

. 
syndrome refers to 

the pathological changes that occur in these struc
tures owing to repetitive mechanical impingement 
between the humeral head and coracoacromial arch. 
This is caused by narrowing of the space under the 
arch by acromioclavicular joint arthritis or repeti
tive use of the arm above the horizontal. Oedema 
and haemorrhage eventually lead to chronic inflam
mation, fibrosis and rupture of the rotator cuff. 
Impingement syndrome is also referred to as pain
ful arc and supraspinatus syndrome. It covers a 
spectrum of conditions, including subacromial bur
sitis, rotator cuff tendinitis and rotator cuff tears. 

The subacromial bursa lies lateral to and imme
diately beneath the acromion. Subacromial bursitis 
is essentially early impingement and tends to occur 
in younger patients. There is a dull aching pain 
deep within the shoulder that can often be related 
to activity. It improves with rest. There may be ten
derness over the lateral aspect of proximal humerus 
or on deep palpation of the subacromial space. 
Pain may be experienced between 60° and 100° of 
abduction (a painful arc) but there is usually a full 
range of movement. Patients should be advised to 
avoid activities that reproduce the symptoms 
and reviewed either in the emergency department 
or by their GP in 7-10 days. Physiotherapy, corti
costeroid injections or alternative diagnoses may 
then be considered. 

Rotator cuff tendinitis most commonly affects 
supraspinahis. Patients frequently have a history 
of episodes of shoulder pain (possibly an episode 
of subacromial bursitis) and complain of a deep, 
aching discomfort that interferes with normal daily 
activities. It also affects sleep. There will be pain 
and tenderness on the lateral aspect of the deltoid 
and proximal humerus, which is worse with active 
abduction (but not passive abduction). Crepitus 
may be felt when movement is attempted. Move
ment will generally be restricted. The best way to 
reproduce impingement is by passive abduction or 
rotation of the shoulder across the patient's body 
with the arm abducted to 90° and the elbow flexed 
to 90°. The patient should be warned that this 
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movement may produce pain. Reduction in pain by 
at least 50% after injection of 10 ml of 1 % lidocaine 
into the subacromial space can help distinguish 
pain of impingement from otl1er causes of shoulder 
pain. Plain radiographs may show acromio
clavicular joint arthritis but are often normal. If ten
dinitis is considered to be the likely diagnosis in the 
emergency department, then tl1e aim of treatment 
is to reduce pain and inflammation and prevent 
further progression. Rest and activity modification 
combined with analgesia and anti-inflammatory 
drugs may initially suffice but patients should be 
advised to consult their GP if symptoms progress. 

Acute rotator cuff tears are considered in 
Chapter 25. Chronic impingement accounts for 
most chronic tears and may not be related to a 
specific injury recalled by the patient. It is often 
impossible to distinguish tears from rotator cuff 
tendinitis. Patients are middle-aged or older and 
complain of gradual and progressive pain which is 
worse at night. There is restricted active abduction 
and external rotation. Patients are often w1able to 
hold the arm abducted and there is crepitus and 
pain on passive movement. Radiographs may show 
a non-specific sclerosis of the humeral head, degen
erative joint disease at the acromioclavicular joint 
and osteophytes. These patients require analgesia 
and a supportive sling followed by early ortho
paedic follow-up and physiotherapy. Although a 
number of specific tests of rotator cuff function can 
be used, these rarely allow the non-specialist to 
make an accurate anatomical diagnosis. Tendinitis 
or tear of the rotator cuff can be confirmed by ultra
sound or magnetic resonance imaging. 

The tendon of the long head of biceps traverses 
the bicipital groove anterior to the subacromial 
bursa. This tendon is best identified by palpating it 
in its groove as the patient rotates the humerus 
internally and externally. It may become inflamed 
and cause intense localized pain at the anterior 
aspect of the shoulder. Palpation of the tendon and 
resisted supination of the forearm will reproduce 
the pain. Analgesia, activity modification and rest 
will be required. 

Calcific tendinitis is a condition that appears to 
be wTielated to chronic impingement and is thought 
to represent primary tendon degeneration. There 
is deposition of calcium hydroxyapatite crystals 
within one or more tendons of the rotator cuff (again 
most commonly supraspinatus). These crystals are 
eventually spontaneously reabsorbed and it is at 
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Figure 3 1 .2: Radiograph of shoulder with calcium deposits visible within the rotator cuff. (Reproduced with 
permission from L. Solomon, D.J. Warwick and S. Nayagan (eds). Apley's System of Orthopaedics and Fractures, 

8th edition, published by Arnold, London, 200 I .) 

this stage that the patient experiences sudden 
severe shoulder pain. Any movement causes pain 
and patients tend to hold their arm in a similar 
manner to those who have dislocated the shoulder. 
Radiographs reveal calcific deposits in the rotator 
cuff (Fig. 31 .2). The pain, which is thought to be 
due to a relative increase in the pressure and vol
ume within the tendon during reabsorption, lasts 
for 1-2 weeks. Patients require adequate analgesia 
and steroid injection if the pain fails to resolve. 

Adhesive capsulitis is often referred to as a 
'frozen shoulder'. Following injury, recurrent inflam
mation or prolonged immobilization (such as after 
a stroke), the shoulder joint capsule becomes thick
ened and contracted. Pain initially limits motion. 
This immobility allows additional inflammation, 
fibrosis and thickening of the capsule. The range of 
joint motion is thus further resh·icted. The aetiology 
of this condition is unclear but autoimmune mech
anisms are implicated, given the strong association 
with diabetes and thyroid disease in these patients. 

The patient complains of poorly localized pain 
and an insidious onset of stiffness. The shoulder 
is stiff on examination, with marked reduction of 
active and passive motion. Often, no specific cause 
is found and the condition improves slowly with 
physiotherapy and analgesia. 

Osteoarthritis and rheumatoid arthritis com
monly affect the acromioclavicular joint but 
osteoarthritis seldom involves the glenohumeral 
joint, unless there is a predisposing cause such 
as an old fracture. The glenohumeral joint is best 
palpated anteriorly by placing the thumb over 

the humeral head (just medial and inferior to the 
coracoid process) and asking the patient to rotate 
the humerus internally and externally. Pain local
ized to this region is indicative of glenohumeral 
pathology and merits plain radiography and spe
cialist referral if symptoms do not settle with rest 
and analgesia. 

THE PAI N F U L  ELBOW 

The cause of elbow pain is often much more obvious 
than for pain in the shoulder or wrist. The most 
common causes of elbow pain are medial and lat
eral epicondylitis, olecranon bursitis, osteoarthritis 
and inflammatory arthritis. In medial epicondylitis, 
the insertion of the common flexor tendon is painful 
and inflamed (golfer's elbow). In lateral epicondy
litis, the common extensor tendon is inflamed (tennis 
elbow). Both conditions may occur spontaneously 
or result from repetitive strain. They are often unre
lated to either sporting activity. These patient 
require advice, rest and analgesia. Both condition 
settle spontaneously with time, but occasionally 
become disabling and require follow-up and pos
sibly corticosteroid injections or rarely surgery. 

Tennis elbow: lateral epicondylitis 
Golfer's elbow: medial epicondylitis. 

Olecranon bursitis may occur as a result of 
infection of the bursa, spontaneously or following 



injury. Aspiration of the contents of the bursa may 
both be diagnostic and contribute to therapy. 
If the cause is thought to be infection, aspiration 
of the bursa and antibiotic therapy is required and 
flucloxacillin is the most appropriate choice until 
the results of a culture and sensitivity are avail
able. More commonly, olecranon bursitis is a ster
ile, inflammatory process resulting from local 
minor trauma ('student's elbow'). In these cases 
avoidance of further injury or pressure to the area 
and anti-inflammatory medication will result in 
resolution. It is important always to be aware that 
olecranon bursitis may be the first manifestation of a 
polyarticular inflammatory arthropathy. 

PAI N  I N  THE WRI ST, HAND AND 
F I N G ERS 

Focal or  unilateral, non-traumatic hand and fin
ger joint pain may result from overuse, infection, 
reactive arthritis or crystal arthropathy. In contrast, 
bilateral hand and finger joint pain suggests 
osteoarthritis or a systemic inflammatory arthritis. 
The pattern of joint involvement is perhaps 
more useful in the hand than for any other body 
region. Osteoarthritis may manifest as distal inter
phalangeal (DIP) and proximal interphalangeal 
(PIP) joint pain with bony hypertrophy. This 
may resul,t in the well-known Heberden's and 
Bouchard's nodes. In the acute phase these are 
inflamed and very tender. The nodules remain 
once the inflammation resolves but are no longer 
tender. Pain in the base of the thumb (first car
pometacarpal joint) is also highly suggestive of 
osteoarthritis. 

Rheumatoid arthritis tends to involve the PIP, 
metacarpophalangeal (MCP), intercarpal and car
pometacarpal joints with pain, stiffness and syn
ovial hypertrophy. The classic 'swan-neck' finger 
deformities and the ulnar deviation with volar 
subluxation at the MCP joints may be obvious. 
Psoriatic arthritis may also involve the DIP and 
PIP joints and the carpus with inflammatory pain, 
stiffness and synovitis. There may also be nail 
pitting or onycholysis. Gout commonly affects the 
small joints of the hand and will often be rec
ognized by the patient. It can be difficult to differ
entiate gout from a septic arthritis (Fig. 31 .3). 

Pain over the dorsum of the forearm, hand and 
wrist may be due to an inflammatory extensor 
tendon tenosynovitis, possibly caused by overuse, 
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Figure 3 1 .3 :  Gout in the hand. 

infection, gout or inflammatory arthritis. The diag
nosis of tenosynovitis may be suggested by local 
warmth and swelling and can be confirmed when 
pain is reproduced by maintaining the wrist in a 
fixed, neutral position and stretching the extensor 
tendons (by flexing the fingers) .  Focal wrist pain 
localized to the radial aspect may be caused by 
DeQuervain's tenovaginitis resulting from inflam
mation of the tendon sheaths of abductor pollicis 
longus or extensor pollicis brevis. 

Extensor tenosynovitis and DeQuervain's teno
vaginitis resulting from overuse are common causes 
of presentation to the emergency department. A 
history of excessive and w1accustomed activity is 
usually available. Classically, fine crepitus is palp
able as the patient flexes and extends the digits. 
Treatment consists of rest, anti-inflammatory medi
cation and splintage. In resistant cases later steroid 
injection or surgery may be required. 

Carpal twmel syndrome is another common 
cause of hand pain and results from compression 
of the median nerve within the carpal twmel to 
produce paresthesiae in the thumb and the index, 
middle, and radial half of the ring fingers. There 
may also be atrophy of thenar musculature. Symp
toms are classically present at night. Carpal turmel 
syndrome is commonly associated with pregnancy, 
oedema, osteoarthritis, inflammatory arthritis and 
infiltrative disorders. The diagnosis is suggested 
by a positive Tinel's or Phalen's sign. With each 
test, paraesthesiae in a median nerve distribution 
is induced or increased by tapping the volar aspect 
of the wrist (Tinel's sign) or asking the patient to 
press the extensor surfaces of the two flexed wrists 
against each another (Phalen's test). 
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Some patients who present to  the emergency 
department with wrist, hand or finger joint pain 
may have a small joint septic arthritis or an undiag
nosed carpal, metacarpal or finger fracture. Any 
suggestion of infection in the hand should be taken 
seriously and a senior review sought. A low thresh
old for plain radiographs of the wrist, scaphoid 
and hand should be maintained. If a specific diag
nosis cannot be made, conservative treatment with 
rest, activity modification, analgesia and out-patient 
or GP review will be required. 

T H E  PA I N F U L  H I P  

Diseases of the hip present with pain, stiffness, 
instability or deformity. Irritability in the hip is 
suggestive of acute inflammation and is manifest 
by acute pain and voluntary resistance to any move
ment (particularly internal rotation). Patients who 
complain of hip pain without any history of injury 
may have degenerative joint disease, trochanteric 
bursitis, iliopsoas bursitis or referred pain from the 
lumbosacral spine or knee. Septic arthritis and 
crystal arthropathy must always be considered 
with hip pain because as the joint is deep there will 
be little external evidence of inflammation. Assess
ments of injuries to the hip and problems associated 
with prosthetic hips are discussed in Chapter 26. 

If the hip pain is localized to the buttock and 
radiates down the back or outside of the thigh then 
it is likely to represent referred pain from the 
lumbosacral spine. This results from degenerative 
arthritis of the lumbosacral spine with involvement 
of nerve roots between L2 and Sl .  The pain com
monly follows a dermatomal distribution and is 
made worse by active movement and stretching of 
the nerve roots by straight leg raising. There may 
be neurological signs in the lower limbs and a 
history of back pain. 

If the hip pain is localized laterally to the area 
overlying the trochanteric bursa then trochanteric 
bursitis may be the cause. Because of the depth of 
this bursa, swelling and warmtl1 are usually absent 
although there will be tenderness directly over the 
greater trochanter. Ultrasound may be appropriate 
if there is suggestion of a septic bursitis. This will 
also allow the bursa to be drained. 

Pain from the hip joint itself tends to be localized 
anteriorly over the inguinal ligament with radi
ation down the front and medial aspect of the thigh 

or along the groin. The commonest cause of true 
hip pain in adults is osteoarthritis, although any 
rheumatological condition that affects the hip, spine 
or sacroiliac joints may present with hip pain. 
lliopsoas bursitis or a psoas abscess may mimic 
true hip joint pain. Pain associated with these 
conditions tends to worsen with extension of the 
hip. Patients therefore tend to flex and externally 
rotate the hip to reduce the pain from a distended 
bursa. 

Hip function in all of these conditions is best 
assessed by observing fue patient's gait, looking 
for deformity of the joint and assessing range of 
motiOn (Table 31 .6). Patients with acute hip joint 
pathology tend to have an antalgic (pain-relieving) 
gait. Patients with an antalgic gait lean towards the 
painful side and take short steps. A useful screen
ing test for hip irritability is to gently roll the leg as 
it lies extended on fue bed. The patient will resist 
rolling the painful hip and may experience pain. 
The common deformities in hip pathology are flex
ion, adduction and external rotation; these can often 
only be revealed by measuring true and apparent 
leg lengths and performing Thomas's test. 

True leg length is measured from the anterior 
superior iliac spine to tl1e medial malleolus. Appar
ent leg length is measured from a central point 
such as the pubic symphysis to the medial malle
olus. Apparent shortening indicates an adduction 
deformity. In Thomas's test, the patient is asked 
to lie on their back and flex fue good hip and knee 
to bring the knee as close to the chest as possible. 
Flexion deformity in the diseased hip will be 
revealed if the patient is w1able to maintain full 
extension of the hip. An alternative is to ask the 
patient to flex both hips and knees as far as they 
can and then ask them to lower the bad leg whilst 
the good side is being held. Adduction or flexion 
deformities are signs of chronic disease and, 

Table 3 1 .6: Range of movement at the hip 

Movement Normal 

Flexion 1 25°  
Extension 20° 
Abduction 45° 
Adduction 45° 
Internal rotation 45° 
External rotation 45° 



together with the results of plain radiography, will 
often confirm degenerative joint disease. 

Patients with chronic hip problems should be 
provided with adequate analgesia and walking aids 
if necessary. They should then be followed up by 
their GP. If there is any uncertainty as to whether an 
elderly patient may have fallen prior to the onset 
of pain, then a hip fracture should be excluded. It 
may be necessary to review the patient in the 
emergency department with repeat radiographs in 
these cases. Patients with acute bursitis should be 
treated conservatively once infection has been 
excluded. Those with referred pain should have 
the underlying condition assessed and, if possible, 
be referred for specialist advice. 

Very occasionally, an elderly patient who can 
still walk, albeit with discomfort, will be found to 
have a fractured neck of femur (usually impacted) .  

Always have a low threshold for X-raying painful hips 
in the elderly. 

THE  PA I N F U L  K N E E  

There is a wide range of causes of knee pain. The 
knee is often affected by osteoarthritis and inflam
matory, septic and crystal arthropathies. Bursitis, 
soft-tissue injuries, chronic knee pain syndromes 
and referred pain from the hip occur frequently. In 
addition, bone hunours and exostoses are also rela
tively common around the knee. Thus, evaluation 
of knee pain unrelated to injury can appear daunt
ing. However, most conditions can be approached 
logically and the joint is easy to examine and inves
tigate by aspiration and plain radiography. 

The four cardinal symptoms of mechanical dis
ruption of the knee are: 

• giving way 
• locking 
• swelling 
• pain. 

Patients may present to the emergency depart
ment with a meniscal tear, articular cartilage or 
ligament injury which has arisen following an 
apparently minor stress some time previously. 
Thus, a full assessment of the integrity of the liga
ments and menisci of the knee should be under
taken (see Chapter 26). 
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A common presentation is an acutely painful 
and swollen knee with no apparent cause. This may, 
rarely, be a septic arthritis but is more commonly a 
first presentation of reactive arthritis or crystal 
arthropathy. Less frequently, it may represent sud
den onset of rheumatoid arthritis. In any case, the 
principles of history, examination and investiga
tion discussed above apply. 

With regard to intermittent exacerbations of 
chronic knee pain, the most common complaint 
is of non-specific anterior knee pain caused 
by malalignment, osteochondral injury, degener
ative change or chondromalacia patellae. Other 
causes of pain apparently unrelated to injury 
are Osgood-Sch.latter 's disease, Sinding-Larsen
Johansen syndrome and patellar tendinitis. All of 
these improve with symptomatic management 
and physiotherapy. 

Several forms of bursitis may also present as 
knee pai.n .. The prepatellar bursa is superficial and 
is located over the inferior portion of the patella. 
The infrapatellar bursa is deeper and lies beneath 
the patellar ligament before its insertion on the 
tibial tubercle. The pes anserine bursa underlies 
the semimembranosus tendon and may become 
inflamed and painful owing to overuse or inflam
mation. Anserine bursitis manifests primarily as 
point tenderness inferior and medial to the patella 
(over the medial tibial plateau). In contrast to 
prepatellar and infrapatellar bursitis, swelling and 
erythema may not be present and this condition 
may easily be misdiagnosed. 

PA I N  I N  THE  ANKLE ,  FOOT AND TO ES 

The ankle is a s  equally susceptible to the inf.lam- · 

matory and non-inflammatory arthritides as other 
weight-bearing joints in the lower limb. Pain may 
also result from chronic sprain (recurrent injury in 
the past). There is often little evidence of acute injury 
on presentation but radiographs may reveal sub
luxation due to repeated lateral ligament injury and 
weakness. In most cases pain will settle with rest, 
analgesia and physiotherapy. 

Pain in the joints of the foot may arise from col
lapse of the longitudinal arch (flat feet), collapse of · 

the transverse arch (metatarsalgia), osteoarthritis 
of the mid-foot joints, stress fractures and plantar 
fasciitis. Most of these conditions are readily 
identifiable from the history, examination and plain 
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radiography. Bone scans may b e  required to diag
nose a stress fracture. 

Plantar fasciitis is inflammation at the attach
ment of the plantar fascia to the medial calcaneal 
tubercle. It may be a manifestation of reactive 
arthritis . The patient complains of pain tmder the 
heel that is worse on standing after a period of rest 
but improves with walking. Firm pressure on the 
medial calcaneal tubercle reproduces the pain. 
Treatment involves provision of analgesia and a soft 
heel pad. Metatarsalgia is pain under the metatarsal 
heads (usually the second and third) following col
lapse of the transverse arch (often associated with 
obesity). The forefoot is broad and there are callos
ities beneath the metatarsals. Treatment involves 
analgesia and provision of a transverse arch and 
weight-supporting insole. Morton's metatarsalgia is 
due to a fibrous thickening of a digital nerve, usually 
between the third and fourth metatarsals. Chronic 
or repetitive trauma is thought to be responsible. 
Lateral pressure produces pain that may radiate to 
the toes. Diagnosis may only be confirmed by mag
netic resonance imaging or surgical exploration. 

Pain in the big toe is classically associated with 
gout. Otherwise, the toes can be involved in inflam
matory and non-inflammatory arthritis in similar 
ways to the hands and fingers. Other conditions 
include hallux valgus (bunions), hallux rigidus 
(osteoarthritis of the metatarsophalangeal joint of 
the great toe), hammer toe and claw toes. These toe 
deformities may give rise to metatarsalgia and pain 
secondary to the formation of callosities. 

The first metatarsal head is exposed with hallux 
valgus as the great toe drifts laterally. A bunion is 
then formed which contains a bursa and thickened 
skin. Hallux rigidus presents as stiffness and pain 
in the first metatarsophalangeal joint. Unlike gout, 
there is no evidence of acute inflammation and 
radiographs show osteoarthritic changes. A hammer 
toe is a fixed flexion deformity at the PIP joint. Pain 
often arises from the overlying callosity rather 
than the joint itself. Claw toes are toes with flexion 
deformities of both interphalangeal joints. 

In this brief discussion of pain in the foot and 
toes, it should be clear that management of these 
conditions is largely outside the scope of the emer
gency department. Most patients should be referred 
back to their GP for further referral to podiatry 
or orthopaedic services. Treatment often requires 
specialist advice, physiotherapy and the creation 
of arch supports . .  

Septic arthritis, crystal arthropathies and reactive 
arthritis may all present as acute arthritis in the foot. 

I M PORTANT C O ND IT IONS  

Arguably the most important causes of joint pain 
presenting to the emergency department are septic 
arthritis, reactive arthritis, crystal arthropathies 
and degenerative joint disease. These are all con
sidered in further detail below. 

SEPT IC  ARTHR IT I S  

An infected joint is an emergency. Articular car
tilage can be destroyed within a relatively short 
period following bacterial proliferation and acute 
inflammation. While staphylococci, streptococci, 
Haemophilus influenzae and Neisseria gonorrhoeae 
are the most common causes of septic arthritis, 
mycobacteria, spirochaetes, fungi and viruses can 
also infect joints. 

The commonest organism responsible for septic 
arthritis is Staphylococcus aureus but the clinical 
presentation is the same for all pyogenic organisms. 
They reach the joint by haematogenous spread, 
following a penetrating injury of the joint or rarely 
as a result of infection spreading from an adjacent 
focus of osteomyelitis. The result is a sudden acute 
arthritis with classic signs of inflammation. 

The knee is most often affected by septic arthritis. 

There may be an obvious focus of infection else
where in the body but it is normal to find no pre
cipitant. There is an increased incidence of septic 
arthritis in patients with gout, rheumatoid arthritis 
and immunosuppressio . It is important to realize 
that acute gout and septic arthritis may coexist. 
Intravenous drug users, immunocompromised indi
viduals and patients with in-dwelling catheters for 
dialysis or parenteral medications are at increased 
risk of Gram-negative bacterial arthritis. This may 
occur in unusual joints such as the sacroiliac or 
sterno-clavicular joints. 

The affected joint is generally clearly inflamed 
unless it is a deep-seated joint like the shoulder or 



hip. Movements at the joint are restricted and there 
is local tenderness. Ultrasound may be required to 
demonstrate (and aspirate) an effusion in deeper 
joints. Systemic upset with fever and rigors is 
common. 

Aspiration of the suspected joint is the most 
important investigation and will be diagnostic. 
A full blood count and blood cultures should also 
be checked if the patient is unwell. Radiographs 
may be normal or show evidence of an effusion 
only (displacement of capsular fat planes). They 
may also reveal an underlying joint condition that 
may have predisposed the patient to infection. 

Normal synovial fluid contains fewer than 
180 white cells µ,l- 1 . These are predominantly 
mononuclear cells. White cell counts averaging 
100 000 µ,1- 1 (range 25 000-250 000 µ,l-1), with more 
than 90% neutrophils, are characteristic of acute 
bacterial infections. Crystal-induced, rheumatoid 
and other non-infectious inflammatory arthritides 
are usually associated with fewer than 30 000-50 000 
white cells µ,1-1 . Counts of 10 000-30 000 white cells 
µ,1-1, with 50-70% neutrophils and the remainder 
lymphocytes, are common in mycobacterial and 
fungal infections. Definitive diagnosis relies on 
identification of the bacteria on Gram-staining, 
isolation from cultures of synovial fluid and blood, 
or detection of microbial nucleic acids and proteins 
by polymerase chain reaction (PCR)-based assays 
and immunological techniques. 

Once the diagnosis is made, the joint should 
be immobilized and antibiotics commenced. Blind 
therapy with intravenous benzyl penicillin and 
flucloxacillin should be started pending results of 
microscopy, Gram-staining and culture. Penicillin
allergic patients should have erythromycin. In£ected 
joints should then be drained and, ideally, irrigated 
in the operating theatre. With effective treatment, 
resolution of symptoms occurs within a week. 

REACT IVE ARTHR IT I S  

Reiter 's syndrome consists of a triad of: 

• seronegative arthritis 
• non-specific urethritis 
• conjunctivitis. 

Two types are described, an artlu·itis which fol
lows a gastrointestinal infection and an arthritis 
which follows a non-specific urethritis. Typical 
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enteric infections that precipitate Reiter 's syn
drome are caused by Shigella, Salmonella, Yersinia 
and Campylobacter species. In both cases, an acute 
monoarthritis or oligoarthritis occurs within 
approximately 2 weeks of an enteric or venereal 
infection. The knees, ankles and feet are the most 
common sites and the arthritis is typically an asym
metrical mono- or oligoarthritis. In Reiter 's syn
drome there is an associated urethritis with mild 
dysuria and a sterile urethral discharge. Rarely, cir
cinate balanitis (a rash around the glans of the penis) 
may be present. A third of patients have a mild 
bilateral conjunctivitis that resolves spontaneously. 
In very few patients the classic pustular rash and 
scaling of the skin of the soles of the feet and toes 
(keratoderma blenorrhagica) may be seen. Patients 
may not recognize symptoms associated with 
the urethritis and conjunctivitis unless specifically 
asked. 

Reactive arthritis has all the same characteristics 
of Reiter's syndrome but without the associated 
conjunctivitis and urethritis. It is much more com
mon than the classic triad of Reiter 's syndrome 
and is the commonest cause of acute arthritis in 
young men. 

The diagnosis of reactive arthritis and Reiter 's 
syndrome is purely clinical. The acute arthritis may 
be very difficult to differentiate from septic arthritis 
or gout and the possibility of reactive arthritis may 
be suggested by the history alone. Acute-phase 
proteins will be elevated in the initial stages but 
other investigations are of little value. Synovial fluid 
analysis will reveal a sterile inflammatory fluid. 

Once infection has been excluded, the patient 
should be referred to a rheumatologist for further 
management. This consists of resting the joint and 
providing non-steroidal anti-inflammatory drugs. 
Other anti-inflammatory agents and immuno
suppressants may also be used. The acute arthritis 
resolves within a few weeks but many patients go 
on to develop recurrent synovitis and joint effusions. 

CRYSTAL ARTHROPATHY 

Several types of  crystal can be  deposited in  joints 
and cause acute arthritis. Monosodium urate, 
calcium pyrophosphate, calcium hydroxyapatite 
and calcium oxalate can induce acute or chronic 
artlu·itis or periartlu·itis. In spite of differences 
in crystal morphology, chemistry and physical 
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Table 3 1 .  7 :  Causes of hyperuricaemia 

Impaired excretion of uric acid: 
Id iopathic gout 
Chronic renal disease 
Drug therapy (thiazide diuretics) 
Hypertension 
Primary hyperparathyroidism 
Hypothyroidism 
Increased lactic acid production (alcohol, starvation) 

Increased production of uric acid: 
Idiopathic gout 
Increased turnover of purines due to 

myeloprol iferative and lymphoprol iferative 
disorders 

I ncreased purine synthesis (due to inborn errors 
of metabol ism) 

properties, the clinical events that result from 
deposition and release of these microcrystals are 
usually indistinguishable. The type of crystal 
involved can only be identified by synovial fluid 
analysis. The generic term gout is often used to 
describe the whole group of crystal-induced arthro
pathies, although it refers specifically to mono
sodilll11 urate crystal deposition. Pseudogout is 
used to describe the arthritis associated with cal
cium pyrophosphate crystals. 

Gout is caused by hyperuricaemia secondary to 
overproduction or under-excretion of uric acid. A 
high dietary intake of purines can be an additional 
factor. Uric acid is the final step in the breakdown 
pathway of nucleoprotein and purines. The final 
two stages are the conversion of hypoxanthine to 
xanthine and of xanthine to uric acid. Both of these 
reactions are catalysed by the enzyme xanthine 
oxidase. Uric acid is then excreted by the kidneys. 
Most patients with idiopathic gout have increased 
uric acid production and a small degree of impaired 
renal excretion. There is, however, a wide range 
of causes of hyperuricaemia and these should be 
considered in all patients (Table 31 .7). Asympto
matic hyperuricaemia is 10 times more common 
than gout. 

Gout predominantly affects men and often 
begins in middle life. The classic acute episode 
begins in the early hours of the morning with severe 
pain in the big toe. Dietary or alcohol excess is often 
the immediate precipitant although drugs can also 
be to blame. Joints of the lower limb are most often 
involved and the attack is most commonly an acute 

monoarthritis. The joint is red, warm, swollen and 
tender. Examination of the synovial fluid and meas
urement of serum uric acid are the only useful 
investigations, although the differential diagnosis 
must always include infection, reactive and acute 
inflammatory arthritis. Following repeated attacks 
of gout there may be permanent deposition of urate 
in and around joints. When these gouty 'tophi' are 
present, the diagnosis is much easier. 

Polarized-light microscopy of synovial fluid 
can identify most typical crystals, although more 
sophisticated techniques are required to confirm 
the presence of calcium hydroxyapatite. Mono
sodium urate crystals are long, needle-shaped, 
negatively birefringent and usually intracellular. 
Calcium pyrophosphate crystals are usually short, 
rhomboid-shaped and positively birefringent. 
Otherwise, the synovial fluid characteristics are 
non-specific and can be either inflammatory or 
non-inflammatory. It must always be recognized 
that the presence of crystals does not exclude the 
existence of an associated acute or, more rarely, 
chronic infection. 

Serum uric acid will always be detectable during 
an episode of acute gout but it may not be abnor
mally high and there is a high incidence of false
positive and false-negative results. 

A normal or high uric acid neither confirms nor 
excludes the diagnosis of acute gout. 

A very low serum uric acid does, however, 
make the diagnosis of acute gout very unlikely. 
Acute attacks are treated with indomethacin or 
alternative non-steroidal anti-inflammatory drugs. 
Aspirin should not be used. Once the acute attack 
has settled, the patient should be advised to reduce 
uric acid levels and consult their GP if symptoms 
persist or recur. Uric acid levels can be reduced by 
weight loss, reduction in alcohol intake, withdrawal 
of drugs such as thiazide diuretics and avoidance 
of food and drinks containing high levels of purines 
(game and lager). In some cases, the patient will 
require admission to control pain, exclude other 
causes of acute arthritis and investigate the under
lying cause. In the long r term, a xanthine oxidase 
inhibitor or a uricosuric agent can be prescribed. 

Pseudogout generally affects older people, with 
an equal sex ctistribution. It produces an acute arth
ritis, which is similar to osteoarthritis and genera y 



affects large, weight-bearing joints. The affected 
joint is painful, warm and swollen, with a large 
effusion. It is a more difficult condition to treat than 
acute gout but the principles are the same. 

D E G E N E RATIVE  J O I NT D I S EASE  

This term is used to describe the chronic arthritic 
conditions that primarily affect the joints and are 
frequently seen in the emergency department. They 
include osteoarthritis and rheumatoid arthritis. 

Osteoarthritis is the commonest type of arth
ritis. It is present in 20% of the population as a whole 
and in 50% of those aged over 60 years. It is primar
ily a disease of cartilage that becomes progressively 
eroded and thinned. Pain is typically in the knees, 
hips and hands and is made worse by activity. Pain 
therefore tends to be worse towards the end of the 
day and is relieved by rest. There is thickening of 
subchondral bone, so affected joints become char
acteristically swollen with hard, bony swellings 
as well as effusions. There is marked crepitus with 
movement. In the knee, varus and valgus joint 
deformities may be particularly troublesome as the 
disease progresses. Although osteoarthritis is char
acterized by joint inflammation, there is no systemic 
involvement and thus no systemic illness. 

Radiographic changes with osteoarthritis are 
characteristic. There is narrowing of the joint space 
(owing to loss of cartilage) accompanied by forma
tion of osteophytes at the margin of the joint. 
Sclerosis of the subchondral bone and formation of 
bone cysts may also occur (Fig. 31 .4) . There are no 
diagnostic markers for osteoarthritis and acute
phase proteins are generally not elevated. 

Treatment involves analgesia with simple anal
gesics and non-steroidal anti-inflammatory drugs. 
Physiotherapy is effective in maintaining muscle 
power and knee and hip movement. An increasing 
number of patients eventually undergo prosthetic 
joint replacement. 

RHEU MATO I D  ARTH R IT I S  ( F I G .  J 1 . 5 )  

Rheumatoid arthritis is a common, chronic systemic 
disease that produces a symmetrical inflammatory 
polyarthritis with progressive joint destruction 
and disability. It affects about 2% of the population 
and can begin at any age. It most often starts in the 
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· Figure 3 1 .4: Radiographic changes of osteoarthritis. 

30-40-year-old age group. It is an autoimmune dis
ease, which has many extra-articular manifestations. 
It is, however, primarily a disease of the synovium. 
Synovial inflammation and proliferation account 
for much of the joint destruction. 

Rheumatoid arthritis usually presents with the 
insidious onset of pain and stiffness in the small 
joints of the hands and feet. In 25% of cases it pres
ents as arthritis of a single joint, such as the knee. 
An acute onset is sometimes seen in the elderly. 
Joint pain is worse on waking in the morning and 
is associated with marked stiffness that may take 
several hours to improve. Fatigue and general 
malaise are often associated with rheumatoid arth
ritis, as are a number of other non-articular condi
tions such as bursitis, tenosynovitis, anaemia and 
carpal tunnel syndrome. 

Diagnosis relies initially on clinical features and 
the presence of rheumatoid skin nodules. These 
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Figure 3 1 .5: Clin ical appearance of rheumatoid 
arthritis. 

are seen in 20% of cases and are most often felt on 
the ulnar surface of the forearm. Radiographic 
abnormalities are also characteristic. There is loss 
of joint space and erosions on the articular surface 

of affected joints. Subluxation and destruction of 
joints may be seen. Serum tests for rheumatoid 
factor (an autoantibody) are positive in approxi
mately 80% of patients and inflammatory synovial 
fluid can be aspirated from affected joints. 
Treatment involves specialist rheumatology input 
to protect joints, relieve symptoms, modify the dis
ease process and manage the wide spectrum of 
complications. 
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DERMATOLOGY 

• I ntroduction 
• Assessment 
• Skin infections and infestations 
• Dermatological manifestations of systemic disease 
• Urticaria, al lergy and drug reactions 

I NTRODUCT ION  

Many patients present to emergency departments 
for assessment and treatment of a skin rash. As 
there are few genuine dermatological emergencies, 
these patients are generally given a low priority, an 
abbreviated consultation and referral back to their 
general practitioner (GP). It is, however, import
ant that dermatological emergencies and presen
tations of serious systemic disease as a rash are 
identified and appropriately managed. 

Genuine dermatological emergencies are rare but 
important. 

With these exceptions most patients can be safely 
discharged to their GP, who generally has more 
experience of the management of rashes. However, 
explanation, reassurance and, when applicable, 
symptomatic relief may be necessary. 

This chapter covers the assessment of skin dis
ease with particular reference to important factors 
in the history and examination. The immediate 
management of dermatological emergencies and 
other acute and common conditions that present 
to emergency departments, is also discussed. We 
have not provided black and white illustrations 
of rashes and the reader is referred to a suitable 
colour illustrated text (see Further Reading) to aid 
visual identification of specific rashes. 

C H A P T E R  T H I R T Y  T W O  

• Reactive erythema 
• Bullae 
• Eczema 
• Psoriasis 
• Further reading 

ASSESSMENT  

As in most forms of diagnosis the history plays a 
pivotal role in the diagnosis of rashes (Table 32.1) .  
Questions to elucidate the pattern and time course 
of evolution of the rash are followed by specific 
enquiry to search for causal factors. Many rashes 
that develop rapidly and therefore cause alarm 
to patients are related to allergy, and often to the 
use of a new type of medication or exposure to an 
environmental allergen. The association of the rash 
with systemic features such as nausea or vomiting 
is particularly important as it suggests the pres
ence of systemic illness. This may, however, be a 

Table 32. 1 :  The dermatology history 

How long have you had the rash, on which part of 
your body did it start and how has it spread and 
changed? 

What other symptoms have accompanied the rash? 
Is it itchy? 

Any allergen exposure (known allergies, new 
medications, unusual food, chemical exposure)? 

Contact history - has anyone you know got a 
simi lar rash? 

Travel h istory. 

Past medical history of previous rashes, current or 
chronic other i l lness. Current medications. 

Any family history of skin disease? 
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Table 32.2: A dermatological glossary 

Erythema Redness 

Macule (macular) Areas of altered skin colour 
not raised above the surface 

Papule (papular) An area of altered skin colour 
raised above the surface 

Nodule (nodular) Palpable lesion within the skin 

Vesicle (vesicular) A raised skin lesion 
containing fluid 

Bulla (bullous) A large vesicle 

Circumscribed Lesions are separate and well 
demarcated at their edges 

Confluent Lesions joining together to 
form larger continuous areas 
of rash 

Scaling Separation of flakes of skin 
from the surface 

Crusting Implies exudate (serous, 
purulent or blood) from the 
surface 

Petechiae Tiny collections of blood 
within the skin 

Purpura Larger collections of 
intracutaneous blood 

Telangiectasia Di lated but intact blood 
vessels 

trivial and self-limiting viral infection or a major 
life-threatening illness such as meningococcal sep
ticaemia. Many skin diseases are recurrent, in which 
case there will be a past history of similar episodes, 
or relate to an existing systemic disease such as 
one of the connective tissue diseases. 

The examination will largely consist of an 
attempt to describe accurately the nature and distri
bution of the rash. The accurate use of certain terms, 
especially if communicating with a specialist, is 
vital to achieving a correct diagnosis (Table 32.2). 

S K I N  I N FECT IONS  A N D  
I N F ESTAT IONS  

A variety o f  viral, bacterial and fungal skin 
infections commonly present to emergency depart
ments. The results of infestation of the skin are also 
frequently seen. 

Table 32.3: Viral-induced skin rashes 

Herpes zoster 
Herpes simplex 
Molluscum contagiosum 
Erythema infectiosum 
Hand, foot and mouth disease 

VIRAL I N FECT IO N S  (TABLE  3 2 . 3 )  

The commonest forms of rashes related to vir 
infections are the childhood exanthemata, chicken
pox, measles and German measles. The chicken
pox virus (varicella zoster) can also cause shingles, 
usually following reacti ation of the virus, which 
remains dormant in the dorsal root ganglion for 
long periods. Severe and unremitting pain in the 
dermatome usually precedes appearance of the rash 
and therefore causes diagnostic difficulty. The com
monest sites are the thoracic region and the oph
thalmic division of the trigeminal nerve. Later 
eythema develops which is confined to the anatom
ical distribution of the dermatome and specifically 
does not cross the mid-line. This is followed by the 
appearance of vesicles which may become second
arily infected and crust. The lesions eventually heal 
over the course of a month. 

Patients who develop infection in the ophthal
mic division of the fifth cranial nerve are at risk of 
developing keratitis and corneal ulceration. They 
should be referred to an ophthalmologist for fur
ther management. In other cases a course of aci
clovir will speed resolution of the illness and may 
reduce the risk of subsequent postherpetic neural
gia if given early. Those patients who are immuno
compromised may develop more widespread 
infection and merit admission for treatment with 
intravenous aciclovir. 

The herpes simplex viruses may cause a variety 
of illnesses. A systemic illness of pyrexia with 
headache may be accompanied by a widespread 
ulcerative gingivostomatitis that may leave the 
patient unwilling to take fluids and therefore 
dehydrated and requiring admission for rehydra
tion. Following sexual transmission there may be 
an acute vulvovaginitis, and referral to a genitouri
nary medicine department should be made. 

On occasions, a patient with established eczema 
develops secondary infection with the herpe 
simplex virus known as eczema herpeticum. The 



patient is usually systemically unwell with a wide
spread vesicular eruption. Treatment with aciclovir 
should be commenced urgently and in-patient 
treatment will be required. 

Other virally induced skin conditions include 
molluscum contagiosum, which presents with a 
classic appearance of small shiny papules with 
central umbilication. It is most commonly seen in 
children and there is often a contact history. 
Untreated, it usually resolves over the course of 
several months leaving no scarring. 

Fifth disease (erythema infectiosum) often occurs 
in epidemics in the spring in children. Marked ery
thema of the cheeks is accompanied by an upper 
body erythema that may be reticulate. The child is 
systemically well and no treatment is indicated. 
Hand, foot and mouth disease presents again mostly 
in children, with buccal ulceration and a vesicular 
eruption on the hands and feet. Again the child is 
systemically well and no treatment is indicated. 

BACTER IAL I N FECT IONS  
(TABLE  3 2 .4)  

The commonest micro-organisms responsible for 
bacterial skin infections are staphylococci and 
streptococci. Cellulitis is infection of the skin and 
subcutaneous tissue, usually by Streptococcus pyo
genes. The classic clinical signs of infection, heat, 
erythema, swelling and tenderness are present 
with a varying degree of systemic illness. Signs of 
spreading infection, particularly lymphangitis, 
may also be seen. A search for a portal of entry for 
the infection must be made. This may reveal treat
able causes such as athlete's foot. Underlying 
problems such as diabetes and neuropathy should 
also be considered. Treatment consists of rest, ele
vation and antibiotics. The most appropriate anti
biotic is penicillin V, though more broad-spectrum 
antibiotics are commonly used. Admission for 
intravenous antibiotics is indicated where there is 

Table 32.4: Bacterial-induced skin disease 

Cellul itis 
Erysipelas 
Impetigo 
Fol liculitis, furunculosis, carbuncles and paronychia 
Erysipeloid 
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significant systemic illness, failure to respond to 
oral antibiotics or where the patient is unable to 
manage their condition at home. 

Erysipelas is also a streptococcal infection but 
usually involving the face and with a more acute 
onset and marked systemic illness. The erythem
atous area is circumscribed and indurated. Again 
treatment is with penicillin, but is often as an 
in-patient to allow parenteral administration. 

A spectrum of infections caused by Staphylococ
cus aureus may occur. Folliculitis is infection of the 
hair follicles and responds to treatment with flu
cloxacillin. The infection may develop into furun
culosis (boils) or even a carbuncle when multiple 
collections of pus have formed.  In these cases treat
ment is by incision and drainage of the collection 
of pus. Antibiotics are usually not indicated. 
Infection in the nail fold may lead to the develop
ment of a paronychia where pus collects and may 
extend under the nail. Again treatment is adequate 
drainage of the pus, usually under a local anaes
thetic ring block. 

Impetigo is a virulent and contagious infection 
often occurring in outbreaks in schools. On exam
ination in the early stages there is a collection of 
vesicles that break down, leaving a typically golden
coloured, encrusted area, often on the face. Bacterio
logical analysis usually demonstrates infection 
with either Staphylococcus aureus or a streptococ
cus. Treatment with oral penicillin and flucloxacillin 
should be accompanied by advice to reduce spread 
of infection. 

Unusual infections of the skin include erysipeloid 
caused by Erysipelothrix insidiosa. This is an occu
pational disorder occurring in patients who handle 
infected meat or fish. It presents as a slowly enlarg
ing, purple area with a raised edge. It responds 
rapidly to treatment with penicillin. In wounds 
sustained in or around fish tanks, infection with 
atypical mycobacteria may occur, causing fish-tank 
granulomata. These respond poorly to antibiotics 
and diagnosis is often only made after biopsy of 
the lesion. 

F U N GAL I N F E CT I O N S  (TABLE  3 2 . 5 )  

Fungal infections of the skin not uncommonly 
present to emergency departments as a result of 
failure to respond to initial management from the 
GP. Tinea infections are caused by dermatophyte 
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Table 32.5: Fungal infections 

Tinea pedis, t. cruris, t. corporis, t. unguium 
Candidiasis 

organisms and are suffixed by the anatomical loca
tion of the infection. 

The commonest infection is tinea pedis or ath
lete's foot. On occasions patients present with this 
as the primary complaint. A macerated area of 
skin, usually in the web space between fourth and 
fifth toes, is diagnostic. More commonly, it is found 
either coincidentally during examination or as a 
portal of entry for a lower limb cellulitis. In either 
case it should be treated with a 2-week course of 
antifungal agents, which can be purchased with
out prescription from a chemist. General advice 
regarding regular hygiene may be necessary. 

Tinea cruris (Dhobi itch) occurs in the skin folds 
of the groins as an irritant area of raised erythema 
with scaling. T. corporis has a similar appearance 
on the trunk, though on occasions as the lesion 
enlarges the central area of skin clears, leaving 
a target appearance. Both conditions are again 
simply treated with proprietary antifungal agents. 

Fungal infection of the nails (T. unguium) will 
eventually produce a thickened, separated, yellow 
nail. Accurate diagnosis should be obtained by 
taking scrapings, as treatment involves a pro
longed course of antifungal agents. 

Infection with Candida albicans is most com
monly recognized in the mouth as plaques of 
white material which leave a raw base when 
removed. Treatment is with nystatin or ampho
tericin. Candida may also superinfect areas of 
intertrigo, as in the groins, abdominal wall and 
inframammary areas. General advice regarding 
drying and hygiene in combination with a topical 
antifungal agent is usually effective. Infections 
involving the genitalia are dealt with in Chapter 18 
but should prompt investigation for undiagnosed 
diabetes mellitus. 

I N FESTAT I O N S  (TABLE  3 2 .6 )  

Scabies is caused by infestation with the mite 
Sarcoptes scabiei. The female mites form burrows, 
usually in the web spaces of the hands or on the 
palmar surfaces of the wrists and extensor aspects 

Table 32.6: Infestations 

Scabies 
Pediculosis 
Papular urticaria 

of the elbows. As transmission of infection requires 
prolonged bodily contact, spread often occurs after 
sexual contact. Lesions on the genitalia are occa
sionally seen. 

The condition presents with a gradual onset of 
itching, which becomes severe and intractable par
ticularly in warm weather and when in bed. Any 
rash is usually as a result of scratching. On exam
ination the burrows are usually visible as greyish 
tracks in the appropriate regions. The mite is 
sometimes visible within the burrow, which can be 
scraped open and its presence confirmed. Effective 
treatment with malathion or gamma benzene 
hexochloride is available, though clear instructions 
to treat all family members and sexual partners is 
needed. 

Infestation with body lice (pediculosis) com
monly affects the head, trunk or genitalia. The 
eggs of the lice are attached to the base of the hair 
follicles and are associated with itching. The lice 
are often seen around the genitalia. Secondary 
bacterial infection may occur. Treatment with mala
thion solutions should include treatment of contacts 
and be repeated after a week. 

Papular urticaria presents as an irritant papule 
predominantly distributed on the limbs. It is a result 
of an allergic response to an insect bite and may 
be delayed in onset by several days. Treatment is 
symptomatic with antihistamines. Precautions to 
prevent further episodes may include disinfesta
tion of house or pets. 

D ERMATOLOG ICAL MAN IFESTAT IONS  
OF  SYSTEM IC  D ISEASE  

Many major systemic diseases may present with 
dermatological features. A list of these is provided 
in Table 32.7. Accounts f these are provided in the 
relevant sections of this text or in medical text . 
One particularly worrying finding is that of pu -
pura and a rapid assessment of the differential 



Table 32.7: Systemic diseases with dermatological 
manifestations 

Collagen vascular disorders and vasculitis: 
Systemic lupus erythematosus 
Scleroderma and systemic sclerosis 
Dermatomyositis 
Polyarteritis nodosa 

Endocrine and metabolic disorders: 
Diabetes mell itus 
Thyroid disorders 
Hyperlipidaemia 
Vitamin  deficiency 

Infections: 
Human immunodeficiency virus infection 
Viral exanthemata 
Toxic shock syndrome 
Meningococcal septicaemia 

Miscellaneous: 
Inflammatory bowel disease 
Sarcoidosis 
Liver disease 
Malignancy 
Arthropathies 

Table 32.8: Differential diagnosis of purpura 

Thrombocytopenia: 
Bone marrow replacement 
Drug induced 
Id iopathic 

Coagulopathy: 
Congenital (e.g. haemophi l ia) 
Acquired (e.g. warfarin, liver disease) 

Disorders of the vessel wall: 
Vasculitis (e.g. Henoch-Schonlein purpura) 
Emboli 
Fragility of vessel (steroid therapy) 

diagnosis is necessary to allow initiation of defini
tive management (Table 32.8). 

U RTICARIA,  ALLERGY A N D  DRUG 
REACT I O N S  

Patients with degrees of allergic reactions to a 
variety of substances may present to emergency 
departments. The degree of reaction may vary from 
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Table 32.9: Types of drug reactions 

Exanthemata 

Exfol iative 

Allergic vascul itis 

Fixed drug eruptions 

Bui Jae 

Photosensitivity 

Erythematous, maculo
papular and pruritic 

Red, scaly 

Papules and nodules 

Erythematous areas the 
same site with each 
ingestion 

Large blistered lesions 

Like sunburn in areas of 
light exposure 

anaphylactic shock (see Chapter 16) to mild cuta
neous manifestations. Often the provoking aller
gen may not be discovered. The skin eruption may 
consist only of erythema, although subcutaneous 
oedema may result in a pale papular central area. 
The lesions usually resolve within a few hours and 
will only recur if further exposure to the allergen 
occurs. Management consists of attempts to iden
tify the allergen from the history and symptomatic 
treatment with antihistamines. 

Angioedema is characterized by marked sub
cutaneous oedema occurring predominantly around 
the mouth or eyes. This may be life threatening if 
the swelling obstructs the airway. 

With the increasing range of medications avail
able to patients, either on prescription or without, 
drug reactions are an increasing cause of skin rashes. 
These may take a variety of forms (Table 32.9). 
Diagnosis is reliant on relating the onset of the rash 
to use of the medication. The disappearance of the 
rash on withdrawal of the medication adds evi
dence that the correct diagnosis was reached. 
Specific drugs may be associated with specific 
types of eruption. 

REACT IVE  ERYTH E M A  

Erythema nodosum and erythema multiforme are 
poorly recognized but not uncommon. Erythema 
nodosum is diagnosed by the appearance of ten
der papules occurring predominantly in groups 
along the shins, thighs and extensor aspects of the 
upper limbs. Histologically, the lesions are areas 
of acute inflammation in the subcutaneous fat. 
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Table 32. 1 0: Causes of erythema nodosum 

I nfective 

Drugs 
Idiopathic 
Sarcoidosis 

Streptococci, tuberculosis, infectious 
mononucleosis, fungal 

Contraceptive pi l l  

Inflammatory bowel disease 
Lymphoma 

Table 32. 1 I :  Causes of erythema multiforme 

Infections 

Drugs 
Malignancy 
Pregnancy 
Idiopathic 

Viral (herpes simplex), bacterial 
{streptococcus) or fungal 

The underlying causes are listed in Table 32.10. 
Management consists of investigating the differen
tial diagnosis, and a chest X-ray, anti-streptolysin-
0 titre and blood count are often performed. 
Symptomatic treatment includes use of an anti
inflammatory painkiller. 

Erythema multiforme is initially seen as erythe
matous lesions first noticed on the extremities and 
then spreading proximally. Classically, the lesions 
later become pale centrally in which a further lesion 
appears giving the 'target' appearance. The main 
causes are listed in Table 32.11 .  In its most severe 
form, the Stevens-Johnson syndrome, there is wide
spread blistering and oral ulceration with systemic 
illness. Investigation involves defining the cause 
from the differential diagnosis and specific treat
ment of the cause. Patients with Stevens-Johnson 
syndrome require admission. Otherwise courses of 
oral steroids may shorten the course of the illness. 

B ULLAE 

The differential diagnosis of  bullous skin dis
eases is shown in Table 32.12. Many of these are 
dealt with elsewhere in this chapter. Pemphigoid 
and pemphigus are autoimmune skin disorders 
characterized by bullae. In pemphigus the bullae 
are intraepidermal and easily disrupted. In pem
phi.goid, the bullae are subepidermal and more 

Table 32. 1 2: Differential d iagnosis of bul lae 

Infections 
Drug eruptions 
Pemphigus 
Pemphigoid 

Herpes, varicella, impetigo 

durable. In both cases urgent dermatological advice 
and treatment are necessary. 

Toxic epidermal necrolysis is a life-threatening 
condition usually resulting from a drug reaction. 
There is widespread loss of the epidermis associ
ated with systemic illness. Management consists of 
withdrawal of the precipitating medication and 
management of the skin similar to a burn wound. 

ECZEMA 

This common skin condition is largely diagnosed 
and managed by GPs, though patients may attend 
the emergency department as an initial presentation 
or with complications of the established condition. 
The appearances are of a scaly erythema predom
inantly affecting the flexor creases. The patient 
often complains of intractable itching. In cases 
where the cause is an exogenous allergen, the dis
tribution of the rash will match that of exposure. 

In endogenous eczema the affected individual 
is usually a child with a positive family history 
for eczema and a past history of other atopic dis
orders such as asthma. The first line of treatment is 
emollients, and decisions regarding the use of other 
medications such as steroid creams should be left 
to the GP responsible for the patient's long-term 
management. Oral antibiotics are indicated where 
there is evidence of secondary bacterial infection. 

In exogenous eczema, the patient should try to 
identify the allergen and avoid further contact. 
The allergen may be virtually any substance that 
the patient comes into contact with. Treatment of the 
presenting episode is otherwise as for endogenous 
eczema. 

PSOR IAS IS  

This is a chronic condition and the patient wi 
established psoriasis will usually seek help from 



their GP rather than the emergency department. 
However, in certain circumstances the develop
ment of symptoms may be so acute that emer
gency treatment is indicated. 

In erythrodermic psoriasis there is generalized 
erythema. This is often precipitated by changes in 
treatment or exposure to sunlight. Heat loss can 
result in hypothermia. The patient will require 
emergency management by a dermatologist. Pustu
lar psoriasis presents as patches of scaling and ery
thema with superimposed pustules on the soles and 
palms. Systemic illness develops and in its general
ized form admission is indicated. Guttate psoriasis 
presents acutely as multiple red scaly patches. 

F U RT H E R  R EA D I N G  4 1 5  

I t  often follows a n  acute streptococcal infection and 
clears after 4-6 weeks. Treatment with steroids or 
ultraviolet light may speed recovery. 
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C H A P T E R  T H I R T Y  T H R E E  
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EMERGENCIES 

• Introduction 
• Assessment 
• Differential diagnosis 

I NTRODUCT ION  

I t  is common for women with gynaecological 
emergencies to present to the emergency depart
ment. The presenting complaint is generally either 
lower abdominal pain or abnormal vaginal bleed
ing. On occasions the conditions may be life threat
ening, requiring early surgical intervention to 
prevent mortality. Patients with problems in late 
pregnancy often present directly to obstetric units 
and are less commonly seen in emergency depart
ments; however, the principles of dealing with 
obstetric emergencies, particularly in relation to 
trauma, are covered in the latter part of this 
chapter. 

ASSESSM E N T  

Just as in other areas of clinical practice, accurate 
diagnosis in obstetric and gynaecological problems 
requires a complete although focused history and 
examination. In addition, investigations such as 
pregnancy testing and ultrasound scanning may 
be required in order to help decide on a working 
diagnosis. 

• Other common gynaecological problems 
• Obstetrics 
• Further reading 

Table 33. 1 :  The gynaecology history 

Vaginal bleeding 
Abdominal pain 

Menstrual history 

Pregnancy 

Vaginal discharge 
Previous obstetric 

history 

H ISTORY 

How long and how heavy? 
How long, where and 

radiation? 
Normal cycle, last menstrual 

period? 
Result of pregnancy test. 

Contraception? 
Type? 
Expressed as Px + y 
X number of pregnancies 

>24 weeks 
Y number of pregnancies 

<24 weeks 

The history will initially focus on the presenting 
complaint although as a gynaecological diagnosis 
is considered, specific additional information will 
be required (Table 33. 1 ) .  

EXAMI NAT I O N  (TABLE  3 3 . 2 )  

As in other emergencies, initial consideration should 
be given to the airway, breathing and circulation. 
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Table 3 3.2: The gynaecology examination 

Abdominal examination 

Inspection of the vulva 
Speculum examination 

Bimanual examination 

Bartholin's cyst, trauma 
Observe cervical os 
Take bacteriologiocal 

specimens 
Vaginal wall lacerations 
Uterine and adnexal 

masses 
Local tenderness 
Cervical excitation (pain 

on moving the cervix) 

Shock is a common presentation in conditions 
such as ectopic pregnancy and measures to control 
bleeding and initiate fluid resuscitation must be 
commenced immediately on recognition of the 
haemorrhage. 

The examination of the gynaecological patient 
will then include an abdominal examination, with 
particular attention being paid to signs of preg
nancy, including auscultation of the fetal heart 
after 12 weeks' gestation. Vaginal examination, 
including speculum and bimanual examination, 
may be necessary. It is, however, important to limit 
these examinations to circumstances where the 
findings will result in changes to decisions regard
ing investigation and management. There is no 
value in performing intimate examinations that 
will not alter the emergency department manage
ment and will need to be repeated by the gynae
cologist. 

Vaginal examination is contraindicated in suspected 
ectopic pregnancy and late pregnancy bleeding. 

Emergency departments are uncomfortable 
places for patients to undergo vaginal examination. 
If this is necessary, the doctor must ensure that the 
examination takes place in a room where privacy 
can be ensured, interruptions avoided, and where 
the procedure cannot be overheard. A female chap
erone should be present (for both male and female 
doctors) and the procedure should be explained 
prior to the examination taking place. The patient's 
legs and pelvis should be covered by a sheet as 
much as possible throughout the examination. 

I NVEST IGAT I O N S  

A pregnancy test must be carried out on all females 
of potential child-bearing age (in other words 
from about 15 years, although pregnancy is pos
sible before this, to patients in their late 40s) . Most 
emergency departments are able to carry out sensi
tive near-patient pregnancy testing on urine sam
ples with minimal delay. Urinalysis for signs of 
infection should also be performed. 

The most useful imaging investigation is ultra
sonography. This is usually carried out transab
dominally but may be performed transvaginally 
where fine detail is required. Ultrasound is particu
larly useful in defining the position and viability of 
a pregnancy and in defining the nature of adnexal 
masses. 

DIFFERENT IAL  D IAG N O S I S  

The common gynaecological diagnoses to be con
sidered in the emergency department will now be 
considered individually. 

ECTO P I C  PREGNANCY 

This is defined as a pregnancy that has implanted 
outside the uterine cavity. The commonest site f 
implantation is in the fallopian tube. 

The diagnosis of ectopic pregnancy must be con

sidered in all women of reproductive age with abdom
inal pain. 

Ectopic pregnancy remains a cause of maternal 
death as a result of exsanguinating haemorrhage 
and occurs in up to 3% of all pregnancies. 

P r e s e n t at i o n  

Ectopic pregnancy may present with abdominal 
pain, vaginal bleeding or collapse as a result of 
haemorrhage. There may be a previous history of 
ectopic pregnancy or other conditions that pre
dispose to ectopic implantation, such as pelvic 



inflammatory disease or the use of an intrauterine 
contraceptive device. 

The abdominal pain is usually of sudden onset, 
severe and localized to the right or left side of the 
lower abdomen. 

Shoulder-tip pain is a classic though uncommon 

symptom of ectopic pregnancy. 

The menstrual history is usually of 5-7 weeks' 
amenorrhoea and vaginal blood loss is present in 
most, although not all, cases. 

Prior to rupture of the tubal pregnancy there is 
no haemodynamic abnormality although abdom
inal tenderness is usually found. Vaginal examin
ation, if performed, may reveal tenderness in the 
right or left fornix and cervical excitation. Following 
rupture there are signs of hypovolaemic shock 
with more diffuse abdominal signs. 

M a n a g e m e n t  

If the diagnosis of unruptured tubal pregnancy 
is suspected, intravenous access must be obtained 
and samples sent for a baseline blood count and 
group and save. A pregnancy test is performed. 
If the pregnancy test is positive the patient will 
require an ultrasound scan to determine the loca
tion of the pregnancy. 

Obtain senior help if you suspect a patient has an 

ectopic pregnancy. 

The diagnosis of ruptured ectopic pregnancy is 
usually made on the basis of abdominal pain and 
shock in a patient with a positive pregnancy test. 
Arrangements must be made to get the patient to 
an operating theatre as rapidly as possible. Blood 
should be cross-matched and intravenous fluid 
resuscitation commenced through wide-bore 
cannulae. 

Fluid resuscitation must not delay surgical inter
vention. 

EARLY PREGNANCY LOSS 

Spontaneous miscarriage i s  common, occurring in 
up to 40% of all pregnancies. Many women bleed 
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Table 33.3:  Types of early pregnancy loss 

Threatened miscarriage 
Inevitable miscarriage 
Incomplete miscarriage 
Missed miscarriage 
Septic miscarriage 

in early pregnancy but subsequently deliver nor
mal babies at full term. There is no treatment which 
will prevent miscarriage occurring and it is a dis
tressing condition for the patient. It is also import
ant to exclude other more serious conditions, such 
as ectopic pregnancy. 

The term miscarriage is preferable to abortion in 
discussions with patients with early pregnancy loss. 

Early pregnancy loss can be clinically divided 
into five categories (Table 33.3). 

P re s e n t at i o n  

The determination of the type of early pregnancy 
loss is predominantly based on the results of ultra
sound examination. A number of clinical findings 
may, however, inform this decision. 

In threatened miscarriage there is bleeding with 
a closed cervical os. The bleeding is usually light 
and pain may be minimal or absent. The prognosis 
for the pregnancy is good. 

In inevitable and incomplete miscarriage there is 
heavier bleeding, often accompanied by abdominal 
pain with an open cervical os. In incomplete mis
carriage products of conception are passed. If these 
are present in the cervical os they may produce a 
vagally mediated collapse. The products should be 
removed from the cervical os. 

Missed miscarriage occurs when there is fetal 
death but the os remains closed, with retention of the 
products of conception. In septic miscarriage there is 
infection of the retained products resulting in puru
lent vaginal discharge and possibly septic shock. 

M a n a g e m e n t  

For patients who do not have excessive bleeding or 
pain, most hospitals will have an early pregnancy 
assessment unit which can provide further inves
tigation and treatment, usually the following day. 
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Patients with profuse bleeding may require intra
venous fluid therapy. Those with evidence of sepsis 
should have swabs and blood cultures taken and 
be admitted for intravenous antibiotic therapy. 

It is important to consider at an early stage 
whether anti-D immunoglobulin therapy will be 
required to prevent rhesus iso-immunization. 
Guidelines are shown in Table 33.4. 

OVARIAN CYST D I S EASE 

Ovarian cysts may present a s  a n  abdominal emer
gency as a result of the cyst undergoing torsion, 
rupture or haemorrhage. 

P re s e n t at i o n  

Lateralized lower abdominal pain is present which 
may be severe and intermittent. Rupture of the cyst 
will result in peritonism. The patient may have a 
previous history of ovarian cysts or be undergoing 
ovarian stimulation as a treatment for infertility. 
Abdominal examination will reveal tenderness 
although the cyst itself is rarely palpable. Bimanual 
examination will reveal adnexal tenderness and 
possibly a mass. Appendicitis, pelvic inflammatory 
disease and ectopic pregnancy should be consid
ered as alternative diagnoses. 

Investigations should include a pregnancy test. 
Definitive diagnosis is by ultrasound scan. Prior 
to this effective parenteral analgesia should be 
provided. 

M a n ag e m e n t  

The patient should be referred to a gynaecologist 
for possible surgical intervention. 

Table 33 .4: Guidelines for administration of anti-D 
immunoglobulin 

Any rhesus-negative woman bleeding after 
1 2  weeks of pregnancy 

Any rhesus-negative woman: 
with an ectopic pregnancy 
with heavy bleeding or abdominal pain if 

gestation less than 1 2  weeks 
with inevitable, complete, septic or missed 

miscarriage at less than 1 2  weeks 

PELV IC  S EPS I S  (TABLE  3 3 . 5 )  

Pelvic inflammatory disease arises as a result of 
ascending infection through the genital tract in 
sexually active women. It has potentially serious 
sequelae, particularly secondary infertility. 

P re s e n t a t i o n  

The patient complains of lower abdominal pain 
with an offensive vaginal discharge. There may be 
symptoms and signs of sepsis, including pyrexia, 
flushing and tachycardia. Examination reveals 
lower abdominal tenderness with pain on cervical 
excitation. 

M a n a g e m e n t  

Bacteriological specimens should be taken whilst 
vaginal examination is being performed; these 
should include an endocervical swab for chla
mydia. A pregnancy test, full blood count and 
blood cultures are also required. Treatment con
sists of antibiotic administration (Table 33.6). 

Follow-up and contact tracing in a genitourinary 
medicine clinic must be arranged following detec
tion of chlamydia infection. 

Table 33.5 :  Types of pelvic sepsis 

Pelvic inflammatory 
disease 

I nfection of uterine 
contents 

Salpingitis 
Tuba-ovarian abscess 
Retained products of 

conception 

Table 33 .6: Antibiotic treatment of pelvic sepsis 

Type of infection 

Acute pelvic 
inflammatory disease 

Chlamydia 

Treatment 

Metronidazole + 
doxycycline (or 
erythromycin) + 
cefotaxamine 

Doxycycl ine 
(or erythromycin) 



OTH E R  C O M M O N  GYNAECOLOG ICAL 
PROBLEMS  

BARTHOL IN ' S  CYST  AND  ABSCESS  

The paired Bartholin's glands are situated in the 
posterior third of the vestibule and may become 
blocked, forming a cyst. This may subsequently 
become infected, resulting in an abscess. The 
patient complains of a unilateral painful labial 
swelling which may be recurrent and results in 
difficulty sitting. Examination reveals a tender, 
inflammed swelling in the labia. 

If treated early the infection may resolve with 
oral amoxycillin. More commonly, formal incision 
and drainage is required and referral to the duty 
gynaecologist is therefore appropriate. 

M EN O RRHAG IA  

Excessive menstrual bleeding is a common prob
lem and whilst it is more commonly dealt with in 
primary care and gynaecology out-patient depart
ments, patients may present to the emergency 
department for assessment and treatment. 

Always check that the patient with menorrhagia is 
not also pregnant. 

A history and examination are required to assess 
the severity of the bleeding and to check for serious 
underlying pathology. A blood count should be 
performed to identify the patient who is bleeding 
sufficiently to be anaemic and to require hospital
ization. However, in most cases treatment to relieve 
the symptoms (Table 33.7) can be provided and the 
patient advised to see their general practitioner. 

In general, mefenamic acid is particularly useful 
in patients with painful and heavy bleeding. Tran
exarnic acid is more effective in reducing menstrual 
blood loss. If in doubt advice should be sought from 
a senior doctor or the duty gynaecologist. 

Table 33.7: Treatment of menorrhagia 

Norethisterone 
Combined oral contraceptive pi l l  
Mefenamic acid 
Tranexamic acid 
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E M ERGENCY CONTRACEPT ION  

The availability of emergency contraceptive ser
vices varies and access to help can be difficult, 
particularly at weekends or out of normal working 
hours. As a result, patients may attend the emer
gency department seeking emergency contracep
tion (Table 33.8). In general, these services should 
be provided by a doctor specifically trained in fer
tility control; however, hormonal postcoital con
traception is more effective the earlier it is taken 
and doctors should therefore be familiar with the 
procedures for prescribing it safely. Departmental 
procedure regarding the provision of emergency 
contraception should always be followed. 

In assessing the patient it is important to ascer
tain the date of the last menstrual period and the 
usual length of the cycle. The time of unprotected 
sexual intercourse should be documented. Contra
indications to use of hormonal methods are estab
lished pregnancy, current focal migraine, jaundice 
or sickle-cell crisis as well as previous thromboem
bolic disease (combined hormone method only). 

Hormonal methods can be used up to 72 h after 

unprotected intercourse. 

The combined hormone method was previ
ously used with two pills taken immediately and a 
further two 12 h later. Although effective there was 
a significant incidence of nausea and vomiting 
which potentially rendered the treatment ineffect
ive. If patients return having vomited after the 
medication, a further dose should be given after an 
antiemetic. More recently, the progestogen-only 
method has been found to be effective with a 
reduced incidence of side-effects. The preparation 
used is levonorgestrel, with two doses again taken 
1 2 h  apart. Patients should be provided with clear 
discharge instructions (Table 33.9) and their gen
eral practitioner should be informed. 

The insertion of an intrauterine contraceptive 
device (IUCD) should be carried out by an 

Table 33 .8: Postcoital contraception 

Progestogen-only method 
Combined hormone method 
Insertion of an intrauterine contraceptive device 

(IUCD) 
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Table 33 .  9: I nstructions after using hormonal 
postcoital contraception 

Take the first tablets as soon as possible and the 
second dose 1 2  h later 

If you vomit after taking the tablets they should be 
considered to have been ineffective. Return to 
the emergency department 

See your GP in 4 weeks to check the tablets have 
been effective and to discuss future contraception 

Attend a genitourinary medicine clinic if you are 
worried you may have contracted a sexually 
transmitted disease 

experienced practitioner, usually in a family plan
ning clinic. It may be effective in preventing preg
nancy up to 5 days after unprotected intercourse. 

F O R E I G N  BOD I E S  

The most common vaginal foreign bodies are lost 
tampons or condoms. Occasionally, something 
more exotic is retrieved. A careful speculum exam
ination and removal of the item with sponge forceps 
is required. If tampons are left in situ for a pro
longed period, toxic shock syndrome can result. 

If a child presents with a possible vaginal foreign 
body, get senior help. 

On occasions patients may present complaining 
of having 'lost' the threads of their IUCD. These 
are often found at speculum examination and the 
patient can then be reassured. If the device appears 
to have migrated, an abdominal X-ray and ultra
sound may be helpful in locating it. In the mean
time, alternative methods of contraception should 
be used. 

POSTOPERATIVE  PROBLEMS  

When patients present with symptoms of pain and 
vaginal bleeding following childbirth or termination 
of pregnancy, the possibility of retained products 
of conception should be considered. More seriously, 
infection can occasionally develop. In general these 

patients should be referred on to the duty gynae
cologist for further management. 

SEXUAL ASSAULT 

Any allegation of sexual assault requires careful 
investigation in order to preserve and document 
evidence for use in any subsequent prosecution. If 
sexual assault is alleged, emergency department 
doctors should confine themselves to attending to 
any life-threatening injuries and summoning the 
police (with the patient's consent). An appropriate 
physical examination for forensic purposes should 
be carried out by a police surgeon. 

OBSTETR ICS  

Most patients in the later stages o f  pregnancy will 
be dealt with in the delivery suite. However, a 
number of circumstances may lead to a presenta
tion to the emergency department. 

EM ERGENCY N ORMAL D EL IVERY 

Fortunately, there is normally time for a patient to 
be transferred to the delivery suite prior to deliv
ery. However, on occasions labour is rapid (precipi
tate) and emergency department staff may be 
called on to perform the delivery. Often in large 
departments one of the nursing staff has had mid
wifery experience and will step forward. It is, 
however, worth revising the management of a 
normal delivery here. 

Labour is diagnosed on the basis of painful uter
ine contractions that result in cervical dilatation. 
Rupture of the membranes may occur before onset 
of contractions or not until immediately prior to 
delivery. If delivery is thought to be imminent, help 
should be summoned from the obstetric team and 
the paediatricians. 

The first stage of labour involves progressive 
cervical dilatation with descent of the baby's head. 
Following full cervical dilatation, contractions result 
in descent and rotation of the head. This stage is 
characterized by the overwhelming urge of the 
mother to push. The third stage is expulsion of the 
placenta and membranes. 



M a n a g e m e n t  

Help should be summoned. The abdomen should 
be examined and baseline vital signs recorded. The 
fetal heart rate should be assessed using a Pinard's 
stethoscope. If on examination of the perineum 
delivery is not imminent, the patient should be 
transferred to the delivery suite. If delivery is immi
nent, sterile procedures should be adopted. The left 
hand should apply pressure to slow the rate of 
delivery of the head and keep it flexed. As the head 
reaches the perineum the mother should be told to 
pant and not push. As the head is delivered it is 
allowed to extend. The neck should be checked for 
the presence of the cord and, if necessary, the cord 
should be pulled over the head or divided. The 
shoulders, followed by the rest of the baby, are then 
delivered and oxytocin and ergometrine adminis
tered intramuscularly to assist the third stage. 

Delivery of the placenta and membranes should 
occur within 5 min of the end of the second stage. 
Gentle traction on the cord may be used and the 
placenta and membranes should be checked for 
completeness. 

C O M PL ICAT I O N S  O F  PREGNANCY 

This section deals with the commoner emergency 
presentations in late pregnancy. 

A n t e p a r t u m  h a e m o r r h ag e  

This is defined as haemorrhage after the 20th week 
of pregnancy. The differential diagnosis is between 
abruption and placenta praevia. 

Abruption is premature separation of the pla
centa and results in abdominal pain and vaginal 
bleeding. Depending on the degree of separation, 
the woman may go into labour or fetal death may 
occur. Placenta praevia occurs when the placenta 
is implanted in the lower segment of the uterus or 
over the internal cervical os. Haemorrhage may be 
profound and is usually painless. The patient may 
know that they have placenta praevia as a result of 
routine antenatal ultrasound scanning. 

The priority in the emergency department is 
resuscitation with intravenous fluids and early 
obstetric consultation. If bleeding is profuse large 
volumes of blood should be cross-matched. 
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Table 33. 1 0: Differential diagnosis of abdominal pain 
in pregnancy 

Labour 
Urinary tract infection 
Ectopic pregnancy 
Appendicitis 
Ovarian cyst disease 
Cholelithiasis 
Abruption 
Haemorrhage or infarction of a fibroid 

P o s t p a r t u m  h a e m o r r h a g e  

Haemorrhage following delivery is predominantly 
caused by retained products of conception. Infection 
of the uterine cavity may also result in late bleed
ing. The immediate priorities are fluid resuscita
tion and involvement of the obstetric team. In 
profuse haemorrhage, oxytocin may be helpful in 
causing uterine contraction to reduce blood loss. 

A b d o m i n a l  p a i n  i n  p re g n a n c y 

There are a large number of causes of abdominal 
pain in pregnancy (Table 33.10). These may be 
directly or indirectly related to the pregnancy or 
may be a coincidental occurrence. 

Particularly in the late stages of pregnancy, the 
diagnosis may be more difficult to make clinic
ally. Useful investigations include urine testing and 
ultrasound scanning. There should be a low thresh
old for referring these patients to the obstetric team. 

E c l a m p s i a  a n d  p r e - e c l a m p s i a  

Eclampsia is defined as maternal convulsions after 
the 20th week of pregnancy. It remains a cause of 
maternal and fetal mortality. Pre-eclampsia is char
acterized by two or more of: 

• hypertension 
• proteinuria 
• oedema. 

Eclamptic fits may be preceded by headache, tremor, 
hypertonicity and an altered mental state. 

If an eclamptic fit occurs, oxygen should be 
administered and attempts made to abort the 
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convulsions with intravenous diazepam and 
phenytoin. An experienced obstetrician and anaes
thetist must be called urgently. The patient should 
be taken to the delivery suite since an emergency 
caesarean section will almost certainly be required. 

T h ro m b o - e m b o l i c  d i s e as e  

Pregnancy results in a significant additional risk of 
deep venous thrombosis and pulmonary embolism, 
particularly in the last trimester. There should be a 
low threshold for investigating any patient with 
symptoms suggestive of these diagnoses. 

TRAUMA I N  PREGNANCY 

Dealing with a pregnant traumatized patient pre
sents a number of challenges. The way in which 
injury may affect pregnancy changes with the vari
ations in anatomy and physiology as the pregnancy 
progresses. The initial assessment and management 
should follow the concepts of advanced trauma 
life support course. 

Good care for the mother will provide good care 

for the fetus. 

A n ato m i c a l  a n d  p h y s i o l o g i c a l 

c h a n g e s  i n  p re g n a n c y 

In the first trimester the uterus is protected within 
the pelvis and injury is rare. In the second h·imester 
the uterus rises out of the pelvis. The fetus is ini
tially protected by the thick-walled uterus, although 
with time and thinning of the uterine wall fetal 
susceptibility to injury increases. 

Maternal physiology changes during pregnancy 
with elevation of the blood volume and cardiac 
output and a raised respiratory rate. The blood 
pressure remains constant unless pre-eclampsia 
develops. During haemorrhage the blood supply to 
the placenta is reduced early on, making the fetus 
vulnerable to maternal hypovolaemia. 

The pregnant woman may lose 30% of her blood 
volume before signs of shock are detected. 

Particularly relevant in the third trimester of 
pregnancy is the supine hypotension syndrome. 
The gravid uterus in the supine position lies on 
the inferior vena cava, resulting in reduced venous 
return to the heart, low cardiac output and maternal 
shock. Manual displacement of the uterus to the 
left or placing the patient in a lateral position 
(whilst protecting the spine if necessary) will alle
viate the problem. 

Supine hypotension syndrome should be considered 
as a cause of shock in  late pregnancy trauma. 

A s s e s s m e n t  

The primary survey assessment of the traumatized 
pregnant patient is exactly the same as for any 
adult. Optimum care of the mother results in the 
best care for the unborn child. In the secondary 
survey the abdomen should be examined and the 
fetal heart sounds checked. The fundal height 
should be assessed and compared with the known 
gestational age (Fig. 33.1 ) . Visual examination of 
the vulva will reveal an vaginal bleeding. Initial 
investigations should include a group and cross
match, coagulation studies and Kleil1auer test. 
Any X-rays necessary for the management of the 
mother should be carried out regardless of con
cerns about irradiating the fetus. 

Umbilicus -+--';.+-if+--+--r-.,,-. 
(20 weeks) 

Figure 33. 1 :  Fundal height and gestational age. 



M a n a g e m e n t  

Aggressive attempts should be made to correct 
hypoxia and hypovolaemia. Surgical techniques 
such as intercostal drainage and diagnostic peri
toneal lavage may have to be modified to avoid the 
gravid uterus. Manual displacement of the uterus 
or turning the patient into a partially lateral pos
ition may be necessary for supine hypotension 
syndrome. Obstetricians should be called to help 
assess the patient, and in the rare event of a cardiac 
arrest, perimortem caesarean section should be 
considered. If the mother is rhesus-negative, anti-D 
immunoglobulin must be considered even after 
minor injury. 

S p e c i fi c  i n j u r i e s  

Direct injury to the fetus may occur, although this 
is often the result of penetrating trauma and is rare 
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in the UK. Injury to the uterus may result in abrup
tion, with abdominal pain and tenderness and usu
ally vaginal bleeding. Uterine rupture may also 
occur, resulting in fetal anatomy being easily palp
able through the mother 's abdomen. Injury to the 
uterus may also result in amniotic fluid embolism 
with disseminated intravascular coagulation, cir
culatory collapse and convulsions. All are associ
ated with high fetal and maternal mortality. Early 
recognition of the injuries to mother and fetus 
and involvement of the obstetric team in trauma 
management offer the best chance of a successful 
outcome. 

f U RTHER  READ I N G  

Stevens, L. and Kenny, H. (1996) Emergencies in Obstetrics 
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PSYCHIATRIC EMERGENCIES 





C H A P T E R  T H I R T Y  F O U R  

PSYCHIATRIC EMERGENCIES 

• Introduction 
• Assessment 
• Referral to a psychiatrist 

I NTRODUCT ION  

With the recent moves in the UK towards provision 
of care for psychiatric illness within the commu
nity, assessment and management of mental illness 
has become an increasingly common reason for 
attendance at or referral to an emergency depart
ment. Primary psychiatric problems account for 
2.5% of emergency department attendances and 
20% of patients suffer from a psychiatric disorder. 
As many patients previously managed in long-stay 
psychiatric hospitals have been discharged into the 
community they have reappeared in vulnerable 
groups who historically have relied on emergency 
departments for provision of routine healthcare. 
One in three homeless people suffers from psychi
atric illness, most commonly schizophrenia and 
alcohol dependence. 

It is important to recognize that serious physical 
illness may present with predominantly behav
ioural features. In addition, many psychiatric ill
nesses may initially present as a result of deliberate 
self-harm and require treatment prior to psychi
atric assessment. The spectrum of conditions that 
may present to emergency departments is shown 
in Table 34. 1 .  

ASSESSM E N T  

Just as in the management of patients with phys
ical illness, the assessment of a patient with men
tal illness is reliant on a thorough history and 
examination. This may, however, be more difficult 

• Specific psychiatric emergencies 
• Mental Health Act 1 983 for England and Wales 
• Further reading 

Table 34. 1 :  Common psychiatric conditions 
presenting to the emergency department 

Acute confusional state 
Unexplained physical symptoms 
Self-harm 
Psychosocial problems 
Antisocial or violent behaviour 
Alcohol and drug dependency 
Anxiety states 
Acute psychosis 
Dementia 

in the emergency department than in a ward or 
out-patient setting. Pressure of work often limits 
the most important resource for evaluating psychi
atric problems - time. 

The interview with the patient should be 
carried out in a quiet private room; howeve1� the 
safety of the staff performing the assessment must 
also be considered. Fortunately, few patients with 
mental illness are dangerous and it is rare to have 
to use methods of physical or chemical restraint. 
A doctor interviewing a patient should, however� 
routinely position themselves in a room such that 
the patient would be unable to come between 
them and the door. The doctor, if alone, should 
always carry some form of personal alarm to alert 
other staff should they feel threatened. 

Rarely, a patient is brought to the emergency 
department whose behaviour is potentially dan
gerous to them and those trying to assist. In this 
situation the minimum ammmt of physical restraint 
necessary to protect the patient and the staff from 
injury should be applied. In general, it is often pos
sible to calm the patient and gradually remove the 
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physical restraints. I n  some cases the patient's 
behaviour may make it necessary to use sedative 
drugs for the patient's own protection or that of 
the staff. However, this is a step that should not be 
taken lightly and will result in subsequent diffi
culty in assessing the patient's mental state. 

H ISTORY 

A full psychiatric history is beyond the expertise 
and resources of most emergency departments. It is, 
however, important to gather sufficient information 
to rule out serious underlying physical illness and 
to allow a decision to be made on the need for refer
ral or admission. Table 34.2 lists the items that are 
essential for a satisfactory assessment (Table 34.2). 

Although most of this information is often 
obtained from the patient, valuable additional 
information may often be available from friends 
and relatives. The general practitioner and other 
healthcare workers such as commmuty psychiatric 
nurses and social workers may also contribute to 
the assessment. 

EXAMI NAT I O N  

The physical examination of the patient is import
ant in excluding a physical cause for their illness 
and should not be omitted. The mental state exam
ination (Table 34.3) concerns information gathered 
by observation of the patient and by enquiring 
about unusual beliefs and experiences. 

The patient's appearance gives many clues as to 
mental state. It is important to assess the patient's 
non-verbal behaviour, such as eye contact and 
expression, as this may offer valuable clues. There 

Table 34.2: Components of psychiatric history 

Presenting complaint 

Past psychiatric history: 
Previous admissions 
Doctor's name 
Diagnosis 

Drugs: 
Prescribed 
Abused 
Alcohol 

Current relationships 

may also be obvious signs of self-neglect from the 
patient's appearance, suggesting low self-esteem. 

Behaviour and speech are typically altered in 
the major psychiatric illnesses. The speech of the 
hypomanic is pressured and their behaviour mani
fests an excess of energy and restlessness. In con
trast, the severely depressed patient has limited 
speech and reduced energy. 

Alterations in cognitive functions, such as 
disorientation and memory loss, are particularly 
important as they suggest the presence of under
lying organic disease. Although severe mental ill
ness, particularly when associated with alcohol 
abuse, may produce these features, extra care should 
be taken in carrying out a physical examination 
and further investigations may be indicated. It is 
important to assess the patient's orientation in time 
and place, short-term memory (recall of a name and 
address after 5 min), long-term memory (current 
affairs) and concentration (recite the months of the 
year backwards). 

Delusions are beliefs that are 'unshared and 
unshakeable'. The patient may think that they 
have special powers or status and cannot be con
vinced otherwise. 

The patient's emotions may vary from depression 
with suicidal ideation to euphoria. The emotions 
may be constant throughout the interview or swing 
markedly from one end of the spectrwn to the other. 

Hallucinations may be auditory or visual. 
Auditory hallucination described as outside the 
person's head are genuine, and in scluzophrenia 
are often of voices criticizing the patient. Visual 
hallucinations are more typical of intoxicatio 
with drugs or withdrawal states. 

REFERRAL TO A PSYCH I ATR I ST 

Decisions regarding which patients require imme
diate referral to a psychiatrist should be based on a 

Table 34.3: The mental state examination 

Appearance 
Behaviour and speech 
Cognitive function 
Delusions 
Emotions 
Hallucinations 



number of key points. Following assessment of the 
patient's history, including past psychiatric his
tory, and a mental state examination it is important 
to consider whether the patient may be a danger to 
him/herself or others. Although many patients 
express some degree of suicidal ideation not all are 
at significant risk of serious self-harm. It is, how
ever, not the role of a junior doctor to make this 
judgement and all patients expressing suicidal ideas 
should be referred to a psychiatrist for assessment 
immediately. 

A psychiatrist should assess all patients expressing 
suicidal ideas. 

Many patients with established psychiah·ic ill
ness may present to emergency departments as a 
result of a crisis or deterioration in their condition. It 
is valuable to discuss these patients with their carers 
or relatives in order to assess the degree of support 
available to them in the community. Admission is 
often required to prevent further deterioration and 
re-establish compliance with therapy. 

For patients with symptoms of mental illness 
who have not previously required contact with the 
psychiatric services, a decision regarding referral 
should be made on the basis of the severity of 
the patient's symptoms, whether there is evidence 
of self-neglect and on the patient's wishes. The 
family or carers' wishes should also be considered. 

S P E C I F I C  PSYCH IAT R I C  E M E R G E N C I ES 

D E L I B E RATE S ELF -HARM ( D S H )  

Patients choose to harm themselves in a nwnber of 
ways. Most commonly in the UK this takes the form 
of the ingestion (or occasionally inhalation or injec
tion) of drugs or chemicals. It is also common to 
encounter patients who inflict lacerations, particu
larly around their wrists or necks. Patients may 
also choose to harm themselves by jumping from 
a height or by setting fire to themselves. Despite 
this wide spectrum of self-injury it is important to 
remember that the duty of the doctor is not only to 
assess and treat the resultant poisoning or injury 
but also to detect underlying psychiatric illness 
and intervene to prevent recurrence. 
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The aim of the psychiatric assessment is there
fore to quantify the suicidal intent by determining 
the reason for the episode of DSH and recognizing 
tmderlying psychiatric illness. Specifically, the doc
tor must identify patients at risk of further self-harm. 

The suicidal intent is assessed by considering 
three key factors: 

• the risk to which the person was exposed 
• the actual injury sustained 
• the likelihood that the patient meant to kill 

themselves. 

A number of factors detected by taking a careful 
history and performing a mental state examination 
point to serious suicidal intent and risk of subse
quent completed suicide (Table 34.4) . 

Completed suicide is associated with a number 
of features and these can therefore also be used as 
indicators of future risk in deliberate self-harm 
cases (Table 34.5). The greater the nwnber of these 

Table 34.4: Indicators of suicidal intent from 
assessment 

Before (preparation): 
Act planned in advance 
Suicide note written 
Anticipated death (written a will) 

During (circumstances): 
Patient alone at time of event 
Attempt timed so that intervention unl ikely 
Precautions taken against discovery 

A�er (a�erwards) : 

Did not seek help 
Stated wish to die 
Stated belief that act would have killed them 
Regrets that act failed 

Table 34.5: Other factors associated with suicidal 
intent 

Male sex 
Age greater than 45 years 
Divorced or single status 
History of previous deliberate self-harm 
Psychiatric i l lness - depressive disorders, alcohol 

or drug abuse, personal ity disorder 
Social isolation 
Unemployed 
Any serious medical i l lness 
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factors present, the greater the risk o f  suicide. 
Overall, 10% of patients admitted after an over
dose commit suicide with.in 10 years. 

It is important to recognize that the motive 
for an act of deliberate self-harm may be one other 
than suicide. It is often an impulsive act under
taken as a 'cry for help' or as an attempt to influ
ence others. The patient may also seek an escape 
from emotional distress or use the act to express 
anger directed at loved ones. In the absence of 
mental illness there is little evidence to suggest that 
psychiatric treatment will prevent repetition. 

Acts of deliberate self-harm, however, predom
inantly occur in the setting of a depressive illness. 
Admission for the patient's protection will be 
necessary if the suicide risk is high and there is 
evidence of neglect. Biological features of depres
sion, such as early morning wakening, poor appetite 
and weight loss, also suggest severe disease, which 
requires urgent treatment. Patients who have a lack 
of social support and evidence of failure of treat
ment .in the comrmmity should also be referred for 
admission. 

Self-harm is not in itself a mental i l lness. The majority 
of people who self-harm have no psychiatric i l lness. 

An objective technique for assessing suicidal risk 
.is the 'sad person's' scale (Table 34.6). A score of less 
tl1an 6 indicates tl1at it may be safe to discharge the 
patient if appropriate support and follow-up are 
available. If the score is greater than 8, admission 
will probably be required. An intermediate score 
indicates formal psychiatric assessment. 

Table 34.6: The 'sad person's' scale 

• Sex male 
• Age < 1 9  or >45 
• Depression or hopelessness 

• Previous DSH or psychiatric care 
• Excessive alcohol or drug use 
• Rational thinking loss (psychosis, organic) 
• Separated, widowed, divorced 
• Organized or serious attempt 
• No social support 
• Stated future intent (repeat or ambivalent) 

<6 can consider discharge 
6-8 probably requires psychiatric consultation 
>8 probably requires admission 

ACUTE PSYCHOS I S  

Psychosis is a term that i s  poorly understood and 
often used inappropriately. The term implies a 
major mental illness in which the patient has lost 
contact with reality and their behaviour is no 
longer constrained by reasoning and morality. 
The patient has usually lost any insight into the 
abnormal nature of their beliefs and behaviour. It 
is characterized by hallucinations, delusions and 
thought disorder. 

Psychosis is characterized by hallucinations, 

delusions and thought disorder. 

Psychotic symptoms may occur in a number of 
conditions (Table 34.7) . 

It is sometimes difficult to distinguish between 
drug-induced psychosis, the affective disorders 
(mania and depress.ion) and schizophrenia. 

M a n i a  

Mania (or its less extreme form, hypomania) may 
occur as part of a manic-depressive illness (bipolar 
disorder) or as an isolated illness. The patient typic
ally demonsh·ates insomnia without fatigue, with 
an increased appetite and libido and psychomotor 
acceleration. The patient has delusions, which are 
grandiose and expansive ideas regarding their self
importance. Th.is often manifests itself as spending 
sprees way beyond their financial means. 

Mental state examination reveals pressure of 
speech with a mood of euphoria, although the lat
ter is often mixed with periods of anger and irrit
ability. The patient's speech often shifts rapidly 
from one subject to another (flight of ideas) and 
there is an inability to concentrate on a subject, 
accompanied by loss of insight. 

Table 34.7: Conditions presenting with symptoms 
of psychosis 

Schizophrenia 
Mania 
Severe depression 
Acute confusional states 
Dementia 
Drug-induced psychoses, including alcohol abuse 



Admission is usually required in order to pro
tect the patient from their own actions. As a result 
of the patient's lack of insight into their behaviour, 
voluntary admission is often refused. 

S c h i z o p h r e n i a  

Schizophrenia is a group of disorders which is 
classically subdivided into four types (Table 34.8). 

In simple schizophrenia there is insidious social 
withdrawal and odd behaviour, although an absence 
of hallucinations and delusions. Paranoid schizo
phrenia is more florid, with systemized persecutory 
delusions and hallucinations. Mood and thought 
processes are reasonably well preserved so that the 
patient may appear normal until abnormal beliefs 
are uncovered. This disorder is more common with 
increasing age. The hebephrenic type manifests 
childish behaviour with prominent affective symp
toms, disordered thought, delusions and hallucina
tions. This is commonest in adolescents and young 
adults. Catatonic schizophrenia initially presents 
with stupor or excitement, repetitive speech or 
actions (echolalia, echopraxia), autonomic obedi
ence and perseveration. The acute syndrome mani
fests the positive symptoms, the chronic syndrome 
(dementia praecox) the negative ones. 

Schizophrenia is often diagnosed on the presence 
of Schneider's first rank symptoms (Table 34.9). 

The differential diagnosis of schizophrenia 
includes drug-induced psychosis (amphetamines 
and alcohol), temporal lobe epilepsy, dementia 
and affective disorders. 

When assessing a patient with known schizo
phrenia it is important to attempt to establish a 
cause for their relapse. This may be iatrogenic 
(reduction or change in medication), non
compliance with medication, or an enviromnental 
or emotional crisis. 

THE ACUTELY D I STURBED  PAT I ENT  

The behaviour of acutely disturbed patients is 
alarming and leads to relatives and bystanders 
seeking help urgently. This often results in the 
patient being brought to the emergency depart
ment by the ambulance service, police or their 
carers. These patients may manifest a wide variety 
of behavioural abnormalities and pose a risk to 
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Table 34.8: Types of schizophrenia 

Simple 
Paranoid 
Hebephrenic 
Catatonic 

Table 34. 9: Schneider's first rank symptoms of 

schizophrenia 

Hallucinations: 
Third-person auditory - two or more voices 

discussing or arguing about the patient 
Running commentary 
Thought echo - a voice speaking his thoughts 

simultaneously or just afterwards 

Interference with thinking: 
Thought insertion 
Thought withdrawal 
Thought broadcasting 

Other symptoms: 
Primary delusions (arising de nova) 

Table 34. 1 0: Differential diagnosis of the acutely 
disturbed patient 

Alcohol or drug dependence 
Prescribed drugs 
Metabolic disturbance 
Head injury 
Schizophrenia 
Mania 
Personal ity disorders 

themselves, their carers and healthcare staff. There 
is a wide range of potential causes (Table 34.10) .  

Most patients who present with disturbed, vio
lent and abusive behaviour are not psychiatrically 
ill. The doctor should seek a physical cause for the 
patient's behaviour, such as hypoglycaemia, pos
tictal state, drug intoxication or drug withdrawal. 
If no evidence of these conditions is found the 
behaviour may, rarely, be the result of a major psy
chiatric illness but is more commonly the result of 
a personality disorder. 

Most violent patients are not psychiatrically i l l .  

The priority must be to ensure the safety of the 
patient and staff. In general, the use of drugs 
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should be avoided and attempts made to calm the 
patient by talking to them and listening to their 
complaints. 

M a n a g e m e n t 

In the first instance it is vital to try to engage the 
patient by providing a calm and reassuring 
environment in which provocation is avoided. 
This will allow the patient to be assessed and the 
differential diagnosis to be considered. A senior 
and experienced doctor should be involved in the 
management of all acutely disturbed patients. 

The matter of consent to treatment is complex. If 
a patient has a disorder such that they are unable to 
comprehend and retain information, particularly in 
respect of the consequences of accepting or refus
ing treatment, they may be judged incompetent to 
consent or refuse. In such a case treatment may 
continue in line with accepted medical practice. 

Physical restraint and sedative medication 
may, however, be necessary to protect the patient 
and the carers from injury. Restraint should be to 
the minimal degree and should be provided by 
personnel trained in safe control and restraint 
techniques. 

Physical and chemical restraint should be a last 

resort if there is no other way of protecting the 
patient and attendants from injury. 

If sedation is unavoidable haloperidol is better 
than chlorpromazine as it is less sedating, causes less 
poshrral hypotension and has fewer anticholinergic 
side-effects. It does, however, cause more extra
pyrarnidal side-effects. Up to 30 mg may be given 
intramuscularly. If further sedation is required, 
lorazepam 4 mg intravenously is the drug of choice. 
The patient must be closely monitored. Patients 
presenting to emergency departments are much 
more likely to have an organic aetiology to their 
psychiatric symptoms and should be investigated 
accordingly. Specific psychiatric assessment and 
treatment may also be required. 

ORGAN IC  D I SORD ERS 

A c u t e  o rg a n i c  d i s o r d e r  ( d e l i r i u m )  

This is usually characterized by an acute onset with 
marked cognitive impairment, including changes 

Table 34. 1 I :  Causes of an acute confusional state 

Alcohol and drugs: 
I ntoxication or withdrawal 

Metabolic: 
Uraemia 
Electrolyte imbalance (hyponatraemia, 

hypercalcaemia) 
Cardiac or respiratory failure 
Hepatic fai lure 
Acute intermittent porphyria 
Systemic lupus erythematosus (SLE) 

Endocrine causes: 
Thyroid disorders 
Hypoglycaemia 

Infective causes: 
lntracranial infection 
Systemic infection 

Other intracranial causes: 
Space-occupying lesion 
Raised intracranial pressure 
Head injury 
Epilepsy 

Vitamin deficiency: 
Wernicke's encephalopathy 

in the level of consciousness and a fluctuating 
course. A wide range of conditions may cause 
delirium (Table 34.11) .  

Typical features of an acute confusional state 
include impairment of consciousness with disorien
tation in time and place and poor concentration. 
The patient often has no insight into their illness 
and there may be visual hallucinations and misin
terpretations and tactile hallucinations. These are 
classically demonstrated by the visual and tactile 
hallucinations of the patient in delirium tremens. 
Mood is often labile and the thought processes 
slow and muddled. 

Alcohol withdrawal and drug abuse are probably the 
commonest causes of delirium seen in emergency 
department practice. 

The management of the acutely disturbed 
patient should involve determination of the 
underlying cause and specific measures relevant to 
that cause. This may be straightforward (glucose 
for hypoglycaemia) but is usually more complex. 

The patient should be managed in a well-li t 
room and the familiar faces of relatives may help 



provide reassurance to the patient. Fluid and 
electrolyte abnormalities should be corrected. If 
drugs are considered necessary to aid management 
they should be prescribed with consideration to 
the patient's underlying illness. Haloperidol may 
be indicated to calm the patient and benzodi
azepines to sedate. Chlordiazepoxide is particu
larly useful in alcohol withdrawal states. In hepatic 
failure haloperidol may precipitate coma and 
benzodiazepines are therefore preferred, despite 
their sedating effects. 

A l c o h o l  e x c e s s  a n d  w i t h d r aw a l  

Emergency departments commonly see the effects 
of both acute alcohol intoxication and long-term 
alcohol dependence. Although the effects of alco
hol use may be obvious in the case of an acutely 
intoxicated or withdrawing patient, the role of 
alcohol may be much less obvious. It is of course 
now widely recognized that a large proportion of 
road traffic accidents are the result of intoxication. 
There is also a wide range of traumatic and medical 
morbidity, which is the direct or indirect result of 
alcohol abuse. The long-term use of alcohol may 
result in a varying degree of symptoms when alco
hol is withdrawn, or in symptoms related to nuh·i
tional deficiency. 

Following withdrawal of alcohol after a pro
longed period of abuse, the patient may experience 
tremor, agitation, nausea, retching and sweating. 
Perceptual distortions and, on occasions, convul
sions may also occur. 

Delirium tremens is a l ife-threatening medical 
emergency. 

Delirium tremens, the fully developed with
drawal syndrome, is a life-threatening emergency. 
It is characterized by clouding of consciousness 
with disorientation in time and place. Visual hallu
cinations and delusions occur on a background of 
agitation and restlessness. There is prolonged 
insomnia, with truncal ataxia and autonomic over
activity. 

Malnutrition commonly occurs in patients who 
are dependent on alcohol, since their energy and 
financial resources are directed at ensuring a supply 
of alcohol to the exclusion of a proper diet. Sus
tained lack of thiamine may produce Wernicke's 

S P E C I F I C  P S Y C H I AT R I C  E M E R G E N C I E S  437 

Table 34. 1 2: Features of Wernicke's encephalopathy 

Ophthalmoplegia 
Nystagmus 
Clouding of consciousness with memory 

disturbance 
Ataxia 
Peripheral neuropathy 

Table 34. 1 3: Features of Korsakoff's psychosis 

Impairment of recent memory 
Confabulation 
Retrograde amnesia 
Disorientation 
Euphoria or apathy 
Lack of insight 
Ataxia 

encephalopathy, the features of which are shown in 
Table 34. 12. 

Similarly, Korsakoff's psychosis may occur, the 
features of which are shown in Table 34.13.  

The management of alcohol withdrawal con
sists of the use of drugs to reduce the distressing 
physical symptoms (typically chlormethiazole or 
chlordiazepoxide) and the provision of vitamin 
supplements to provide thiamine. It is important 
that this treatment is properly supervised and the 
doctor should refer the patient to the local agency 
responsible for providing this service and subse
quent follow-up. 

In delirium tremens, in-patient treatment may 
be required to provide rehydration, glucose should 
the patient develop hypoglycaemia, and anticon
vulsants if withdrawal fits occur. 

BORDERL I N E  PSYC H IATR IC  
COND IT IONS  RELEVANT TO 
EM ERG ENCY D E PARTMENT  P RACTI C E  

R e p e at at t e n d e rs 

A small number of patients are responsible for a 
disproportionately large number of attendances. 
Usually they have one of two underlying prob
lems, a chronic psychiatric illness or somatization. 
Patients with chronic psychiatric illness often do 
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not register with a general practitioner and use 
the emergency department as a source of primary 
healthcare. While the department is not an appro
priate place to deal with their healthcare needs, it 
is appropriate to try to place the patient in contact 
with appropriate services. Referral to a commu
nity psychiatric nurse or social worker can often 
lead to a reduction in the patient's use of the emer
gency department. 

Somatization describes a number of patients 
who describe symptoms in the absence of suffi
cient underlying cause. It is assumed that there is 
some form of psychological gain for the patient. 
Once again, an active strategy of intervention 
through community psychiatric services may 
result in a reduction in the patient's demands and 
attendances. 

F a c t i t i o u s  d i s o r d e r s 

Patients with Munchausen's syndrome seek med
ical attention by simulating physical illness. Many 
will submit to an extraordinary amount of investi
gation and treatment, including surgery. Most 
departments will have access to a list of patients 
who are thought to have this condition. If this con
dition is suspected, serious illness must be excluded 
and a senior doctor involved in decisions regard
ing further management. 

Another group of patients will attempt to obtain 
drugs such as opiates by simulating illness (classic
ally ureteric colic). These patients often demand 
opiates for their symptoms and fail to respond to 
the administration of other drugs which would 
normally be effective (e.g. diclofenac for ureteric 
colic). Further investigation will often reveal that 
the patient is using an assumed name and address 
and may be known to other departments in the 
region. Again a senior doctor should be involved in 
the management of the patient. 

S I D E - EFF ECTS O F  PSYC H IATR IC  
MED ICAT ION  

Drugs used in psychiatric practice may have a nar
row therapeutic window and it is not uncommon 
for patients to present with side-effects of their 
medication. It is important to recognize these and 
provide appropriate treatment. 

T h e  m a j o r  t r a n q u i l l i z e rs 

These cause side-effects which are predominantly 
due to central blockade of dopamine receptors. 
Acute dystonia usually occurs shortly after start
ing treatment and may also be seen as a side-effect 
of related drugs used for other conditions (e.g. 
metoclopramide as an antiemetic). Typical features 
are oculogyric crisis (involuntary eye movements), 
torticollis and opisthotonus (involuntary arching 
of the back.). To the inexperienced clinician this 
condition appears bizarre and it is not uncommon 
for a diagnosis of 'hysteria' to be made. However, 
treatment with the anticholinergic procyclidine 
rapidly resolves this condition. 

In the long term, a pseudoparkinson's syn
drome with extrapyramidal features of rigidity, 
akinesia and pill-rolling tremor is often seen, and 
treatment consists of dose reduction and anti
cholinergics. 

Neuroleptic malignant syndrome is a life
threatening emergency characterized by hyper
pyrexia with autonomic instability and severe 
muscular rigidity. It occurs as an idiosyncratic 
reaction to antidopaminergic drugs and is often 
precipitated by intercurrent infection or dehydra
tion. The mortality may be up to 20%. Treatment is 
with rehydration and cooling. Patients often 
require paralysis and ventilation. Bromocriptine 
and dantrolene have been successfully used. 

A n t i d e p r e s s a n t s  

Monoamine oxidase inhibitor (MAOI) antidepres
sants are now rarely used owing to the high 
incidence of serious side-effects. However, a small 
number of patients are still prescribed these drugs 
for conditions resistant to conventional therapies. 
The tyramine reaction is caused by the inhibition 
of peripheral metabolism of tyrarnine by MAOis. 
Tyramine-rich foods may therefore produce a 
hypertensive crisis. 

The tricyclic antidepressants are effective but 
often produce side-effects and are dangerous in 
overdose (see Chapter 15). Anticholinergic fea
tures of dry mouth, blurred vision, constipation 
and urinary retention may occur. Arrythmias and 
heart block may also occur, particularly in patients 
with pre-existing heart disease. 

The more modem selective serotonin re-uptake 
inhibitors (SSRis) have a much improved safety 



profile and are relatively safe even in overdose. 
They may, however, cause nausea, vomiting and 
headache. 

L i t h i u m  

Lithium is an effective therapy used predominantly 
in bipolar affective disorder. There is, however, only 
a narrow range of therapeutic serum levels, above 
which significant and occasionally life-threatening 
toxicity may occur. Lithium toxicity causes fine 
tremor, polyuria, polydipsia, sleepiness, nausea and 
diarrhoea. Levels above 1 .S mmol l-1 cause central 
nervous system manifestations of ataxia, dysarthria 
and drowsiness. Levels greater than 2 mmo1 1- 1 

cause impairment of consciousness and seizures. 
Toxicity is often precipitated by dehydration or by 
concomitant administration of a diuretic or anti
inflammatory drug (NSAID). 

Treatment should involve rehydration and 
osmotic diuretics. With severe toxicity haemodia
lysis may be necessary. 

A n x i o l y t i c s  

Although these drugs are relatively safe, overuse 
can cause falls in the elderly. Sudden withdrawal 
may produce a severe reaction, with mood 
changes, nightmares and perceptual disturbances, 
especially skin sensitivity. 

M ENTAL  H EALTH ACT I 9 8 3  FOR 
E NG LA N D  A N D  WALES  

Any actions necessary to preserve life or prevent 
serious injury or illness can and should be taken 
without the patient's consent if the patient is 
deemed to be unable to understand the nature and 
seriousness of their condition and the treatment 
required. Such actions are not covered by the 
Mental Health Act but are lawful under common 
law. Detention under the Mental Health Act does 
not necessarily mean that a patient is incompetent 
to consent to or refuse treahnent. 

Treatment of mental illness, including admis
sion to hospital, should be voluntary other than 
in a minority of circumstances dictated by the 
Mental Health Act. The act allows for compulsory 
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admission and detention when the patient suffers 
from a mental disorder of a nahire and degree that 
warrant hospital detention for assessment or treat
ment in the interests of their own health or safety 
or for the protection of others. 

The following are not regarded as mental dis
orders and are therefore excluded from the Mental 
Health Act: 

• alcohol or drug dependence 
• promiscuity or immoral conduct 
• sexual deviancy. 

There is no specific part of the Act designed for use 
in the emergency department. 

The Act grants (under Section 12) specific 
powers to approved doctors. These are usually 
senior psychiatrists and police surgeons. Such doc
tors are usually referred to as Section 12 approved. 
The preferred option is always voluntary admis
sion; failing this, a Section 2 is the next best choice. 
In exceptional circumstances (i.e. non-availability 
of a Section 12-approved doctor), a Section 4 may 
be completed. 

SECT ION 2 

This is an order for compulsory admission. 
Detention is for assessment or assessment fol
lowed by treatment. It requires a medical recom
mendation by two doctors, one of whom is Section 
12 approved; the other has previous knowledge of 
the patient (usually tlw GP). The application is made 
by the patient's nearest relative or an approved 
social worker. The duration of the Section is 
28 days. 

SECT ION 4 

This is an emergency order for the compulsory 
detention of a patient. It should only be used 
where there is insufficient time to obtain the opin
ion of a Section 12-approved doctor who could 
then complete a Section 2. This is normally con
verted to a Section 2 as soon as possible. It requires 
a medical recommendation by one doctor who 
must have examined the patient within the last 
24 h. The doctor need not be Section 12 approved. 
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Application i s  made b y  the patient's nearest 
relative or an approved social worker. The dura
tion of the Section is 72 h. 

Variations in these orders occur in Scotland and 
Northern Ireland. The Mental Healtl1 Act (Scotland) 
describes a Section 24 order (similar to the English 
Section 4) and a Section 26 which is equivalent to 
the English Section 2. In Northern Ireland compul
sory admission for assessment of mental illi1ess 
requires application by the nearest relative or an 
approved social worker. Three doctors are required 
to sign the order, which lasts for 7 days. 

If a patient who is felt to be mentally ill and is 
likely to be a danger to themselves or others leaves 

the emergency department the police should be 
informed. They can detain the patient under 
Section 136 of the Act and return the patient to a 
place of safety for further assessment. 

F U RTHER  READ I N G  

Merson, S. and Baldwin, D. ( 1996) Psychiatric 

Emergencies. Oxford Handbooks in Emergency 
Medicine. Oxford University Press, Oxford. 
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C H A P T E R  T H I R T Y  F I V E  

ENVIRONMENTAL EMERGENCIES 

• Introduction 
• Heat illness 
• Cold injuries 
• Chemical incidents 
• Radiation i l lness 
• High-altitude sickness 

I NTRO DU CT I O N  

This chapter considers the assessment and man
agement of a variety of conditions presenting to 
the emergency department as a result of accidental 
or deliberate exposure to dangers in the patient's 
environment. The following subjects are covered: 

• heat illness 
• cold injury 
• chemical incidents 
• radiation illness 
• high-altitude sickness 
• diving emergencies 
• near drowning 
• electrocution (including lightning strike) 
• snake bites. 

H EAT I LLNESS  

Although the climate in the U K  makes it unusual 
to see patients with heat illness, it is important that 
it is recognized and treated appropriately. Heat ill
ness may be contributed to by a number of factors 
other than the environmental temperature. These 
include strenuous exercise, age and pre-existing 
illness. 

Heat illness may be divided into minor and major. 
The major heat illnesses comprise heat exhaustion 
and heat stroke. These may be regarded as being 
part of a continuous spectrum of heat illness, with 

• Diving emergencies 
• Near drowning 
• Electrocution (including lightning strike) 
• Venomous snake bites 
• Further reading 

progression from heat exhaustion to heat sh·oke 
occurring if the provoking conditions persist. 

M I NOR H EAT I LLNESS  

Minor heat illness may manifest a s  heat cramps in 
muscles. This appears to be related to salt defi
ciency and advice to supplement food with salt 
and avoid excessive sweating will usually lead to 
resolution. Heat syncope occurs as a result of the 
opening of cutaneous vascular beds in response to 
heat, and tends to occur in the elderly and others 
with diminished cardiovascular reserve. General 
advice to maintain adequate fluid intake and 
avoid prolonged periods of standing is usually all 
that is required. 

H EAT EXHAUST ION  

This occurs as a result of volume depletion when 
loss through sweating exceeds fluid intake. It is 
most commonly, seen in those undertaking vigor
ous exercise, such as long-distance rmming in hot 
weather. Over a more prolonged period salt deple
tion can also occur if there is insufficient dietary 
intake to replace salt losses in sweat. 

P re s e n t a t i o n  

The early symptoms are non-specific, with lethargy 
and headache. As the condition progresses there is 
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dizziness, vertigo and syncope. Examination will 
reveal postural hypotension and tachycardia but 
the core temperature remains normal. 

M a n ag e m e n t 

In mild cases oral rehydration and rest in a cool 
environment will be sufficient. In more severe 
cases intravenous fluid therapy with normal saline 
will produce rapid recovery. The volumes of fluid 
administered should be titrated to produce restor
ation of normal pulse and blood pressure. In more 
complex cases, particularly in patients with signifi
cant pre-existing illness, the serum electrolytes 
should be checked and the patient admitted for a 
period of observation. 

H EAT STROKE 

Heat stroke is a result o f  a failure of the body's 
homoeostatic mechanisms for temperature regula
tion. There is marked elevation of the core tem
perature and evidence of multi-organ failure. 

Heat stroke is a l ife-threatening emergency. 

P re s e n t at i o n  

Heat stroke is characterized by marked elevation 
of body temperature and evidence of central ner
vous system dysfunction, with a confusional state, 
seizures and coma. The skin is characteristically 
hot and dry and absence of sweating is common, 
although not universal. Coagulation failure and 
hepatorenal failure are common. 

M a n a g e m e n t  

The most important initial measures are to secure 
the airway and ensure oxygen delivery. Cooling 
must be initiated by removing clothing and com
mencing more active measures to rapidly decrease 
body temperature, including immersion in cold 
water or tepid sponging under fans. The core tem
perature must be continuously monitored. Intra
venous fluids are required but their administration 
must be carefully monitored as pulmonary oedema 
may occur. If excessive shivering is preventing 

rapid cooling, chlorpromazine will be of benefit. 
The patient will require further treatment on an 
intensive care unit. 

C O L D  I NJ U R I ES 

Cold may be considered as resulting in either local 
injury such as frostbite, or systemic as in hypo
thermia . 

LOCAL HYPOTHERM IA  

F ro s t n i p  

This is the mildest form of cold injury, character
ized by reversibility, pallor, pain and numbness. 

F ro s t b i t e 

Historically, frostbite has been not only a mili
tary problem, but also a problem in high-altitude 
climbers and the homeless. Frostbite can be classi
fied into superficial and deep injuries. Superficial 
injuries are characterized by hyperaemia, oedema, 
clear vesicle formation and partial-thickness skin 
involvement. Deep injuries are characterized by 
haemorrhagic vesicles, full-thickness skin involve
ment and, in extreme cases, gangrene and bone 
destruction (Fig. 35.1) .  

N o n - fre e z i n g  i n j u r y 

This type of injury results from chronic exposure 
to wet and cold conditions. At first the limb is cold, 

Figure 35 . 1 :  Severe frostbite. 



but in 1-2 days it becomes painful and hyper
aemic, with blistering and ulceration. A classic 
example of non-freezing injury is trench foot. 

M a n ag e m e n t o f  c o l d  i n j u r i e s  

This includes warm blankets and hot drinks 
as general warming measures. The affected limb 
is rewarmed by immersing it in warm water 
( 40-42°C) for 20-30 min. Analgesics are necessary 
as this process is very painful. Other modalities 
of treatment for frostbite include institution of oral 
and topical antiprostaglandin therapy to limit the 
release of inflammatory mediators. Antibiotics 
may be indicated when the skin barrier is broken. 
Surgical debridement should be postponed until a 
clear demarcation has occurred. 

SYST E M I C  HYPOT H E RM IA  

Hypothermia i s  defined as a core temperature of 

less than 35°C. 

Hypothermia may occur primarily, predominantly 
as a result of accidents and exposure to low tem
perature. Alternatively it may occur secondarily to 
a disease process, which it then complicates, con
tributing to the subsequent mortality and morbid
ity. Measurement of the core temperature allows 
definition of severity (Table 35.1 ) .  

Hypothermia is characterized by depression of the 
cardiovascular and central nervous systems. 

The elderly, children and trauma patients are 
particularly susceptible to hypothermia and there
fore extra care is required when these patients pre
sent to the emergency department. Elderly patients 
have impaired ability to increase heat production 
and a decreased vasoconstrictor response. Children 

Table 35. 1 :  Classification of hypothermia 

M ild 
Moderate 
Severe 

Temperature (°C) 

32-35 
30-32 
< 30 
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have an increased surface area to body mass ratio as 
well as low energy sources. The typical clinical signs 
are given in Table 35.2 and are correlated to the 
degree of hypothermia. A low-reading thermometer 
is required and a temperature reading should be 
taken from a central site such as the rectum. 

I n v e s t i g a t i o n s  

A full baseline assessment should be undertaken. 
Hypothermic patients may manifest a number of 
abnormalities (Table 35.3 and Fig. 35.2) . 

M a n a g e m e n t  o f  h y p o t h e r m i a  

Initial priority must be given to securing a patent 
airway and providing oxygen. The core tempera
ture should be assessed with a central low-reading 
thermometer. Many treatments, including defibril
lation, are ineffective when the core temperature is 
less than 30°C. The patient in hypothermic cardiac 
arrest should therefore be rewarmed with continu
ing cardiac massage and ventilation until a core 

Table 35.2: Symptoms and signs of hypothermia 

Mild: 
Lethargy 
Confusion 
Shivering 
Ataxia 

Moderate: 
Hypotonicity 
Bradycardia and hypotension 

Severe: 
Coma 
Arrhythmias 
Pupils fixed and di lated 
Pu lselessness 

Table 35.3:  Abnormalities on investigation of a 
hypothermic patient 

• High haematocrit due to cold diuresis and 
dehydration 

• Hyperkalaemia (poor prognosis) 
• Coagulopathy 
• High amylase 
• ECG J wave and arrhythmias (see Fig. 35.2) 
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HYPOTHERMIA 
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Figure 3 5.2: ECG showing J waves in hypothermia. 

temperature of 30°C is reached before defibrillation 
is attempted. There is some evidence that bretyliurn 
is effective in profmmdly hypothermic patients. 

Rewarming is started by the removal of cold 
or wet clothing and insulation of the casualty in a 
warm environment (passive rewarming). Active 
external rewarming involves exposing the patient 
to exogenous heat sources such as heating blan
kets. Active internal rewarming techniques are 
indicated in patients with severe hypothermia. 
These include the following: 

• ventilation with warm humidified oxygen 
• intravenous warm fluids 
• gastric, bladder, peritoneal or pleural lavage 

with warm fluid 
• blood rewarming by cardiopulmonary bypass 

or haemodialysis. 

In general, patients who are conscious with car
diac output and who improve with simple external 
rewarming methods do not requrre aggressive treat
ment. Invasive active internal rewarming should 
be used in profoundly hypothermic patients, includ
ing those with no cardiac output. 

For those with previous good health, the prog
nosis is good and recovery is usually complete. In 
those with significant co-morbidity the mortality 
rate may be above 50%. Many patients will develop 
multiple organ failure and will require treatment 
on an intensive care unit. 

Over the years there has been much debate 
regarding the determination of death in hypother
mia. A well-known adage is that 'a patient is not dead 
until they are warm and dead'. Profound hypothermia 

may mimic death with the absence of any cardiore
spiratory activity, yet aggressive resuscitation and 
rewarming (particularly in cold-water drowning) 
may produce a neurologically intact survivor. How
ever, there are patients in whom it is impossible to 
restore body temperature. The decision regarding 
when to discontinue resuscitation in a hypother
mic patient should therefore be made by a senior 
doctor. 

Decisions to discontinue resuscitation of hypother
mic patients should only be made by experienced 
clinicians. 

C H EM ICAL  I N C I DE NTS 

A chemical incident i s  'an unforeseen event leading to 
an acute exposure of two or more individuals to any 
non-radioactive substance resulting in illness or a 
potentially toxic threat to health ' or 'two or more indi
viduals suffering from a similar illness which might be 
due to such an event'. 

Examples of chemical incidents include fires or 
explosions in a chemical plant or chemical spills 
causing water pollution. Patients may present hav
ing been exposed to a wide range of substances of 
varying toxicity. 

Do not become a further victim of the incident 
yourself. 

MANAG EMENT  

The rescuers' safety is the first priority. On site, the 
police, together with other emergency services, 
will always attempt to contain the chemical hazard. 
Rescue teams are allowed to approach casualtie 
only once the scene is declared safe. 

There are three triage categories for chemically 
contaminated casualties: 

• resuscitation required during decontamination 
• treatment may be delayed until after decontam

ination 
• minor injuries may walk unaided to an ambu

lant decontamination facility. 



Decontamination starts by identifying contam
inated 'dirty' areas and uncontaminated 'clean' 
areas. Decontamination prior to transfer to hospital 
is desirable but may not always occur. Decontam
ination of casualties is the responsibility of the 
ambulance service, who are able to provide portable 
cold water decontamination facilities. 

Resuscitation is provided according to estab
lished guidelines. Treatment for such victims 
includes removal of contaminated clothing. This 
will remove 70-80% of the contamination. The same 
principles apply to the emergency department. 
Advice on identified specific chemicals can be 
sought from the National Poisons Unit. Relevant 
biological samples are collected to confirm expos
ure and the dose received. Other injuries are also 
treated. 

RADIAT ION  I LLN ESS  

Accidents producing life-threatening radiation 
exposure are very rare. Protection from external 
contamination is best achieved with protective 
clothing. There should be no eating, drinking or 
smoking in areas considered to be contaminated 
in order to prevent internal contamination. More
over, in situations where there is a risk of release 
of radioactive iodine, a large dose of stable iodine 
should be administered by mouth before or shortly 
afterwards in order to saturate the thyroid gland 
and increase excretion of the radioactive form. 
This should lessen the risk of thyroid cancer. 

Human factors, such as lack of elementary 
safety rules and inadequate training, play a major 
role in most of the accidents occurring in industry. 
Preplanning is essential and may minimize the 
severity and the deterioration of the situation. 

MANAG EMENT 

Patients with whole-body irradiation should have 
their radiation dose assessed. Vomiting within 2 h is 
suggestive of significant irradiation. Patients should 
be transferred to a specialized unit. Antiemetics such 
as ondansetron can be very helpful. Where there has 
been local irradiation, skin erythema may develop 
which may subsequently proceed to vesiculation. 
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Pain, infection and malignant change are long-term 
complications. External contamination is dealt with 
by clothing disposal and soap and water decontam
ination. Radiation monitoring should be carried out 
after each attempt. Specialist advice should always 
be sought. In cases of internal contamination the 
aim of the treatment is to reduce absorption and 
enhance elimination. 

H I GH-ALT ITUDE  S I C KN ESS  

The higher the altitude, the lower the partial pres
sure of oxygen and therefore the greater the 
hypoxia experienced. Hyperventilation results in 
respiratory alkalosis. Hypoxia causes the pul
monary vessels to constrict and the pulmonary 
artery pressure to rise. At a later stage, red blood 
cell production increases to enhance the oxygen
carrying capacity of the blood. Acute mountain 
sickness, high-altitude pulmonary oedema and 
high-altitude cerebral oedema are all caused pri
marily by hypoxia and the associated circulatory 
changes. 

ACUTE MOU NTA I N  S I C KN ESS  

Acute momltain sickness develops within the first 
24 h after a high ascent. This will not be seen in 
mountain ascents within the UK. The commonest 
symptom is headache and this is classically frontal 
or bi temporal and throbbing in natme. Other mani
festations include shortness of breath, insonmia, 
anorexia, nausea, vomiting, dizziness and fatigue. 
These symptoms usually resolve after a few days at 
levels below 3050 m but can take weeks at higher 
altitudes. If acute mmmtain sickness is left untreated 
this may lead to pulmonary or cerebral oedema. 

Prevention mcludes slow ascent to allow for 
acclimatization as well as taking acetazolamide 
where indicated. Acetazolamide has been shown to 
reduce the incidence and severity of acute mow1-
tam sickness. It is a carbonic anhydrase inhibitor 
that causes metabolic acidosis by enhancmg the 
renal excretion of bicarbonate ions. The resultant 
acidosis stimulates ventilation and therefore the 
rate and depth of breathing. Moreover it causes 
diuresis, which reduces peripheral oedema. 
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H IG H-ALT ITUDE  PULMONARY O EDEMA 

This is due to non-uniform, hypoxic pulmonary 
vasoconstriction. The result is over-perfusion of the 
remaining patent vessels with transmission of the 
high pulmonary artery pressure to capillaries. 
Dilatation of the capillaries and high flow results in 
capillary injury, with leakage into the alveoli. It is a 
non-cardiogenic pulmonary oedema that leads to 
shortness of breath, cough and haemoptysis as well 
as fatigue. Signs include tachypnoea, tachycardia, 
an altered mental state and pulmonary crepitations. 
The chest X-ray may show pulmonary oedema. 

High-altitude pulmonary oedema is treated 
using oxygen, nifedipine, hyperbaric oxygen, or 
simply by transferring the patient to a lower alti
tude. Some studies have shown that frusemide 
may be of some benefit. 

H IG H -ALT ITU D E  C E REBRAL OEDEMA 

The blood-brain barrier is believed to be altered in 
high-altitude cerebral oedema, causing an increase 
in the cerebral blood flow. Symptoms include 
headache, insomnia, nausea and vomiting, as well 
as cranial nerve palsies, paralysis and seizures. 
Treatment in these cases involves descent to low 
altitude, oxygen, dexamethasone and hyperbaric 
oxygen. 

' 
D IV I N G  E M ERG E NC I ES 

Medical emergencies related to diving can be 
divided into: 

• decompression sickness 
• barotrauma 
• arterial gas embolism. 

D ECOM PRESS ION  S I C KNESS  

For the diver, every 1 0  m of submersion below sea 
level increases the surr01mding pressure by one 
atmosphere. This causes more nitrogen to dissolve 
in the tissues (Henry's law). Decompression sick
ness - the 'bends' or Caisson's disease - results as 
gas bubbles form in the tissues if the diver ascends 

Table 35.4: Types of decompression sickness 

Type I Affecting skin, lymphatics, musculoskeletal 
areas 

Type II Neurological changes 

Table 35.5:  Symptoms by area affected in 
decompression sickness 

Joint 
Cutaneous 

Pulmonary 

Joint pain, dysaesthesia 
Subcutaneous emphysema, 

pruritus, rash 
Cough, shortness of breath, chest 

pain, cyanosis, hypotension, shock, 
death 

Neurological Any neurological event, low back 
pain,  paraesthesia, paralysis, 
bladder dysfunction 

too rapidly. If enough time is given during the return 
to the surface nitrogen can be eliminated and 
decompression sickness prevented. 

Decompression sickness presents within an hour 
of ascent and symptoms are the result of: 

• mechanical obstruction of the vascular system 
• activation of complement and inflammatory 

mediators 
• bubbles in the tissues causing distension. 

The types of symptoms are classified in Table 35.4. 
Categorizing decompression sickness by 

anatomical distribution is more relevant to clinical 
practice (Table 35.5). 

Any symptoms in a diver following a dive should 

be considered to be the result of decompression 
sickness until proved otherwise. 

The gold-standard treatment is hyperbaric oxy
gen therapy. The sooner this is commenced the bet
ter the prognosis, and doctors should know the 
location and contact details of the nearest hyper
baric centre. Treatment will also include oxygen 
and isotonic fluid resuscitation. 

8AROTRAUMA 

Boyle's law states that the volume of a given mass 
of gas is inversely proportional to the pressure in 
that environment. Ther fore the expansion and 



contraction of gas in the natural air cavities of the 
body, as a diver ascends or descends, can cause 
damage to the surrounding structures (barotrauma). 

B a r o t ra u m a  o f  d e s c e n t  

M I D D LE EAR SQU EEZE 

During a dive the surrounding pressure increases 
and in effect the volume of any body cavity 
decreases. In the middle ear, pressure outside the 
tympanic membrane increases and the middle ear 
cavity is squeezed. If the pressure on either side of 
the membrane is not equalized the tympanic mem
brane will be damaged or ruptured. Resulting 
haemorrhage can cause pain, hearing loss and ver
tigo. If the membrane perforates, the pain resolves 
but the rest of the symptoms persist, along with 
vomiting. If the membrane is intact most patients 
recover within a few weeks. If it has ruptured then 
antibiotics are prescribed and ENT involvement is 
mandatory. 

I N N E R  EAR BAROTRAUMA 

This involves rupture of  the round or oval win
dows. Symptoms include vertigo, tinnitus, nystag
mus, ataxia and sensorineural hearing loss. 
Treatment includes bed rest with the head of the 
bed elevated, as well as an appointment with an 
ENT surgeon. The patient should not fly or dive 
unless instructed by an ENT specialist. 

S I N U S  SQU EEZE 

This occurs when the sinuses are blocked and the 
pressure is not equalized. This causes haemor
rhage, mucosal congestion and pain over the 
affected sinus as well as bloody nasal discharge. 
Management includes nasal decongestants. 

B a r o t r a u m a  of a s c e n t  

P U LMONARY BAROTRAUMA 

As the diver ascends to the surface, air in the lungs 
expands. If the air is not exhaled during the period 
of ascent the alveoli overinflate and can rupture. 
Overdistension of the alveoli often presents with 
haemoptysis but not necessarily with chest pain. If 
there is rupture of the alveoli the end result is pneu
momediastinum, or pneumothorax. The patient 
presents with chest pain and, on examination, 
subcutaneous emphysema as well as decreased 
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breath sounds are present. A chest X-ray is often 
diagnostic. In the former case oxygen along with 
observation may be the only treatment required. In 
the latter case h·eatment depends on the size of the 
pneumothorax. Divers with pre-existing small lung 
cysts or end-expiratory flow limitation may be at 
risk of pulmonary barotrauma. Pulmonary baro
trauma is second only to drowning as a cause of 
death in divers. 

ARTER IAL  GAS EMBOL I SM  

This condition is a true medical emergency since 
pulmonary veins can be injured and alveolar gas 
enter the systemic circulation, causing embolism. 
Symptoms include loss of consciousness, confusion, 
seizures, hemiparesis and other neurological dis
turbances. An elevated serum creatine kinase level 
may be a marker for arterial gas embolism, as well 
as a predictor of outcome. Management includes 
oxygen, intravenous fluids and hyperbaric oxygen. 
Expert advice should always be sought. 

N EAR DROWN I N G  

Near drowning is survival after submersion (Table 
35.6). Death from drowning is most commonly 
caused by aspiration of liquid but can also be 
caused by asphyxia secondary to laryngospasm 
(so called dry drowning). If death is not immediate 
from hypoxia there is intrapulmonary shunting, 
decreased llmg compliance, ventilation/perfusion 
mismatch and further hypoxia, leading to cerebral 
ischaemia, cardiac arrhythmias and multi-organ 
failure. 

Aspiration of water often causes non-cardiogenic 
pulmonary oedema, which presents as adult 

Table 35.6: Factors associated with near drowning 

Inability to swim 
Hypothermia 
Drugs or alcohol 
Trauma 
Seizures 
Myocardial infarctions 
Cerebrovascular accidents 
Non-accidental injury 
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respiratory distress syndrome (ARDS). A chest radi
ograph may be normal at first but later on will show 
evidence of pulmonary oedema. The patient may 
deteriorate after a few hours (secondary drowning). 
This is due to influx of proteins and fluid into the 
alveoli as a result of loss of surfactant and leaky res
pi.ratory membrane due to acidosis and hypoxia. 
Near-drowning patients must always be observed 
in hospital, no matter how well they seem at the 
time of their emergency department attendance. 

TREAT M E N T  

Immediate resuscitation is essential in the prehos
pital setting. Care must be taken to protect the cer
vical spine in cases of suspected injury, particularly 
where the patient has dived into shallow water. In 
these cases the airway should be opened by using 
a jaw thrust rather than head tilt. Oxygen (100%) 
should be administered to all patients. Apnoeic 
patients or those with decreased respiratory effort 
require bag and mask ventilation or endotracheal 
intubation. Asystole and ventricular fibrillation 
require cardiopulmonary resuscitation. Sinus brady
cardia, atrial fibrillation and junctional rhytluns 
are commonly seen after hypothermia but require 
no immediate management. 

In the hospital setting, the patient is reassessed 
and resuscitation continues. Blood should be sent 
off for baseline investigations and large-bore intra
venous lines inserted. The patient's arterial blood 
gases and temperature must be monitored. Positive 
end-expiratory pressure ventilation may be needed 
as th.is will reduce the degree of intrapulmonary 
shunting, decrease the ventilation/perfusion mis
match and improve the functional residual cap
acity and hence the oxygenation of the blood. 
Bronchodilators can improve bronchospasm in 
near drowning. Hypothermia should be corrected 
appropriately and any other injuries treated. 

Asymptomatic patients can be discharged after 
6-S h if their observations, chest radiograph and 
arterial blood gases are normal. Most near-drowning 
victims will require at least 24 h of observation. 

P REVENTIO N  

Approximately 25% of victims of near drowning 
presenting to the emergency department will die 

and another 6% will develop neurological seque
lae. Prevention is therefore crucial. Community 
education in basic life-support is vital, as immedi
ate cardiopulmonary resuscitation before the arrival 
of paramedical personnel is associated with a sig
nificantly better outcome in terms of prevention of 
death or severe anoxic encephalopathy. Moreover, 
adequate adult supervision and properly fenced 
swimming pools are essential. 

E LECTROCUT ION  ( I N C LU D I N G  
L IG HTN ING  STRIK E) 

Over 90% of deaths due to electrocution result 
from generated electricity and half are due to con
tact with low voltages (less than 1000 V).  There are 
approximately 200 electricity-related fatalities in 
the UK each year. There are essentially four cat
egories of electrical injury: 

• domestic 
• industrial 
• railway related 
• lightning strike. 

There are two forms of electrical current, direct 
and alternating, of which alternating current, for 
example in the ordinary domestic supply, is the 
most dangerous. Alternating current, in which the 
flow of electrons switches from positive to nega
tive at a frequency of 50 Hz, is more likely to induce 
ventricular fibrillation than is direct current. In the 
industrial environment, direct current is more 
likely to be the cause of electrical injury. Railway
related injuries may be either alternating current 
(AC) or direct current (DC). Many lines are electri
fied on a 25 000 V overhead system; others use a 
750 V third rail, although the London Underground 
uses a system based on a 630 V fourth rail. 

Deaths from lightning strike are uncommon in 
the UK with, on average, four fatalities occurring 
each year. The majority of lightning victims were 
struck whilst working or indulging in recreational 
activities in rural ratl1er fuan urban areas. Thus vic
tims include farm workers, walkers and golfers. The 
voltage of lightning varies from a few million volts 
to 2 X 1012V and usually averages 10-30 X 106V. 

Injuries due to burns may be classified as follows: 

• flash burns 
• arc burns 



• direct (contact) burns 
• cardiac effects 
• other injuries ( neurological and ophthalmic) 
• secondary injuries (due to inhalation, blast, falls, 

muscular spasm and ignition of clothing). 

Flash burns occur when the energy of ai1 electric 
shock (including lightning strike) passes over the 
surface of the body. The resultai1t burns tend to be 
superficial and involve exposed areas. 

Arc burns result from a source short-circuiting 
through the air to a victim. They are associated 
with very high temperatures and the victim may 
be thrown by the energy of the shock, resulting in 
secondary injuries. Partial- or full-thickness burns 
may result, which will be more severe if the cloth
ing ignites. 

Direct (contact) burns result from current flow
ing through the body. The degree of tissue damage 
is proportional to the current flow and its dur
ation. Direct current characteristically produces a 
small entrance and a much larger exit wound. 
These are full-thickness burns. 

Tissue damage is usually more extensive than 
the visible burn. Current follows the line of least 
resistance. Dry skin has a high resistance, followed 
by bone, muscle, blood vessel and nerve. The 
higher the resistance, the greater the resulting 
damage. 

Tissue damage due to electric shock is usually more 
extensive than the visible burn. 

In some respects, severe electrical injury is 
similar to crush injury since it can result in muscle 
breakdown, 'with release of myoglobin and the 
potential for cardiac arrhythmias, renal failure and 
electrolyte disturbance. Severe muscle oedema 
may result in compartment syndrome. 

Alternating current tends to result in ventricu
lar fibrillation whereas lightrLing results in a mas
sive shock producing asystole and respiratory 
arrest. Arrhythmias are more common with shocks 
that pass through the chest rather than involving a 
single limb. 

The neurological effects of electric shocks 
include loss of consciousness (in up to 50% of vic
tims of high-voltage injury), headaches, peripheral 
neuropathy, transient paralysis and mood disturb
ances. Delayed neuropathy in high-voltage injury 
is well described. A number of ophthalmological 
eH.e.c.ts have been described, including delayed 
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cataract formation, glaucoma, retinal injuries, iritis 
and injuries to the cornea. 

Secondary injuries include fractures and dis
locations from electricity-induced muscle spasm, 
injuries due to being thrown or falling from a 
height, burns from the ignition of clothing, inhala
tional burns and blast injuries to the lungs and 
elsewhere. 

L IG HTN I N G  STR I KE  

Clothing may ignite or, in the case o f  lightrLing, be 
blasted off the body by the vaporization of sweat 
or rain; the same mechanism may result in tym
panic rupture. Flashover burns result in a charac
teristic fern-like appearaiLCe which typically resolves 
in 24 h. 

A depressed conscious level may result from 
secondary head injury, cardiac arrest or the direct 
effects of the strike. Confusion and amnesia lasting 
for several days is common. Coolness and mot
tling of the limbs may result from arterial spasm 
that resolves in a matter of hours. Limb paralysis 
is common but generally resolves over a few days. 
A wide variety of ophthalmic problems, most 
notably cataract, may occur. Temporary deafness is 
common and tympanic rupture occurs in more 
than half of victims. Secondary injury should 
always be excluded and ai1y patient with evidence 
of arrhythmia or ECG changes will require continu
ous ECG monitoring. All victims of lightrLing sh·ike 
must be admitted for observation. 

MANAG E M ENT  

Asymptomatic patients from, usually domestic, 
low-voltage incidents can be allowed home as long 
as they have a normal ECG, normal urinalysis and 
no evidence of any injury requiring specialist treat
ment. Review after a couple of days is recom
mended. All patients with high-voltage injuries, 
ECG abnormalities or myoglobinuria must be 
admitted . Superficial burns are treated in the con
ventional manner; howeve1� it is important to 
remember that the tissue damage may be dispro
portionate to the superficial appearance of the 
burn wound and an approach to these injuries of 
extreme caution is recommended . Unless deeper 
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damage can b e  absolutely excluded, all electrical 
burns should be reviewed before discharge by a 
senior doctor, and if there is any doubt as to the 
nature of the wound they should be referred for a 
specialist opinion. 

VENOM O U S  S NAKE B ITES  

Snake bite envenomation in tropical areas affects 
an estimated 1 million people each year according 
to the World Health Organization. Estimated 
annual mortality is between 30 000 and 50 000 
people. Worldwide, only about 10% of the 3000 
species of snake are venomous. In the UK the 
adder is the only native venomous snake; how
ever, it is increasingly common to see exotic ani
mals being kept as pets, and bites from these may 
present to UK departments. 

One common family of venomous snake is the 
Crotalidae or pit-vipers (rattlesnakes, moccasins). 
Other snake families include Elapidae (cobras, 
kraits) and Hydrophydae (sea snakes) . Fifty to 
seventy-five per cent of snake bites result in enveno
mation. Since even a dead snake can envenomate a 
handler they should all be treated with great respect. 

E F F ECTS 

Venom consists of  proteins that are cytotoxic, neu
rotoxic and haemotoxic. The first symptom is pain 
around the puncture site that increases over the 
next few hours. Swelling and oedema progress 
rapidly to involve the whole extremity. With pit
viper bites there is also erythema, ecchymosis and 
coagulation defects. With coral snake bites there 
is less oedema and the pain can develop after a 
few hours. Moreover, neurological effects are more 
prominent with the latter and include ptosis, dys
phagia, dysarthria, loss of deep tendon reflexes 
and respiratory depression. Patients can also 

develop cardiac and kidney failure. Compartment 
syndrome is rare. 

TREATMENT 

There is no evidence that suction o r  the use of a 
tourniquet proximal to the wound site will affect 
the outcome. In addition, the use of ice can cause 
thermal injuries and circulatory compromise. A 
splint can be used in order to limit movement and 
avoid spread of venom. It can also decrease the 
pain. Marking the border of advancing oedema 
with a pen every 15 min is recommended. 

The patient should be observed for at least 
6-12 h. Intravenous access should be gained and 
blood sent off for full blood count, electrolytes, 
coagulation studies and group and save. In addi
tion, the patient should be placed on a cardiac 
monitor and urine sent for analysis. The main 
treatment is antivenom therapy. Antivenoms are 
hyperimmune sera collected from animals immu
nized with venom. The antibodies contained in 
the serum bind and inactivate venom components. 
This offers a specific treatment that can signifi
cantly reduce the injury and symptoms of the 
envenomation. The main adverse effect encoun
tered when using antivenoms is anaphylaxis, which 
may be life threatening. Preparations to treat ana
phylaxis must be made before initiating antivenom 
therapy. Blood tests are then repeated. The swollen 
limb is elevated and tetanus toxoid booster is 
given as necessary. Finally, broad-spectrum anti
biotics are usually given. Standard antitetanus 
immunoglobulin should be administered to non
immune patients. 

F U RTHER  REA D I N G  

Steedman, D.J. ( 1994) Environmental Emergencies. Oxford 

Handbooks in Emergency Medicine. Oxford Univer
sity Press, Oxford. 
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I NTRODUCT ION  

Most emergency department medical staff have 
little ophthalmic training yet eye emergencies rep
resent a significant proportion of a department's 
workload. As in other areas of medical practice, 
early and accurate diagnosis requires only the skill 
to take an accurate history and perform a simple 
ophthalmic examination. In most cases further 
examination is not required. While most eye 
complaints in an emergency department are rela
tively trivial and self-limiting, a few are time 
dependent and require early intervention to pre
serve visual function. It is important to recognize 
those conditions that require further specialist 
management and refer them appropriately to an 
ophthalmologist. 

HISTO RY 

The history should be brief yet define the present
ing symptom, its duration, severity and location. 
Associated symptoms, past medical and oph
thalmic history and the current use of eye and 
other medications should be documented. The 
presenting symptom for an eye complaint will 
usually be one of those listed in Table 36. 1 .  

• Eye injuries 
• Visual loss 
• The acute red eye 
• Periocular infections 
• Contact lens problems 
• Further reading 

Trauma to the eye may be blunt or penetrating 
and may occur in isolation or in association with 
more significant injuries, which should take prece
dence. A history of injury from a high-velocity 
foreign body should raise the suspicion of a pene
trating injury with intraocular foreign body. 

Visual loss may occur with or without pain. 
The loss may be partial or complete. Determine 
whether the visual impairment is unilateral or 
bilateral and the time scale of onset. Also take a 
wider medical history to elicit previous symptoms 
of diabetes mellitus, cerebrovascular disease or 
demyelination. 

An acute red eye may occur in association with 
pain and visual disturbance. The diagnosis may 
be obvious if the onset of symptoms can be related 
to a specific incident such as a chemical splash, 
but often no cause can be easily identified. Docu
ment the length of symptoms and rapidity of onset. 
If any discharge occurs note the type (serous or 
purulent). 

Table 36. 1 :  Common presenting complaints 

Eye presenting complaints: 
Trauma 
Visual loss or disturbance 
Acute red eye 
Periocular infection 
Contact lens problems 
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Table 36.2: Components of an  eye examination 

Ophthalmic examination: 
Visual acuity 
I nspection of conjunctiva! sac 
Fluorescein 
Anterior chamber 
Pupil 
Funduscopy 

Periocular infection involves the structures of 
the lids and the lacrimal system and is usually 
minor, but on occasions may become life threaten
ing by involvement of the central nervous system. 

Contact lens problems are seen with increasing 
frequency. It is important to determine the type of 
lens used (hard, soft or gas permeable) and the 
duration of use. Problems are often associated 
with prolonged use, poor lens hygiene and allergy 
to cleaning solutions. 

O PHTHALM IC  EXAMINAT IO N  
(TABLE 3 6 . 2 )  

A satisfactory ophthalmic examination can be per
formed with a minimum of equipment. If a slit 
lamp is available the doctor should learn how to 
use it correctly, but it is often not an essential com
ponent of the assessment of patients in emergency 
departments. 

VISUAL ACU ITY 

Recording of visual acuity is a mandatory compon
ent of the examination of any patient with an eye 
complaint. It assesses visual function and there 
may be significant medico-legal consequences if it 
is not recorded. Patients who normally use glasses 
should wear these for testing. 

If the patient's glasses are unavailable, use of a 
pinhole will provide an acceptable substitute. A 
Snellen chart (Fig. 36. 1 )  is usually used and is read 
at either 6 m  (or 3 m  for a half-size chart) with one 
eye covered. The visual acuity is recorded as a frac
tion, with 6 as the numerator and the number of the 
lowest line read as the denominator. 6/6 indicates 
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Figure 36. 1 :  Snellen chart. 

normal vision, 6/12 reduced acuity and 6/4 better 
than average vision. 

If the patient is unable to read the largest letter 
on the Snellen chart, they can be assessed on their 
ability to count fingers at a distance of 1 m. If they 
are again unsuccessful, their ability to differentiate 
light from dark can be tested. 



Figure 36.2: Eversion of the upper l id to inspect the 
subtarsal area. 

I N SPECT ION  O F  CON JUNCTIVAL SAC 

A thorough search for foreign body involves visu
alizing the whole conjunctiva! sac and the sub
tarsal area by everting the tarsal plate (Fig. 36.2) . 
Also note the degree of conjunctiva! injection and 
whether this is localized or generalized. 

fLUORESC E I N  STA I N I N G  

Fluorescein selectively stains areas of the cornea 
where there is epithelial loss. Uptake is typically 
seen in a corneal abrasion or ulcer. View the cornea 
under a cobalt blue light to define the areas of 
staining. 

ANTER IOR  C H A M B E R  

The anterior chamber should be clear. Inspect it 
visually and with an ophthalrnoscope. Any cloudi
ness of the aqueous humour suggests the presence 
of either blood or inflammatory cells. 

P U P I L  
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The pupil should be symmetrical and react briskly 
to light. Assymetry or poor reaction as a new clin
ical finding is significant whether you are dealing 
with trauma or an inflammatory process. 

f U N DUSCOPY 

This is important i n  any condition where there is 
disturbance of vision. Full assessment of the poster
ior chamber requires a slit-lamp and a trained oph
thalmologist. 

SL IT-LAMP EXA M I NAT I O N  

The slit lamp provides a magnified and well
illuminated image of the eye. Conditions that would 
pass unnoticed on conventional examination, such 
as small foreign bodies and the flare of the inflam
matory cells in the aqueous humour of anterior 
uveitis, are detected by use of the slit lamp. It also 
facilitates the accurate and atraumatic removal of 
corneal foreign bodies. Correct use of the instru
ment does require training and experience, and 
junior doctors should be aware of when to refer 
the patient to an ophthalmologist for slit-lamp 
examination rather than spend time learning the 
teclmique. 

The measurement of intraocular pressure is usu
ally carried out with an applanation tonometer and 
slit lamp but is not often available in an emergency 
department. Although a rough assessment of the 
pressure can be made by digital palpation, the 
patient should be referred for a formal ophthalmic 
assessment if there is any suspicion of glaucoma. 

DOCUMENTAT I O N  

As in other areas of emergency work it is impor
tant to accurately yet concisely document the his
tory, examination and treatment (Fig. 36.3). 

Use of diagrams is often helpful to describe the 
position of foreign bodies or the pattern of fluores
cein staining. 
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J O H NSON 1 035 

24-ho u r  h /o  r ight  eye pa i n  and p hotophobia  

No trau ma.  Known ank.  spond.  4 y 

No previous episodes 

0/E VA R 6/1 2 L 6/4 

Ci rcu mcorneal i nj .  No FB 

Fluor. NAO 

AC ?flare 

P u p i l  s m a l l  no reaction 

PC poor v iew 

I mp l ri t is  

Ref  Eyes (1 040) - to c l in ic  

Figure 36.3: Example of documentation of an 

ophthalmic complaint. 

f O R M U LARY 

LOCAL ANAESTH ET ICS  

GJ 

A variety of local anaesthetics are available in 
single-use dispensers. Amethocaine and lignocaine 
are the most commonly used and one or two drops 
will anaesthetize the conjunctiva in 3 min. Proxy
metacaine has the advantage of rapid onset and 
brief duration of action. Anaesthetized eyes should 
be covered with an eye pad as the blink reflex is lost. 

Local anaesthetic eye drops should not be 
given to the patient as a method of analgesia. 
With repeated use, wound healing is inhibited. 

ANT I B I OT ICS  

Antibiotics are available as drops or ointment. Drops 
need to be used every 2-3 h whereas ointment is 

usually only applied three times a day. Chloram
phenicol is the most commonly used drug, with 
fucidic acid often prescribed as a second line. 

f LUORESC E I N  

This is available either as drops or on strips, whic 
should be dampened before application to the eye. 
Areas where the corneal epithelium has been lost 
will stain selectively under a cobalt blue light. 

MYDRIAT ICS  

It may be necessary to dilate the pupil, either to 
examine the posterior chamber or for pain relief in 
corneal abrasion or arc eye. The mydriatics differ 
in their duration of action, a short-acting drug 
such as tropicarnide (3 h) being used to assist 
funduscopy, whereas a longer-acting one such as 
cyclopentolate or homatropine (up to 24 h) can be 
used for pain relief. Owing to its prolonged dur
ation of action in the eye (up to 7 days), atropine 
must not be used in emergency departments. 

Mydriatics are contraindicated in glaucoma. 

STERO I DS 

The use of steroid drops or ointments is potentially 
disastrous in an eye with an undiagnosed den
dritic ulcer. They should not therefore be prescribed 
by emergency department doctors and the patient 
should be referred to an ophthalmologist. 

Never prescribe steroid preparations for eyes in the 
emergency department. 

TREATMENT TECHN I Q U ES 

DROP AND O I NTMENT  I N ST I LLAT I O N  

The lower eyelid should be everted and the patient 
asked to look up with the head extended. A single 
drop is placed into the eye, which is then gently 
closed. Ointments are similarly inserted within the 
lower eyelid. Patients should be warned that the 
ointment will blur their vision temporarily and 



they should not drive for 30 min. Excess ointment 
may be removed with a tissue whilst the eye is 
held firmly closed. 

CONTACT L E N S  REMOVAL 

Contact lenses must be removed prior to examin
ation and in an unconscious patient the eyes should 
be checked to ensure that lenses are not in situ. The 
lens may migrate up into the superior conjunctiva! 
sac and be difficult to find. Removal of soft lenses 
is usually best accomplished by pinching them 
between finger and thumb. Hard lenses may be 
particularly difficult to remove after they have 
been left in an excessive length of time. Lubricating 
the eye with saline may be necessary, but if this is 
unsuccessful a suction cup designed for this pur
pose can be used. 

I RR IGAT ION  

This can b e  an important measure in flushing out 
chemical irritants or foreign bodies. Saline (0.9%) 
is the most common and convenient fluid as a drip 
bag with giving set can be used. This procedure is 
often unpleasant for the patient and the use of local 
anaesthetic prior to irrigation is recommended. 

EYE PATC H I N G  

The application of an eye pad is most commonly 
used to protect the eye when the protective blink 
reflex has been removed by use of local anaes
thetic. Though previously used in the treatment of 
corneal abrasion, this is no longer recommended. 

A pad is folded in half across its long axis and is 
then placed with the folded edge under the supra
orbital ridge. A second pad is placed on top in line 
with the orbit and taped in place. 

Patients wearing an eye patch should be 
instructed not to drive. 

EYE IN JUR I E S  (TABLE  3 6 . 3 )  

fORE I G N  BOD I E S  

Identification of a foreign body requires a careful 
visual assessment of the conjunctiva! sac and 

Table 36.3: Types of eye injury 

Eye injuries: 
Foreign bodies 
Corneal abrasion 
Ultraviolet keratitis (arc eye) 
Blunt injury 
Penetrating injury 
Chemical burns 
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cornea, including eversion of the tarsal plate (see 
Fig. 36.2). Local anaesthetic is usually required to 
allow removal of the foreign body, which is often 
easily accomplished with a cotton-wool bud. When 
the foreign body is embedded on the surface of the 
cornea the tip of a hypodermic needle may be used 
to aid removal, but in order to minimize trauma 
to the cornea this may be better performed under 
a slit lamp, especially when the foreign body is 
deeply imbedded. 

Metallic foreign bodies may leave a rust deposit 
on the surface of the cornea, which requires removal. 
This is often accomplished more easily after a period 
of 24 h during which the eye is treated with chlor
amphenicol ointment, so the patient can usually be 
referred to an eye clinic. 

When the patient gives a history of a high-speed 
metallic foreign body it is important to be aware of 
the possibility of an intraocular foreign body and to 
arrange an X-ray (Table 36.4). 

CORN EAL  ABRAS I O N  

This results from direct injury to the cornea with a 
variable depth of injury to the corneal epithelium. 
The patient complains of pain and often foreign 
body sensation, with watering of the eye (epiphora). 
In severe cases blepharospasm results in inability to 
open the eye for examination. Instillation of anaes
thetic drops may be necessary. 

Staining of the cornea with fluorescein reveals 
the site and size of the abrasion. Treatment involves 
the use of prophylactic antibiotics. An eye pad 
should be used for 4 h if anaesthetic drops were 
used but is not otherwise required. If pain is severe 
a mydriatic such as homatropine may be helpful. 
The patient should be told to expect resolution in 
24-48 h but to return if symptoms fail to settle. On 
occasions, spontaneous recurrence of the abrasion 
may occur at a later date following initial healing. 
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Table 36.4: Case history of a missed penetrating foreign body 

Case history 

A man presents to the emergency department complaining of foreign body sensation 
in the right eye. The onset occurred while he was using a hammer and chisel to cut 
stone. Visual acuity in the right eye is 6/9 but no foreign body is visible. A small area of 
haemorrhage was visible on the sclera but examination was otherwise normal. He was 
discharged with an eye pad and chloramphenicol ointment. 

He returns 48 h later with an inflamed eye with visual acuity of 6/60. An X-ray of 
the orbit shows an intraocular metal fragment. He is admitted, but as a result of 
endophthalmitis subsequently has to have the eye removed. 

U LTRAV IOLET KERAT IT I S  (ARC EYE) 
The patient typically presents some hours after 
exposure to ultraviolet light, such as from an arc 
welder or a sun lamp. They complain of pain and 
epiphora. Examination reveals an injected eye and 
on fluorescein staining superficial pitting of the 
surface of the cornea may be seen. The condition is 
self-limiting and almost always resolves in 24-48 h. 
Treatment is largely symptomatic with eye pads, 
mydriatics and oral analgesics. Local anaesthetics 
provide temporary symptomatic relief but repeated 
instillation is not recommended. 

BLUNT  I NJ U RY 

Any structure in the eye may be injured by blunt 
force. Assessment is often difficult as periorbital 
swelling may obscure significant injury to the eye. 

Injuries to the cornea have already been dis
cussed. Bleeding into the anterior chamber of the 
eye produces hyphaema. If the patient has been 
sitting still in an upright position prior to examin
ation, this will easily be seen as a fluid level with 
blood in the lower part of the chamber (Fig. 36.4). 
However, if the patient has been lying flat, the 
anterior chamber will merely look hazy. 

Blunt injury may produce traumatic mydriasis 
in which the pupil is dilated and paralysed. This 
may be the cause of some concern in the patient 
who has sustained a significant head injury, and 
investigations should be initiated to exclude an 
intracranial mass lesion. Any reduction in visual 
acuity suggests injuries to the iris, lens, vitreous or 
retina and will require urgent specialist assessment. 

Figure 36.4: A hyphaema. 

P E N ETRAT ING  I NJ U RY 

Early recognition and repair is vital if ocular func
tion is to be preserved. The history usually pro
vides an important clue to the correct diagnosis, 
though the actual site of penetration may not be 
obvious. In many cases prolapse of the iris through 
the wound may cause obvious irregularity of the 
pupil (Fig. 36.5). The eye should be protected 
against further injury with an eye shield.  Antibiotic 
and tetanus prophylaxis must be provided and the 
patient referred to the ophthalmologist. 

C H E M ICAL BURNS  

A large variety of chemicals may b e  splashed int 
the eye. Fortunately, most of these are harmless. 
Alkali burns to the cornea, however, can cause sig
nificant permanent visual impairment. These most 



Figure 36.5: Penetrating injury with iris prolapse. 

commonly occur from drain and oven cleaners and 
concrete and plaster. The mainstay of treatment is 
early and continuous irrigation of the eye with large 
volumes of saline, and this should not be delayed 
by attempts to identify the substance involved. Any 
particulate matter should be identified by careful 
inspection of the whole eye and removed. 

After completion of irrigation, the cornea should 
be stained with fluorescein. If there is any corneal 
injury the patient should be referred to the 
ophthalmologist. 

VIS UAL  LOSS 

Acute deterioration in visual acuity (Table 36.5) in 
an uninflamed eye implies significant disease in 
the posterior chamber or optic nerve and requires 
prompt referral. 

VITREOUS HAEMO RRHAG E 

Although most commonly associated with dia
betes this condition may occur spontaneously. The 
examination finding of loss of the red reflex and 
inability to visualize the retina should suggest this 
diagnosis. 

RET INAL  DETAC H M E N T  

This may occur in relation to trauma or in a diabetic 
patient but also occurs spontaneously. The patient 
complains of visual disturbance, with flashing 
lights or floaters, or the appearance of a veil over 
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Table 36.5: Differential diagnosis of acute visual loss 

Causes of visual loss: 
Vitreous haemorrhage 
Retinal detachment 
Central retinal artery occlusion 
Central retinal vein occlusion 
Optic neuritis 

the affected eye. The lesion may be demonstrated 
by ophthalmoscopy but a full ophthalmic assess
ment is necessary to exclude the diagnosis. Treat
ment is surgical. 

C E NTRAL RET INAL  ARTERY 
OCCLUS ION  

This typically presents with sudden and painless 
loss of vision. If a branch artery only is occluded 
there may be a field defect rather than complete 
visual loss. The occlusion is usually embolic from a 
carotid atheromatous plaque. The retina usually 
appears pale through the ophthalmoscope. Always 
consider the possibility of temporal arteritis as a 
cause, especially if there is a history of preceding 
headaches and lethargy. Prompt treatment with 
steroids may save the unaffected eye. Otherwise 
massage of the globe may on occasions break up 
the embolus. The prognosis is otherwise poor, as 
the retina tolerates ischaemia poorly. 

C ENTRAL RET INAL  V E I N  O C C L U S I O N  

The onset of symptoms following venous occlu
sion is more gradual. Again thrombosis of a branch 
vein will lead to a field defect. Ophthalmoscopy 
will reveal an engorged retina with haemorrhages. 
Spontaneous resolution may occur but treatment 
is generally ineffective. Long-term follow-up is 
necessary to detect and treat the complications of 
secondary glaucoma and neo-vascularization. 

THE  ACUTE  RED  EYE 

The acute red eye has a large number o f  potential 
causes (Table 36.6). Assessment requires a careful 
history to establish whether trauma has occurred 
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or  i f  there i s  a possibility of a foreign body. In the 
absence of these factors one of the atraumatic 
causes of red eye is likely (Table 36.6). In some 
cases a preceding general medical problem may be 
related to the development of red eye. A thorough 
examination will usually result in an accurate 
diagnosis (Table 36.7), though further assessment 
with a slit lamp by an ophthalmologist may be 
necessary to define the cause. 

C O NJ UNCT IV IT I S  

The most common diagnosis in acute red eye is 
conjunctivitis. This may be viral, chlamydial or 
bacterial. The condition is usually bilateral and 
caution must be applied to the use of this diagno
sis in unilateral red eye, though involvement of the 
second eye may be delayed in onset. 

Be cautious about diagnosing conjunctivitis in 
unilateral red eye. 

Viral conjunctivitis presents with an inflamed 
eye and the patient often complains of a foreign 
body sensation. There is generalized injection of 

Table 36.6: Causes of atraumatic acute red eye 

Conjunctivitis 
Allergy 
Subconjunctival haemorrhage 
Episcleritis 
Scleritis 
Keratitis 
Anterior uveitis 
Acute glaucoma 
Herpes zoster infection 
Orbital cellu l itis 

Table 36.7: Examination findings in acute red eye 

the eye and there may be symptoms of an associ
ated systemic viral illness. Although most conjunc
tivitis is viral, treatment with topical antibiotics is 
usually used as clinical differentiation from bacter
ial infection is difficult. 

A highly contagious form, epidemic keratocon
junctivitis, is caused by an adenovirus. The conjunc
tival inflammation is follicular, initially uniocular, 
and is associated with tender enlargement of 
the preauricular lymph nodes. Photophobia and 
reduced visual acuity, if present, suggest corneal 
involvement. This condition is self-limiting but may 
take several weeks to resolve. Precautions taken by 
staff and patients to avoid spread should include 
use of separate towels and advice to stay away 
from work until resolution occurs. Treatment is 
with topical antibiotic ointment to prevent second
ary infection. 

Chlamydial infection most commonly occurs 
after use of swimming pools or jacuzzis that have 
been poorly maintained. Transmission from geni
tal infection may also occur. Again, clinically the 
appearances are similar to those of other types of 
conjunctivitis but, if suspected, treatment with oral 
tetracyclines should be considered. 

Bacterial conjunctivitis is a result of infection by 
skin commensals such as Staphylococcus aureus or 
Streptococcus pneumoniae. Discharge is often puru
lent but sometimes serous. Treatment is empirical 
with topical antibiotics for 5 days. Lack of response 
by 48 h should prompt re-evaluation and, if neces
sary, change of antibiotics. 

ALLERGY 

The appearances o f  conjunctival oedema (chemo
sis) as a result of allergy are characteristic, with 
itching and boggy translucent swelling. A large 

Conjunctivitis Keratitis Anterior uveitis Acute glaucoma 

Visual acuity Normal Reduced Reduced Poor 
Pain Mild Moderate Moderate Severe 

Photophobia None Mild Severe Mi ld 

Injection Generalized Circumcorneal Circumcorneal Generalized 

Pupil Normal Normal Constricted Oval 

Cornea Normal Cloudy Normal Oedematous 

Anterior chamber Normal Normal Flare Shallow 

Ocular pressure Normal Normal Normal H igh 



number of airborne allergens can be the cause, as 
well as substances inserted into the eye such as 
medications. The rather dramatic appearances will 
usually resolve spontaneously on removal from 
the provoking substance. The prescription of fur
ther medication in this situation often only causes 
a further allergic response. 

S U BC O NJ U NCT IVAL HAEMORRHAG E 

When this occurs spontaneously in the absence of 
trauma, the patient requires only reassurance that 
this benign condition will resolve without treatment. 

E P I SCLER IT I S  

This usually presents a s  a localized inflamed nod
ule on the sclera. It is often recurrent and responds 
to the use of local steroids, though an ophthalmic 
opinion should precede the prescription of this 
medication. 

SCLER IT I S  

Pain i s  more intense and deep-seated than in con
junctivitis. The eye is often tender to palpation. This 
condition is often symptomatic of a collagen disease 
and requires treatment with systemic steroids. 

KERAT IT I S  

Inflammation of the cornea results in an acutely 
painful, watering red eye. The injection is arotmd 
the cornea (circumcorneal) rather than generalized 
and there is often punctate uptake of fluorescein on 
the cornea or, more rarely, a discrete ulcer that is 
characteristically dendritic in shape in herpes sim
plex infection. The patient should be referred for fur
ther assessment. Treatment is likely to include the 
use of a mydriatic to relieve pain and prophylactic 
antibiotics or aciclovir in the case of a dendritic ulcer. 

ANTER IOR UVE IT I S  

Inflammation of the iris (iritis) o r  ciliary body 
(cyclitis) presents with an acutely inflamed eye 
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with reduced visual acuity and photophobia. 
Recurrences are common. On examination, injec
tion is circumcorneal and a flare in the anterior 
chamber may be seen, though often this is only vis
ible tmder a slit lamp. The pupil is often small and 
may be assymetrical as a result of adhesions to the 
surface of the lens. 

There is often an associated systemic illness 
such as ankylosing spondylitis or reactive arthritis. 
Referral to an ophthalmologist is required and 
treatment consists of a mydriatic to dilate the pupil 
to prevent adhesions and steroids. 

ACUTE G LAUCOMA 

Acute glaucoma classically presents with the sud
den onset of severe pain that may be felt by the 
patient to be generalized rather than localized to 
the affected eye. Vomiting and collapse are com
mon associated symptoms and glaucoma may be 
misdiagnosed as a neurological emergency. Visual 
acuity is often markedly reduced and the cornea is 
oedematous and appears cloudy, with conjunctiva! 
injection (Fig. 36.6). The pupil is characteristically 
a vertical oval shape and is tmresponsive. The eye 
feels hard on palpation. 

This is a genuine emergency and prompt treat
ment will preserve visual function. As intraocular 
pressure approaches systolic blood pressure the 
retina becomes ischaemic and permanent injury 
results. Initial h·eatment is medical, with miotics 
and acetazolamide. If intraocular pressure remains 
elevated a peripheral iridectomy is necessary. 
Urgent referral is essential. 

Figure 36.6: Appearance of acute glaucoma. 
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H ERPES  ZOSTER  O PHTHALM I C U S  

In herpes zoster ophthalrnicus, pain characteristic
ally precedes the development of clinical signs. TI1e 
pain and rash are limited to the fifth nerve distribu
tion and ocular complications occur in approxi
mately half of the cases, with ophthalmic division 
involvement. nus may vary from conjunctivitis to 
panophthalrnitis. Treatment with aciclovir orally and 
topically, topical antibiotics to prevent secondary 
infection, and occasionally steroids may be used. 

P ER IOCULA R  I NFECT IONS  
(TABLE  3 6 .8 )  

B L E P HAR IT I S  

Blepharitis i s  characterized b y  erythema, which is 
maximal on the eyelids. There is usually infection 
in either the follicles or the meibomian glands. 
Treatment in the first instance is with topical 
antibiotic ointment, though the response to treat
ment may be slow and the condition may recur. On 
occasions an underlying dermatological condition 
requires treatment. 

STYE (HORDEOLUM) 
This is a suppurative infection of the lash follicles 
or their associated glands that usually progresses 
to abscess formation and spontaneous discharge of 
pus. Again treatment is with topical antibiotic oint
ment, though resolution will occur with or without 
treatment. 

M EI BO M IAN CYST 

Infection of one of the meibomian glands results in 
a tender inflamed lesion, usually visible on the 

Table 36.8: Causes of periocular infection 

Blepharitis 
Stye 
Meibomian cyst 
Dacrocystitis 
Orbital cellu l itis 

tarsal plate. Treatment initially is with topical 
antibiotic ointment, though referral to an eye clinic 
for curettage of the cyst is necessary if the cyst is 
large and fails to resolve. 

0AC ROCYST IT I S  

Infection of the lacrirnal sac results in a painful, 
inflamed swelling below the medial canthus. 
Pressure over the lacrirnal sac may produce pu 
at the punctum. The causal organism is usually 
Staphylococcus aureus and antibiotic therapy should 
be systemic. 

ORB ITAL C ELLUL IT I S  

Infection has usually spread from adjacent struc
tures such as the sinuses or teeth or from a wound. 
There is local injection and swelling, with pro
ptosis and painful restricted eye movement. There 
is usually systemic disturbance with fever. Urgent 
treatment with intravenous and topical antibiotics 
is required, as well as identification and treatment 
of the primary infection site. Prompt treatment 
will prevent serious complications such as menin
gitis, optic nerve compression and cavernous sinus 
thrombosis. 

CONTACT LENS  PROBLEMS  

A number of ophthalmological problems occur 
which are specific to the use of contact lenses. 
Failure to comply with instructions regarding length 
of use and cleaning results in an increased incidence 
of the following complications. All patients who 
experience problems as a result of contact lens wear 
should be reassessed by either an ophthalmologist 
or an optician prior to resuming use of the lens. 

CORNEAL HYPOX IA  

Corneal oxygenation occurs through the corneal 
surface. This process is impaired when a lens is 
in situ, although many soft lenses are gas permeable. 
Corneal hypoxia results in superficial ulceration 
and the symptoms of painful red eye with phot -
phobia are often delayed in onset until after the 



lens has been removed. The treatment is to stop 
use of the lens and prescribe prophylactic antibi
otics. Mydriatics may provide symptomatic relief 
when symptoms are severe. More severe cases 
should be followed up in the eye clinic. 

KERATOCONJ U N CT IV IT I S  

A s  with any prosthesis, the presence of a contact 
lens predisposes to infection. The infection usually 
resolves rapidly with removal of the lens and 
the use of topical antibiotics. Infection of a corneal 
ulcer is a potentially sight-threatening condition as 
a result of corneal scarring and the patient should 
be referred for immediate ophthalmic assessment. 

M ECHAN I CA L  I N J U RY 
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The use of damaged or unclean lenses may lead to 
abrasion of the corneal surface. Again symptoms 
will resolve once the lens and the foreign material 
is removed. 

f U RTHER  READ I N G  
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C H A P T E R  T H I R T Y  S E V E N  

EAR, NOSE AND THROAT 

• I ntroduction 
• Ear problems 
• Nasal problems 

I NTRODUCT ION  

The majority of emergency deparhnent doctors 
have received no formal training in ear, nose and 
throat (ENT) conditions. Optimal management is 
therefore hampered by this and by inadequate con
ditions and equipment. Most ENT conditions are 
straightforward and easy to manage if appropriate 
attention is paid to the history and examination. 
However, if there is any possibility of significant 
pathology, junior doctors should have a low thresh
old for specialist referral. 

EAR PROBLEMS  

ASSESSMENT  A N D  EXA M I NAT ION 

S y m p t o m s  

It is important to establish the predominant com
plaint and whether it affects one or both ears. 
Table 37.1 illustrates the important points in the 
history taking. 

Table 37. 1 :  Taking a history in ear problems 

Hearing loss - onset and rate of progression 
Otalgia (pain in the ear) 
Otorrhoea (discharge from the external auditory 

meatus) 
Tinnitus 
Loss of balance 
Noise exposure 

• Throat conditions 
• Further reading 

In addition any history of nasal obstruction or 
discharge, recent ototoxic medication (such as the 
aminoglycosides) and any family history of hear
ing loss should be sought. 

S i g n s  

It is important to examine the ear in good lighting 
with adequate equipment. The largest auroscope 
speculum available which will fit the ear canal 
should be used in order to examine the tympanic 
membrane properly. The pinna should be pulled 
backwards and upwards (backwards and down
wards in children), and scars crusting and weep
ing sought on the pinna and especially around the 
external auditory meatus. The ear canal should be 
inspected before, and as the speculum is inserted, 
as in acute otitis externa this will be very sore. 
Finally, the tympanic membrane is examined. 

A u d i t o r y  t e s t i n g  

By talking to the patient in a quiet room the clinician 
will soon appreciate their hearing ability. Tuning
fork tests can be used to distinguish between con
ductive and sensorineural hearing loss but are less 
reliable in children. Conductive deafness results 
from mechanical obstruction of the sound waves 
in the outer or middle ear. Sensorineural deafness 
results from defective function of the cochlea or of 
the auditory nerve. 

Two tuning-fork tests are usually employed 
using a 512-Hz fork. The fork is sow1ded by striking 
the tines against the elbow. 



R i n n e  t e s t  

This test compares air conduction (hearing via the 
ear canal and middle ear) with bone conduction 
(direct transmission to the inner ear via the mastoid 
process) . The hming-fork is struck and held in front 
of the patient's ear. It is then firmly placed on the 
mastoid process and the patient asked to state 
which position of the tuning-fork was louder. If the 
fork is heard better in front of the patient's ear this 
is Rinne positive, indicating that the sound can be 
heard better by air conduction than by bone conduc
tion. A Rinne-negative result occurs with disease in 
the external or middle ea1� producing a conductive 
deafness. In this instance the fork is louder when 
applied to the mastoid. A false Rinne-negative result 
occurs in cases of severe unilateral sensorineural 
loss, and care should be taken to remember this. 

We b e r  t e s t  

The Weber test is more sensitive than the Rinne test. 
The tuning-fork is placed on the forehead and the 
sound waves are transmitted to both ears via the 
skull. The patient is asked whether the sound is 
heard centrally or is referred to one or both ears. If 
the sound is heard centrally the patient has either 
normal bilateral hearing or bilateral sensorineural 
hearing loss. A conductive deafness in one ear 
causes the sound to be heard on that side (the deafer 
ear). A sensormeural deafness causes the sound to 
be heard on the opposite side (the better ear). 

EAR I N F ECT IONS  

A c u t e o t i t i s  e x t e r n a  

Inflammation of the ear canal may be due to 
trauma from the use of cotton buds or secondary to 
eczematous ear canal skin. Symptoms range from 
mild irritation to severe pain, and movement of 
the pirma at its root or pressure on the tragus will 
exacerbate the condition. The most common infect
ive agents are Staphylococcus, Pseudomonas and fungi. 

Examination of the ear will reveal a red and ten
der canal with a thin discharge that should be sent 
for culture. Hearing loss occurs as a result of oedema 
of the canal and accumulation of debris. 

Treatment consists of gentle removal of the ear 
canal debris and application of antibiotic and steroid 
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drops, ointment or spray. A dressing can be inserted 
into the ear canal for 48 h and this will expand when 
the drops are applied. Prolonged use of the medica
tion should be avoided in order to prevent second
ary fungal otitis with organisms such as Aspergillus. 
Hydrocortisone cream (1 %) will reduce itching after 
the infection has been controlled. 

F u r u n c u l o s i s  

Infection of a hair follicle in the ear canal may 
produce severe pain, slight deafness and pyrexia. 
Drainage, antibiotics and analgesia are required. A 
short course of flucloxacillin is usually appropriate. 

I n fe c t i o n s  o f  t h e  p i n n a  

These may follow severe otitis externa or trauma 
such as ear piercing. In perichondritis, the infected 
cartilage produces a swollen, red and tender pirma 
with spreading oedema on to the face. This is rare. 
Any precipitating cause must be removed, with 
incision and dramage as necessary. Systemic antibi
otics are required. The patient should be referred 
to an ENT clinic for follow-up. 

Infected earrings in small children are the most 
common source of infection of the pirma, usually 
due to the ulceration of a small 'butterfly' through 
the soft skin of the posterior of the pirma. Removal 
of both parts of each earring is necessary, with 
appropriate advice to the parents about not re
inserting the earrings until the child is older. A short 
course of flucloxacillin or a similar antibiotic should 
be given. The cartilage is not usually involved; if 
such involvement is suspected, referral to the ENT 
department is indicated. 

A c u t e o t i t i s  m e d i a  

Inflammation of the middle ear cavity is a common 
condition that occurs frequently in children and 
may be bilateral. It usually follows an upper respi
ratory infection that ascends the eustachian tube 
to reach the middle ear. Inflammatory exudate in 
the middle ear and oedema of the eustachian tube 
preventing drainage produce increasing pressure 
and severe paill. 

The ears must always be examined in a child with a 
pyrexia of unknown course. 
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On examination the patient is generally unwell 
with pyrexia. The eardrum will initially bulge, but 
subsequent rupture produces release of pus and 
relief of pain. 

Treatment consists of analgesia and broad
spech·um antibiotics. The usual organisms produc
ing acute otitis media are Haemophilus influenzae 
and streptococci. Nasal decongestants may help to 
unblock the nose. 

A c u t e m a s t o i d i t i s  

Inflammation of the mastoid lining may occur if 
acute otitis media is inadequately h·eated med
ically. It is usually seen in young children and pro
duces severe pain, pyrexia and tachycardia. On 
examination there will be swelling and redness 
behind the ear and the pinna will be pushed down 
and out. The tympanic membrane will be either 
perforated or red and bulging. Treatment involves 
systemic antibiotics, which should be prolonged to 
ensure healing. 

A c u t e l a b y r i n t h i t i s  

Inflammation of the labyrinth may follow acute or 
chronic ear disease. The patient will complain of 
giddiness and loss of balance, associated with nau
sea and vomiting. On examination there is marked 
sensorineural hearing loss and the patient will be 
lying still with the affected ear uppermost. Treat
ment with high-dose systemic antibiotics is essen
tial but surgical drainage may be required. 

P I N NA HAEMATOMA 

Blunt trauma to the ear may result in a subperi
chondrial haematoma of the pinna, which strips the 
cartilage from the perichondrium. Failure to recog
nize and treat this may result in marked deformity 
(cauliflower ear). On examination the whole of the 
pinna is swollen and the outline of the cartilage is 
lost. Drainage of the haematoma is essential using a 
wide-bore needle. A pressure dressing applied for 
24 h should prevent further accumulation of the 
haematoma but re-examination of the ear may sug
gest that re-aspiration is necessary. If blood clot has 
already formed and aspiration is impossible then 
surgical drainage through a skin flap and a course 

of antibiotics are indicated. ENT referral is almost 
always appropriate. 

Lacerations of the pinna should be managed by 
repair under sterile conditions: simple superficial 
lacerations can be sutured in the emergency depart
ment but lacerations involving cartilage or where 
there is significant cosmetic damage should be 
referred to an ENT or plastic surgeon. 

Occasionally, complete avulsion of the pinna 
may occur. In these circumstances the pinna 
should be preserved and reattached, although the 
outcome is unpredictable. Human bites to the pinna 
can become infected, and perichondritis may be 
prevented by dressing the wound and prescribing 
a course of antibiotics, with delayed review and 
repair at 2 days in the El\TT clinic. 

fORE IGN  BOD I E S  

Children often put small objects such as beads into 
their ears and this may go wmoticed. Otalgia or 
otorrhoea may be the presenting complaint. Clumsy 
attempts at ear cleaning by adults may also result 
in foreign bodies, such as cotton wool, becoming 
lodged in the ear canal. Visualization of some for
eign bodies can be difficult if not impossible, 
depending on their anatomical location. 

Removal of the foreign body requires good 
lighting and the correct instruments. Crocodile for
ceps (Fig. 37.1 )  are most useful. Clumsy attempts 
with inadequate equipment must be avoided: the 
patient should be referred to ENT. In children it 
may be necessary to remove the object under 
general anaesthesia. Many can be removed using 

Figure 37. 1 :  Crocodile forceps. 



crocodile forceps, although round smooth bodies 
cannot be grasped properly. However, a blunt hook 
inserted behind a round object is a useful alterna
tive. Syringing is ideal for most foreign bodies 
except vegetable material such as rice that may 
swell and impact in the ear. Insects can cause tinni
tus and should be killed using olive oil or spirit 
before syringing. Suction is another useful method 
for removing most foreign material. 

P ERFORATE D  TYM PAN I C  M E M B RANE  

Injury to the tympanic membrane can occur fol
lowing direct or indirect trauma. Direct trauma 
can follow attempts to clean the ear using buds 
and other insh·uments or by syringing. Inadequate 
care in removing a foreign body may also cause 
perforation. Indirect trauma can result from a slap 
or from a blast injury. 

The patient will complain of transient pain at 
the time of rupture, deafness and tinnitus. On 
examination the patient will have conductive deaf
ness, bleeding from the ear, and possibly a clot 
in the canal. A tear will be seen in the tympanic 
membrane. 

Treahnent is conservative. The ear should not 
be cleaned out nor should drops be inserted. 
Antibiotics are necessary if the trauma was direct. 
The patient should be reviewed in the ENT clinic 
until the hearing returns to normal, the tear usu
ally healing quickly. 

VERT I G O  

Balance relies upon inputs from the ears, eyes, 
joint proprioception sensors and signals from the 
cerebellum into the vestibular system. If the equi
librium is disturbed dizziness or vertigo results. 

Vertigo is a subjective sensation of movement, 
usually rotatory in nature, which is worse in the 
dark. The patient should be questioned regarding 
the first attack, in particular the mode of onset and 
duration. Any alteration in hearing or relationship to 
activity must be recorded. Tirmitus may be an asso
ciated symptom and the condition may be worse in 
the dark or when the eyes are closed. A medical his
tory may reveal anxiety, cardiovascular disease or 
the use of antihypertensive or arninoglycoside medi
cation. Alcohol consumption should be noted. 
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Examination includes assessment of the cranial 
nerves and cerebellar function. The tympanic mem
branes are examined for middle ear disease and 
the eyes tested for nystagmus (an objective sign of 
vertigo). Romberg's test, ir1 which the patient 
is asked to stand and then close their eyes, may 
produce swaying or falling if there is loss of joint 
proprioception or vestibular disturbance. The 
causes of tinnitus are listed in Tables 37.2 and 37.3. 

B e n i g n  p a ro x y s m a l  p o s i t i o n a l  

v e r t i g o  

Benign paroxysmal positional vertigo may follow 
an upper respiratory tract infection or head injury 
and occurs on turning the head, especially ir1 bed. 
The episode lasts for a few seconds and is episodic. 
In the majority of cases it settles spontaneously. 

M e n i e re 's d i s e a s e  

Meniere' s disease affects young to middle-aged 
adults and attacks occur in clusters. The patient 

Table 37.2: Otological causes of vertigo 

Middle ear disease: 
Otitis media with effusion 
Acute otitis media 
Chronic suppurative otitis media 

Trauma: 
Temporal bone fracture 
Otological surgery (stapedectomy) 

Benign paroxysmal positional vertigo 
Meniere's disease 
Labyrinth itis 
Ototoxic drugs (aminoglycosides) 

Table 37.3: Non-otological causes of vertigo 

Cervical spondylosis 
Migraine 
Transient ischaemic attacks 
Head injury (without temporal bone fracture) 
Epilepsy 
Ageing (poor eyesight, impaired proprioception, 

cerebral ischaemia) 
Cardiovascular disease (postural hypotension, 

arrhythmia) 
Drugs (alcohol, antihypertensives, vestibular 

sedatives) 
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complains of vertigo, hearing loss, tinnitus and a 
feeling of fullness in the ear. An acute episode of 
vertigo should be managed symptomatically, with 
reassurance and bed-rest. Vestibular sedatives may 
be required and nausea and vomiting should be 
controlled. Betahistine or metoclopramide are effec
tive. ENT referral for formal assessment and follow
up is indicated. 

L a b y r i n t h i t i s  

Bacterial labyrinthitis has been discussed above. 
Viral labyrinthitis presents with acute vertigo, 
nausea and vomiting. Treatment is symptomatic. 

Differential diagnosis will include the non
otological causes of vertigo in which the patient 
complains of lightheadedness or unsteadiness. 
Many of these patients will have cardiovascular 
or neurological disease and should be referred 
appropriately. 

NASAL PROBLEMS  

ASSESSMENT  A N D  EXA M I NAT ION  

S y m p t o m s  

The features of nasal conditions are listed in 
Table 37.4. 

Common causes of nasal obstruction include 
septal deflection, adenoidal hypertrophy, neoplasia, 
allergic and infective rhinitis, nasal polyps and 
vasomotor rhinitis. 

Table 3 7.4: Nasal symptoms 

Nasal obstruction 
Nasal discharge 
Sneezing 
Facial pain 
Otological: 

Otalgia 
Hearing loss 

Disorders of smell: 
Anosmia (loss of smell) 
Cacosmia (unpleasant smell) 

Halitosis 

$ i g n s  

A thorough examination of the nose is important 
and again good lighting is necessary. The nose 
should be examined externally, first looking for any 
deformity that may suggest either a recent or chronic 
injury. Recurrent injury to the nose may be indicated 
by scarring or saddle deformity and the nasal sep
tum may be deflected into one of the nostrils. 

The Thudicum's speculum (Fig. 37.2) is useful 
for internal examination of the anterior nose. 

The anterior septum and inferior turbinates are 
easily seen - the latter often being mistaken for a 
nasal polyp. The nasal airway of each nostril is 
assessed by obstructing each in tum. 

FORE IGN  BOD I E S  

Most commonly seen in children, many objects 
have been found up small noses. Although the 
patient may not complain or admit to inserting a 
foreign body into their nose, the most frequent 
sign is a mlilateral nasal discharge that is foul 
smelling. There may be infection around the nasal 
vestibule extending to the upper lip. 

In a co-operative child the object may be easily 
visualized and removed using forceps or a blunt, 
hooked probe. General anaesthetic may, however, 
be the only alternative, particularly if there is an_ 
danger of the child inhaling the object. 

An adult complaining of nasal obstruction and 
foul-smelling discharge may on examination have 
a rhinolith, a foreign body surrounded by layers of 
calcium. There is often a history of previous nasal 
packing for epistaxis. The rhinolith is preferably 

Figure 37.2: Thudicum's speculum. 



removed in one piece, by an ENT surgeon, although 
this is often impossible owing to the size. 

N ASAL I NJ U RY 

Injury to the nose is considered in detail in 
Chapter 21 .  

E P I STAXI S  

Epistaxis is a common presenting complaint in all 
ages. A single episode that has stopped requires no 
further treatment and the patient can be reassured, 
discharged and advised to return if it restarts. The 
patient should be shown how to control epistaxis 
by pressure between thumb and finger over the soft 
part of the nose (Fig. 37.3). Ongoing epistaxis may be 
treated by the insertion of expanding foam packs 
into both nostrils (Fig. 37.4): if this is effective in 

Figure 37.3: Controll ing epistaxis. 

Figure 3 7.4: Merocel® foam packs. 
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controlling bleeding, review and removal of the 
packs by an ENT surgeon within 24 h is appropri
ate. Persistent minor epistaxis should be referred to 
ENT for cautery. Major epistaxis which cannot be 
controlled should be referred to the ENT surgeons 
for admission and cautery or packing. 

THROAT COND IT IONS  

EXAM INAT I O N  AND ASSESSMENT  

S y m p t o m s  

The throat may be divided into the pharynx and 
the larynx and the symptoms will vary according 
to the region affected. The pharynx is further con
sidered as three parts, each with its own symp
toms. These are given in Table 37.5. 

S i g n s  

The neck should be examined systematically to 
include all the areas from the clavicles to the 
mandible. Standing behind a seated patient, the 
examiner should feel both sides of the neck at 
the same time, commencing at the clavicles and 

Table 37.5:  Symptoms of throat conditions 

Nasopharynx: 
Nasal obstruction with discharge (mucopurulent 
or bloody) 

Deafness 
Adenoidal speech 

Oropharynx: 
Dysphagia 
Articulation 
Airway obstruction 

Hypopharynx: 
Dysphagia 
Regurgitation 
Dysphonia 
Airway obstruction 

Larynx: 
Voice alteration 
Respiratory difficulties 
Pain 
Otalgia 
Aspiration of solids and l iquids 
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palpating upwards along the anterior border of the 
sternomastoid muscle to the mandible. The areas 
between the posterior border of the muscle and the 
trapezius muscle should also be examined. Any 
lumps should be noted. The submandibular, sub
mental and parotid regions should be palpated in 
turn. 

An intraoral examination follows systemati
cally, commencing at the lips and noting the tongue, 
sublingual, buccal and gingival mucosa! surfaces. 
The hard and soft palate should be visualized. An 
intraoral examination requires a good light and 
ideally a mirror, care being taken to view all mucosa! 
surfaces. The pharynx can be seen directly using a 
tongue depressor and mirror. Use of a flexible 
fibreoptic scope introduced via the nose allows 
visualization of the nose, nasopharynx, orophar
ynx, hypopharynx and larynx, and referral to ENT 
for a formal examination may be necessary. 

FORE IGN  B O D I E S  

Children and adults may swallow or inhale foreign 
bodies, either accidentally or deliberately. The object 
may lodge anywhere in the pharynx or the upper 
airway and may scratch or tear the mucosa. Very 
occasionally, foreign bodies may cause perforation, 
abscess or mediastinitis, with fatal consequences. 

A good history should be taken, including the 
nature of the foreign body and the time of inges
tion. There may be a history of sudden onset of 
coughing, wheezing or stridor in a previously 
healthy child. Alternatively, a chest infection may 
develop. Examination of the patient may reveal 
the foreign body stuck in the tonsils or valleculae 
(especially fish bones) . The mucosa may be torn, 
suggesting that the foreign body has passed on, 
rather than being stuck in the throat. A plain radio
graph of the neck (lateral view) may reveal the 
object, although some fish bones and plastics are 
radiolucent (Fig. 37.5) . 

Any patient who is convinced that they have a 
foreign body stuck in their throat (unless the history 
is inconsistent) should be referred to ENT for 
laryngoscopy, even if the neck X-ray is normal. 

Inhalation of a foreign body may be suggested 
by the history. Examination may show unilat
eral wheezing, poor chest movement or reduced 
breath sounds. A chest X-ray in expiration may 
demonstrate the foreign body or show distal 

Figure 37.5: Soft-tissue neck X-ray showing a 
foreign body. 

hyperinflation, infection and collapse, although 
these are usually late signs. 

If the airway is compromised, a sharp blow 
to the back may dislodge the object. Alterna
tively, the Heimlich manoeuvre can be employed 
(Chapter 12). It may be necessary to secure the air
way prior to removal of the object under general 
anaesthetic. An object that is visualized can be 
grasped with forceps and removed. Care should 
be taken not to tear the mucosa. 

Patients with objects impacted in the oesopha
gus should be referred for endoscopic removal of 
the foreign body. 

PHARYNG IT I S  

Acute pharyngitis is a common condition usually 
following a viral infection. The patient will complain 
of pain and difficulty swallowing, together with 



malaise. On examination the mucosa will be red 

and swollen. Symptomatic treatment including flu
ids and analgesia is usually all that is required. 
Antibiotics should not routinely be prescribed. 

Chronic pharyngitis produces a persistent sore
ness of the throat and a complaint of dryness. On 
examination the mucosa is red with nodular 
lymph node enlargement on the posterior pharyn
geal wall. Treatment is aimed at removing predis
posing factors such as smoking and excessive 
spirit drinking. There should always be a high 
index of suspicion for malignancy in any patient 
with a chronic sore throat. 

TON S I LL IT I S  

Tonsillitis is an acute illness associated with severe 
sore throat and difficulty swallowing. The major
ity of cases are viral. Most patients can be managed 
without admission, with aspirin gargles, compound 
analgesia and antibiotics such as ampicillin. Dehy
drated patients with severe systemic symptoms 
should be admitted. 

Q U INSY  (PER ITONS I LLAR ABSC ESS) 

In this condition pus forms outside the capsule of 
the tonsil. The abscess occurs as a complication of 
acute tonsillitis and is more common in adults. The 
patient complains of a severe unilateral sore throat 
and dysphagia. The patient may also complain of 
malaise, difficulty in opening the mouth (trismus) 
and otalgia. On examination, the patient may be 
dribbling saliva owing to difficulty in swallowing 
and the voice may have a 'hot potato' quality. 
Cervical lymphadenopathy may be found on the 
affected side. The trismus may be so marked as to 
make intraoral examination difficult. However, on 
inspection there is a unilateral tonsillar inflamma
tion causing deviation of the uvula. 

In the early stages of cellulitis a systemic antibi
otic (penicillin) is appropriate. An abscess must be 
drained. 

STR IDOR  

Stridor is noisy breathing resulting from an upper 
airway obstruction. Children have narrower 

Table 37.6: Causes of stridor 

Neonates: 
Congenital tumours, cysts 
Webs 
Laryngomalacia 
Subglottic stenosis 

Children: 
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Acute laryngotracheobronchitis (croup) 
Epiglottitis 
Acute laryngitis 
Foreign body 
Retropharyngeal abscess 
Respiratory papi l lomata 

Adu/ts: 
Laryngeal neoplasia 
Laryngeal trauma 
Acute laryngitis 
Epiglottitis 

airways and softer cartilage that collapses more 
easily than adults and are at greater risk from 
upper airway obstruction. 

The differential diagnosis of stridor is given in 
Table 37.6. 

Stridor in neonates is unlikely to present to 
an emergency department. Immediate anaesthetic 
referral is appropriate. 

E P I GLOTTIT I S  

This condition, which affects children in the 3-7-year 
age group, requires urgent management owing to 
the short interval between the onset of stridor and 
respiratory obstruction. Epiglottitis is characterized 
by marked swelling of the supraglottic larynx and 
pyrexia. The patient, if old enough, may complain of 
a sore throat and be mouth breathing and dribbling. 

No attempt should be made to examine the 
throat of a child with suspected acute epiglottitis 
as this may precipitate complete airway obstruc
tion. For the same reason an oxygen mask should 
not be applied, although gentle wafting of oxygen 
from a mask by the child's parent may be helpful. 
The child should be kept as calm as possible, usually 
in the upright position as leaning forward improves 
airway opening, and an opinion sought urgently 
from a senior ENT surgeon. The presence of an 
experienced anaesthetist is essential The majority 
of these cases can be managed by endotracheal 
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Table 37.7: Croup and epiglottitis 

Croup 

Onset 
Drooling 
Cough 

Gradual - preceding coryza 
Absent 

Epiglottitis 

Rapid 
Present - unable to swallow 
Minimal 

Respiratory distress 
Pyrexia 
Appearance 

Barking 
Variable 
Low grade 
Unwell 

intubation rather than a surgical airway, but nei
ther of these procedures should be attempted by the 
inexperienced. 

LARYNGOTRAC H EOBRONCH IT I S  
(CROUP)  

This viral infection (caused b y  parainfluenza or 
respiratory syncytial viruses) affects children aged 
between 6 months and 3 years. The patient is 
unwell with a barking cough. Initially there is 
inspiratory stridor due to mucosal swelling in the 
subglottis with thick secretions. An expiratory 
component may develop in advanced cases as res
piratory obstruction increases. 

Management with humidified and warmed air 
will loosen the secretions but intubation or tracheo
stomy may be required in a small number of cases. 

The symptoms and signs of croup and acute 
epiglottitis are compared in Table 37.7. 

ACUTE LARY N G I T I S  

Inflammation of the vocal cords may follow a 
respiratory infection or be secondary to tobacco, 
spirits or overuse of the voice. The patient may 
complain of hoarseness or discomfort in the throat. 

Treatment is symptomatic, avoiding predispos
ing factors. Oedema of the subglottis in children 
may require intubation or tracheostomy. 

Severe - stridor 
Marked 
Toxic 

LARYNGEAL  TRAUMA 

Any patient with a history of trauma to the neck 
may have direct injury to the larynx. The patient 
may complain of alteration of the voice or dysp
noea. On examination there may be neck bruising 
or swelling with surgical emphysema. Patients at 
risk of cervical spine injury must have a full exam
ination of the neck with appropriate immobiliza
tion (Chapter 22), and it should be remembered 
that a well-fitting collar may conceal relevant 
signs. Intubation or tracheostomy may be neces
sary, although difficult if the continuity of the air
way is disrupted. Surgical airway may also be 
difficult if the normal anatomy is deranged. Severe 
laryngeal injuries are fortunately rare, resulting 
from such mechanisms as wires stretched across 
roads or direct blows resulting from impacts with 
fences. In severe cases, the patient will be severely 
distressed and cyanosed and urgent senior anaes
thetic assistance will be required. 

F U RTHER  REA D I N G  

Bull, P.D. (1996) Diseases of the Ear, Nose and Throat, 8th 
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DENTAL PROBLEMS 
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I NTRODUCT ION TOOTHAC H E  

The most common dental emergencies presenting 
to an emergency department are toothache, infec
tion and trauma. The commonest of these is tooth
ache. Wherever possible, patients who ring the 
department seeking advice regarding a problem 
that is obviously dental in origin should be advised 
to seek advice from their own general dental prac
titioner in the first instance. 

The most common causes of toothache are pulpitis, 
periapical periodontitis and dental abscess. Tooth
ache may also result from 'dry socket' following 
dental extraction. 

PULP IT I S  

ANATOMY 

Pulpitis (inflammation o f  the tooth pulp) i s  the 
commonest cause of dental pain and is the most 
likely cause following the destruction of a tooth by 
caries (decay). Pulpitis may be acute or chronic. 
The causes of pulpitis are given in Table 38. l .  

The nomenclature of  the permanent dentition is 
given in Figure 38.1 .  

It is important to take a careful history from the 
patient. The only symptom of pulpitis is pain and 

I Central ) incisor 2 Lateral 

3 Canine 

4 First ) premolar 
5 Second 

6 First 

7 Second molar 

8 Third* 

• The corresponding teeth of the upper 

and lower jaws have similar names. 

*The third molar tooth is sometimes 

called the wisdom tooth. 
Figure 38. 1 :  Nomenclature 
for permanent dentition. 
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Table 38. 1 :  Causes of pulpitis 

Dental caries 
Fracture of tooth 

Dental treatment: 
Traumatic exposure of nerve 
Chemical irritation from filling materials 
Over-heating of tooth 

this may be poorly localized. In the early stages 
the tooth is hypersensitive to hot and cold and this 
will cause a stabbing pain, which stops when the 
stimulus is removed. As the inflammation pro
gresses the pain becomes more persistent and will 
occur spontaneously. The patient may then give a 
history of being kept awake at night because of it. 
The pain becomes increasingly severe and is usu
ally described as sharp and stabbing in nature. 
Analgesics are of little value. 

Chronic pulpit.is may develop without symp
toms. It often occurs under a large carious lesion in 
a tooth. There may be occasional episodes of dull 
pain following hot or cold stimuli, or the pain may 
arise spontaneously. 

Pulpit.is may be poorly localized in the jaw and 
the patient may not be able to point to the tooth. 
Occasionally, all the teeth on the affected side of the 
jaw may feel painful, or the pain may be referred to 
the ear. 

Examination of the patient with adequate light
ing is essential. The patient will be able to point to 
the affected side and the examiner should look at 
all the teeth on that side. Usually there will be an 
obvious carious lesion on one of the teeth and the 
pain can be elicited by applying a hot or cold stimu
lus to the tooth (ethyl chloride on a pledget of wool 
gives a good cold stimulus). 

Radiographic examination of the tooth (peri
apical X-ray) will be required and may reveal 
caries hidden below a filling, but this should 
be performed by the patient's general dental prac
titioner. 

Treatment of pulpit.is involves either extraction 
or preservation of the tooth. If the tooth is to be 
saved the cause of the pulpit.is must be removed 
and root treatment commenced. For this reason, 
the appropriate emergency department treatment 
is referral to a dental practitioner. A non-steroidal 
anti-inflammatory drug will ease the pain. 

P E R IAP ICAL PER IODONT IT I S  

Inflammation of the periodontal membrane around 
the apex of the tooth may follow death of the pulp. 
It is due to spreading infection from the pulp and 
will usually remain localized at the apex of the 
tooth. 

A patient with acute periapical periodontitis 
will often give a history of pain due to initial 
pulpit.is. However, as the inflammation develops, 
exudate enters the tissues around the apex of 
the tooth causing it to be extruded slightly in 
the socket. As a result the patient complains of 
increasing pain on biting on the tooth. The tooth 
becomes increasingly painful to touch and the 
pain becomes throbbing in nature. Hot and cold 
stimuli have no effect. 

The patient may give a history of increasing 
pain as described above which is suddenly 
relieved and is often accompanied by a foul taste 
in the mouth. This usually occurs 24-48 h after the 
onset of symptoms and represents discharge of 
pus through the overlying bone and gingiva or 
from around the tooth. 

Examination of the patient may reveal some 
ipsilateral cervical lymphadenopathy. Intraorally, 
there may be some redness of the gum overlying 
the root of the tooth. The gum may also feel 
slightly swollen and there may be signs of a dis
charging sinus. The tooth will be clearly identified 
by the patient and will be tender to touch. It 
may be slightly extruded from the socket and 
mobile. 

Treatment is ain1ed at either removing the 
tooth or preservation. Extraction will relieve the 
pain but conservation of the tooth is preferable. 
The patient should be directed to a general dental 
practitioner. 

D ENTAL ABSCESS  ( f l G .  3 8 . 2)  

Prompt treatment o f  acute periapical periodontitis 
will usually prevent the development of a peri
apical (dental) abscess. Persistence of infectio 
around the periapical area of a tooth can lead to 
direct spread of pus into the surrounding tissues. 
The point at which an abscess emerges from the 
jaw depends on the relationship of the involved 



(a) 

(b) 

Figure 38.2: A dental abscess. 

root and the thickness of the cortical bone. The 
facial muscles attached to the upper and lower 
jaws are important in providing planes along 
which pus can spread before it emerges into the 
mouth or on to the face. 

A patient may complain of pain due to acute peri
apical periodontitis preceding the onset of swelling. 
The swelling may appear inside the mouth or on the 
face, depending on the tooth that is involved. 

Many patients may present with pyrexia and 
may be generally unwell. In addition, they may not 
have eaten or drunk because of the trismus. These 
patients may require admission for fluid replace
ment and systemic antibiotics. 

The patient should be commenced on suitable 
antibiotic therapy, for example benzyl penicillin 
and metronidazole, and given adequate analgesia 
such as a non-steroidal anti-inflammatory drug or 
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a compound analgesic. Subsequent treatment by 
the patient's dentist is aimed at extracting the 
offending tooth and draining the abscess. 

D RY SOCKET 

'Dry socket' occurs following dental extraction 
and is characterized by an acutely painful tooth 
socket that contains bare bone and blood clot. 
Analgesia and saline mouthwashes should be pre
scribed together with penicillin or erythromycin. 
Referral to a dentist is necessary for definitive 
management. 

LUDWIG ' S  ANG INA  

This is a rare but life-threatening spreading infec
tion, usually from a lower molar tooth. A hard, 
non-fluctuant swelling develops in the floor of 
the mouth and gradually increases in size. The 
tongue is forced upwards against the palate as 
the swelling spreads to the opposite side. Eventu
ally both sublingual and submandibular spaces 
become involved. This condition must be treated 
immediately with high-dose systemic antibiotics 
and drainage of all the spaces. The airway should 
be managed by intubation or tracheostomy. Urgent 
referral to a maxillofacial surgeon is therefore 
necessary. 

S I N U S  FORMATI O N  

Occasionally, a patient may present complaining 
of a discharging sinus on the ch.in (Fig. 38.3) . The 
patient often gives a history of recurrent discharge 
and crusting from the lesion for 1-2 years. The 
discharge may have been treated by antibiotics on 
previous occasions. The most common cause of the 
sinus is as a complication of periapical periodon
titis. On examination intraorally the patient may 
have a discoloured and non-vital lower incisor. 
Radiographs will confirm a chronic infection related 
to the apex of the tooth. The patient should be 
referred for removal of the dead pulp. Treatment 
is aimed at preservation of the tooth. 
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Figure 38.3: Dental sinus formation. 

P OST-EXTRACT ION  BLEED ING  

Patients presenting in the emergency department 
with a history of bleeding from their mouth follow
ing a dental extraction are usually upset and 
agitated. They should be managed in a quiet and 
efficient manner. A careful history should deter
mine when the extraction took place, how many 
teeth were extracted and when the bleeding 
commenced. The following are causes of post
extraction bleeding: 

• alveolar bone trauma 
• soft tissue trauma 
• bleeding disorder 
• anticoagulant therapy 
• infection 
• failure to follow postoperative instructions. 

The patient should be examined in a good light 
and preferably with an assistant to suck away any 
blood. The socket should be carefully examined 
and signs of trauma to the bony socket wall or soft 
tissue noted. 

Treatment is usually carried out under local 
anaesthetic. If, however, there is a possibility that 
the patient has a previously undiagnosed bleeding 
diathesis or is taking anticoagulants and that the 

International Normalized Ratio (INR) was not at 
the appropriate level prior to the extraction, then 
the patient should be admitted. 

The patient should be reassured and seated in a 
suitable chair with good lighting. The bleeding can 
sometimes be stopped just by asking the patient to 
bite on a piece of gauze that has been placed over the 
socket. The patient should sit quietly for 30 min 
before being re-examined. Bleeding is most likely to 
stop with tlus treatment if the patient had previously 
ignored the postoperative instructions. Failure to 
control the bleeding is an indication for referral. 

Once tl1e bleeding has stopped, the patient 
should be advised to: 

• rest for 12 hours 
• avoid drinking hot fluids for 12 hours 
• avoid rinsing their mouth for 12 hours 
• return if bleeding recommences and does not 

stop by biting on gauze. 

LACERAT I O N S  TO I N T RAORAL 
SOFT T I SSUES  

The soft tissues of the mouth are well perfused and 
bleed profusely when cut. This may be accompan
ied by marked swelling wluch may compromise 
the airway (Chapter 21) .  The lustory will reveal the 
mechanism of injury and there may be associated 
bony tissue damage. Dog bites can produce severe 
lacerations around the mouth, particularly in chil
dren, and usually these should be treated under 
general anaestl1etic. 

A careful examination of the patient must be 
carried out in good light with an assistant to suck 
away the blood. The lacerations may be covered 
firmly with gauze and this may be all that is 
required to stop the bleeding. Suturing of the 
wound is performed under local anaesthetic a 
above. Each tissue plane should be closed. Deep 
tissues are closed using 3/0 reabsorbable suture 
material. Intraoral mucosa may be closed using 
3/0 reabsorbable material .  Lacerations within the 
mouth which are less than 1 cm long can usually be 
managed without suturing as the mouth is an are 
of rapid healing. Attempting to suture small lacer
ations within cl1ildren's mouths is almost impossi
ble without a general anaesthetic, and sutures tend 
to work free owing to the constant attention of a 



small tongue. Full-thickness lacerations of the lips 
should be sutured. The commonest cause of such 
lacerations is a fall resulting in the teeth being 
pushed through the lower lip. Damage to the teeth 
must therefore also be excluded. 

Lacerations involving the vermilion border 
and skin of the lip must be carefully closed, and 
complex lacerations are usually best referred to a 
plastic or maxillofacial surgeon. Minor lacerations 
may be managed by careful suturing with fine 
non-absorbable sutures (for example 6/0 prolene 
or nylon) but the vermillion border must be care
fully approximated in order to avoid a cosmeti
cally unacceptable 'step'. 

Foreign bodies penetrating the intraoral tissues 
should usually be left in situ until they can be 
removed in controlled circumstances under gen
eral anaesthetic. If they are causing airway 
obstruction they may be removed. 

I NJ U RY TO THE  TEETH 

Teeth may b e  avulsed (completely lost from the 
socket) (Fig. 38.4), extruded (partially lost from the 
socket), intruded into the socket or subluxed (dis
placed in a forward, backward or sideways direc
tion). A good history will give the mechanism of 
injury and the likely damage to the tooth. 

Injuries to the tooth may be confined to the 
enamel, the enamel and dentine, or extend to 
involve the pulp. A tooth with a fractured crown and 
an associated soft-tissue injury to the lip may sug
gest that there is a buried fragment that must be 
looked for. A soft-tissue radiograph should therefore 
be considered. An apparently intact tooth may have 
a fractured root below the gum margin or there may 
be a longitudinal fracture. 

Parents or school-teachers may contact an emer
gency department if a child has avulsed a tooth. 
This is usually a front tooth. The adult must not 
touch the root surface if possible, but hold the tooth 
by the crown. No attempt should be made to clean 
the tooth as this may damage the root surface. 

The immediate management is to reinsert the 
tooth into the socket and ask the child to hold it in 
place w1til they reach the emergency department 
(Fig. 38.5). Alternatively the tooth can be carried with 
the patient in a container of milk. The child should 

Figure 38.4: Avulsed teeth. 
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Figure 38.5: Avulsed tooth replaced in socket. 

not hold the tooth in the buccal sulcus, as has been 
advised in the past, because of the danger of inhala
tion, particularly in patients with a head injury. 

The patient may complain of pain from the 
involved teeth, that pieces of the teeth seem to be 
missing or that there are loose fillings. They may 
also report that the teeth do not appear to be meet
ing in the usual bite or that they are mobile. If 
a tooth has been completely avulsed the patient 
may have the tooth (preferably in a container of 
milk, but more usually wrapped in tissue paper). 
Alternatively, the tooth may be lost. 

On examination, all missing and mobile teeth 
should be noted. Missing and loose fillings must 
also be noted. A radiograph may show fractured 
teeth below the gum margin (Fig. 38.6) and may 
also reveal an associated bony injury. It is essential 
that a chest X-ray be taken if an avulsed tooth or 
fragment has been lost. An inhaled tooth may 
cause respiratory obstruction or become a source 
of infection. 
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Figure 38.6: Fractured tooth revealed on  an  X-ray. 

The treatment aim is to preserve the teeth. Frac
tured teeth involving the pulp may be reimplanted 
by a dentist and referral is therefore appropriate. 

A completely avulsed tooth can be reimplanted 
into the socket. Under local anaesthetic the socket 

is gently irrigated with saline solution to remove 
any blood clot. The tooth can then be inserted into 
the socket (the correct position can be assessed by 
looking at the teeth in the opposite side of the 
mouth). There are a number of different ways to 
hold the tooth in place temporarily, depending on 
what equipment is available. A piece of aluminium 
X-ray foil can be cut to size and held over the tooth 
with dental cement. Alternatively the tooth can 
be splinted with a piece of wire (paper clip) and 
dental cement. Mobile and extruded teeth can 
also be splinted in this way. All these procedure 
should be carried out by a dentist or maxillofacial 
surgeon. 

Children may have teeth at different stages of 
development and this will affect treatment. Adult 
teeth should be managed as above. Deciduous 
teeth are not usually reirnplanted because they will 
be shed at a later date. A mobile deciduous tooth 
should be removed. Intruded or extruded decidu
ous teeth can be left, although the parents will need 
reassurance. Rarely the adult tooth developing in 
the bone beneath a deciduous tooth may be dam
aged, particularly with intrusion injuries. Parent 
should be warned about this possibility. 

Antibiotics and tetanus cover are essential, espe
cially if the tooth was avulsed. Penicillin or metro
nidazole will cover most intraoral organisms. 

F U RTH ER  READ I N G  
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PAEDIATRIC TRAUMA 
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I NTRODUCT IO N  

This chapter covers major and minor trauma in 
children. Non-accidental injury in children is also 
discussed. Major trauma in children is thankfully 
rare. Having said this, trauma is the leading cause 
of death in childhood. An emergency department 
seeing 35 000 children a year would expect to see a 
severely injured child every couple of weeks. 
Dealing with traumatized children is distressing 
for patients, parents and staff. Appropriate man
agement reduces morbidity, mortality and the dis
tress for all involved. Although the approach to 
major trauma is the same in any age group, the 
patterns of injury are different in children and 
management of these cases differs significantly. 

Trauma is the leading cause of childhood death. 

M EC HAN I SM  OF  I NJ U RY 

Children, by their nature, are prone to different 
injuries. Falls and road traffic accidents, either as 
pedestrians struck by a vehicle or as occupants of 
cars, are the main causes of trauma deaths in child
hood. Drowning and burns are relatively common 
in small children. Car bumpers that would strike 
the knee of an adult will cause life-threatening 

• Minor trauma 

• Fractures and orthopaedic problems in chi ldhood 
• Wounds 

• Foreign bodies 

• Non-accidental injury 

• Summary 

• Further reading 

injuries to the abdomen and chest in a small child. 
Children also travel in a different area of a car and 
are restrained in different ways. For instance, the 
use of lap belts has resulted in a pattern of injury 
characterized by abdominal contusions, hollow 
visceral injury, mesenteric avulsion and lumbar 
vertebral fractures. Burns are common in children, 
most commonly with children who pull on kettle 
or iron flexes but more seriously in house fires. In 
addition, children's skin is significantly less resist
ant to thermal injury. Penetrating trauma in chil
dren is rare in northern Europe and is usually the 
result of a fall on to an object. 

ANATO M I CAL  AND P H YS IOLOG ICAL 
D I F FERENCES  

The priorities in resuscitating a severely injured 
child are the same as in an adult. The airway must 
be secured with control of the cervical spine, breath
ing must be assessed and assisted if necessary, and 
circulatory abnormalities must be identified and 
treated, initially by fluid therapy. A thorough sec
ondary survey identifies other injuries requiring 
further management. However, children have cer
tain anatomical and physiological differences that 
influence their response to trauma and dictate dif
ferences in management. It is vital that an effort is 
made to estimate the weight and height of the 
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Figure 39. 1 :  The Oakley chart. 
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child and the Oakley chart (Fig. 39.1) and Broselow 
tape (Fig. 39.2) are useful in this respect. 

AIRWAY 

The differences between adult and child airways 
are shown below: 

• Infants are obligate nose breathers until 6 months 
of age. 

• Children have relatively large heads on small 
bodies (the ideal position for intubation is with 
the head flat on the bed, not on a pillow). 

• The mandible is less developed. 
• A small oral cavity with a large tongue. 
• Milk teeth are often loose and an aspiration 

hazard. 
• Tonsils are relatively larger and more vascular. 
• The epiglottis and the arytenoid folds are rela

tively larger. 
• The larynx is higher (C3-4) than in the adult 

(CS-6) .  

Figure 39.2: The Broselow tape. 
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• The trachea is shorter: in the newborn 4-5 cm, at 
18 months 7-8 cm. 

• The soft tissues of the mouth are more prone to 
injury. 

These anatomical differences mean that airway 
protection is practised differently. 

B a s i c  a i r w ay c a r e  

FAC E - M A S K S  

When using a face-mask, care must be taken to 
make sure that the supporting fingers do not press 
in the submental triangle. This causes posterior 
displacement of the tongue and subsequent airway 
obstruction. The correct position of the supporting 
fingers is along the margin of the mandible. 

AS S I S T E D  V E N T I LAT I O N  

Bag inflation must b e  gentle. Pressures greater 
than 20 cm H20 cause gastric distension and an 
increased risk of aspiration. 

G U E D E L  (O R O P H A RY N G E A L) A I RWAYS 

The correct size can be selected by placing the 
airway on the side of the child's head. An adequate 
airway runs between the incisors and the tragus of 
the ear. These should be inserted 'the right way up'. 
Rotating the airway can traumatize the soft tissues 
at the back of the mouth and cause bleeding and 
airway obstruction. 

A d v a n c e d  a i r w ay m a n ag e m e n t  

Children desaturate quickly. It is important to 
administer high-flow oxygen and adequate basic 
airway management before intubation. The pulse 
oximeter is a useful adjunct in assessing oxygen
ation, but because of the sigmoid-shaped oxygen 
disassociation curve, large falls in Pa02 may occur 
despite relatively normal saturation readings. 

Children die of hypoxia, not fai lure of intubation. 

Do not attempt endotracheal intubation in chi ldren 
without administering high-flow oxygen and adequate 
basic airway support. 
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Table 39. 1 :  Endotracheal tube sizes i n  children 

Age 

0-3 months 
3- 1 2  months 
2 years 
3 
4 
5 
6 

Internal diameter in mm 

3.0 
3.5 
4.0 
4.0 
4.5 
5.0 
5.5 

TRAC HEAL I NTU BAT ION  

A straight-bladed (MacGill) laryngoscope i s  more 
suitable in children under 12 months of age. This is 
designed to pick up the epiglottis, not sit in the val
lecula like a Macintosh laryngoscope blade. Older 
children require the standard curved Macintosh 
laryngoscope, with allowance for size. Table 39.l 
shows the endotracheal tube size appropriate for 
children tmder 6 years old. 

Alternatively, the internal diameter of a tracheal 
tube in millimetres for a child over 6 years old can 
be calculated by the formula: 

Diameter = Age/ 4 + 4 

Tracheal tubes should be w1cuffed to allow a small 
air leak. (Pressure on the glottis causes oedema 
and stridor at extubation and for up to 8 hours 
afterwards.) 

N E EDLE  C R IC OTHYRO I D OTOMY 

(F I G S  3 9 . 3  AND 3 9 .4)  
Surgical cricothyroidotomy i s  contraindicated in 
children less than 12 years old as damage to the 
cricoid cartilage can result in damage to the only 
circumferential support to the airway. Needle 
cricothyroidotomy is indicated when intubation 
has failed and there is an overwhelming need to 
provide the airway. A 14 gauge intravenous can
nula is attached to a syringe. The cricothyroid 
membrane is pierced at 45°, with the needle point
ing caudally. When air is aspirated, the cannula is 
advanced into the trachea. The needle is with
drawn, a 5 ml syringe, with the plunger removed, 
is connected to the external end of the cannula. 
A cuffed 6 mm endotracheal tube should then be 
placed in the syringe, and the cuff irtflated. This 
apparatus can then be connected to the oxygen 
supply. This technique only buys time and should 

Figure 3 9.3 :  Needle cricothyroidotomy. 

Figure 39.4: Needle cricothyroidotomy apparatus. 

not be regarded as providing a definitive airway. 
Hypoxia can be relieved, but expiration is poor 
and hypercarbia will result. A definitive airway 
should be established as soon as possible either by 
intubation or by formal tracheostomy. 

VENTILATI O N  
Infants should b e  ventilated a t  4 0  breaths per 
minute, older children at 20 breaths per minute. 
Tidal volumes should be between 7 and lO ml kg-1 . 

GASTRIC DECOMPRESS ION 

Distressed children swallow air and trauma impair 
gastric emptying. A full stomach impairs respira
tion and is a significant aspiration hazard. Early 
nasogastric intubation is recommended. The oro
gastric route is indicated if there is any risk of crib
riform plate damage. 



Table 3 9.2: Vital signs in children 
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Age Respiratory rate Heart rate Systolic blood 

pressure (mmHg) (years) (breaths min- 1 ) (beats min- 1 ) 

2-5 25-30 95- 1 40 80-90 
90- 1 1 0  5- 1 2  20-25 80- 1 20 

Table 39.3: Chest drain sizes in chi ldren 

Age 

6- 1 2  months 
1 -3 years 
4-7 years 
8- 1 1 years 

B REAT H I N G  

Chest drain size 

1 2- 1 8  
1 4-20 
1 4-24 
1 6-30 

Assessment can be difficult in a distressed, crying 
child. Children's normal vital signs vary with age 
(Table 39.2). 

Children's chest walls are much more compliant 
and the absence of rib fractures does not exclude 
serious intrathoracic injury. Conversely, the pres
ence of rib frach1res in a child merits greater suspi
cion of life-threatening injuries. The mediastinum 
of children is more mobile and consequ�ntly more 
vulnerable to blunt trauma. 

The assessment and management of thoracic 
injuries in children is broadly similar to that in 
adults. Intercostal drainage requires smaller tubes 
(Table 39.3) . 

C I RC U LAT I O N  

The diagnosis of shock in children is clinical. Chil
dren can tolerate substantial fluid losses while 
maintaining a relatively normal blood pressure and 
pulse and have a greater physiological reserve than 
adults. Assessment of circulation should pay partic
ular attention to the mental state, the respiratory rate 
and the capillary refill time (normal capillary refill is 
less than 2 s) .  It is vital to aim to identify and control 
significant sites of haemorrhage in the primary sur
vey. A classification of haemorrhagic shock is shown 
in Table 39.4; however, its divisions are artifici and 
not all children will demonstrate the classic signs of 
shock. All authorities agree that repeated observa
tion is vital, ideally by the same doctor. 

The diagnosis of hypovolaemia in chi ldren is cl inical. 

The child's normal blood pressure can be esti
mated by using the formula below: 

Systolic blood pressure = 80 + (2 X the age of 
the child). 

' 

F l u i d  r e s u s c i t at i o n  

Crystalloid is the usual first line of intravenous 
fluid resuscitation - 20 ml kg-1 should be infused 
as rapidly as access will allow (20 ml kg-1 corres
ponds to 25% of the patient's circulating volume). 
Reassessment of the circulation should follow. 
Persisting evidence of circulatory instability neces
sitates a further 20 ml kg-1 bolus; lOml kg-1 of 
blood should then be transfused if necessary. Any 
shocked child should be assessed by a surgeon 
to determine the source and management of any 
haemorrhage. 

The large surface area of a child relative to its 
body weight increases the risk of iatrogenic hypo
thermia. Hypothermia impairs coagulation and 
strenous efforts should be made to keep the child 
warm. Warm fluids should be given if possible, and 
the child should be covered with blarikets when 
not being examined. Children differ from adults in 
that they can more readily become hypovolaemic 
from scalp lacerations. 

Vas c u l a r  a c c e s s  a n d  i n t r a o s s e o u s  
i n fu s i o n  

Children are significantly more difficult to cannu
late than adults, even when well-perfused, relaxed 
and warm. Femoral lines are useful, but require 
experience. In children under 6 years old, intra
osseous cannulation of the proximal tibia just below 
the tibial tuberosity provides an interim site of vas
cular access. An effort should be made to direct 
the needle away from the epiphysis since this can 
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Table 39.4: Classification of shock 

Class I 

% Blood volume loss < 1 5  
Capillary refil l Normal 

Class 2 Class 3 Class 4 
-

1 5-30 30-40 > 40 
Prolonged Very prolonged Very prolonged 

Skin Normal Cold and clammy Cold and pale Cold and pale 
Respiratory rate Normal Increased I ncreased Increased 
Mental state Normal Irritable Lethargic Comatose 
Heart rate Slight increase Tachycardia Tachycardia Bradycardia 
Blood pressure Normal Normal 

Figure 3 9.5: An intraosseous needle being inserted. 

interfere with subsequent growth. An intraosseous 
needle should be placed when two attempts at ven
ous cannulation have failed (Fig. 39.5). Aspiration 
of bone marrow confirms placement. Bone mar
row can be used for subsequent cross-matching; 
however, rapid infusion of fluid requires manual 
pressure with a syringe. 

A NALG E S IA 

Morphine (O.l mg kg-1) is the analgesic of choice in 
the traumatized child. There is no place for intra
muscular injection in potentially shocked patients. 
The dose should be given intravenously and titrated 
to achieve adequate analgesia. This has benefits 
beyond the relief of pain: cardiovascular physiology 
is improved, the patient will be more co-operative 
and physical signs may become easier to elicit. 
Regional anaesthesia may be used, for instance 
femoral nerve blocks for fractured femoral shafts. A 
mixture of lignocaine and marcain provides longer 
analgesia than lignocaine alone (see Chapter 8). 

Reduced Very reduced 

I NVEST IGAT I O N S  

Radiographs of the chest and pelvis should be 
obtained early in the severely injured child. Blood 
should be sent for cross-match, a full blood count 
and biochemistry. An amylase is useful if pancre
atic trauma is suspected. 

SECON DARY S U RVEY  

An ordered systematic head-to-toe examination 
follows the primary survey. The aim is to detect 
every injury, no matter how trivial, in order to allow 
appropriate treatment. 

REG IONAL I NJ U R I ES 

This section considers the effects of major trauma on 
regions of the body and subsequent management. 

H EAD I NJ U R I ES 

Assessment of conscious level in children requires 
use of a modified Glasgow Coma Scale (Table 39.5). 
Diffuse cerebral injury is commoner than in adults 
and focal injuries such as extradural haematoma 
rare. In the infant, lax sutures and the open 
fontanelle allow significant cerebral swelling and 
haematoma to be accommodated before intracranial 
pressure rises. 

A short neurological examination should include: 

• inspection of the pupils 
• visual examination f the face and scalp 



Table 3 9.5:  Glasgow Coma Scale in children under 
4 years old 

Eyes: 
4 
3 
2 

I 

Motor: 
6 
5 
4 
3 
2 

I 

Verbal: 
5 

4 
3 
2 
I 

Opens spontaneously 
React to speech 
React to pain 
No response 

Spontaneous or obeys verbal command 
Localizes to pain 
Withdraws to pain 
Abnormal flexion to pain 
Extension to pain 
No response 

Smiles, orientated to sounds, follows 
objects and i nteracts 

Crying and interacts 
Consolable 
Inconsistently consolable, moans 
Inconsolable and irritable 
No response 

• palpation of the anterior fontanelle 
• inspection of the ears for blood 
• movement of the limbs and reflexes. 

The anterior fontanelle, when open, provides 
a simple guide to intracranial pressure. A bulging 
fontanelle in an infant that is not crying implies 
significantly raised intracranial pressure. 

Head injuries are classified as severe if the 
Glasgow Coma Scale (GCS) is 8 or less, moderate 
if 9 to 12 and mild if 13 or above. The term 'minor 
head injury' is unsatisfactory and its use should be 
discouraged. 

S e ve re h e a d  i n j u r y 

Severe head injury is the main cause of death in 
traumatized children. Management in the emer
gency department aims to reduce secondary brain 
injury by prevention of hypoxia, hypoperfusion and 
raised intracranial pressure. Clumsy intubation may 
cause coughing and raise intracranial pressure. 

Hypovolaernia should be treated aggressively. 
It is safe to give fluid therapy as any effect on brain 
swelling is offset by the benefit of correcting hypo
volaernia. Only in small infants can intracranial 
bleeding cause hypovolaernia. An alternative source 
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of bleeding should therefore be sought prior to 
attributing shock to intracranial bleeding. Seizures 
are common, and should be controlled with dia
zepam. Continuing seizures need treatment with 
a phenytoin infusion. All severe paediatric head 
injuries must be discussed with the neurosurgeons 
and a plan of investigation and management agreed. 
Generally, prognosis in children with severe head 
injury is better than in adults. 

M o d e r a t e  a n d  m i l d  h e a d  i n j u r i e s  

The aim is to detect a small group of children who 
may initially appear to have sustained a minor 
injury but who subsequently deteriorate as a result 
of cerebral swelling or intracranial haematoma. 
As in all aspects of trauma the mechanism of injury 
is important. An estimate of the forces involved 
should be made and noted. The child's parent 
should be questioned about behavioural changes 
as they will often notice subtle changes. Skull radio
graphs are commonly performed, though their role 
in head injury assessment is controversial. A child 
can have significant brain damage without a skull 
fracture, and a child with a skull fracture may do 
very well with minimal treatment. Skull X-rays are 
of greatest use in assessing a child with a head 
injury who is likely to be discharged. A child with 
no skull fracture and normal conscious level is 
highly unlikely to deteriorate at home. In a child 
with a reduced conscious level following a head 
injury, the appropriate investigation is a CT scan of 
the head and skull X-rays only delay diagnosis. 

Interpretation of skull radiographs can be diffi
cult, with a high incidence of both false positives 
and false negatives. In particular, distinguishing 
between fractures and vascular lines can be diffi
cult for junior staff. Skull fractures are usually lucent 
and rarely branch. White sclerotic lines may indi
cate a depressed skull fracture. Where any uncer
tainty exists, the advice of a senior colleague should 
be sought (Fig. 39.6). 

A d m i s s i o n  of h e a d  i n j u r i e s  

The guidelines are shown below; these are not 
intended to replace clinical judgement but to pro
vide advice and guidance: 

• confusion or any other depression of the level 
of consciousness at the time of examination 
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Figure 39.6: A skull X-ray showing a depressed skull 
fracture. 

(if under 5 years old, at any time following the 
injury) 

• neurological symptoms or signs (headache or 
vomiting more than twice) 

• skull fracture on radiograph or clinical evidence 
of a base of skull fracture, including cerebrospinal 
fluid rhinorrhoea I otorrhoea 

• difficulty in assessing the patient (e.g. suspected 
drugs, alcohol, non-accidental injury, epilepsy) 

• other medical conditions (e.g. coagulation dis
orders) 

• patient's social conditions or lack of a respon
sible adult or relative. 

Post-traumatic amnesia of less than 2 min or tran
sient loss of consciousness with full recovery are 
not necessarily indications for admission. Patients 
sent home should be accompanied by a responsible 
adult who should receive written advice to return 
immediately if there is any deterioration (Fig. 39.7). 

Increasing use of CT scans allows early detec
tion of significant intracranial lesions and there
fore reduced morbidity and mortality. Potential 
indications for head CT include confusion (GCS 
less than 13-14) or worse, persisting after initial 
assessment and resuscitation. Fully conscious 

children with a skull fracture or following a first fit 
should also undergo a head CT scan. However, 
do not send an unstable patient to the CT scanner. 
Resuscitating an unstable child in a cramped, unfa
miliar room is difficult and dangerous. 

Discussion with local neurosurgeons should 
occur for patients with coma continuing after resus
citation, deterioration in level of consciousness or 
progressive neurological deficits, and open injury 
or depressed fractures. Following a CT in the 
receiving hospital the neurosurgeons should be 
contacted regarding any child with an abnormality 
on CT, or when the CT is normal but the patient's 
progress is considered unsatisfactory. 

A n a l g e s i a , a n t i e m e t i c s  a n d  

a n t i b i o t i c s  fo r h e a d  i n j u r i e s  

MAJOR  HEAD IN JUR I ES  

There i s  concern that giving opiate analgesia to 
severely head-injured children may impair their 
respiratory drive and conscious level. There are 
also concerns that opiate-related pupillary co -
striction may mask a dilating pupil. On the other 
hand, appropriate and effective analgesia is a pri
ority in trauma, not only for relief of pain but for 
the beneficial effects on cardiovascular physiology 
and subsequent intracranial pressure. 

Vomiting should be controlled since it raises 
intracranial pressure and presents risks to the air
way. An anti.emetic and a gastric tube may be 
required. Patients with open skull fractures should 
have their tetanus status checked. Prophylactic anti
biotic administration should be discussed with local 
neurosurgeons. 

M O D ERATE AND M I LD HEAD IN JUR I ES  

Paracetomol i s  a suitable first-line analgesic in 
these patients. Any children discharged with a 
head injury should receive (or their parents should 
receive) written instructions and this should be 
documented in the notes. 

C E RVICAL S P I N E  

Severely h·aumatized children should be assumed to 
have a cervical cord injury until a decision is made 
by senior medical staff that the spine is normal. This 
usually requires normal radiographs and clinical 
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ADVICE SHEET 

HEAD INJURY 

ACCIDENT & EMERGENCY DEPARTMENT 

Figure 39.7: A head injury advice card. 

PAGE 2 

Head Injury 

ll1is advice must be given to patients and the accompanying 

adult. 

You have had a head i njury. You have had a thorough 

examination and are now considered fit to be discharged. 

Some people who have had a minor head injury later 

develop problems, which occasionally can be serious. If 

you experience any of the following, please contact 

your nearest Accident & Emergency department. 

• Persistent headache that does not i mprove with simple 

pai nkillers, cg, paracetamol 

• Vomit more than twice 

• Develop double vision 

• Develop slurred speech 

If the accompanying adult notices any of the following 

please return to your nearest Accident & Emergency 

department or contact us on 0 1 773 874803. 

• Increasing drowsiness 

• Abnormal or unusual behaviour 

• Fitting 

• Slurred speech 

PAGE 3 

D o  
v' rest complete! y at home for al least 24 hours 
v' take the painkil lers suggested by the doctor 

Do not, for at least 24 hou rs 
x drive or operate machinery 
x garden ,  shop or cany out DI Y 
x drink alcohol 
x take a bath unsupervised 

Do not 
x play contact spotts, eg, footbal l ,  rugby for 3 weeks 
x return to spon or occupation that involves balance 

or heights, eg, gymnastics, window c leaner, for l 
week 

Plt•a.H.' retain 1/Ji.1 rnrdfm f11ture refert•nce 
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Figure 39.8: A child's cervical spine X-ray. Note the 
pseudosubluxation at C2-C3. 

examination of an alert patient. If a child is venti
lated and sedated, this may not occur for days and 
immobilization should be maintained. The relatively 
large mass of a child's head on a poorly developed 
neck makes injury relatively more likely. Spinal cord 
injury without radiographic abnormality (SCI
WORA) may occur due to the flexibility of the 
child's spine. Fifty per cent of children with serious 
spinal cord injury have normal initial radiographs. 

Whilst the airway is being established, an assist
ant should provide manual in-line immobilization. 
Subsequently, the child's head and torso must be 
immobilized with a semi-rigid cervical collar, 
sandbags and tape. If the child is unco-operative 
and moving, the best option is to immobilize the 
neck with a collar alone. 

Radiographs of the neck are often difficult to 
interpret. There is a high false-positive rate. Pseudo
subluxation of C2 on C3 occurs in a third of children 
under 7 years of age (Fig. 39.8). Pseudosubluxation 
of C3 on C4 also occurs, but less frequently. The 
thickness of the prevertebral tissues varies with 
respiration and this can give the appearance of a 

prevertebral haematoma. Growth plates can also 
have the appearance of a fracture. 

Clinical examination when cervical trauma is 
suspected should include: 

• neurological assessment of the limbs 
• assessment of the pattern of breathing (cord 

damage above the intercostal nerves leads to 
pure diaphragmatic breathing) 

• palpation of the abdomen for a distended blad
der (if present it should be catheterized) 

• a log roll should be performed, looking for bruis
ing and palpable steps in the vertebral column 

• assessment of anal tone. 

ABDOM E N  

The management of blunt abdominal trauma in 
children differs from that in adults. Children have 
less protection than adults; the abdominal wall i 
thinner, and compliant ribs protect the upper 
abdomen less. Bladder rupture is more common in 
children since the bladder is intra-abdominal 
rather than pelvic. 

A s s e s s m e n t  

A traumatized, frightened child is a difficult 
historian. Efforts should be made to make the child 
pain free. It is important to consider the mecha
nism of injury and how this could have affected 
the abdomen. 

The abdomen should be inspected for distension, 
bruising and lacerations. Gentle palpation may indi
cate areas of tenderness, guarding and rebound. 
Clumsy and painful examination makes further 
assessment difficult, since the child will asso
ciate further examinations with pain. This will make 
distinction between voluntary and involuntary 
guarding difficult. Adequate analgesia improves 
the sensitivity and specificity of examination of the 
abdomen: there is no 'masking' of signs. Distressed 
children swallow air and fill their stomachs, mak
ing assessment of guarding and distension diffi
cult. Gastric drainage is recommended. The femoral 
pulsations should be palpated, absence or asym
metry suggesting major arterial damage. A rectal 
examination is rarely indicated in children and 
vaginal examination almost never. 

Regular reassessment is vital. 



The presence of haematuria should be sought 
in all children with trauma to the abdomen. Frank 
haematuria should be investigated with an intra
venous pyelogram. A non-functioning kidney 
mandates urgent exploration. With lesser degrees 
of haematuria a conservative approach is justified, 
with follow-up and later investigation if haem
aturia is persistent. (The exception is when penetrat
ing trauma causes any degree of haematuria; these 
cases must be investigated with an intravenous 
pyelogram.) The external urethral meatus should 
be examined for the presence of blood that suggests 
urethral injury. A retrograde urethrogram may be 
necessary in boys. Girls, with shorter urethras, are 
unlikely to damage their lower urinary tract. 

I n v e s t i g at i o n s  

A full blood count is of limited value. A raised amyl
ase is suggestive of pancreatic damage. Other non
invasive tests are extremely useful, in particular 
CT scanning, which is both sensitive and specific 
for abdominal injury. Ultrasound is good at detect
ing fluid in the peritoneal cavity and injury to the 
solid organs, but is less good at detecting bowel 
injuries, and has an early high false-negative rate. 

There is good evidence that solid organ injuries 
(liver, spleen and kidney) can be managed conser
vatively. However, the decision not to operate on a 
traumatized abdomen is surgical and should only be 
undertaken if the following conditions can be met: 

• a surgical opinion is readily available 
• the child can remain haemodynamically stable 

with less than 40 ml kg-1 of fluid being tranfused 

• there is no evidence of hollow viscus injury 
• close observation of the child's vital signs is 

available. 

Diagnostic peritoneal lavage is rarely useful 
in children since a positive result does not invariably 
indicate laparotomy. Lavage also renders the peri
toneum irritable for up to 48 h. Penetrating wounds 
usually need exploration. Haemodynamically 
unstable children, where the source of bleeding is 
presumed to be in the abdomen, require laparotomy. 

L I M BS 

The adage that the word limbs is a mnemonic 
for 'Last In My Basic Survey' holds some truth. 
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Extremity trauma is rarely immediately life threat
ening; however, appropriate and early assessment 
and treatment are important for many injuries to 
the extremities. A supracondylar fracture of the 
humerus with brachia! artery injury is a limb
threatening injury. Actively bleeding wounds 
should be covered with a sterile pad, compressed 
and elevated. 

All limbs should be examined gently for tender
ness, bruising and deformity. Distal pulses should 
be sought and, if possible, distal neurological func
tion should be assessed. An absent pulse below an 
injury requires urgent management. Open frac
tures should be photographed with a Polaroid 
camera, and then covered with a sterile dressing. 
This dressing should remain in place until the 
patient is in the operating theatre. Prophylactic 
antibiotics should be given, though the choice of 
drug varies. 

M I NOR  TRAUMA 

Minor trauma is only minor in that i t  i s  not imme
diately life threatening. Minor trauma is certainly 
not minor to the child or parents. Parental anxiety 
is transmitted to all but the youngest children. 
Acknowledging their concerns can make a consul
tation run much more smoothly. One out of every 
four attenders at emergency departments is under 
16 years of age; the majority of these attendances 
are for injuries. Accurate diagnosis and early man
agement are important to avoid complications. 

Assessment of a child with an injury follows 
similar principles to assessment in adults, namely, 
history and mechanism of injury, examination, 
special tests and management. 

H I STO RY 

It is helpful to ask the child about the problem in 
terms that they can understand. In children under 
5 years of age some useful information may be 
gained, but the accompanying adult will probably 
provide most of the history. In older children, their 
history may be all that is required. It is important 
to find out whether the accompanying adult wit
nessed the injury. A history of an injury is not com
plete until the interviewing doctor can visualize the 
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mechanism of  injury. Unfortunately, the history may 
not be fully available or be interpreted wrongly by 
the parents. A common example is a limping child 
that the parents assume must be due to trauma: 
there are many non-traumatic causes of limp. 

The relationship of the accompanying adult to 
the child should be documented, even if it seems 
unimportant at the time. It becomes very import
ant if non-accidental injury is later suspected. A 
brief past medical history, medication and allergy 
list should be taken. Multiple fractures suggest 
non-accidental injury. Immunizations should be 
enquired about, particularly tetanus status. Do 
not assume that all children are automatically 
immunized. 

EXAM I NAT ION  

This needs to b e  done i n  an opportunistic, non
threatening manner. Young children may be dis
tressed by the strange environment, the injury, and 
sometimes the doctor. Some children may be so 
upset that they refuse examination. Demonstrating 
an examination on a soft toy can be helpful. Asking 
the child to perform part of the examination can 
also be useful, for instance pulling the lower eyelid 
down in eye injuries. More than any area of medi
cine, inspection and careful observation is the 
most useful part of the examination. 

If lower limb injuries are suspected, watch the 
child walking or crawling. A child that will crawl 
happily but adamantly refuses to walk implies 
a problem below the knee. If knee pain is com
plained of and the knee appears normal, consider 
a hip injury. If an upper limb injury is suspected, 
asking the child to pick up a toy with the injured 
arm is useful. Leave invasive parts of the examin
ation until the end. 

FRACTURES  A N D  ORTHO PA E D I C  
P R O B L E M S  I N  C H I LDHOOD 

Children's fractures heal much more quickly than 
those in adults. For instance, a femoral shaft frac
ture will usually unite in 1 week in an infant, 1 
month in a 1-year-old, 2 months in a 10-year-old, 
compared to 3 months in an adult. Growing bone 
has good capacity to correct angulation, this 

Figure 39.9: The Salter-Harris classification of 
fractures. 

remodelling occurring along the lines of stress. 
Remodelling is greatest near the epiphyseal plate 
and in younger children. Remodelling, however, 
does not correct rotational deformity: reduction is 
necessary for this. 

Fractures near growth plates are important 
because of the risk of subsequent growth deform
ity. They are also common, since this is the weakest 
part of the bone. The Salter-Harris classification 
(Fig. 39.9) is a way of categorizing these injuries. 

• Type 1. A separation through the epiphyseal plate. 
This usually occurs in infants but also occurs in 
adolescents as a slipped femoral epiphysis. This 
will only be visible radiologically if displaced. 

• Type 2. A fracture through the metaphysis and 
epiphyseal plate. This is the commonest and 
usually has a benign course. 

• Type 3. An intra-articular fracture of the 
epiphysis and epiphyseal plate. This is rare b t 
important, since accurate reduction is necessary 
to restore the joint surface. 

• Type 4. Splitting of the metaphysis and the 
epiphysis. If this is displaced it needs open 
reduction, since it can interfere with both joint 
function and growth. 



Figure 39. 1 0: Greenstick fracture. 

• Type 5. Crushed epiphyseal plate. This is diffi
cult to identify, but has important consequences 
as growth can arrest. 

Salter-Harris types 1 and 2 have a good progno
sis; types 3, 4 and 5 have a poor prognosis for sub
sequent growth. All displaced epiphyseal injuries 
should be referred to the orthpaedic surgeons for 
reduction. 

G REENST ICK  FRACTU RES  
(F I G .  3 9 . 1 0) 

These are fractures in children where the cortex of 
bone is incompletely broken. On one side of the 
injury the cortex is broken, on the other side it is 
intact or slightly buckled. Rarely, greenstick frac
tures can have significant deformity and angula
tion that requires manipulation. 

TORUS FRACTURES  

Torus or buckle fractures are small disruptions in 
the cortex. The significance of these injuries is the 
pain they cause. Plaster casts are often applied to 
immobilize these for analgesia. 

S PRAI N S  

These are relatively less common in children than 
in adults, since ligaments are more likely to avulse 
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Figure 39. 1 I :  A supracondylar fracture of the 

humerus. 

flakes of bone than to tear. A higher index of suspi
cion and liberal radiographs are necessary if frac
tures are not to be missed. 

F RACTURES  A N D  SOFT-T I S S U E  
I NJ U R I ES S P E C I F I C  T O  C H I LDREN  

E l b o w  ( F i g .  3 9 . 1 I )  

Supracondylar fractures of the humerus are one 
of the commonest fractures in childhood, usually 
occurring in the 6-9-year-old age group. The usual 
mechanism of injury is a fall on to the hand. These 
fractures have a high risk of brachial artery injury 
and subsequent forearm ischaemia and develop
ment of Volkman's ischaemic contracture. The ear
liest sign of compromised arterial flow is pain 
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on passive extension of  the fingers. Later, pallor, 
pulselessness and paraesthesiae appear. Paralysis 
is usually a sign of irreversible damage. 

Undisplaced supracondylar fractures require 
only a collar and cuff and follow-up in fracture 
clinic. Displaced fractures may require manipula
tion, whilst those with vascular compromise need 
immediate reduction and fixation in an operating 
theatre. 

OSS I F I CAT I O N  C E NTRES  AND THE  
C O N DYLAR FRACTURES  

Interpreting radiographs of children's elbows is 
sometimes difficult. Ossification centres can look 
like fractures. The large amount of radiolucent cart
ilage in the developing elbow means that signifi
cant injuries can result in only slight radiological 
abnormalities. 

The acronym CRITOL indicates the order in 
which ossification centres become visible on a 
radiograph: 

Capitellum (of humerus) 
Radial head 
Internal (or medial) epicondyle 
Trochlea (of humerus) 
Olecranon (of ulna) 
Lateral epicondyle. 

The age at which ossification occurs is unim
portant: what is important is the sequence. In par
ticular, the medial epicondyle ossifies before the 
trochlea. If the medial epicondyle is not visible 
and the trochlear ossification centre is, then there is 
a high chance that the medial epicondyle has been 
avulsed into the elbow joint (Fig. 39.12) 

M e d i a l  e p i c o n d y l a r  fr a c t u r e s  

A fall on to an outstretched hand causes the wrist 
flexors to avulse the medial epicondyle at its inser
tion. There is a high risk of ulnar nerve damage 
and this should be acti ely sought. There is an 
association with lateral dislocation of the elbow. 
Radiological signs can be subtle. Significant dis
placement merits reduction; undisplaced avulsions 
can be treated with a collar and cuff. 

F ra c t u re s  o f  t h e  n e c k  o f  t h e  r a d i u s  

These usually occur after a fall on to an outstretched 
hand - the radius is pushed against the capitellum. 
The neck is the most likely fracture site in children 
whereas in adults the head of the radius fractures 
more often. Characteristic findings are of minimal 
swelling, and pain on pronation and supination 
of the forearm. The radiograph shows a transverse 
line proximal to the growth plate. The degree of tilt 
of the radial head must be assessed. Angulation of 
greater than 15° implies that reduction is necessary. 

P u l l e d  e l b o w  

This commonly occurs in children under 5 years of 
age who have sustained a traction injury to their 
extended arm. The parents complain that the child 
will not use the affected arm, which is usually held 
in extension. The injury is a partial dislocation of 
the head of the radius out of the poorly formed 
annular ligament. If the history is clear, then it is 
reasonable to attempt reduction without a radio
graph. Flexion and supination of the elbow with 
a thumb pressed on the radial head usually pro
duces an audible 'click'. The child will initially cry, 

Figure 39. 1 2: Major displacement of the medial epicondyle below the trochlea. 



but should start using its arm within the hour. The 
parents should be advised to bring the child back if 
it is not using the arm in 24 h. The parents should 
be advised not to lift the child by its hand until 
after the age of 5 years, since pulled elbows are 
frequently recurrent. Long-term sequelae are very 
rare indeed. Without reduction, most pulled elbows 
relocate themselves over a couple of days. Early 
relocation reduces the pain that a child suffers. 

S l i p p e d  fe m o r a l  e p i p hy s i s  

( F i g .  3 9 . 1 3 ) 

This is separation of the femoral epiphysis and is 
an example of a Salter-Harris type 1 epiphyseal 
injury. The epiphysis slips downwards and back
wards, sometimes chronically, but often there is 
a history of trauma. It occurs most commonly in 
obese adolescent boys and is practically unheard 
of in children under 8 years of age. It is frequently 
bilateral. 

· 

The child may present with a painful groin, 
a limp, or even a painful knee. Physical examin
ation reveals an externally rotated leg that is 1-2 cm 
shorter than the normal side. Standard antero
posterior radiographs may be normal, or have very 
slight radiological abnormalities. A lateral radio
graph is much more sensitive. When looking at the 
radiograph, draw an imaginary line along the super
ior surface of the neck of the femur (Trethowan's 
line). In the normal hip this line should pass through 
the epiphysis. When the epiphysis has slipped, the 
line passes superior to the epiphysis. When the 

(a) 
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diagnosis is confirmed these children should be 
referred to an orthopaedic surgeon without delay 
for treatment. Untreated, there is a risk of coxa vara 
and avascular necrosis. Other non-traumatic disor
ders of hip pain are discussed in the section on the 
limping child. 

To d d l e r 's  f r a c t u r e  

This is a spiral fracture of the tibia that is usu
ally caused by twisting on a fixed foot. The force 
required is surprisingly small. The injury is often 
not recollected, though the parents notice that the 
child was walking normally but now prefers to 
crawl. Initial radiographs are often normal and the 
fracture may not become apparent for up to 10 
days. These injuries do not invariably require pla
cing in a cast though a cast provides good analgesia. 

Fractures specific to non-accidental injury are 
discussed in that section. 

WOU N DS 

The principles of wound management in childhood 
are the same as in adults (Chapter 5) .  Adequate 
wound toilet and optimal opposition ensure the 
best results. Adequate wound toilet is unlikely 
unless there is adequate anaesthesia. 

Use of tissue glue and adhesive wound tapes 
in children reduces the need for suturing and the 
inevitable distress that surrounds this procedure. 

(b) 

Figure 39. 1 3 : X-ray of slipped femoral epiphysis. (a) Normal; (b) abnormal. 
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Howeve1� suturing remains the gold-standard 
method of closing gaping wounds. In children, 
sedation often with oral or nasal midazolam may 
make the procedure less traumatic for the child, its 
parents and the clinicians. It is vital to have an 
experienced nurse to help restrain the child: wrap
ping the child in a blanket is sometimes useful. 
Extensive lacerations should, however, be sutured 
and explored under general anaesthesia. 

The choice of suture material will depend on 

the site and extent of the wound. Scalp lacerations 
are best closed with absorbable sutures, since find
ing and removing the stitches can be difficult. 
Absorbable sutures are also preferred for repair of 
nail-bed lacerations. Non-absorbable sutures should 
be used on the face. Eady removal reduces the risk 
of cross-hatched marks forming across the wound: 
3-4 days is usually adequate, especially for facial 
wounds. 

The maximum safe dose of lignocaine for sub
cutaneous injection is 3 mg kg-1 . One per cent lig
nocaine solution contains l O mg of lignocaine rnl-1 . 
If adrenaline is combined with lignocaine, the max
imum safe dose is 7 mg of lignocaine kg-1 . Ligno
caine with adrenaline is very useful in profusely 
bleeding wounds, but potentially dangerous in end
artery territories such as digits, the pinna and the 
penis. 

Do not exceed the maximum safe dose of lignocaine. 

TETANUS  PRO PHYLAX I S  

Do not assume that children are adequately immun
ized. Tetanus toxoid is administered to children 
at 2, 3 and 4 months of age. A booster is given 
at 5 years. This renders the child immune Lmtil 
15 years old. A child who has not received tetanus 
immUILizations almost certainly has not received 
diphtheria and polio immunizations. These should 
also be administered in a non-immLme child. 

fAC IAL LAC ERAT I O N S  AND TRAUMA 

Trauma to a child's face is often a particularly 
distressing experience for parents and children. 
The majority of wmmds do not need suturing 
and can be closed relatively painlessly, with good 

cosmetic results. There are, however, a number of 
situations where specialist input may be necessary: 

• The vermilion border of the lip needs meticu
lous opposition. A malopposed vermilion border 
will heal with unsightly scars. These wounds 
are best repaired by plastic or maxillofacial 
surgeons, depending on availability. 

• The eyelids contain the lacrimal apparatus. Any 
laceration involving the margin of the eyelid 
must be sutured by an ophthalmologist in the
atre, usually using a microscope to ensure accur
ate apposition. 

• Extensive lacerations should be sutured under 
a general anaesthetic. 

• Heavily contaminated lacerations such as dog 
bites require aggressive surgical debridement 
and are often best treated under a general anaes
thetic. 

• Where the child is too unco-operative to allow 
adequate wound toilet and suturing, explor
ation and suturing under a general anaesthetic 
may be necessary. 

• Where there is any doubt about the integrity 
of the Lmderlying structures, such as the facial 
nerve. These cases should be formally explored 
by surgeons. 

Lacerations to the inside of the mouth are com
mon. Common mechanisms of injury include falling 
while sucking a pen (in which palatal damage may 
occur), falling with the tongue between the teeth, 
and self-inflicted bites. Injuries to the hard palate 
should be explored under general anaesthesia. For
tunately, healing within the mouth is excellent 
and many initially alarming injuries heal well with 
conservative management. It is important to con
sider the possibility of non-accidental injury in 
these cases. 

Injuries to teeth are common. Loose teeth are 
more likely to fall out and children fall over more. 
Out of hospital, a traumatically avulsed tooth 
should be washed gently in tap water and then 
transported in milk. The tooth should be reim
planted into the socket as soon as possible and 
within 6 hours. The prognosis is improved if the 
delicate blood vessels and nerves at the proximal 
end of the tooth are handled as little as possible. 
Traumatically avulsed milk teeth are still worth 
implanting since they guide further development. 
The duty maxillofacial surgeon should be con
tacted. Teeth can also remain in their sockets after 



injury but be displaced and point backwards or 
forwards. These should be repositioned, usually 
by the duty dentist. 

FORE IGN  BOD I E S  

Children are naturally curious, and will place for
eign bodies in all sorts of orifices. It is important 
to try to fomld out what the foreign body is, and in 
particular whether it is corrosive (a bleach tablet) 
and whether it is organic or not. 

EARS 

All sorts of  matter finds its way in  to  children's 
ears. Occasionally, a child will have a foreign body 
in both ears. There are a nwnber of ways of remov
ing these, though you may only get one chance! 
A hook is better than forceps since the latter may 
drive the foreign body further into the ear. Syrin
ging the ear is useful, but contraindicated if the 
foreign body is organic as it may become softer 
and less easy to remove. Some foreign bodies will 
be too difficult to remove in the emergency depart
ment and may even have to be removed Lmder a 
general anaesthetic. Children with these should be 
referred to the next ENT clinic. 

N o s E  

These may present acutely, when witnessed. Later 
presentation is with a urlilateral foul discharge 
from the nostril. Ask the child to occlude the open 
nostril and blow out: this may dislodge the object. 
If the object is visible, then hooking it may be appro
priate. Suction with a large bladder syringe may be 
useful. If these measures fail then the child will 
need to be referred to the duty ENT surgeon. There 
is more urgency in these cases since aspiration and 
airway obstruction, though uncommon, can occm. 

I NHALED FORE I G N  BOD I E S  

A description of the management of inhaled for
eign bodies is given in Chapter 40 (p. 491) .  
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SWALLOWED FORE IGN  B O D I ES 

These are common. The history should aim to 
answer the following questions: 

• Is the foreign body a poison, for instance a 
mercury battery or a bleach tablet? 

• Is the foreign body actually in the airway? 
• Is the foreign body causing any gastrointestinal 

symptoms such as dysphagia, abdominal pain 
or constipation? Sharp foreign bodies usually 
cause no more problems than blunt ones. 

• Is the foreign body likely to be radio-opaque? 

An algorithm for swallowed coins is shown in 
Figue 39.14. 

Button batteries need to be taken seriously, 
since they are a potential poison. Neuropsychiatric 
symptoms and an acute corrosive gastroenteritis 
may result. A management protocol is shown in 
Figure 39.15. 

Ingestion of bleach tablets is an emergency. The 
bleach causes ulceration in the oesophagus and 
may result in strictme formation. Any child who has 
ingested bleach must be admitted and endoscoped 
and have copious lavage of the oesophagus. 

N O N -ACC I D ENTAL  I NJ U RY 

An abused child is one that is treated in a way that is 
regarded as unacceptable by the present cultme. 
Different cultmes h·eat children in different ways. 
Every year in England about 100 children die from 
abuse. Thousands of children are placed on the 
Child Protection Register. Diagnosis and manage
ment are often difficult. This section aims to help in 
the diagnosis and initial management of child abuse. 
Child abuse takes many forms. The forms that may 
present to emergency deparhnents are listed below: 

• non-accidental injury, usually a direct assault 
• neglect. The normal protection provided for a 

child is lacking and accidents occur as a result 
• Mw1chausen by proxy. The mother or carer 

invents false illnesses in the child in order to 
obtain medical attention 

• emotional abuse 
• sexual abuse. 

Non-accidental injury and neglect are the most 
likely forms to present to emergency departments. 



Coin ingestion 

Radiograph chest 
irrespective 
of symptoms 

Coin in upper third 
of oesophagus 

Coin in mid or 
lower oesophagus 

Coin below diaphragm 

Repeat radiographs 12-24 h 
later unless symptoms 
merit early removal 

Coin in oesophagus No coin visible Reassure 

Endoscopic removal under 
general anaesthetic 

Clinical and radiological 
review only if symptoms persist 

Figure 39. 1 4: Protocol for swallowed coins. 

History of ingestion 

Radiograph chest and abdomen 

No coin seen 

Battery in stomach Battery in oesophagus No battery seen 

Repeat radiog;-aph 
at > 24 h from ti, '1e of 
reported ingestion 

Battery in stomach 
or disintegrated 

Endoscopic removal 

Figure 39. 1 5 : Protocol for swallowed batteries. 

Immediate removal No further action 

Battery beyond stomach 

No further action 



Although the range of presentations is extremely 
varied, there are a number of suggestive, common 
features in the history that should be looked for. 
There are also a number of characteristic physical 
findings that should suggest non-accidental injury. 

H ISTORY 

None of the following features is diagnostic, but 
they should raise suspicion of child abuse: 

• Delay in seeking medical help. 
• Providing an inconsistent or inappropriate his

tory (2-month-old babies do not crawl and fall). 
• A very vague or history of minor trauma which 

is out of keeping with the observed injuries (this 
is increasingly suspicious if the story changes). 

• Multiple attendances at the emergency depart
ment, or at other nearby departments. 

• The interaction of the child and the parent should 
be observed, though abused, distressed children 
will still look for support from their carer. Normal 
parents are concerned with the child first; abus
ing parents may be more concerned with their 
own problems. 

• The parents may become hostile, abusive and 
behave in an inappropriate manner. 

• The child may give an accow1t of abuse: in 
this case, the actual words should be recorded 
verbatim. 

It is vital to record from whom the history 
is taken: just stating 'history from parent' is inade
quate. The child's development should be assessed 
(Table 39.6). and the family composition noted. A 
past medical history should be taken and the 
child's height and weight should be recorded on a 
centile chart. 

Table 3 9.6: Developmental milestones 

2 months 
4 months 
6 months 

1 2  months 

1 8  months 

24 months 

Smiles 
Rolls over 
Resists taking toy from grasp 
Bears some weight on legs 
Just stands, walks and can make 

a pincer grip 
Walks backwards 
Throwing objects on to the floor 

and drooling is abnormal 
Can kick a ball 
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RISK  FACTORS FOR  N ON-AC C I DENTAL 
I NJ U RY 

There are various factors that make child abuse more 
likely, though abuse occurs in all sections of society. 

Parent factors include: 

• age under 30 
• single parent 
• lack of extended, available family 
• adverse social circumstances, such as unem-

ployment 
• stepfather 
• criminal record 
• abuse of parent as a child. 

Child factors include: 

• first born 
• unwanted 
• prolonged neonatal illness (a long stay in an 

incubator interferes with parental bonding) 
• chronic illness. 

EXAM I NAT ION  

There are a number o f  injuries that are virtually 
diagnostic of non-accidental injury. Injuries that 
arise from neglect are often indistinguishable from 
simple accidents and the history is the main pointer_ 
No single feature should be taken in isolation. 
Where there are visual signs these should be photo
graphed. 

The following physical findings are suggestive 
of non-accidental injury. 

S k i n  

Burns are a common non-accidental injury. Chil
dren's skin is more prone to burn injury (above 
60°C a child's skin will burn four times as quickly 
as an adult's). 

• Cigarette burns. 
• Hot water burns to both feet result from dip

ping into hot water. There may also be burns to 
the buttocks, with no burns on the rest of the 
lower limb_ This pattern results from the child 
lifting its legs up to withdraw in pain. 

• 'Doughnut' sparing of the buttocks results 
when a child is forced into a hot bath. The 'hole 
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Table 3 9.7: The age of bruises 

Colour of a bruise 

Red or purple 
Purple or blue 
Brown 
Yellow or green 

Probable age of a bruise 

Less than 24 h old 
1 2-48 h 
48-72 h 
More than 72 h 

in the douglmut' results from being pressed on 
to the cooler floor of the bath. 

• Children touch hot objects with the palm of the 
hand: injuries to the dorsum of the hand are 
more susp1c10us. 

Bruising should be looked for and described 
with respect to colour and distribution. Beware of 
trying to date a bruise too accurately (Table 39.7) : 

• Finger-tip bruises result from gripping the child 
forcibly, either on the torso, on the face or 
around the neck. 

• Lash marks. A central white area is surrounded 
by bruising. This occurs because blood is forced 
from the point of impact to the surrounding tis
sue, where it tears capillaries. 

• Bites. Cats and dogs cause semicircular bites, 
adults cause straight bites. 

E y e s  

RET INOSCH I S I S  

Shaking causes the vitreous humour to move in 
the eyeball. This can separate the retinal layers 
causing a dome-shaped cavity that may have a 
blood level. Shaking causes retinal tears; these may 
be caused by other diseases, including acute hyper
tension, fulminant meningitis and endocarditis. 
Normal birth also causes retinal haemorrhages but 
these resolve by 2 weeks. 

M o u t h  

Shaking can cause the frenulum of the tongue to 
tear. Aggressive feeding with a bottle causes bleed
ing to the mouth. Simple falls can also tear the 
frenulum. 

F r ac t u re s  

• Multiple fractures in various stages of healing 
are highly suspicious, as is a single fracture with 
multiple bruises. 

Table 39.8: The age of fractures. (Adapted from 
Kleinman, P.K. ( 1 987) Diagnostic Imaging of Child Abuse. 
Williams and Wilkins, Baltimore) 

Radiographic sign 

Resolution of son tissue swelling 
Periosteal new bone formation 
Loss of fracture line defin ition 
Son callus 
Hard callus 

Age of fracture 

4- 1 0  days 
1 0-- 1 4  days 
1 4-2 1 days 
1 4-2 1 days 
2 1 -42 days 

-

• Metaphyseal and epiphyseal fractures. The usual 
sites are at the knee, wrist, elbow and ankle. 
Shaking of the infant causes twisting and pulling 
injuries at the ends of long bones; fragments of 
bone are torn off. 

• Rib fractures are highly suggestive of non
accidental injury, particularly if they are healing 
at the time of presentation, or multiple. 

It is important to attempt to date the fracture 
from its radiographic appearance (Table 39.8). 

B r a i n  

Non-accidental injury characteristically causes two 
types of head injury. Shaking injuries cause diffuse 
axonal injury and subdural haematomas, while 
impacts from punches or throwing the child result 
in fractures. Subdural haematomas in children are 
almost invariably the result of violent shaking. 
They may occur after birth trauma, but do not 
become chronic. The diagnosis may be suspected 
clinically when a child presents with irritability, 
vomiting and a reduced level of consciousness. 
Retinal haemorrhages should be looked for care
fully. Fractures have a different nature from those 
arising from simple accidents. Multiple fractures 
of different ages are highly suspicious. Fractures of 
the occiput are particularly suspicious, as are frac
tures wider than 5 mm. 

PO ISO N I N G  

Non-accidental injury need not be traumatic, poi
soning being well described. The symptoms and 
signs will depend on the poison ingested. Salt poi
soning, due to high intake and fluid restriction, is 
relatively common and should be suspected when 
the child has hypernatraemia and a high urinary 



Table 3 9.9: Munchausen by proxy 

False symptom or signs 
-

Seizures, apnoea attacks 
Haematuria 

Fever 

Diarrhoea 

Explanation 

Smothering, suffocation 
Tampered sample (often 

by a vaginal tampon) 
Tampered thermometer 
Repeated vaccination 
Laxative abuse 

sodium content. The child will present with thirst 
and irritability, followed by seizures. 

M UNCHAUSEN BY P ROXY 

This is a rare disorder in which the parent or carer 
invents illness in the child in order to obtain med
ical attention. The form most likely to present to 
emergency departments is of fabricated illness. 
Some examples are shown in Table 39.9. 

E M OT IONAL ABUSE  

This term refers to the persistent verbal abuse of 
a child by criticism and ridicule. This form of child 
abuse is unlikely to be the sole cause of attend
ances at emergency departments. Children who do 
not receive affection and encouragement suffer in 
many ways. There is general developmental delay, 
with poor growth, poor immune function and poor 
social interaction with peers. 

G EN ITAL I NJUR I E S  A N D  SEXUAL 
ABUSE  

It  is uncommon for this to present to emergency 
- departments. It is inappropriate for staff to exam
ine children whb may have been sexually abused, 
mtless the injury is so severe as to require immedi
ate, life-saving treatment. 

It is important to be able to recognize when 
these children need further help (see below). This 
help is usually provided by the police surgeon and 
a consultant paediatrician. 

Possible presentations of child sexual abuse 
include: 

• teenage pregnancy 
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• altered behaviour, for example truancy, deliber-
ate self-harm or inappropriate sexuality 

• prepubertal vaginal bleeding or discharge 
• proven sexual transmitted disease 
• anal trauma. 

D ISEASES  W H I C H  MAY M I M I C  
C H I LD ABUSE  

Occasionally, a child may present with signs sug
gestive of child abuse that are actually caused by 
underlying disease: 

• Breech deliveries can cause fractures of the clav
icle and humerus. These fractures invariably 
have callus formation by 2 weeks of age. 

• Prematurity causes a form of rickets, predispos
ing to fractures. 

• Osteogenesis imperfecta. Abnormal collagen 
allows bone to break with minimal trauma. Blue 
sclera, deafness, skin fragility, dental abnor
malities and a positive family history should be 
looked for. 

• Copper deficiency predisposes to pathological 
fractures. 

• Many haematological disorders, such as Henoch
Schonlein purpura, leukaemia, idiopathic throm
bocytopenia, and haemophilia can produce 
bruising. A full blood count, platelet count and 
coagulation screen are often indicated when 
a child presents with unexplained bruising. 

• Burns. Impetigo may be mistaken for a 
contact burn. 

MANAG EM ENT O F  C H I LD ABUSE  I N  
EMERGENCY D E PARTM ENTS 

J;:very child that attends an  emergency department 
should have a careful history and a thorough 
examination docmnented. Aim to record as much 
information as possible, and as accurately as possi
ble. It is inappropriate for staff to attempt to 
manage suspected child abuse without adequate 
support from senior paediatricians and social work
ers. It is vital that doctors in the emergency depart
ment feel able to draw on the expertise of these 
specialists. It is also important that staff do not 
approach the parents in a confrontational manner. 
Angry parents can be extremely difficult to deal 
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with later. The parents should b e  told that their 
child is being referred for a further opinion. They 
must not be misled or lied to, since this will create 
problems for everyone involved. The roles of 
emergency department staff in the management of 
child abuse are outlined below: 

• Identify suspected abuse and refer to the paedi
atrician for an opinion. Some children will be 
referred and the diagnosis subsequently refuted. 
This is preferable to 'missing' cases. This also 
illustrates why a non-confrontational approach 
is important. 

• Provide appropriate initial treatment for physi
cal injuries, such as burns or fractures. 

E m e r g e n c y  P ro t e c t i o n  O r d e r s 

Occasionally, parents may refuse to see a paediatri
cian and remove their child from hospital. If neces
sary, an Emergency Protection Order can be sought. 
This allows the court to 'Detain the child in a place of 
safety if there is reasonable cause to believe his or her 
proper development is being avoidably prevented or 
neglected or his or her health is being avoidably impaired 
or neglected or he or she is being mistreated'. An 
Emergency Protection Order lasts for up to 8 days. 
The duty social worker will usually make an appli
cation to the court of behalf of the local authority. 

Emergency department staff should also be 
fully aware of safeguards in the emergency depart
ment and use them: 

• The 'at-risk register ' comprises a list of children 
in the area who are felt to be at increased risk of 
abuse. Staff should have easy access to their 
local register. 

• The number of times that a child has attended 
a department should be clearly visible on the 
record. 

• A dedicated social worker or health visitor 
should work in the emergency department. He 
or she should have close contact with the paedi
atric ward, the community paediatricians, social 
workers in the community, child's family doctor 
and health visitors. 

• A letter to the child's family doctor should fol
low every attendance at the department, with 
the diagnosis clearly stated. 

• New medical and nursing staff should be taught 
when to suspect child abuse. 

SUMMARY 

Children are not miniature adults but are subject 
to a whole spectrum of different injuries, to which 
they behave in physiologically different ways. The 
whole approach to the multiply injured child is 
therefore different while maintaining the same basic 
objectives. Trauma that is not life threatening is 
different in children: in presentation, pathology and 
management. They are also subject to the phenom
enon of child abuse, where a multidisciplinary 
approach is important. 
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THE SICK CHILD 

• Introduction 
• Cardiac arrest 
• Neonatal resuscitation 
• What to do after a cardiac arrest 
• Recognizing the i l l  chi ld 
• The breathless or wheezy child 
• Shocked children 
• The unconscious child 
• Convulsing chi ldren 
• The hot and feverish child 

I NTRODUCT ION 

The majority of children who present to emer
gency departments have relatively minor injuries 
and illnesses. It is important that the minority with 
life-threatening illnesses are identified early and 
treated promptly. Children have different physiol
ogy and anatomy from adults and respond to dis
ease in different ways. 

C ARDIAC ARREST 

Cardiac arrest in childhood i s  uncommon and has 
different causes from those in the adult. Primary 
cardiac arrest is rare. Cardiac arrest usually occurs 
as a result of respiratory or circulatory failure. This 
suggests that if the primary cause of the cardiac 
arrest can be treated adequately then many arrests 
might be prevented. 

Neonatal deaths are those that occur in the first 
month of life. Since the vast majority of these occur 
in hospital and are managed by paediatricians, 
they are not discussed further. 

'Cot death' refers to deaths that occur from the 
first month to 1 year of age. Some of these are due 

C H A P T E R  F O R T Y  

• The poisoned child 
• The vomiting child 
• Acute diarrhoea 
• Abdominal pain in chi ldhood 
• Rectal bleeding 
• Diabetic emergencies 
• Anaphylaxis 
• Drowning and near drowning 
• Further reading 

to previously wvecognized disease. In others, no 
cause is ever found even after post-mortem exam
ination and these are referred to as deaths from the 
'sudden infant death syndrome' (SIDS). 

After 1 year of age, trauma is the commonest 
cause of death until adulthood. Further advice on 
the management of major h·auma in childhood can 
be fow1d in Chapter 39. 

PREPARAT ION  P R I O R  TO REC E I V I N G  
A CARD IAC ARREST 

S t aff 

There must be adequate staff numbers, while 
avoiding overcrowding. A doctor competent in air
way management must take control of the airway. 
He or she will require a skilled assistant. Another 
staff member provides chest compressions. One 
staff member provides vascular access and is 
responsible for administering intravenous drugs. 
The most senior doctor should act as team leader 
and it is preferable that the team leader stands 
back and directs and monitors the resuscitation. It 
is very helpful if someone documents events as 
they proceed. If there are sufficient staff to explain 
what is happening, there is no reason why the 
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parents cannot be present during the resuscitation, 
but adequate care and supervision are essential. 

E n v i ro n m e n t  a n d  e q u i p m e n t  

Ideally, children should be resuscitated in a sep
arate area from the adult resuscitation area. There 
must be adequate space. There should be an avail
able method of estimating the child's weight 
quickly: a Broselow tape (see Fig. 39.2) which 
relates weight to height is ideal and provides infor
mation on equipment sizes and drug doses. A sim
ple set of marks along the trolley can provide the 
same information. The formula below is also use
ful for determining the weight of children between 
1 and 10 years old: 

Weight (kg) = 2 (Age + 4). 

A clock should be started when the child 
arrives. Whatever equipment is available, staff 
must ensure that they are familiar with its use. 

BAS IC  L I F E  S U P P O RT I N  C H I LDREN 

Though the objective o f  adequate perfusion with 
oxygenated blood is the same as for adults, the 
means by which this is achieved is very different. 
This reflects the different anatomy of the child. The 
initial assessment and initiation of basic life sup
port for children is shown in Table 40.1 .  All emer
gency department doctors should receive formal 
training in paediatric basic life support. 

Basic life support for children requires different 
technique:;. 

In hospital environments help is usually readily 
available and the paediatric cardiac arrest team 
should be called immediately. In the unusual situ
ation of a cardiac arrest occurring where it is neces
sary to leave the patient to get help, basic life 
support should be performed for at least 1 min 
before leaving to call for help. This differs from 
adults and reflects the fact that hypoxia is the com
monest cause of cardiac arrest in children. 

I min of cardiopulmonary resuscitation (CPR) must 
be administered before leaving the child to get help. 

Table 40. 1 :  In itial assessment and management of 
paediatric cardiac arrest 

Check awareness (Are you all right?) 
Airway opening manoeuvres 
Look, Listen, Feel for breathing 
5 breaths 
Check carotid pulse 
Start cardiopulmonary resuscitation (CPR) 
20 X 5: I CPR cycles 

, ,  

Figure 40. I :  Opening an infant and chi ld airway. 

Shaking a child gently by the shoulders and 
talking is a good way to assess consciousness. If 
trauma is a possibility, the cervical spine should be 
immobilized by placing one hand on the forehead 
and shaking the arm. 

A i rway a n d  b re at h i n g  

The airway in infants is opened by performing 
a chin lift while keeping the head in a neutral 
position (Fig. 40. 1 ) .  Older children's airways 
are opened by lifting tl1e chin with the head in a 
'sniffing' position. 



The adequacy of the airway is assessed by: 

• Looking for chest movements 
• Listening for breath sounds 
• Feeling for breath. 

This should take no longer than 10 s.  Because 
hypoxia is the commonest cause of cardiac arrest 
in children, five initial rescue breaths should be 
given. If there are no airway adjuncts available, 
mouth-to-mouth respiration should be started . In 
smaller children this may entail mouth-to-mouth 
and nose respiration. Whatever technique is used, 
the adequacy of ventilation should be assessed by 
observing chest movements. 

C i rc u l at i o n  

The carotid artery should be palpated for 1 0  s 
although in infants it is easier to palpate the 
brachial or femoral arteries. Cardiac compressions 
should be started if the pulse is absent. In infants, a 
pulse of 60 or less is assumed to be inadequate and 
cardiac massage should be initiated at or below 
this rate. 

TECHN IQUES OF CARDIAC COM PRESS ION  

For infants (under 1 year old) a n  imaginary line is 
drawn between the nipples and the sternum com
pressed one finger breadth below this line. The 
sternum should move one third of the depth of the 
child's chest. This can be achieved by the two
finger technique or the hand-encircling technique 
(Fig. 40.2) . The hand-encircling technique requires 
the thumbs to be placed on the sternum. 

For small children (under 8 years old) the ster
num should be compressed one finger breadth 
above the xiphisternum using the heel of one hand, 
and for older children the sternum should be com
pressed two finger breadths above the xiphister
num using interlocked hands. The compression 
rate should be at least 100 per minute. 

ADVANCED L I F E  S U P PO RT 

Advanced life support aims to provide further 
interventions in cardiac arrest in order to restore car
diac output. These skills are harder to learn, require 
equipment and drugs, and are therefore not widely 
taught to the public. It is important that there is 
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Figure 40.2: Technique of cardiac compression for 
older children. 

adequate basic life support in progress before and 
while these are performed. ECG electrodes should 
be placed on the patient as soon as possible and the 
rhythm should be identified promptly. 

Always look for underlying pathology causing car

diac arrest. 

A s y s t o l e  

This is the commonest presenting rhythm in paedi
atric cardiac arrests (Fig. 40.3), since bradycardia is 
the normal response to hypoxia. The absence of 
any electrical activity and a gently undulating 
baseline usually confirm the diagnosis. A com
pletely straight line suggests that a lead has 
become disconnected. The gain should be 
increased and the selected lead changed if there is 
any doubt about the diagnosis. If dehydration or 
vascular insufficiency is the cause of the cardiac 
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Ventilate with high-concentration oxygen 

• 
I ntubate 

• 
IV/JO access 

• 
Adrenaline I 0 µg kg- I 

• 
3 min CPR or 60 X 5: I cycles 

Consider IV fluids/alkalizing agents 

• 
Adrenaline I 00 µg kg- I IV/JO --

3 min CPR or 60 X 5: I cycles 

I 

Figure 40.3: Management of asystole. 

arrest, intravenous fluids should be administered 
at 20 ml/kg-1 . Alkalizing agents and atropine are 
of unproven benefit. The management of asystole 
is summarized in Fig. 40.3. 

Ve n t r i c u l a r  fi b r i l l at i o n  

Although this is the commonest arrythmia of car
diac arrest in adults, it is much less common in 
children. In children it is usually caused by hypo
thermia, tricyclic poisoning, and in those with 
cardiac disease (usually congenital). An algoritlun 
for the management of ventricular fibrillation in 
children is given in Figure 40.4. 

P U LSELESS  ELECTR ICAL ACTIV ITY 

Otherwise known as electromechanical dissocia
tion (EMD), pulseless electrical activity (Fig. 40.5) 
is usually the result of hypovolaemia. Tension 
pneumothorax and cardiac tamponade are pos
sible causes when there is trauma. Pulmonary 
emboli are rare in children. Calcium chloride 
should be given if electrolyte disturbances are 
thought to have caused the cardiac arrest. 

Precordial thump 

• 
DC shock 2 J kg- 1 

• 
DC shock 2 J kg- 1 

• 
DC shock 4 J kg- 1 

Ventilate high-flow 02 • I ntubate and IV access 

Adrenaline I 0 µg kg· 1 IV/10 

• 
DC shock 4 J kg· ' �----, 

• 
DC shock 4 J kg- 1 

• 
DC shock 4 J kg- 1 

• 
Adrenaline I 00 µg kg- 1 or IV/10 

• 
I min or 20 X 5: I CPR cycles 

I 
Figure 40.4: Management of ventricular fibrillation. 

Venti late with high·concentration oxygen 

• 
I ntubate and IV or 10 access 

• 
Adrenaline I 0 µg kg-1 IV or 10 

• 
Fluids 20 m l kg- 1 IV or 10 

CONSIDER 

Hypovolaemia 

Tension pneumothorax 

Cardiac tamponade 

Drug overdose 

Electrolyte imbalance 

and treat appropriately 

Adrenaline I 00 µg kg- 1 IV/10 

• 
3 min or 60 X 5: I CPR cycles 

Figure 40.5: Management of pulseless electrical 
activity in children. 



N EONATAL RESUSC ITAT ION  

Cardiorespiratory arrest in neonates is fortw1ately 
extremely rare in emergency departments but 
unexpected deliveries do occur in the deparhnent 
or are brought in from close by. Any neonate with 
apnoea or a pulse of less than 60 requires aggres
sive resuscitation. Urgent expert assistance should 
be sought. 

Apnoeic newborn infants are likely to breathe 
with some stimulation, and suction to the nares 
and mouth together with oxygen by mask may be 
effective. After 1 min, ventilation with a bag and 
appropriate mask should be commenced. If the 
baby remains apnoeic, intubation may be neces
sary. Chest compressions may be required if there 
is bradycardia. 

Endotracheal intubation in the newborn (3 mm 
tube, 2.5 mm in premature infants) must be pre
ceded by pre-oxygenation except in suspected 
meconium aspiration. If meconium aspiration has 
occurred, intubation should be followed by direct 
suction on the endotracheal tube which is simul
taneously withdrawn. The procedure can then be 
repeated with a clean tube. 

Newborns with bradycardia of less than 60 b.p.m. 
that is not clearly improving with ventilation require 
external cardiac compressions. The method of chest 
compression has already been described and a com
pression-to-ventilation rate of 3 :  1 should be used. 
The chest should be depressed by 2 cm at a rate of 
120 compressions per minute. 

If the baby remains bradycardic (less than 
60 b.p.m.) after 1 min of chest compressions, adrena
line 10 µ,g kg-1 should be given intravenously. 
Further doses should be given every 3-5 min dur
ing CPR. Consideration should also be given to the 
administration of sodium bicarbonate 1 mmol kg-1 

(2 ml kg-1 of 4.2% solution) intravenously. Hypo
volaemic cardiac arrest is treated with intravenous 
fluids (20 ml kg-1) and hypoglycaemia must be 
excluded or treated. 

AI RWAY 

There are a variety of airway adjuncts available to 
assist in paediatric advanced life support. A 
description of paediatric airway and circulatory 
management is provided in Chapter 39. 
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D E F I BR I L LAT I O N  

A normal adult defibrillator is used with paedi
atric paddles of an appropriate size. An appropri
ate energy level must be selectable. An infant 
requires paddles 4.5 cm in diameter; a small child 
requires 8-cm diameter paddles. 

WHAT TO DO  AFTER A 
CARDIAC ARREST 

O UTCOME S U C C ESSFUL  

The return of spontaneous output moves the man
agement from cardiac arrest to resuscitation of a 
seriously ill child. The aim of interventions is to 
improve oxygenation and perfusion while treating 
the w1derlying cause of the cardiac arrest. 

Following cardiac arrest the child should be 
closely monitored (Table 40.2). A series of investi
gations should also be performed (Table 40.3). 

Oxygenation should be improved so that oxy
gen saturations are above 95%. Most children will 
have an impaired conscious level, and a period of 
intubation and ventilation to optimize oxygen
ation is beneficial. 

Table 40.2: Post-arrest monitoring 

Pulse oximetry 
ECG 
Blood pressure (in itially non-invasive) 
Rectal temperature 
Urine output: consider urinary catheter 
Consider central venous pressure (CVP) 
End-tidal C02 

Table 40.3: Post-cardiac arrest investigations 

Arterial blood gases 
Bedside and formal laboratory glucose 
Chest radiograph 
Urea and electrolytes 
Haemoglobin and haematocrit 
Group and save serum 
1 2-lead ECG 
Coagulation screen 
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Metabolic acidosis following cardiac arrest should be 

corrected by optimizing ventilation and perfusion. 

Perfusion may be impaired because of hypo
volaemia or poor cardiac function. Poor cardiac 
function may result from underlying cardiac dis
ease, but is more likely to result from acidosis and 
electrolyte disturbance. The best initial treatment 
of post-arrest acidosis is adequate oxygenation 
and perfusion. The circulation should be opti
mized with volume expansion or inotropic sup
port. This usually requires central venous access. 
Hypothermia and hypoglycaemia are common fol
lowing cardiac arrest. These problems should be 
anticipated and avoided. The child should be 
monitored and observed in an intensive care mli.t. 

The parents will be extremely upset and the most 
senior team member should find time to explain 
what has happened to their child. An explanation of 
all the interventions that have been performed 
should be given. Unforhmately, some children who 
have been successfully resuscitated die later and 
over-optimistic prognoses should be avoided. These 
deaths may be due to the underlying cause or to the 
physiological insult of a cardiac arrest. 

OUTCO M E  UNSUCCESSFUL  

It is reasonable to stop resuscitation after 30 min if 
there has been no sign of a spontaneous circulation 
or cerebral activity. Hypothermic children should 
be resuscitated until their core temperature is 
above 32°C. Prolonged resuscitation is also neces
sary following overdose of cerebral depressant 
drugs. The decision to stop CPR should be made 
by the most senior doctor on the team with the 
agreement of all involved. 

Following an wi.successful resuscitation the 
child should be examined for bruising, rashes and 
dehydration. The paediatric team should be 
involved and, in the case of suspected SIDS, local 
policies should be followed in taking samples 
for further investigation. If the cause of death 
is clearly fulrninant meningococcal septicaemia, 
local infection-control physicians should be 
informed and disease prophylaxis should be given 
to all family members. The general practitioner, 
health visitor and coroner should also be informed. 
Follow-up with a consultant paediatrician should 

be arranged in a few weeks, to discuss the causes 
of the death. 

The most serli.or doctor available should inform 
the parents. It is important that this is done with 
sensitivity, tact and sympathy. A nurse should 
accompany the doctor. A separate room should be 
available for breaking bad news. The doctor 
should also try and ascertain some history from 
the parents. This should be done gently and may 
take some time. The relatives should be encour
aged to see and hold their child. This will have 
enormous sigrli.ficance later on and aid the 
bereavement process. The parents should also be 
told that the coroner and police will be informed. It 
should be emphasized that this is routine in all 
cases, and does not suggest blame. 

RECO G N IZ I N G  T H E  I L L  C H I LD 

One of the most important functions of emergency 
staff is the prompt recogrli.tion of seriously ill chil
dren. The identification of sick children who need 
further investigation is a skill that takes experience 
to acquire. However, an appreciation of normality 
and recogrli.tion of deviation from this is helpful. 

General observation should begin from the 
moment the doctor sees the child. It is essential to 
observe the affect of the child: are they interested, 
interactive and playing? Can you make them smile? 

Ill children are usually miserable and uninterested. 

AIRWAY AND BREAT H I N G  

Respiratory rate is a sensitive marker for respira
tory distress and should be recorded in all poten
tially ill children. The normal value varies with age 
(Table 40.4). 

Table 40.4: Normal values for respiratory rate by age 

Age (years) Respiratory rate 
(breaths min - I )  

< I  30-40 

2-5 25-30 

5- 1 2  20-25 

> 1 2  1 5-20 



Recession of the subcostal, intercostal or sternal 

regions indicates increased respiratory effort. Older 
children have less compliant chest walls and so 
recession, when seen, is progressively more signifi
cant. The use of the stemocleidomastoid muscles 
indicates respiratory distress, and can cause head 
bobbing in infants. Stridor is an inspiratory noise 
that implies upper airway obstruction. Wheeze is 
an expiratory noise implying lower airway obstruc
tion. Grunting usually occurs in infants and indi
cates severe respiratory distress. Flaring of the alar 
nasi is also seen in infants with respiratory distress. 

Pulse oximetry is a useful and simple inves
tigation, although significant decreases in arterial 
oxygenation may not cause significant desatur
ations, because of the sigmoid-shaped relationship 
between oxygen saturation and oxygen tension. 
Cyanosis, bradycardia and confusion are all very 
late signs of respiratory failure and are preterminal. 
Rapid action is necessary to prevent cardiac arrest. 

C I RC U LATI O N  

Heart rate increases in response to hypoperfusion. 
It also increases when there is pain and anxiety. In 
the late (preterminal) stages of hypoperfusion a 
bradycardia may appear. Again normal pulse rate 
varies with age (Table 40.5). 

The volume of a pulse is important in assessing 
shock. Hypoperfusion causes a decline in the vol
ume of a pulse. An absent peripheral pulse and a 
weak central pulse are signs of significant hypo
perfusion. Capillary refill time is a useful indicator 
of peripheral perfusion and is obtained by press
ing on a warm digit for 5 s. It is prolonged if the 
skin does not return to a normal colour in 2 s. 

Hypotension is a late sign of hypoperfusion. An 
estimate of expected blood pressure can be made 
by using the formula below: 

Systolic blood pressure = 80 + (Age in 
years X 2). 

Table 40.5: Normal pulse rate by age 

Age (years) 

< I  
2-5 
5- 1 2  
> 1 2  

Heart rate (beats min- 1) 

1 1 0- 1 60 
95- 1 40 
80- 1 20 
60- 1 00 

T H E  B R E AT H L E S S  O R  W H E E ZY C H I L D  5 1 1  

N EU RO LOG I CAL ASSESS M ENT  

The AVPU system is very quick and easy to use: 

A ALERT 
V responds to Voice 
P responds to Pain 
U UNRESPONSIVE. 

Pulling frontal hair is an appropriate painful 
stimulus. Children in deep coma may assume a 

decorticate (flexed arms, extended legs) or even a 
decerebrate posture (extended arms, extended 

legs). The size, symmetry and reactivity of the 
pupils should be recorded. Reflexes and tone 
should be assessed, particularly for asymmetry. 

THE  B REATHLESS  O R  WH E EZY C H I LD 

There are many causes of respiratory distress in 
children. Usually a characteristic pattern allows the 
diagnosis to be made. The causes that are likely to 
present to emergency departments are listed in 
Table 40.6. 

This list is not comprehensive. There are many 
other causes of respiratory dish·ess in children, for 
instance cystic fibrosis and congenital malforma
tions. These tend to have a more protracted course 
and usually present to the patient's general practi
tioner or to the paediatricians. However, familiarity 

Table 40.6: Causes of breathlessness by age group 

Upper airway: 

Acute laryngeotracheitis 
(croup) 

Pseudomembranous croup 
(bacterial tracheitis) 

Epiglottitis 
Retropharyngeal abscess 
Inhaled foreign body 

Lower airway: 

Acute viral bronchiolitis 
Asthma 
Pertussis (whooping cough) 
Inhaled foreign body 
Pneumonia 
Acute bronchitis 

Age 

6 months to 5 years 

6 months to 5 years 

2-3 years 
6 months to 3 years 
Any age 

Under I year 
From 1 2  months 
6 months on 
Any age 
Any age 
Any age 
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with the above conditions will ensure that the 
majority of breathless children in emergency 
departments are managed appropriately. 

U PPER  RESP I RATORY TRACT 
D I SORDERS  

C ro u p  

( a c u t e l a r y n g o t r a c h  e o  b ro n c h i t i s )  

This is a common viral infection of the upper air
way. It occurs in children from 6 months to 5 years 
old. It usually presents 1-2 days after the onset of 
an upper respiratory tract infection. The symp
toms are worse at night, or when the child is upset. 
The voice is hoarse and there is a characteristic 
cough which sounds like a barking seal. These 
children are usually systematically well and may 
not have a pyrexia . A coarse inspiratory stridor is 
usually heard. Upsetting the child makes their 
symptoms worse. 

The diagnosis is mainly clinical although 
recording oxygen saturations is useful. Normal 
sah1rations may be present with severe croup, but 
low saturations indicate increased severity. Lateral 
neck radiographs are usually normal, although a 
narrowed subglottic airway may be seen. These 
should not be taken routinely. 

The illness is usually benign and self-limiting. 
Admission is not always necessary. A child with 
croup can usually be sent home safely if there is no 
stridor at rest, no sternal or subcostal recessions, 
and the child is well sah1rated on pulse oximetry. 
The parents should be willing and able to provide 
care and have the ability to return to hospital 
promptly. Parents of children sent home should be 
advised to keep the child warm. It is useful to 
expose the child to steam. This can be achieved by 
turning on the hot taps in the bathroom. 

Children who do not fulfil the above criteria 
need admission. The reason for admission is to 
provide close observation for those children who 
may require inh1bation. While observation needs 
to be close, the child should be upset as little as 
possible. If the child is clearly unwell and requires 
intubation, 1 ml of 1 in 1000 adrenaline mixed with 
4 ml of normal saline can be given by a nebulizer 
while arrangements are made for intubation. This 
only 'buys time', as symptoms usually recur within 
20 min. 

B a c t e r i a l  t r a c h e i t i s  

Th.is is an uncommon, but potentially life
threatening condition. There is a bacterial infection 
of the trachea, usually by Staphylococcus aureus. 
The child has usually had a fever for a couple of 
days and presents with a croupy cough. Signs 
of upper airway obstruction are progressive. 
Laryngoscopy at the time of intubation usually 
confirms the diagnosis. A normal epiglottis is 
seen and the trachea is full of pus-like secretions. 
Intubation is invariably required. Flucloxacillin 
and amoxycillin therapy is usually appropriate. 

A c u t e  e p i g l o tt i t i s  

This is rare and should become even less common 
with the introduction of the Haemophilus influenzae 
vaccine given at 1 year. However, it is important 
that knowledge exceeds experience, since prompt 
recognition and treatment saves children's lives. 
Haemophilus influenzae type B (HIB) causes a rapid 
swelling of the epiglottis and pharynx. Upper air
way obstruction occurs rapidly, with subsequent 
hypoxia and death. Children are usually 2-3 years 
old, although adults can also be affected. The 
child's parents will state that the child has become 
unwell very rapidly. The child will be toxic, with 
a fever in excess of 39.0°C, look anxious and sit 
very still with his or her head forward. Drooling 
occurs because the child does not want to swallow. 
A low, soft stridor is heard and there is often 
an added expiratory noise. Cough is not usually a 
feahire. 

Senior staff from the emergency department, 
paediatrics and anaesthesia should be summoned 
immediately, along with a surgeon skilled in per
forming tracheostomy. It is essential not to inter
fere with the child any more than is strictly 
necessary. The child should be left sitting with his 
or her mother. Laryngoscopy to visualize the 
epiglottis must not be attempted, since this may 
well provoke complete laryngeal obstruction. 
Providing oxygen by a face-mask may only 
increase the child's anxiety and should not be 
forced. Nebul.ized drugs may provoke coughing 
and should be avoided. The child requires endotra
cheal intubation, usually after a gas induction. The 
anaesthetist usually confirms the diagnosis at laryn
goscopy. The surgeon is there to provide an emer
gency tracheostomy should airway obstructio 



occur. Once the airway is secure the child needs an 
intravenous line and antibiotics. 

Summon senior staff immediately for the child with 

acute epiglottitis. 

R e t r o p h a r y n g e a l  a b s c e s s  

This is another uncommon but life-threatening 
infection of the upper respiratory tract and is 
usually caused by (3-haemolytic streptococcus. 
Children from the age of 6 months to 3 years are 
usually affected. The usual story is of 2-3 days of 
coryza. Feeding difficulties emerge before respira
tory problems. The child looks ill, may assume an 
opisthotonic posture, is toxic, drooling, and has 
inspiratory stridor. A pharyngeal mass may be vis
ible with a torch and a tongue depressor. A lateral 
neck radiograph shows widening of the retro
pharyngeal space and air I fluid levels may be seen. 
Treatment is with intravenous antibiotics (usually 
benzyl penicillin) and possible incision and 
drainage. Drainage should be performed with a 
secured airway since aspiration of the pus can 
cause a pneumonia. If there is any doubt about the 
diagnosis or epiglottitis is suspected then the treat
ment of acute epiglottitis should be instituted . 

I n h a l e d  fo re i g n  b o d i e s  

These are another cause of upper airway obstruc
tion. Suspicion should be high when there are 
signs of acute upper airway obstruction with no 
systemic illness. (see section on foreign bodies.) A 
child with 'croup' who has not got better over a 
week may well have a tracheal foreign body. 

LOWER RESP I RATORY TRACT 
D I SORDERS 

A c u t e  v i r a l  b ro n c h i o l i t i s  

This tends to occur in epidemics over winter. It 
usually affects children under the age of 12 months 
and is usually caused by respiratory syncytial virus 
(RSV). The illness begins with an upper respira
tory tract infection, but over a couple of days the 
child becomes progressively more short of breath 
and wheezy. There may be problems feeding and 
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Table 40. 7 :  Features of severe and life-threatening 
asthma 

Features of severe asthma in children: 

Too breathless to feed or talk 
Recession or use of accessory muscles 
Respi ratory rate > 50 breaths per minute 
Peak flow < 50% expected or best 

Features of life-threatening asthma in children: 

Depressed conscious level/agitation 
Exhaustion 
Poor respiratory drive 
Oxygen saturation < 85% on air 
Cyanosis 
Silent chest 
Peak flow < 33% expected or best 

signs of respiratory distress. Fine inspiratory 
crackles and expiratory wheeze may be heard on 
auscultation. Pulse oximetry shows reduced oxy
gen saturation; arterial blood gases (if done) show 
hypoxia and normocarbia. A chest radiograph may 
show hyperinflated lw1gs and peribronchiolar 
thickening. Areas of consolidation suggest an 
alternative diagnosis of pneumonia. 

If the child is alert, playing well, has no problem 
feeding and has no signs of respiratory distress, 
then admission to hospital is probably not neces
sary. Arrangements for further review by the 
patient's family doctor are necessary if the child is 
discharged. Children who are admitted should 
receive oxygen as the mainstay of their treatment. 
Intubation is occasionally necessary. 

A s t h m a  

This is very common in children. It is, however, 

unusual in children who are under 1 year old. 
Despite being common, there are still a number of 
deaths every year among children. The diagnosis 
of an acute attack is not usually difficult, although 
bronchiolitis, an inhaled foreign body and croup 
can produce similar clinical features. Assessing a 
yow1g child with an asthma attack is more difficult 
than in an adult. 

Certain features may be obtained in the history 
and examination which should suggest that 
an asthma attack is severe or life threatening 
(Table 40.7). The presence of any of these should 
prompt aggressive management. Increased use of 
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Table 40.8: Expected peak flow rates by age 

Age Mean length Expected peak 
(cm) flow (I min- 1 ) 

6 1 1 0 1 50 
8 1 20 200 

1 0  1 30 250 
1 2  1 50 350 
1 4  1 60 400 

bronchodilators with reduced effect at home indi
cates worsening asthma. It is important to note 
that severity of wheeze and cough do not correlate 
with the severity of the disease. 

Children under 5 years old and severely dys
pnoeic children cannot reliably perform peak flow 
measurements. Children over 5 years should have 
at least two attempts and their best effort should 
be recorded. The result is dependent on the child's 
height. The formula below gives a rough guide to 
working out the expected peak flow for children 
longer than 110 cm: 

Peak expiratory flow rate (PEFR) = 150 + 5 X 
(length of child in cm - 110). 

Example: A child of 160 cm has an expected 
PEFR of 150 + 5 x (160 - 110) = 400. 

Actual peak flows should be recorded as a per
centage of the expected (Table 40.8) . 

The child should dealt with in a calm manner. 
Staff anxiety will be transmitted to the parent and 
then the child; this often makes the asthma worse. 
High-flow rate oxygen should be administered in 
all cases. There is little indication for routine chest 

radiographs. Chest radiographs should be reserved 
for first presentations, where genuine doubt exists 
about the diagnosis and where there is good reason 
to suspect a pneumothorax or a chest infection 
(chest pain, abnormal physical findings.) Arterial 
blood gases are not very useful, and are distressing 
for children. Pulse oxirnetry gives similar informa
tion non-invasively, but the initial assessment of 
asthma remains dependant on clinical skills. The 
algorithm shown in Figure 40.6 is widely used. 

Children with mild asthma who are discharged 
should receive some form of follow-up. Inhaler 
technique should be checked in all children and 
their parents prior to discharge. Parents who bring 

MILD MODERATE 

PEFR>75% PEFR 50-75% 

l 
Admit 

l 
Nebulized Nebulized 
� agonist � agonist 

Oral steroid Oral steroid 

Remains well Improved 
after I hour 

Home, 4 hourly 
arrange � agonist 

follow-up by nebulizer 

SEVERE LIFE-THREATENING 
PEFR 33-50% PEFR<33% 

Admit Admit 

Not improved or worse after 
1 5  minutes 

Nebul ized � agonist every 
30 minutes 

Nebul ized ipatropium 
Intravenous aminophyl l ine 

Consider mechanical 
ventilation 

Figure 40.6: Asthma management algorithm. 

their children to emergency departments at night 
with worsening asthma are often exceptionally 
worried : a cautious approach is recommended in 
these children and there should be a very low 
threshold for seeking admission. 

P e r t u s s i s  (w h o o p i n g  c o u g h )  

This is still seen despite accination programmes, 
as uptake of the vaccine has been suboptimal 
owing to misinformed concerns about safety. 
Vaccination does not provide complete protection 
and the disease should still be considered in a fully 
immunized child. The disease is caused by 
Bordetella pertussis. The illness is commoner in 
those over 3 years old, and more severe in those 
under 1 year. The child usually presents with 
coryzal symptoms, and develops a paroxysmal 
cough with an inspiratory whoop. A bout of 
coughing terminates with vomiting. The coughing 
bouts may be so violent as to induce intracranial 
and subconjunctival haemorrhages. Secondary 
bacterial infections can occur anywhere in the 
respiratory tract. Bronchiectasis is a late complica
tion in a few children. 

The illness has a characteristically prolonged 
course and most children are symptomatic for 4-8 



weeks. Cases lasting up to a year are well recog
nized. The chest radiograph shows some bronchial 
wall thickening and may show some consolidation. 

If the diagnosis is suspected, a swab should be 
taken from the pharynx. This is only likely to be 
positive if the child presents within 2 weeks of the 
onset of symptoms. Paired titres can provide the 
answer in equivocal cases. 

Whooping cough is a notifiable disease. 
Antibiotics such as amoxycillin are of questionable 
benefit, although they are often prescribed early in 
the disease. Cough suppressants are of no value. 
Children under 6 months of age should be admit
ted to hospital, since good nursing care reduces 
complications. Older children probably do not 
need to come into hospital provided the parents 
are able to cope. A child with whooping cough is a 
considerable strain for their parents. 

I n h a l e d  fo r e i g n  b o d y  

This important differential should be considered 
in the diagnosis of most cases of childhood respira
tory disease. These cases constitute an emergency, 
since an inl1aled foreign body is potentially life 
threatening and the majority occur in children 
under 5 years of age. A significant proportion pres
ent with no suggestive history. Peanuts, seeds 
and pieces of toys are commonly recovered. The 
most usual history is of an episode of choking and 
stridor, which resolves, the child then developing 
wheeze, or even pneumonia, a few days later. The 
diagnosis should also be considered in any child 
with croup who is not getting better after a few 
days. 

The symptoms and signs will depend on the 
site of the obstruction. Stridor implies a foreign 
body in a main stem bronchus, the trachea, the 
oesophagus or the larynx. Unilateral wheeze 

implies that the foreign body is in the lower air
ways. The commonest site of obstruction is in the 
right main bronchus. Initial radiographs may be 
normal, although increased lung volume on the 
side of the obstruction may be seen, since a foreign 
body in the bronchus causes air trapping on expir
ation. Bilateral decubitus films show failure of the 
affected side to 'collapse down' when the affected 
side is inferior. Collapse distant to the obstruction 
may also be seen. Bronchoscopy is necessary and 
can be technically difficult in small airways. 
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Table 40.9: Causative organisms of pneumonia by age 

Under I year 

Over I year 

Streptococcus pneumoniae 

Staphylococcus 

Escherichia coli 

Chlamydia 

Streptococcus pneumoniae 

Mycoplasma 

Secondary complications are common: pneumon
itis is especially associated with aspirated peanuts. 

P n e u m o n i a  

This remains common in younger children 
although the causative organisms vary with age 
(Table 40.9). 

The onset of symptoms is usually acute, with 
coughing following coryzal symptoms. The child 
may also describe extrathoracic symptoms: for 
instance, lower lobe involvement can cause 
abdominal pain and upper lobe consolidation can 

cause neck stiffness. The child is usually febrile, 
tachypnoeic, and may have grunting respiration. 
Percussion reveals areas of dullness. Auscultation 
may reveal areas of bronchial breathing, although 
this may be difficult to demonstrate in small 
chests. A radiograph will show areas of consolida
tion, confirming the diagnosis. 

Blood and sputum cultures should be taken. 
The patient may well need intravenous hydration 
if feeding has been a problem. If oxygen satur
ations are at all compromised supplemental oxygen 
should be administered. Broad-spectrum antibi
otics and anti-staphylococcal antibiotics should be 
given to children under 1 year old. Gentamicin 
and flucloxacillin is a popular combination. Older 
children, where the cause is usually Streptococcus 
pneumoniae, can be treated with amoxycillin and 
erythromycin. 

A c u t e  b ro n c h i t i s  

This is common in children and is caused by a 
variety of viruses. It presents with a dry cough that 
becomes productive after a couple of days. There 
may be mild systemic upset, and a few scattered 
wheezes and crackles may be heard. There are 
no radiographic changes. Treatment, other than 
reassurance, is unnecessary since the child 
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Table 40. 1 0: Causes of shock 

Hypovolaemia: 

Haemorrhage 
Diarrhoea and vomiting 
Burns 
Peritonitis 
Diabetic ketoacidosis 

Ma/distributive: 

Sepsis 
Anaphylaxis 

Obstructive: 

Tension pneumothorax 
Haemopneumothorax 

recovers over approximately 1 week. Cough sup
pressants do not provide much relief. 

SHOCKED C H I LDREN  

Shock is a clinical syndrome that results from inad
equate tissue oxygenation. The commoner causes 
are listed in Table 40.10. 

RESUSC ITAT I O N  OF THE  SHOCKED 
C H I LD 

Assessment of the shocked child should identify 
the signs described in the section on recognition of 
the sick child. It is also important to look at the 
fullness of the neck veins. Full neck veins in the 
presence of shock suggest a tension pneumothorax 
or primary cardiac cause of shock and indicate the 
need for a different approach. High-flow oxygen 
should be given in all cases and urgent intra
venous or intraosseous access should be estab
lished. Blood or bone marrow aspirate should be 
taken for cross-match. A fluid bolus of 20 ml kg-1 
of crystalloid should be given as quickly as pos
sible. The child should then be reassessed to see if 
there has been a clinical improvement. Failure to 
improve indicates another 20 ml kg-1  bolus of 
crystalloid. The child should then be reassessed 
and an attempt made to find the underlying cause. 
Blood (lO ml kg-1) may need to be given at this 
point. Cross-matching blood takes about an hour; 
however, type-specific blood is available much 

Table 40. 1 1 :  Causes of pupil lary abnormalities 

Small reactive pupils: 

Opiate poisoning 
Metabolic disorders 
Medullary lesions 

Fixed mid-size pupils: 

Mid-brain lesion 

Fixed dilated pupils: 

'Ecstasy' ingestion 
Hypothermia 
Barbiturates 
Hypoxia 
Tricyclic ingestion 

Unilateral dilated pupil: 

Tentorial herniation 
Rapidly expanding ipsilateral intracranial lesion 

more quickly and 0-negative blood can be 
obtained almost immediately. 

A bedside glucose should be taken since hypo
glycaemia can mimic many of the symptoms and 
signs of shock. Conversely, shock can cause hypo
glycaemia in children. 

THE UNCONSC IOUS  C H I LD 

The initial priorities in coma are airway protection, 
breathing, and circulatory assessment and 
management. The next priority is a methodical 
assessment of the depth of the coma and a mini
neurological examination. A Glasgow Coma Scale 
(GCS) of less than 9 is an indication for intubation 
and ventilation, provided the child is clearly not 
postictal. The GCS has been adapted for use in 
children under the age of 4 years (Table 39.5). The 
reliability and sensitivity are improved by repeated 
observation by the same person. The pupils should 
also be examined (Table 4D.ll) .  

The presence or absence of neck stiffness (never 
stress the neck if there is any possibility of trauma) 
and the presence or absence of lateralizing signs 
should be sought. A doll's eye reflex is said to be 
absent when the eyes move with the child's head, 
or move randomly, when the head is rotated. The 
normal response is for the eyes to move away from 
the direction the head is rotated. Abnormality indi
cates brainstem dysfunction. A bedside glucose 



Table 40. 1 2: Causes of paediatric coma 

Infections: 
Bacterial meningitis 
Encephalitis 

Traumatic: 
Head injury 
Hypovolaemia 

Hypoxia: 
lschaemia following respi ratory or circulatory 

fai lure 
Drowning 

Metabolic: 

Hypoglycaemia 
Diabetic ketoacidosis 
Liver or renal fai lure 
Hyperammonaemia 
Porphyria 

Poisoning: 

Opiates 
Ethanol 
Tricyclic antidepressants 
Benzodiazepines 
Barbiturates 
Iron 

Neurological: 

Postictal 
Epileptic 
Vascular events 

should be recorded. The child should be exposed 
and any rashes should be looked for. The head 
should be carefully examined for bruises and 
lacerations indicating trauma. The temperature 
should be measured and intravenous access 
should be established. The causes of paediatric 
coma are given in Table 40.12.  

The treatment of the coma will depend on the 
underlying cause. Hypoglycaemia (capillary blood 
sugar less than 4 mrnol l-1 )  may be the w1derlying 
cause of the coma or a reflection of depleted liver 
glycogen stores from a severe physiological insult. 
Regardless of the cause of the hypoglycaemia, 
blood should be taken for a formal laboratory 
assay and 2 ml kg-1 of 25% dextrose should be 
infused . If there is any doubt about excluding 
meningitis or encephalitis as the cause of the 
coma, treatment with cefotaxime lOO mg kg-1 and 
aciclovir should be instituted . Blood cultures 
should be taken at this time. 
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Table 40. 1 3 : Signs suggestive of raised intracranial 

pressure 

Abnormal posture, either decerebrate or 
decorticate 

Abnormal respiratory pattern 
Unequal pupil lary size and reactivity 
Abnormal doll's eye reflexes 
Papilloedema 
Slow pulse, high blood pressure and abnormal 

respiration (Cushing's triad) 

Table 40. 1 4: In itial management of raised intracranial 
pressure 

Raise the head of the bed to 30° 
Ensure a neutral neck position 
Ask an anaesthetist to intubate and ventilate the 

patient 
Mannitol 0.5 g kg- 1 should be given, and the 

bladder should be catheterized 
Arrange an urgent CT scan of the head 
Arrange a prompt expert opinion from a 

neurologist or neurosurgeon 

RAI SED  I NTRACRAN IAL  PRESSURE 

In an unconscious child, where there is doubt 
about the cause of the coma, an attempt should be 
made to see if there is evidence of raised intracra
nial pressure. Unfortw1ately, all the clinical signs 
in Table 40.13 occur late. Confusion can occur with 
children who are postictal, although the history is 
usually helpful. Raised intracranial pressure usu
ally results from head miuries, meningo
encephalitis and hypoxia. Space-occupying lesions 
cause a slower rise in intracranial pressure and 
usually present less urgently. 

If the diagnosis is suspected, it is vital to get 
expert help. General supportive measures should 
also be instituted (Table 40 .14) .  

CONVU LS I N G  C H I LDREN  

Children often attend emergency departments 
with convulsions, although the convulsion may 
have stopped by the time the patient arrives at the 
department. Status epilepticus occurs when fitting 
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Protect the airway and provide high-flow oxygen 

Vascular access No vascular access 

Lorazepam 0. 1 mg kg- I IV Diazepam 0.5 mg kg- I PR 

Vascular access No vascular access 

Lorazepam 0. 1 mg kg- I IV 

Paraldehyde 0.4 ml kg- I PR 

Phenytoin 1 8 mg kg- I IY/10 20 min 

or 

Fosphenytoin 18  mg kg- I IY/10 7 min 

Rapid sequence intubation with thiopentone 

Figure 40.7: Management of status epilepticus. 

does not stop, or there is incomplete recovery 
between fits for more than 20 min. Management is 
outlined in Figure 40.7. 

Status epilepticus is a life-threaten ing emergency. 

This protocol is designed for children over 
1 month of age. If intravenous access is established 
immediately, two doses of lorazepam should be 
given 10 min apart, followed by phenytoin. Rectal 
paraldehyde is given whilst the phenytoin is being 
prepared. If intravenous access is not achieved, 
rectal diaezepam is given followed 5 min later by 
paraldehyde then, 10 min later, phenytoin. If intra
venous access is established within 5 min of the 
administration of rectal diazepam, the intravenous 
pathway is followed from the second dose of 
lorazepam. If the child is already on oral pheny
toin, the third step should be phenobarbitone 
(15 mg kg-1) .  

Phenobarbitone with or without a benzodi
azepine is most commonly used in children under 
1 month of age pending definitive guidelines. 

While the child is being stabilized as above, an 
attempt should be made to find the underlying 
cause (Table 40.15). An attempt should also be 

Table 40. 1 5: Common causes of status epilepticus 

Febrile convulsions 
Bacterial meningitis 
Acute cerebral trauma 
Idiopathic epi lepsy 
Sudden reduction in anti-epileptic medication in 

known epileptic 
Poisoning, tricyclic antidepressants and 

carbamazepine 

Table 40. 1 6: In itial investigations in status epi lepticus 

Bedside glucose and formal laboratory glucose 
Urea and electrolytes 
Calcium and phosphate 
Magnesium 
Arterial blood gases 
Full blood count 

made to find out whether any injuries have 
occurred as a result of the fit. This requires a thor
ough history and examination and a few simple 
investigations (Table 40.16). It is important to 
remember that a paralysed child can continue to 
fit, and suffer adverse consequences as a result. 

A fit that is uncontrolled for more than I h carries a 

substantial risk of neurological damage. 

f EBR ILE  CONVULS IONS  

Febrile convulsions are the commonest form of 
seizure in childhood. They are also a source of 
great alarm to parents, who will often seek urgent 
medical help. The current and generally accepted 
definition is a generalized seizure occurring 
between the age of 3 months and 5 years in a pre
viously healt11y and developmentally normal child 
in association with a fever, but without evidence of 
intracranial infection or defined cause. The fit will 
usually have stopped by the time tl1e child pre
sents to the emergency department. If the fit is on
going, treatment should be instituted at once. The 
initial treatment of a febrile convulsion is no differ
ent from the emergency treatment of other seizures. 

There are two main questions to be answered. 
First, is this a febrile convulsion, and second, what 
is the cause of the fever? It is essential to establish 



how long the fit lasted, although parental panic 
makes accurate time keeping unlikely. A compli
cated febrile convulsion is one that lasts 15 min or 
more, is focal, followed by a neurological deficit, 
or has repeated seizures within the same illness. 

A family history of febrile convulsions is often 
obtained and febrile convulsions are recurrent in a 
third of children. The causes of febrile convulsions 
are not very different from those of simple fevers in 
children. The most frequent causes are upper respira
tory tract infections, otitis media and tonsillitis. 

Children with epilepsy are more likely to suffer 
fits when they have an intercurrent illness. This 
may be related to vomiting prophylactic medica
tion or effects on the seizure threshold. Meningitis, 
encephalitis and septicaemia are important differ
ential diagnoses. These occasionally present with 
convulsions. 

The parents of a fitting child are often very upset 
and will require appropriate explanation and 
reassurance. They should be told that their child 
does not have epilepsy or a life-threatening disease. 
The prognosis is usually excellent. Measures to 
reduce the fever should be instituted, although 
whether this reduces further convulsions is debat
able. Paracetamol should be given and tepid 
sponging and a fan may be useful. 

In the UK children are usually admitted to hos
pital, although the need for this is again debatable. 
Children under 18 months usually receive a lum
bar puncture to exclude meningitis; older children 
are usually observed.  

THE  HOT AND  F EVER I SH  C H I LD 

The definition of what constitutes a fever is contro
versial, and there seems to be little agreement 
among authorities. For practical purposes, a fever 
is said to be present if the: 

• rectal or tympanic temperature is greater than 
38.3°C (if there is active ear inflammation the 
temperature taken here will be spuriously high) 

• oral temperature is greater than 37.8°C 
• axillary temperature is greater than 37.0°C. 

Young children are frequently brought to emer
gency departments with fevers and the complaint 
of being 'generally unwell'. Happily, the majority 
of these children have minor self-limiting illness. 
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In a minority o f  cases the fever i s  a feature of a 
severe, life-tlu·eatening illness. Every child with a 
fever should therefore be assessed carefully and 
systematically. The term 'pyrexia of unknown ori
gin' is defined as a fever that persists for �ore than 
a week, and in which routine investigations reveal 
no cause. The term is widely and wrongly used to 
describe children with acute fevers in which no 
cause is immediately apparent. 

H ISTORY AND EXAM I NAT ION  

The age of the child is important. Children under 
3 months old are notoriously difficult to assess 
(no social smile, limited interaction) and a cautious 
approach is recommended. 

Infants are difficult to assess and there should be a 
low threshold for admission for observation. 

Children under the age of 2 years, but older than 
3 months, are easier to evaluate since their inter
action is developing. A smiling, playful and inter
active child is probably not seriously unwell. Signs of 
meningism such as Kernig's and Brudzinski's signs 
may not appear in children under 2 years old. Older 
children become progressively easier to assess. 

The history should cover the presenting com
plaint. How long has the child been unwell; how 
unwell is the child? Clues to the state of the child 
should include: 

• feeding: less than half the usual feed in the 
preceding 24 h is a worrying symptom 

• abnormal cries or high-pitched moans 
• abnormally quiet or listless 
• fewer than four wet nappies in the preceding 

24 h. 

It is also important to ask about other family 
members and to try to find localizing symptoms. 
Fever of any cause leads to vasodilatation, which 
in tum causes headache. Distinguishing benign 
headaches from those of meningitis may be very 
difficult. Urinary tract infections localize poorly 
and may only be picked up by culture of the urine. 
Ear infections also localize poorly in young chil
dren, although abnormal head movements may 
provide a clue. 

In examining a child, particular attention 
should be paid to rashes, the tlu·oat and the ears 
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Table 40. 1 7: Common causes of childhood fever 

Otitis media 
Pharyngitis and tonsill itis 
Coryza 
Bronchiolitis 
Gastroenteritis 
Urinary tract infections 
Viral exanthemata: 

Measles 
Mumps 
Rubella 
Fifth disease 
Roseola infantum 
Chicken pox 

Table 40. 1 8: Significant rarer causes of fever 

Meningitis 
Septicaemia 
Bacterial pneumonia 
Appendicitis 
Septic arthritis 
Osteomyelitis 
Epiglottitis 
Retropharyngeal abscess 

and to signs of meningism. Blood tests are often 
not necessary although urine dip-stick and culh1re 
is very useful and should be performed whenever 
a child has an unexplained fever. A chest radio
graph is not routinely indicated unless the child is 
breathless or has suggestive signs. 

TREATM ENT 

Fever in itself is not dangerous, and may be bene
ficial for the immune response. Apart from febrile 
convulsions, there are no complications of fever. 
However, children seem much more comfortable 
when their fever is reduced. Paracetamol is widely 
given for this and is very effective. Tepid sponging 
and fans are also widely used but hypothermia 
must be avoided. 

The commonest (Table 40.17) and 'important 
not to miss' (Table 40.18) causes of childhood 
fevers are listed below. These lists are not compre
hensive, since many diseases can cause fevers. 

Gastroenteritis and bronchiolitis are dealt with 
in more detail elsewhere in this chapter. 

0TIT IS  MED IA  

This is usually caused by a haemolytic sh·eptococ
cus, Staphylococcus aureus or Haemophilus influen
zae. The child will present with earache that is 
often severe and may wake the child from sleep. 
There may be a history of a preceding upper 
respiratory tract infection. The child or parent may 
volunteer that the pain lessened after noting some 
discharge in the ear canal, which implies that the 
tympanic membrane has burst. Younger children 
may not localize symptoms to the ear. They may 
only present with fever, vomiting and generally off 
colour, the diagnosis becoming clear after examin
ing the ears. Examination may reveal a yellow 
tympanic membrane (indicating pus) and dilated 
vessels over the surface of the drum; later the 
drum becomes red. Otitis externa is uncommon in 
children, and is usually secondary to an under
lying otitis media. 

Oral amoxycillin for 10 days, with paracetamol 
and pseudoephedrine (a systemic decongestant), 
usually effects a cure. Chronic discharge implies 
a complication, such as acute mastoiditis, which 
should be referred to an ear, nose and throat 
surgeon. 

PHARYNG IT I S  A N D  TON S I LL IT I S  

These are considered together, since they represent 
opposing ends of a spectrum of disease. The 
majority of cases are caused by viruses. Only 
rarely are these conditions caused by group A 
beta-haemolytic streptococci. Presentation is usu
ally with a fever and a sore throat, although ear
ache is also common. An exudate occurs with both 
viral and bacterial infections. Antibiotics should 
probably not be administered since the majority of 
cases are viral in origin. 

CoRYZA 

The common cold causes fever in children and 
should be suspected where multiple family members 



are affected. Parents should not receive antibiotics 
for their children. They should be advised that 
cold remedies are unlikely to do much good and 
that the disease can last up to 2 weeks. Fluids and 
paracetamol provide symptomatic relief. 

U RI NARY TRACT I N FECT IONS  

These are commoner in girls than boys except in the 
neonatal period. Neonates and infants localize 
symptoms very poorly to the urinary tract and fever 
may be absent in younger children. The symptoms 
of frequency and dysuria are irrelevant in younger 
children. Normal bowel flora cause most infections, 
particularly E. coli. Diagnosis can only be made by 
culture of properly collected urine. Urine dip-stick 
may be normal even with pronounced infection; 
conversely, haematuria and proteinuria only indi
cate the need for further investigation. 

M e t h o d s  o f  u r i n e  c o l l e c t i o n  

Prior to collection the genital area should be 
cleaned with normal saline. A mid-stream urine 
collection indicates infection if a single growth of 
greater than 100 000 bacteria m1-1 occurs. Less 
than 10 000 bacteria indicates sterile urine; a mixed 
growth implies contamination. 

Suprapubic aspiration is safe and effective. It is 
indicated in children who are under 2 years old 
and who have not voided urine for 1 h. A syringe is 
connected to a 23 gauge needle, this is passed ver
tically just above the symphysis pubis. Constant 
aspiration is performed. Any growth indicates 
infection and the need for treatment. 

Children with urinary tract infections are usu
ally treated with trimethoprim or amoxycillin, but 
local advice should be followed. Although many 
children with urinary tract infections are not 
unwell, they must be investigated for urinary tract 
abnormalities. It is for this reason that most chil
dren are referred from the emergency department 
to paediatricians. 

V I RAL  EXANTHEMS  

These diseases are less common in the UK since 
widespread vaccination was introduced. Cases are 
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Figure 40.8: The rash of measles. 

still seen, and it is important to be able to recognize 
them. In particular, measles, mumps, rubella and 
scarlet fever are notifiable diseases. If a case is seen 
then a report should be sent to the Communicable 
Disease Surveillance Centre. 

M e a s l e s  ( F i g .  4 0 . 8 )  

A fever is the earliest sign. A runny nose and sore 
throat follow, with a hacking cough, and bilateral 
conjunctivitis develops. Koplik's spots, small white 
lesions on the buccal mucosa, develop before the 
rash. The rash develops 2-3 days after the onset of 
symptoms, is maculopapular and involves the 
whole body. The rash heals by desquamation. The 
child will be unwell for about a week. 

The diagnosis is usually made clinically. Since 
most cases are self-limiting and highly contagious, 
children do not usually require admission. How
ever, measles can be devastating if there is any 
immunosuppression. In these cases expert advice 
should be obtained. 

Secondary bacterial infections are common, 
the middle ear being the commonest target, and 
amoxycillin usually covers the infecting agents. 
Encephalitis affects one in 1000 children with 
measles and should be suspected when there is a 
reduced level of consciousness and neurological 
findings. 

M u m p s  

Initially there is a fever. The parotid glands swell 
and are tender on mastication. Bitter fluids stimulate 
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the glands and also cause pain. The child i s  listless, 
with myalgia and a headache. The illness is self
limiting and usually lasts 7-10 days. Gonadal 
involvement is rare in children. 

The disease requires no specific treatment. 
Complications are rare, but include pancreatitis 
and orchitis. 

R u b e l l a  

A macular rash is the commonest early sign of 
rubella. This starts on the face and spreads to 
involve the trunk and limbs. Systemic upset is less 
common in children. Lymphadenopathy is com
mon, particularly at the postauricular lymph node. 
The illness is self-limiting and usually requires no 
active treatment. 

Arthritis is common and self-limiting, particu
larly in girls. There are devastating effects on fetal 
development and it is important to ascertain 
whether the mother of an affected child is preg
nant. The fetus is most vulnerable in the first 
trimester. If there is good reason to suspect the 
mother to be pregnant, blood should be taken from 
the mother for IgM antibodies to rubella and the 
mother should receive an appointment to see an 
obstetrician in 10 days. Rising titres indicate infec
tion, often subclinical, and a termination of preg
nancy may be offered. A previous history of 
rubella exposure does not, w1fortunately, carry 
lifelong immw1ity. 

F i ft h d i s e as e  ( s l a p p e d  c h e e k s 

s y n d ro m e ,  e r yt h e m a  i n fe c t i o s u m )  

This occurs in epidemics and presents with fever, 
malaise and ariliralgia. There is a characteristic 
rash over the cheeks and a reticular rash on the 
limbs. In most children it is of little significance, 
but in children with abnormal red blood cell pro
duction (hereditary spherocytosis and sickle cell 
disease), the illness can cause a profound anaemia 
and transfusion may be necessary. 

E x a n t h e m a  s u b i t u m  ( ro s e o l a  
i n fa n t u m ,  fo u r t h  d i s e a s e )  

This is caused by human herpes virus 6 and affects 
children from the age of 6-18 months. A high fever, 
irritability and rwmy nose precede the development 

Figure 40. 9: Rash of varicella infection. 

of a macular rash. The fever resolves at the time the 
rash appears and this is characteristic. Complete 
recovery is the rule, and complications almost 
never occur. 

C h i c ke n  p o x  ( v a r i c e l l a) 

The fever precedes the rash by a couple of days. 
The small red spots rapidly become fluid-filled 
vesicles. The vesicles are surrounded by a small 
area of erythema and are intensely itchy. Crusting 
subsequently develops (Fig. 40.9) . 

Children are usually well with chicken pox and 
scratching can be reduced by calamine lotion. 
Scratching increases the risk of secondary infection, 
usually staphylococcal, and of scarring. Cutting 
fingernails short is also helpful. Encephalitis occurs 
once in 1000 cases and is particularly associated 
with cerebellar signs. Most cases resolve well. 

Chicken pox pneumonia is uncommon in chil
dren. If the diagnosis is suspected in an immuno
compromised patient, the child should be 
admitted for intravenous aciclovir. 

BACTERIAL M E N I N G IT I S  A N D  
MEN I NGOCAEM IA  

Meningitis is an important cause of death in chil
dren. Around 2000 cases are reported annually in 
the UK in children, of whom 200 die. 

Meningitis is caused by a variety of organisms. 
Neonates are susceptible to different organism 
from older children (E. coli, Listeria monocytogenes, 
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Figure 40. 1 0: Rash of meningococcal septicaemia. 

group B haemolytic sh·eptococci) . Outside the 
neonatal period, Neisseria meningitidis, Streptococcus 
pneumoniae and Haemophilus influenzae are the com
monest causes of disease. The introduction of a 
vaccine has reduced the incidence of Haemophilus 
influenzae meningitis. Streptococcal disease is often 
associated with respiratory tract infections, skull 
fractures and neural tube defects. 

Neisseria meningitidis is the most feared of the 
organisms causing meningitis. It can also cause a 
form of septic shock, meningococcal septicaemia, 
with a classic rash (Fig. 40. 10).  Meningococcal 
meningitis and septicaemia are not different con
ditions but extremes of a spectrum caused by one 
illness. Either can occur separately; a normal lum
bar ptmcture can be obtained in the presence of 
meningococcal septicaemia. 

A high index of suspicion should be maintained 
(Tables 40.19 and 40.20). The younger a child is the 
more non-specific the presenting symptoms may 
be and the more difficult signs may be to elicit. In 
particular, children under 4 years do not present 
with the classic symptoms and signs. 

Young children do not manifest the classic symp
toms and signs of meningococcal infection. 

Tragically, early symptoms and signs of 
meningococcal disease are often overlooked by 
parents and doctors alike until the diagnosis 
becomes obvious. Because it is a rare disease and 
trivial viral infections are exceptionally common 
this is not surprising. The risk of missing the dis
ease is minimized by always undressing a febrile 
child and having a careful look for the rash and 
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Table 40. 1 9: Symptoms of meningococcal infection 

Headache 
Persistent vomiting 
Abnormal high-pitched cry 
Myalgia 
Seizures 
Abdominal pain 

Table 40.20: Signs of meningococcal infection 

Meningeal: 

Stiff neck (the child can not kiss their knee) 
Photophobia 
Kernig's sign (resistance on extending the knee 

with the hip fully flexed) 
Brudzinski's sign (flexing the neck causes the hips 

to flex) 

Toxic 

Purpuric rash, though in itially this may be even 
urticaria! 

Fever 
Shock 
Raised intracranial pressure 
Focal neurological deficits 
Seizures 
Tachycardia 

signs of poor tissue perfusion, such as prolonged 
capillary refill and tachycardia. 

Senior emergency and paediatric staff must be 
involved early. Blind treatment with parenteral 
antibiotics should be instituted as soon as the diag
nosis is suspected. Benzyl penicillin (SO mg kg-1) 
should be given by slow intravenous injection 
(there is a risk of convulsions with fast injections) 
together with lOO mg kg-1 of cefotaxime. If intra
venous access proves impossible, then the drugs 
should be given intramuscularly. If there is good 
reason to suspect penicillin allergy, intravenous 
erythromycin and cefotaxime should be used. 

If there is any evidence of poor perfusion, intra
venous fluids 20 ml kg-1 should be given as a 
bolus and the child reasssessed. Blind treatment 
with dexamethasone (0.15 mg kg-1) has been 
shown to improve outcome in cases of Haemophilus 
influenzae meningitis, although this is now less 
common as a cause of meningitis. If there is rapid 
neurological deterioration and evidence of raised 
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intracranial pressure (falling conscious level and a 
full fontanelle) the child should be nursed head-up 
at 30° and receive intravenous mannitol. The child 
should then be ventilated and transferred to a 
paediatric intensive care unit. 

Lumbar ptmctures are potentially dangerous in 
acute meningitis and do not alter management of 
the acute resuscitation. Useful information about 
the causative organism can be obtained by blood 
cultures and a throat swab. Polymerase chain reac
tion (PCR) is also being used to detect organisms in 
doubtful cases. A clotting screen is useful since dis
seminated intravascular coagulation is common. 
CT scanning should only be performed if the child 
is well enough, when it is useful to demonstrate 
raised intracranial pressure and subdural effusions. 

Many cases of meningitis appear to be subopti
mally managed. Confusion with other diagnoses is 
common, resulting in delayed antibiotic treatment. 
If the cause of a small child's febrile illness is not 
clear, admission or observation are usually war
ranted. Shock is often underestimated and inad
equately treated. 

THE PO I SONED  C H I LD 

Accidental poisoning is common in young chil
dren, who are naturally curious. Older children 
may deliberately take poisons or overdoses. Rarely, 
children can be poisoned as a form of abuse and in 
these cases the history may be misleading. The 
majority of accidental poisonings are preventable 
by simple safety measures and parent education. 
The poisons taken by children differ from those 
taken by adults and the management of childhood 
poisoning differs from that in adults. 

The emergency department doctor can be con
fronted by an extremely wide range of potential 
poisons. It is unrealistic to expect a detailed know l
edge of each poison. If there is any doubt, advice 
should be sought from a poisons unit or the 
Toxbase service. As full a history as possible 
should be given. The advice that these units give 
errs on the side of caution. Assessment of these 
children is similar to that of adults (Table 40.21). 

Most poisoned children do not have abnormal 
physical findings on initial examination. However, 
a full examination must be performed and the 
findings documented. It is very useful for the 

Table 40.2 1 :  Paediatric poisoning history 

When was the poison taken? 
How much was taken? 
Were any other drugs taken? 
Has there been any vomiting? 
Is there any past medical history? 
If the overdose is deliberate, attempt to find out 

why this happened 

receiving team to know that the child was initially 
clinically normal should complications develop. 

There are general and specific measures in treat
ing poisoned children. Gastric lavage is rarely 
indicated in children (but see below). The diameter 
of the tube that can be passed into a child's stom
ach is too small to retrieve most swallowed tablets. 
Induced vomiting with ipecacuanl1a has been 
demonstrated to have no benefit. Activated char
coal is widely prescribed. It does reduce the 
absorption of most drugs, but certainly not all. 
A poisons centre should be contacted for advice. 

Gastric emptying is rarely indicated for poisoned 
children. 

It is appropriate to have some in-depth know
ledge about the commoner childhood poisons. 

I RON 

This causes gastric haemorrhage, which may be 
severe. Later, iron disrupts cellular metabolism 
and causes third-space pooling. Shock occurs from 
hypovolaemia and lactic acidosis results. Late 
complications include small bowel scarring caus
ing obstruction. 

A child who has been asymptomatic for 8 h  and 
is normal on physical examination can usually be 
sent home. Symptoms of abdominal pa· , 
melaena, vomiting and haematemesis should be 
sought. If any of these ymptoms are fow1d, des
ferrioxamine (30 mg kg-1) should be given intra
muscularly as soon as possible. An abdominal 
radiograph will show the radio-opaque tablets 
and may confirm the diagnosis in doubtful cases. 
Unfortunately, a normal radiograph does not 
exclude the diagnosis. Gastric lavage may be neces
sary and 10 g of desferrioxamine should be left in 



the stomach. An intravenous desferrioxamine infu
sion should be started. Intravenous fluids should 
be started if there is any evidence of hypoperfu
sion. Blood should be taken for serum iron, 
although treatment should be based on symptoms 
and not levels. Assays of iron are extremely wTieli
able in acute poisoning. 

CAUST IC  SODA 

This is used as a cleaning agent. It is commonly 
used in dishwasher powders and tablets. It is 
important because even small amounts have the 
ability to cause oesophageal strictures. Children 
should be given as much milk as they can drink. 
Gastric lavage and forced vomiting are contraindi
cated, since this can compound the oesophageal 
damage. The child should be referred to the sur
geons, since oesophagoscopy is usually necessary. 

T H E  VOM IT ING  C H I LD 

Children are commonly brought to emergency 
departments with vomiting. There are a number of 
questions that the doctor should attempt to answer 
while assessing the child: 

• What do the parents mean by vomiting? A 
detailed description of the vomitus and its fre
quency is important. 

• Is the vomiting bile stained? (Bile-stained vom
iting is rarely benign in origin.) 

• Is the cause of the vomiting intra-abdominal or 
extra-abdominal? 

• Is there a self-limiting condition present, such as 
gastro-oesophageal reflux, or a potentially fatal 
condition, such as appendicitis? 

The list given in Table 40.22 shows some of the 
conditions that may initially present with vomit
ing. This list is far from comprehensive but illus
trates the difficulty in reaching an early, accurate 
diagnosis. If a young child has unexplained, per
sistent vomiting it is sensible to admit the child 
until the symptoms have resolved or the diagnosis 
evolves. 

The extra-abdominal causes are not discussed 
further here. 

T H E  V O M I T I N G  C H I L D  525 

Table 40.22: Causes of vomiting 

Extra-abdominal: 

Hydrocephalus 
Subdural haematoma 
Renal fai lure 
Congenital adrenal hyperplasia 
Addison's disease 
Diabetic ketoacidosis 

Intra-abdominal: 

Gastroenteritis 
Simple possetting 
Urinary tract infections 
Gastro-oesophageal reflux 
Appendicitis 
lntussusception 
Pyloric stenosis 
Malrotation with or without volvulus 
Strangulated inguinal hernia 
Iron overdose 

GASTROENTER IT I S  

This i s  extremely common in children. In the less 
developed world it is a major cause of childhood 
death. The illness is usually caused by viruses in 
infants, especially rotavirus. Older children often 
have a bacterial infection such as Shigella, 
Campylobacter or E. coli. The vomiting often begins 
before the diarrhoea and a coryzal illness often 
accompanies the illness. There is often colicky 
abdominal pain and febrile convulsions may occur 
as there is usually a rapid rise in body tempera
ture. There are a number of instances where a more 
cautious approach to management and admission 
is justified (Table 40.23) .  

The diagnosis is usually clear cut and infants 
are at most risk. The degree of dehydration should 
be estimated. Weighing infants is useful, especially 
if the child's weight before the illness is known. 
Table 40.24 gives a good guide to assessing the 
hydration of a child and is in wide clinical use. 

If a child has any signs of moderate or severe 
dehydration, they should be admitted to hospital. 
In contrast to adults, who are often placed on an 
intravenous infusion, the purpose of admitting 
children is to provide close observation and regu
lar feeding. Children with losses of up to 10% of 
their body weight can be successfully managed by 
oral rehydration therapy. 
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Table 40.23: Factors indicating admission i n  the 

vomiting child 

Dehydration 
Chi ldren under I month of age 
lmmunodeficent children 
Major organ disease 
Symptoms lasting more than I 0 days 
Vomiting without diarrhoea suggests an alternative 

diagnosis 

Table 40.24: Clin ical indices for estimating degree of 
dehydration 

Mild dehydration: 

5% body weight loss 
Prolonged capillary refi ll time (> 2 s) 
Thirsty, alert, irritable, restless 
I ncreased respiratory rate 

Moderate dehydration: 

6-9% body weight loss 
Thirsty, lethargic, irritable 
Tachycardia, normal blood pressure 
Sunken fontanelles and eyes 
Pinched skin retracts slowly 

Severe dehydration: 

More than I 0% body weight lost 
Drowsy, comatose, cold, sweaty 
Tachycardia, feeble pulse, blood pressure may fall 

Losses of greater than I 5% are usually fatal 

The fluid replaced should ideally be isotonic. 
Colas, apple juices, sports beverages and chicken 
soups are unsuitable. Oral rehydration mixtures 
are good, but many babies find them unpalatable. 
Breast-feeding should continue during the illness 
whenever possible. Even if there is extensive vom
iting, some milk will be absorbed. The provision of 
maternal antibodies is also helpful. Nasogastric 
feeding is occasionally necessary. 

Children who are severely dehydrated, with 
losses of greater than 10%, require urgent intra
venous resuscitation. An initial bolus of 20 ml kg-1 
(of the child's expected premorbid weight) should 
be given and the child reassessed. A further bolus 
of 20 ml kg-1 may be necessary. The commonest 
mistake is not to give enough fluid. 

S I M PLE  POSSETT I N G  

This is often a wonying symptom for new moth
ers. The baby is systemically well but has small
volume milky vomits between feeds. The baby will 
grow out of this, although giving thicker feeds and 
feeding with the child in a more upright position 
may help. 

GASTRO·OESO PHAGEAL REFLUX 

This is also common in childhood and is character
ized by large-volume vomits with neck posturing 
between feeds. It may be so severe as to cause failure 
to thrive, iron-deficiency anaemia and aspiration 
pneumonia. If the diagnosis is suspected the child 
should be referred to an out-patient clinic. 

APPEND IC IT I S  

This is the commonest childhood surgical emer
gency. The diagnosis is often less straightforward 
than in adults. It should be considered in all chil
dren with vomiting, abdominal pain, fever, irri
tability and anorexia. A child who tells you that he 
or she is hungry and can happily list all his or her 
favourite foods almost certainly does not have 
appendicitis. Mesenteric adenitis and urinary tract 
infections are common differential diagnoses. The 
presence of pyuria or the features of upper respira
tory tract infection does not exclude appendicitis. 

I NTUSSUSCEPT ION  

This usually occurs in children from 6 to 9 months 
old. A segment of bowel 'auto telescopes' distally. 
The waves of peristalsis propel this segment of 
bowel on and an obstruction occurs. The baby 
presents with vomiting, intermittent pain and cry
ing, and the passage of blood-stained stools. The 
stools have been described in the past as looking 
like redcurrant jelly. A sausage-shaped mass may 
be palpated in the right upper quadrant. 

Fever and peritonism indicate that urgent 
operative involvement is necessary as a result of 
strangulation. 



Figure 40. 1 I :  Abdominal X-ray of a child with 

intussusception. 

An abdominal radiograph shows small bowel 
obstruction, absent gas in the ascending colon and 
a characteristic gas shadow at the apex of the 
intussusception (Fig. 40. 11) .  These children require 
an urgent nasogastric tube to relieve vomiting. 
They should be referred to the surgical team. 
Unwell children require a laparotomy; other 
children can be managed by gas insufflation by a 
radiologist. 

PYLOR IC  STEN O S I S  

This usually presents in babies in the first 6 weeks · 

of life. The pyloric canal narrows, for reasons that 
are not clear. This causes an obstruction and spec
tacular projectile vomiting. The vomiting is never 
bile-stained since the obstruction is high. The child 
is usually hungry and diarrhoea does not occur. A 
mass may be felt in the epigastrium, and peristalsis 
may be visible. An ultrasound scan after a test feed 
is useful in doubtful cases. These children should 
be resuscitated with fluids before operation, since 
prolonged vomiting causes hypochloraemic alka
losis. A Ramstedt's pyloroplasty is curative. 

A B D O M I N A L  PA I N  I N  C H I L D H O O D  527 

MALROTAT ION  AND VO LVULUS  

This is rare but important, since prompt treatment 
prevents the mid-gut becoming gangrenous. It 
usually presents within the first year of life. Bilious 
vomiting with constant abdominal pain and 
streaks of blood in the stool is the commonest 
presentation. The abdomen may or may not be dis
tended. A radiograph shows small bowel obstruc
tion and a loop of bowel may be seen between the 
liver and the diaplu·agm. These children require a 
nasogastric tube, intravenous fluids and operative 
intervention. 

I NCARCE RATED I N G U I NA L  H E R N I A  

These occur in children, usually in the first year of 
life. The diagnosis is usually straightforward pro
vided the possibility is considered. The hernial ori
fices should be examined in every child with poor 
feeding and vomiting. The majority of these cases 
can be gently reduced manually. A small propor
tion will require an emergency operation. 

ACUTE D IARRHOEA 

Breast-fed children normally pass liquid faeces. 
The commonest cause of diarrhoea is gastroenteri
tis. Assessment should aim to determine the state 
of hydration of the child. Other causes of diarrhoea 
are usually chronic, such as coeliac disease, and 
should be investigated on an out-patient basis. 

ABDOMINAL  PA I N  I N  C H I LD H O O D  

There are many causes of abdominal pain in child
hood. Assessment should answer the following 
questions: 

• Is the source of the pain in the abdomen or else
where? 

• Is the child acutely unwell? 
• Is there a surgical or medical cause for the pain? 

A differential diagnosis is shown in Table 40.25. 
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I N FANT ILE  COL IC  

This occurs in children in the first few weeks of 
life. The cause is unknown. The parents are 
alarmed by a child who has sudden episodes of 
screaming, flexing the hips and distress. These 
episodes are not accompanied by vomiting, diar
rhoea or constitutional upset. The child gains 
weight normally. The condition has a benign, self
limiting outcome. 

M ESENTER IC  A D E N I T I S  

The importance of this disorder is its similarity in 
presentation to appendicitis. Following a viral infec
tion swollen, reactive lymph nodes cause right iliac 
fossa pain. A pyrexia is corrm1on. Palpable lymph 
nodes elsewhere suggest the diagnosis. The distinc
tion from appendicitis is very clifficult and a period 
of observation is recommended. Appendectomy 
may be necessary in doubtful cases. 

LOWER LO BAR P N E U M ON I A  

This is a well-recognized cause of abdominal pain 
in children. Involvement of the lower lobes causes 
pain to be referred to the abdomen. A cough and 

Table 40.25: Causes of abdominal pain in a child 

Surgical: 

Appendicitis 
I ntussusception 
Volvulus 
Torsion of the testes 
Meckel's diverticulum 

Medical: 
Mesenteric adenitis 
Urinary tract infection 
Lower lobar pneumonia 
Meningococcal septicaemia 
Henoch-Schonlein purpura 
Diabetic ketoacidosis 
Sickle cell disease 

Miscellaneous: 

Constipation 
I nfanti le colic 
Munchausen's by proxy 

shortness of breath are usually present, but this 
information may not be volunteered. Signs may be 
slight although a chest radiograph confirms the 
diagnosis. 

TO RS ION OF  THE  TEST IS  

This most corrm1only occurs between the ages of 
15 and 30 years; however, it can occur at any age. 
The boy usually complains of pain in the ipsilat
eral iliac fossa, or around the umbilicus. There is 
usually extreme testicular tenderness and the child 
may walk with a limp. Vomiting may also be a fea
ture. Epididymo-orchitis is rare in this age group . 
Urgent urological exploration is necessary if the 
testis is not to be lost. 

M ECKEL'S D IVERT I C U L U M  

Meckel's diverticulitis can result in symptoms and 
signs identical to those of appendicitis. The diag
nosis is usually made at operation. Bleeding can 
also occur from the diverticulurn and usually 
occurs in children under 2 years of age. 

H ENOCH-S C H O N L E I N  P U R P U RA 

This is a type III hypersensitivity reaction that 
occurs after an upper respiratory tract infection. 
A petechial or purpuric rash is characteristically 
seen over the lower limbs and the buttocks. There 
is arthralgia, and variable abdominal pain. 
Haematuria should be sought. The disease is 
usually benign, but a minority develop chronic 
renal failure and so these children should be 
followed up. The main differential diagnosis is 
meningococcal disease. If there is any doubt about 
the diagnosis, the child should be treated for 
meningitis until the diagnosis can be refuted. 

RECTAL BLEED ING  

This is a source of great alarm to many parents. 
Assessment should aim to identify childre 
who need resuscitation, and make a provisional 



diagnosis. The causes are different from those in 
adults (Table 40.26). Although most cases result 
from constipation, the importance of the other diag
noses means that referral is usually warranted. 

D IABET IC  E M E R G E N C I E S  

D IABET IC  KETOAC I D O S I S  (O KA) 
This is common in childhood, either as a primary 
presenting event of diabetes mellitus or as a conse
quence of poor diabetic control. The clinical fea
tures (Table 40.27) are not very different from those 
of the adult. The diagnosis is not hard to make pro
vided the possibility is considered. Liberal use of 
bedside glucose sticks is recommended. 

A high blood glucose and ketones in the urine 
usually confirm clinical suspicion. The principles 
of management do not differ from adult practice: 

• The child's airway should be protected by lying 
the child in the recovery position. The airway is 
potentially compromised by a reduced con
scious level and vomiting. A nasogastric tube 
should be considered to decompress the 
stomach. 

• Intravenous hydration. The child should be 
weighed and vascular access should be 

Table 40.26: Causes of rectal bleeding in a child 

Constipation 
Meckel's diverticulum 
I ntussuscepti�n 
Necrotizing enterocolitis (in neonates on ly) 
Gastroenteritis (particularly Campylobacter) 

I nflammatory bowel disease 
I ron poisoning 

Table 40.27: Clin ical features of diabetic ketoacidosis 

Vomiting 
Drowsiness 
Polyuria 
Polydipsia 
Breathlessness 
Weight loss 
Abdominal pain 
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established. Normal saline is the initial fluid of 
choice. 

• Short-acting insulin should be given through an 
infusion pump. Intravenous boluses should be 
avoided. 

• Underlying causes, such as an infection, should 
be sought. 

• Urine output should be monitored, possibly by 
using a urinary catheter. 

Most hospitals have local protocols for calculat
ing fluid requirements and these should be fol
lowed. Table 40.28 is a useful guide in the absence 
of clear guidelines. 

The degree of dehydration should be estimated 
clinically (see Table 40.24) and the fluid deficit cal
culated. The sum of the maintenance fluid and the 
fluid deficit is the fluid requirement. A third of the 
fluid requirement should be given in the first 4 h 
(Table 40.29). 

HYPOGLYCAE M IA 

Hypoglycaemia is usually the result of over
treatrnent of diabetes. As described in the section 
on coma, 2 ml kg- 1  of 25% dextrose should be 
infused intravenously. If vascular access is impos
sible, glucagon 0.5-1 mg intramuscularly should 
be given. Once the acute episode of hypoglcaemia 
has resolved, an attempt should be made to find 
the cause of the event. 

ANAPHYLAX I S  

A.naphylaxis is an increasing problem in the 
allergy-prone western world. Anaphylaxis implies 
an IgE-mediated hypersensitivity reaction, whereas 
anaphylactoid reactions do not require hypersen
sitivity but are otherwise similar. In clinical prac
tice, the distinction is of little relevance during the 
acute resuscitative phase. 

The diagnosis is often less easy to make in 
children (Table 40.30) than in adults since chil
dren may not as readily exhibit classic clinical fea
tures. There is usually a rapid onset following 
exposure to an allergen. Peanuts, penicillins and 
insect stings are common culprits. Occasionally, 
a delay of a couple hours between exposure and 
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Table 40.28: Calculated maintenance fluid requirements for a chi ld with 
diabetic ketoacidosis 

Body weight 

First I 0 kg 
Second I 0 kg 
Subsequent kg 

Fluid requirement day- 1 

I OO ml kg- 1 

Fluid requirement h- 1 

4 ml kg- I 

2 ml kg- I 50 ml kg- 1 

20 ml kg- I I ml kg- 1 

Table 40.29: Worked example of fluid requirements in diabetic ketoacidosis 

A chi ld normally weighing 1 2  kg in diabetic ketoacidosis is 5% dehydrated. 
The maintenance fluid requirement is I 000 + I 00 = I I 00 ml  day- 1 

The flu id deficit is 1 2000 X 0.05 = 600 ml 
The flu id requirement is 1 700 ml day- 1 

I n  the first 4 h 560 ml should be given 

Table 40.30: Clin ical features of anaphylaxis 

Angio-oedema 
Urticaria 
Stridor 
Dyspnoea 
Hypotension 
Asthma 
Rhinitis 
Conjunctivitis 
Abdominal pain 
Vomiting 
Diarrhoea 
Agitation 

the onset of symptoms makes the diagnosis diffi
cult. A biphasic reaction is uncommon but well 
described. 

Treatment of anaphylaxis should be com
menced when there is a compatible history 
of severe allergic-type reaction with respiratory 
difficulty, with or without hypotension. Local 
protocols should be followed. Table 40.31 gives an 
outline of the management. Senior assistance is 
essential. 

After initial resuscitation and stabilization, the 
patient should be admitted and observed for a 
biphasic reaction. Ten millilitres of clotted blood 
should be drawn within 6 h  of an attack for mast
cell tryptase levels. Further assessment by an 
immunologist is recommended. 

Table 40.3 1 :  Management of anaphylactic shock 

Discontinue causative agent (e.g. drug/blood) 
Open and maintain airway 
Give oxygen I 00% via Hudson mask 
If bronchoconstriction occurs give salbutamol 

5 mg nebulized in oxygen 
Obtain intravenous access 
Titrate intravenous adrenaline 0.5- 1 mg aliquots of 

I / I  0 000 solution response to l ife-threatening 
symptoms 

If IV access not available give 0.5 mg adrenaline IM 
Repeat IM adrenaline i f  intravenous access not 

obtained and there is no cl inical improvement 
Give an antihistamine, e.g. chlorpheniramine I 0 mg 

slow injection 
Give intravenous fluid to correct hypotension 
Administer steroids (hydrocortisone 200 mg IV) 
Admit for observation 

Beware of biphasic reactions: observe closely 

D ROW N I N G  A N D  N EAR D ROWN I N G  

Drowning is tragically common. Ponds and swim
ming pools mix poorly with unsupervised toddlers. 
Forty per cent of drownings occur in those w1der 
4 years old. 'Dry drowning' occurs when laryngeal 
spasm and glottic closure prevent water aspiratio 



but cause profound hypoxaemia. Fresh- and salt
water aspiration removes surfactant from the lw1g, 
resulting in atelectasis and stiff non-compliant 
lungs. Involuntary swallowing of large volumes of 
water can cause gastric dilatation and aspiration. 
The distinction between fresh- and saltwater drown
ing is of limited clinical significance, despite the 
different pathological changes. 

MANAG E M ENT  

The history should take into accow1t the length 
and mechanism of the immersion, and the possi
bility of coexistent trauma such as a spinal fracture 
or head injury. In older children the possibility of 
drug and alcohol intoxication should be consid
ered . If the child is pulseless, standard CPR should 
be instituted as described earlier in the chapter. 
The prognosis of cardiac arrest following drown
ing is poor, although case reports suggest complete 
recovery is possible following a prolonged inuner
sion in cold water. If a pulse is present, urgent 
assessment of the conscious level and temperature 
is required. Hypothermia is often associated and 
may be protective. 

Unconscious patients usually require intubation 
of the airway with intermittent positive-pressure 
ventilation. A bronchoscopy is required if aspiration 
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and soiling of the airway is considered possible. 
The stomach should be decompressed with a 
nasogastic tube. Hypothermia should be treated 
aggressively if present, and anticipated if absent. 

Conscious patients require treatment with high
flow oxygen tlu·ough a non-rebreathing bag. The 
presence of cough, wheeze or dyspnoea implies 
aspiration. A chest X-ray may show pulmonary 
oedema or perihilar infilh·ates. Arterial blood gases 
are not always necessary, but may demonstrate 
hypoxaemia. 

Children who are admitted in an unconscious 
state after a submersion usually do well. Most chil
dren who are admitted unconscious with reactive 
pupils recover fully. A third of children with fixed 
dilated pupils also recover fully. Neurological 
deficits are common in those who have fixed 
dilated pupils at 6 h. 

F U RTHER  READ I N G  
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PART TEN 

PRE- H OSPITAL CARE 





IMMEDIATE CARE 

• I ntroduction 
• Immediate care providers 
• The United Kingdom Ambulance Service 

I NTRODUCT ION 

Immediate care, defined a s  the provision of skilled 
medical help in the prehospital setting, is currently 
provided by a variety of organizations in the UK. 
These range from general practice-based schemes, 
particularly in rural areas, to designated teams 
from emergency departments. In many centres 
where there is no dedicated emergency team, indi
vidual staff members are asked to respond to pre
hospital incidents on an ad hoc basis. 

The first national organization of immediate 
care practitioners was created in 1977 with the for
mation of the British Association for Immediate 
Care (BASICS). This association became the centre 
of integration of the various immediate care 
schemes in operation with the local ambulance 
services. In 1995 the Royal College of Surgeons of 
Edinburgh founded the Faculty of Pre-hospital 
Care with the aim of setting and maintaining 
standards of practice in immediate care. This is 
achieved by the promotion of education, teaching 
and research in immediate care, and there are sev
eral courses offered by the Faculty for paramedics, 
nurses and doctors. 

I M M E D IATE CARE PROV IDERS  

The provision of immediate care requires doctors 
who are trained and proficient in assessing 
and treating patients in the prehospital envi
ronment. Conditions are very different from an 
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• The hospital team 
• Further reading 

emergency department and patients are often 
treated in cold, damp and noisy conditions with 
poor access to the patient and little light. The hos
pital doctor should not therefore expect to be able 
to easily translate the skills used in a hospital envi
ronment to the roadside. The immediate care 
provider should also be adequately equipped and 
understand the roles of the other emergency serv
ices and work as a team with them. 

Training and qualifications in immediate care 
are now provided by the Faculty of Pre-hospital 
Care and BASICS. Any doctor considering taking 
on the role of immediate care practitioner should 
also spend time working with experienced col
leagues prior to practising on their own. The 
immediate care provider will also require a close 
working relationship with the local ambulance 
service and should acquire adequate protection 
against claims for medical negligence. 

As in other emergencies the prioritized assess
ment and management of the airway, breathing 
and circulation is the cornerstone of clinical 
method. Clinical technique, however, often has to 
be modified to take account of the environment. 
The ability to undertake procedures in the field 
should also not delay transport of the patient 
to hospital, particularly when the patient has 
a time-critical injury requiring definitive care at 
a hospital. 

Although the provision of immediate care by 
doctors is part of the formal system of prehospital 
care in many European countries, the National 
Health Service relies on ambulance service para
medics to provide advanced early interventions to 
its patients. 
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THE U N ITED K INGDOM 
AMBULANC E  S E RV ICE  

Since 1974 there has been a move to make the 
ambulance service an integral part of the National 
Health Service (NHS). Currently, the service 
is responsible for delivering emergency and elect
ive prehospital patient care and transportation. 
Ambulance services organized as NHS Trusts have 
their own administrative hierarchy that arranges 
contracts for the provision of services with local 
health authorities and other acute care trusts. The 
ambulance service has in recent years rapidly 
developed from a simple first aid and transport 
service to a sophisticated medical system that is 
an essential link in the chain of survival for many 
of the most sick and severely injured patients 
(Fig. 41 .1 ) .  

Figure 4 1 . 1 :  An ambulance paramedic. 

TRAI N I NG  

The national trauung standards for ambulance 
personnel are set by the Institute of Health Care 
Development (IHCD) . The basic award of ambu
lance technician can be achieved after the 6-week 
ambulance aid course, a 2-week driving skills 
course, an examination and a 12-month continu
ous assessment arrangement in the 'work-place' . 
The course covers the relevant basic sciences, the 
teaching of skills to lift and move patients, splj.nt
ing and immobilization techniques, and basic life 
support and defibrillation. In addition, it may 
include the teaching of the therapeutic administra
tion of oxygen, nebulized salbutamol, Entonox, 
glucagon, and the emergency management of con
ditions such as myocardial infarction, poisoning, 
eye injuries, childbirth and civil and major incident 
procedures. 

Following this, ambulance technicians are eli
gible for the 8-week paramedic training course, 
followed again by a continuous assessment 
period. The paramedic course places emphasis on 
advanced airway and circulatory access skills, as 
well as cardiac rhythm recognition and a broader 
knowledge of therapeutic administration of drugs. 
Compulsory continuous education schemes exist 
and further optional training is available, such as 
the Pre-hospital Trauma Life Support, the Pre
hospital Paediatric Life Support and Advanced Life 
Support. Direct entry to training to paramedic 
level and 3-year university courses have recently 
become available which provide a greater core 
knowledge along with the skills necessary for 
recognition by the IHCD as a paramedic. 

The relatively short period of formal training 
received by paramedics has dictated that the_ 
have relatively little clinical freedom and work 
largely to rigid protocols in assessing and treating 
patients. Despite this there are a large number of 
paramedics who have a vast experience of the pre
hospital environment and whose skills in treating 
patients in difficult conditions far outstrip their 
paper qualifications. 

PARAMED ICS  AND  TE C H N I C IANS  

The introduction of the paramedics in the U K  was 
dictated by political necessity rather than scientific 



evidence, and has sparked controversy as to the 
enhanced effectiveness of paramedics compared to 
ambulance technicians. The advocates for para
medics argue that their introduction has converted 
the ambulance service to a more structured and 
professional service and is the first step to account
ability in the service provision. In addition, it 
promoted the more active involvement and partici
pation of physicians in the clinical supervision of 
the service. Critics would argue, with scientific evi
dence, that there was has been no significant 
change in survival of patients suffering a cardiac 
arrest when comparing resuscitation performed by 
paramedics and technicians. There is also little 
objective evidence that paramedics improve sur
vival rates in trauma. It has been suggested, how
ever, that the advanced airway skills of paramedics 
would make no difference to the outcome of the 
patients who are able to tolerate an endotracheal 
tube (with no anaesthetic) due to their abysmal ini
tial prognosis. Paramedics are not yet allowed to 
use anaesthetic drugs and hence are unable to treat 
the patient who may still benefit from intubation 
and ventilation at the scene, such as severe isolated 
head injury cases and the multiply injured. 

Furthermore, it has been widely reported that 
establishing intravenous access to begin fluid ther
apy at the scene (rather than in transit to the hos
pital) can prolong scene time significantly. The 
short transfer to hospital times in most UK practice 
(as opposed to the Australian and US experience), 
with the consequent small amount of fluid that can 
be infused, compromises any advantage by delay
ing the transfer to the hospital. 

STA N DARDS 

The aim of the ideal ambulance system is to achieve 
the best clinical outcome, with the fastest response 
time, with the best patient satisfaction at the least 
cost. The achievement of such 'high-performance' 
systems is being aided by the introduction of com
puterized despatch and communication systems 
and the provision of first-aid advice by phone to 
the public by the ambulance control centre until the 
arrival of the ambulance vehicle at the scene. In 
1996 the Steering Group on Ambulance Perform
ance Standards published proposals to improve 
performance standards by linking them with 
patients' clinical needs. The proposed standards 
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Figure 4 1 .2: A modern ambulance control centre. 

allow for triaging of calls and attendance at high
priority calls within 8 min. 

D I S PATC H  

Until recently the role of the ambulance dispatcher 
was merely to send an emergency ambulance as 
rapidly as possible to every 999 call. Modern 
despatch systems incorporate vehicle tracking so 
that the control centre staff know the position of 
each available ambulance. They also recognize 
that different road and traffic conditions mean that 
the ambulance nearest to a call may not always be 
the one that can reach the scene first. Predictive soft
ware also allows the dispatchers to position avail
able ambulances away from stations to provide the 
most rapid responses to calls (Fig. 41 .2). 

The modern ambulance dispatcher now uses a 
structured series of questions to determine the 
severity of the patient's illness or injury prior to 
the ambulance arriving. The dispatcher can also 
provide first-aid advice, such as instruction in 
basic life support and assisting childbirth. Calls are 
categorized as either A (immediate life threat), B or 
C (standard). In the future, instead of responding 
to each 999 call with a blue lights and sirens ambu
lance, alternative responses, such as redirection of 
calls to other agencies and transport of patients to 
general practice centres, may be used. 

E Q U I PMENT  

In terms of equipment, the emergency ambulance 
is usually equipped with a single, centrally located 
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Table 4 1 . 1 :  Drugs commonly carried by ambulances 

Adrenaline 
Atropine 
Lignocaine 
Nalbuphine or tramadol (synthetic opioids) 
Aspirin 
Subl ingual n itrates 
Salbutamol 
Glucagon 
Naloxone 
Diazepam (rectal or IV) 

Figure 4 1 .3 :  An air ambulance. 

self-loading trolley, suction apparatus, mechanical 
ventilator, cardiac monitor and defibrillator units, 
traction splints and long spinal boards. A list of 
drugs used by paramedics is given in Table 41.1, 
though these do vary from service to service. 

AIR  AMBULANCES  ( f  I G .  4 1 . 3 )  

Air ambulance operation, with the exception of the 
Scottish Ambulance Service and HEMS in London, 
lacks central government funding and hence has 
resulted in poor geographic organization of the 
facility. In addition, there are as yet no clear indica
tions for aeromedical evacuation. The logical indi
cation for use of a helicopter is of course clinical 
urgency, but other reasons, such as access to the 
incident and transport distance to be covered, can 
be equally important. 

Most areas of the UK are now covered by air 
ambulance services, although these are financed 
predominantly through commercial sponsorship 
and charity. They are staffed mainly by paramedics 

and attend a variety of medical and trauma emer
gencies. Helicopters are also often used for inter
hospital transfer over longer distances. 

The HEMS (London) service based at the Royal 
London Hospital is unique in carrying a doctor and 
exclusively attending trauma. The doctors are able 
to provide advanced airway interventions at the 
accident scene with the aid of anaesthetic drugs. 
They are also able to perform surgical procedures 
such as chest drainage and exercise a greater degree 
of clinical freedom in treating the patient and deter
mining the receiving hospital. Despite this, inde
pendent evaluation of the service has failed to show 
any overall improvement in survival for its patients. 

THE HOSP ITAL  TEAM 

Most emergency departments will despatch a 
medical team to the scene of an incident at the 
request of the ambulance service. This may occur 
in a major incident (see Chapter 42) or when a 
patient is trapped at the site of the accident and 
cannot be rapidly removed to hospital. Each 
department should have in place procedures to 
allow rapid identification of appropriate team mem
bers (usually an experienced doctor and nurse) and 
rapid access to appropriate equipment. Whilst time 
as a member of a prehospital team is good experi
ence for a junior doctor, they should always work 
under the supervision of a trained and experi
enced senior. 

All staff attending a prehospital incident must 
have appropriate personal protective equipment 
(PPE). This includes comfortable waterproof fluo
rescent clothing with protective footwear, a helmet 
with eye protection and gloves. The hospital team 
must be sufficiently equipped to allow it to function 
separately from the other services at the incident. 
Personal lighting and communications equipment 
should be carried. The medical equipment taken 
may vary with the type of incident that is being 
attended. Most mobilizations of hospital teams are 
to trapped victims of road traffic accidents. A list f 
equipment the team should carry is shown in 
Table 41 .2. 

The team will usually be transported to the site 
of the incident by the ambulance service. 0 
arrival at the scene of an incident the team should 
report to the senior officers of the police, fire r 



Table 4 1 .2: Equipment for hospital mobile 

medical team 

Airway equipment, including simple and 
endotracheal airways 

Surgical airway equipment 
Self-inflating bag/valve mask with reservoir 
Chest drain set 
Intravenous cannulae and fluids 
Splintage for l imbs and spine 
Drugs, including opiates and ketamine 
Monitoring - ECG, blood pressure, oximetry 

ambulance services and check that it is safe 
to approach the patients. The team must be 
constantly aware of the dangers to themselves at 
the sites of incidents such as road traffic accidents, 
and follow the advice of the other emergency ser
vices. The best care can be provided only with 
proper training of the immediate care personnel, 
adequate mobile equipment and exemplary 
co-operation and communication between the 
emergency

.
services. The prehospital care personnel 

should receive training in a struchired approach to 
assessing patients. There are courses such as Pre
Hospital Emergency Care, Pre-Hospital Trauma 
Life Support and Advanced Trauma Life Support 
(ATLS) which emphasize these principles. 

Scene safety - ensure that you do not become 
another victim. 

As in a hospital environment, the initial assess
ment and treatment should be a primary survey 
of airway, breathing and circulation. The ability 
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of the doctor to perform these may, however, 
be limited by reduced access to the patient, the 
often dark and wet conditions, and the noise of 
equipment being used by the other emergency 
services. The doctor should be able to determine 
the severity and the time criticality of the patient's 
injuries in order to decide with the other emer
gency services the best way to treat and evacuate 
the patient. 

The predominant therapeutic role of the doctor 
with the entrapped patient is in providing effect
ive analgesia in order to allow the fire service to 
rapidly extricate the patient in a controlled man
ner. The use of high doses of intravenous opiates 
may produce respiratory depressant effects and 
consequent hypoxia. Ketamine is an excellent drug 
in these circumstances but it should only be used 
by those familiar with it. In low doses it provides 
profound analgesia with little cardiovascular or 
respiratory depression. Titrated intravenous injec
tion is recommended. Rarely, invasive procedures 
such as a surgical airway or chest drainage may be 
required. 

Rarely, specialized doctors may be required at 
the scene of an accident, specifically an anaes
thetist to w1dertake drug-assisted intubation, or a 
surgeon to perform an amputation of a trapped 
and non-viable limb to allow extrication and 
evacuation of the patient. 

F U RTHER  READ I N G  
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MAJOR INCIDENTS 
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I NTRODUCT ION 

In today's complex society there are many poten
tial causes of a major incident, and most emer
gency departments will have within their area 
sites where there has been recognized to be a par
ticular risk of such an incident, for example an 
industrial site or sports stadium. Nevertheless, 
with the current rapid increase in motor transport 
and the rise in urban terrorism, every major road 
or city centre now has the potential to be the site of 
a major incident (Table 42.1 ) .  

D E F I N IT ION  OF A MAJ O R  I NC IDENT 

A major incident cannot b e  defined simply in 
terms of the number of people killed or injured. 
It is important that the ability of the emergency 
services to cope with the incident is taken into 
account. Fifty casualties from a motorway pile-up 
may have little effect on emergency departments if 
distributed around the hospitals of a major city. 

• Dealing with relatives 
• Communications 
• Dealing with the media 
• Police liaison 
• Mobile medical teams 
• The scene of a major incident 
• Emergency services organization at the scene 
• Command and control 
• The role of the emergency services 
• Debriefing 
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• Further reading 

Table 42. 1 :  Types of major incident 

Terrorism 
Transport incidents 
Industrial accidents 
Sporting/mass gathering incidents 
Natural disasters 

The effect would be completely different if they 
were all taken to the local district hospital of a 
small market town 45 km from other health service 
facilities. The standard definition of a major inci
dent, therefore, is: 

'any emergency that requires the implementa
tion of special arrangements by one or more of 
the emergency services, the a tional Health 
Service, or the local authority' .  

It will be obvious, therefore, that what constitutes 
a major incident for one of the emergency services 
may not be a major incident for the National Health 
Service. For example, the plane crash at Lockerbie in 
1988, which was associated with the wide dispersal 
of many bodies but few injured victims, represented 
a major incident for the forensic, body collection and 



Table 42.2: Recent UK major incidents 

Date Place 

1 1  May 1 985 Bradford, England 
9 September 1 987 M4 motorway, England 
1 2  December 1 988 Clapham Junction, England 
2 1  December 1 988 Lockerbie, Scotland 
8 January 1 989 Kegworth, England 
1 5  April 1 989 Sheffield, England 

1 3  March 1 996 Dunblane, Scotland 
1 5  June 1 996 Manchester, England 
1 9  September 1 997 Paddington, England 
1 5  August 1 998 Omagh. N. Ireland 
28 February 200 I Great Heck, England 

crash investigation agencies, but did not seriously 
disrupt local healthcare provision. Similarly, a major 
warehouse fire may be a major incident only for the 
fire service, and a bus crash will have its main effect 
on the local emergency departments. The majority 
of major incidents, however, will involve more than 
one of the emergency services. A list of recent UK 
major incidents is given in Table 42.2. 

C LAS S I F I CAT I O N  O F  M AJ O R  
I N C I DE NTS 

Major incidents are usually classified into: 

• compensated or uncompensated 
• simple or compound. 

When an incident can be effectively managed 
by mobilizing extra resources that are readily 
available, for example extra vehicles from the local 
and neighbouring ambulance services, military 
personnel and the local authorities, it is said to be 
compensated. The majority of incidents in the UK 
and the developed world, for example the Omagh 
bombing, are of this type. When the response to a 
major incident remains inadequate even after all 
the available resources have been mobilized, the 
incident is described as uncompensated. 

When an incident is of sufficient magnitude to 
disrupt the structure of the society in which it has 
occurred, the incident is said to be compound. In 
a compound incident, communications, hospitals 
and other organizations required for an appropriate 

D E C LA R I N G  A M A J O R  I N C I D E N T  

Incident Dead Injured 

Football stadium fire 55 200 
Multiple vehicle accident 4 74 
Rail collision 34 1 1 5 
Aircraft explosion 270 
Aircraft explosion 47 79 
Crowd crush, 96 200 

Hil lsborough stadium 
Shooting 1 7  
IRA bombing 0 220 
Rail collision 7 > 1 50 
Bombing 29 220 
Rail collision 1 0  56 

response to the incident are themselves disrupted 
and the ordered structure of society itself may 
descend into chaos. Such incidents usually result 
from natural phenomena such as hurricanes, 
floods and tidal waves. The fact that the majority 
of areas prone to such occurrences are in desper
ately poor parts of the world means that only too 
often preparation and plamling for future prob
lems are w1derdeveloped and mechanisms for 
dealing with them inadequate. The terms catas
trophe and disaster are best reserved for these inci
dents. When the infrastructure of society remains 
intact, an incident can be described as simple. 

This chapter describes the management of the 
hospital response to simple compensated incidents 
and the organization of the emergency services at 
the scene of an incident itself. 

D EC LAR ING  A MAJ O R  I N C I D E N T  
{F I G .  42 . 1 )  

Members of staff of an emergency department will 
be informed of a major incident by the hospital 
switchboard or, if there is a direct radio or tele
phone link, by ambulance control. The language 
used in declaring a major incident is formalized. If 
an incident has already occurred, and it is felt that 
the implementation of emergency plamling by the 
hospital is necessary, the phrase: 

'major incident declared' 

is used. In some circumstances, it may be appropri
ate to acquire further information before declaring 

541  
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a major incident. Examples might include warnings 
of possible impending terrorist atrocities or assess
ment by the emergency services of the scene of a 
multiple-vehicle road traffic accident. Implemen
tation of a hospital major incident plan will ser
iously disrupt the normal running of a hospital, 
and some caution should properly be exercised in 
declaring a major incident. However, it is usually 
appropriate to declare a major incident if in any 
doubt, as belated attempts to organize a response 
once patients are arriving in large numbers are 
very much less likely to be effective. If the declar
ation of an established major incident is imminent 
or likely, the phrase: 

'major incident standby' 

can be used. 

T H E  HOSP ITAL  RESPONSE  

Hospitals designated as 'primary receiving hos
pitals' are those deemed to be able to play a role in 
the reception of any casualty from a major local 
incident. It is essential, therefore, that all hospitals 

Figure 42. 1 :  A s imple 
uncompensated disaster. 
(Reproduced from 

Investigation into the 

Clapham Junction Railway 

Accident, Department of 

Transport, by permission 
of the Metropolitan 
Police Service.) 

have a written, comprehensive major incident plan 
designed to ensure that an optimal response can be 
mounted. It is hardly necessary to say that all 
members of staff must be familiar with the outline 
of this plan and with their specific role in it. 
Unfortunately, it seems that too many people work 
on the principle that major incidents only happen 
to someone else, and studies suggest that many 
staff members remain sadly ignorant regarding 
their role should the unimaginable happen. 

Specific details of individual major incident 
plans will depend very much on local factors 
(Fig. 42.2). It is possible, for example, that the pres
ence in the area of a major airport, chemical plant 
or military establishment will make one particular 
type of incident more likely. This will affect the 
plan, although it must be flexible enough to deal 
with any possible type of incident. Other factors 
will include the numbers of available personnel, 
the layout of the hospital, and the need to send 
personnel to the scene of the incident. 

The hospital response can be divided into the 
following key areas: 

• planning and equipment 
• command and control 
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Figure 42.2: A hospital major incident plan. 

• triage 
• treatment 
• dealing with the dead 
• admissions 
• urgent surgery 
• staffing 
• dealing with relatives 
• communications 
• police liaison 
• dealing with the media 
• mobile medical teams 
• debriefing. 

P LAN N I N G  A N D  E Q U I P M E NT 

The preparation of a hospital major incident plan 
is a complex and time-consuming task, involving 
liaison with all the departments and professional 
groups within the hospital as well as the local 
emergency services and voluntary agencies. The 
majority of major incident plans now use an action 
card system. Each member of staff registers their 
availability to help in the incident response and 
collects an action card detailing their roles and 
responsibilities. Action cards simplify the response 
to a major incident as staff members need only 
know where to collect them; they also allow the 
development of a coherent integrated plan within 
which each individual staff member is clearly 
aware of their role. Correct distribution of tasks 
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between action cards allows a logical crescendo 
response as more staff become available (Fig. 42.3) . 

Once an effective major incident plan has been 
developed, it is essential that regular major inci
dent practices are held. These are usually either 
table-top (or paper) exercises or full practice exer
cises. Table-top exercises, which are cheaper and 
easier to organize and do not disrupt the routine 
functions of the hospital, are important in stream
lining and developing an efficient major incident 
plan. Full-scale practices, with staff being called in 
and simulated casualties, are expensive and can be 
disruptive and are therefore usually held at week
ends. They are an essential component, however, 
of effective major incident preparedness and, bet
ter than anything else, give staff an impression of 
what 'the real thing' might be like. It is an important 
responsibility of those tasked with major incident 
planning to ensure that there is an ongoing pro
gramme of major incident response education for 
staff which also forms part of staff induction days. 

It is also essential that any equipment that is 
likely to be needed for an appropriate major inci
dent response is available, correctly located and 
'in date'. This equipment is likely to include triage 
cards, documentation packs, resuscitation equip
ment and signage. 

COMMAND A N D  CONTROL 

Although the precise command structure will vary 
from hospital to hospital, all plans will have a num
ber of features in common. The overall response is 
controlled by the medical co-ordinator, who is usu
ally a consultant. The medical co-ordinator works 
closely with the triage officer, the senior nursing 
officer and the duty senior manager. In addition, 
there will be close liaison with the ambulance ser
vice, the police (and especially their documentation 
team) and the strategic (or gold) control for the inci
dent (see below). 

TRIAGE 

The key to a successful hospital major incident 
response is effective and efficient triage. It is inev
itable, particularly in the early stages of a major 
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Action Card 57-

Medical Secretary Emergency 

Major Incident Declared 

• Your role is to support the control team and record events within the control area 

Responsibilities: 

Pri mary: To document the Major Incident Report 

Action: 

I .  Attend briefings and record events 
2. Col late Log Sheets 
3. Liaise with Emergency Consultant 

NOTE: REMEMBER DURING A MAJOR INCI DENT ALL PATIENTS WILL BE 

IDENTIFIED USING A MAJAX N U M BER, PLEASE USE THIS NUMBE R  WHEN 

U N D E RTAKING RELATED PROCEDURES 

ALL STAFF MUST WEAR I D  BADGES TO GAIN ACCESS TO ANY AREA 
Figure 42.3: A 

hospital action card. 

incident response, that the number of patients will 
exceed the availability of the staff and resources 
required to h·eat them. Triage ensures that those 
patients with immediately life-threatening injuries 
(Priority 1 or Pl patients) receive treatment first, 
followed by P2 (urgent) patients. In the initial 
response, P3 (delayed) patients, often referred to as 
'the walking wounded', will be directed to an area 
where they can be carefully observed whilst waiting 
for treatment. Once the hospital response is fully 
established, medical and nursing staff will be able 
to manage patients from all these groups simultane
ously. Pl patients will be labelled, directed to and 
treated in the emergency department resuscitation 
room and 'major side'. P2 patients will be directed 
to either the emergency department or a similar 
suitable area, and P3 patients to an area where 
they do not compromise the management of more 
severely injured patients but where full medical and 
nursing supervision is possible and from where 
transfer is practical should they deteriorate. Triage 
categories (T) are listed in Table 42.3. 

Triage is carried out according to the triage sort 
(Table 42.4) and is usually performed by a senior 
member of the emergency department staff, such 
as the duty consultant. 

Once each patient has been triaged, it is essential 
that they are clearly labelled with a triage category. 

Revised I 0.04.00 

Table 42.3: Triage (T) categories 

' P' 'T' Description Colour 

I Immediate Red 
2 2 Urgent Yellow 
3 3 Delayed Green 

4 Expectant Blue 
Dead Dead Dead White 

There are a number of commercially available triage 
cards and the majority of patients will arrive at hos
pital with one already applied at the scene of the 
incident. Depending on the type of card, this can be 
changed to show the updated h·iage category or 
replaced with a new card. Probably the most effec
tive triage card is the Cambridge Cruciform Triage 
Card (Fig. 42.4). Each limb of the card is colour 
coded and labelled with a particular triage category 
and the card can be folded so that the appropriate 
category lies uppermost before the card is placed in 
its bag. In addition, the inside of the triage card con
tains the information necessary to calculate the 
patient's triage category using the h·iage sort. 

It must be remembered that a patient's triage 
category can change and constant vigilance i 
therefore required in order to ensure that patients 
do not deteriorate unnoticed. Similarly, a patient's 



Table 42.4: The triage sort 

Measured Score 

value 

Respiratory rate 1 0-29 4 
> 29 3 
6-9 2 
1 -5 
0 0 

Systolic blood pressure > 90 4 
76-89 3 
50-75 2 
1 -49 
0 0 

Glasgow Coma Scale (GCS) 1 3- 1 5  4 
9- 1 2  3 
6-8 2 
4-5 
3 0 

Respiratory score Triage category 
+ BP score + GCS score 

1 - 1 0  T l  
1 1  T2 

> 1 2  T3 
0 Dead 

triage category will (it is to be hoped) improve fol
lowing treatment. 

TREATMENT 

The patient treatment areas, as described above, 
will be clearly specified in the plan. Detailed action 
cards will indicate which areas individual staff are 
to work in. In general, those with the greatest 
experience of working with the acutely sick and 
�njured will be allocated to the Pl and P2 areas. 
Senior surgeons and anaesthetists will determine 
patient priorities for transfer to theatre and the 
intensive care unit. 

D E AL I N G  WITH THE  DEAD 

Dead patients will be labelled a s  such at the triage 
point. In general, if there are large numbers of 
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dead at the scene, they will be held there prior to 
transfer to a temporary mortuary. The hospital 
should only have to deal with those who die after 
arrival at hospital or en route. Bodies should be 
placed in a secure area. If this can be locked, the 
continuous presence of a police officer is not neces
sary; if this is not possible, a police officer must 
remain with the bodies at all times in order to 
ensure that they are not tampered with, or that the 
possibility of this happening is eliminated so that 
evidence cannot subsequently be challenged. The 
numbers of fatalities will only be released in official 
information bulletins and should never be dis
cussed informally with anyone. The identities of 
the deceased will only be released once the next of 
kin have been informed. 

ADMISS IONS  

During the hospital response to a major incident, 
it is likely that large numbers of casualties will 
require admission to hospital for treatment or 
observation. As a consequence of this, special plans 
are needed. A specific admissions ward is usu
ally designated in the major incident plan. This 
ward, ideally, will have good access to the emer
gency department and operating theatres, and will 
not normally contain high-dependency patients 
who are difficult to move at short notice. For 
example, an ear, nose and throat (ENT) ward is 
likely to be more appropriate than a colorectal sur
gery ward. 

In addition to the designation of an admissions 
ward, an accurate bed state must be maintained. 
Patients from the acute admissions ward must be 
either transferred to different wards or, if possible, 
discharged. Patients awaiting surgery should be 
discharged and their operations postponed. Other 
patients fit enough for or already awaiting dis
charge should be sent home. All routine admis
sions will be cancelled. It must be remembered 
that the effects of the incident do not stop when the 
response is formally stood down. It is likely that 
there will in most cases be a backlog of surgery and 
shortage of intensive care and other acute beds 
that will affect the hospital's routine function for 
several weeks. 

The management of hospital beds and dis
charges is usually the responsibility of the duty 
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senior hospital manager, often based on informa
tion gathered by bed managers or specialty nurs
ing officers. 

U RGENT  S U R G E RY 

As discussed above, a major incident is likely to 
produce large numbers of patients who might 
require urgent surgery. In addition, many patients 
will subsequently require reconstructive sur
gery. During the initial phases of the incident, a 
senior orthopaedic surgeon, general surgeon and 
intensivist must be available to assess and priori
tize patients for surgery. 

STAFF ING  

During the response to a major incident, key hos
pital staff are usually informed by tl1e hospital 
switchboard. These staff will include on-call con
sultants and other medical staff, the duty manager, 
senior nurses, and the senior clerical officer, porter 
and operating department assistant as well as the 
duty pharmacist and other technical support staff. 
Once these staff have been called, a cascade system 
operates so that each of these personnel calls in 
others. Staff are called in by role (e.g. duty pharma
cist) rather than by name, and all lists of contact 
numbers must be regularly revised and up to date. 
In some departments, staff call other staff members 
in by ringing them from home before leaving for 
the hospital. In addition to the call-out system, 
other staff will come to the hospital having heard of 
the incident on national or local television or radio. 

If the response to an incident is likely to be pro
longed, it is the responsibility of managers and heads 
of department to ensure that adequate staffing 
levels can be maintained beyond the initial surge 
of enthusiasm. This may mean sending staff home, 
or asking them not to come in, so that they can form 
a second 'shift' of responders. In addition, those 
working nights should not be disturbed since they 
are likely to be best used on the next night shift. 

Staff who cannot prove their identity will not be 
admitted: wear your ID badge' 

D EAL I N G  WITH  RELAT IVES  

Inevitably, the hospital will become a focus for rela
tives wishing to rejoin victims of the incident or 
simply seeking information. It is essential, there
fore, that an area is established for this. This area 
needs to be comfortable, warm and distinct from 
the treatment areas, although not too far from 
them. In addition, the police will need facilities for 
gathering and collating information, and refresh
ments should be provided. Input from social 
workers, chaplains and nurses will assist relative 
in coming to terms with bad news. 

C O M M U N ICAT I O N S  

Where possible, communications within the hos
pital will take place using normal mechanisms such 
as bleeps and internal telephones. For this reason, 
it is essential that lines are not blocked by staff 
making unnecessary calls. Telephones with direct 
access to outside the hospital should be used for 
calling in staff, in order to avoid swamping the 
hospital switchboard . The most appropriate com
mmucation method for staff members who are 
likely to be moving around the hospital but need 
ready access to other personnel is usually a radi 
system, and porters' radios can usually be utilized. 

Once a major incident has been declared, the 
police will issue to the press a telephone number 
for the public to use when seeking or offering 
information. Enquiries made to individual staff 
members or to the hospital switchboard should be 
politely but firmly deflected. 

D EAL ING  WITH  T H E M ED I A  

Any major incident will generate huge media 
interest. The pressure on journalists to aclueve a 
'scoop' is enormous. The key to success in dealing 
with journalists is to release sufficient informatio 
to ensure that they are for the most part satisfied, 
but to release it in a controlled manner in order t 
avoid speculation. The most appropriate method, 
therefore, is to provide regular bulletins, at which 



a pre-agreed statement is read by one individual 

who is responsible for media liaison. Speculation, 
particularly regarding who might be responsible for 
the incident, or death rates, must be avoided. Off
the-record statements by staff members only lead to 
confusion. In particular, information regarding the 
dead should only be released by the media liaison 
officer once the next of kin have been informed. 

Once the response to the incident has reached a 
'stable' phase, it is usually appropriate for repre
sentatives of the media to be given the opportunity 
to interview members of staff or victims. These 
interviewees should be carefully selected, and in 
the case of staff members, some agreement of the 
subjects to be discussed reached. 

It is no longer appropriate to treat the press as 
an irritation best ignored. The public has some right 
to know what is happening, and it is the media's 

responsibility to inform them. Appropriate release 
in a controlled manner of sufficient information 
will satisfy the legitimate media and go a long way 
to preventing unacceptable intrusion. When jour
nalists do behave in an inappropriate manner, the 
police should remove them. 

POL ICE  L IA I SON  

The police service will despatch to the hospital a 
documentation team that will work closely with 
the hospital and liaise with the staff manning the 
telephone numbers released to the general public. 
The role of the police documentation team is to 
build up a complete picture of all those involved in 
the incident, whether missing, injured, dead or 
unharmed. Once this information is collated, rela
tives can be informed. 

It should always be remembered that a major 
incident is the scene of a crime until proved other
wise. Inevitably, an enquiry into the cause of the 
incident will follow. The police have responsibility 
for all the forensic aspects of the incident. As a 
consequence, personal clothing and belongings 
should be carefully removed, bagged and labelled 
with the patient's identification. If this is done, evi
dence that might subsequently prove vital to the 
police enquiry will not be lost. Clothes should be 
cut distant from holes made by penetrating 
objects. 
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M O B I LE M E D ICAL  TEAMS  

Depending on the local policy, i t  may be part o f  the 
major incident plan that the hospital sends person
nel to the scene. It is essential, however, that des
patch of personnel does not denude the hospital of 
staff and reduce the effectiveness of the hospital 
response. The hospital may send either a medical 
incident officer, whose role is explained below, or a 
mobile medical team or mobile surgical team. 
Whichever is sent, they must be properly clothed, 
experienced and trained for the task (Fig. 42.5). 

Mobile medical teams either work together with 
individual patients or are split up under the dir
ection of the medical incident officer and work 
in the casualty clearing station or elsewhere on 
the site. It is now accepted that mobile surgical 
teams should be called out to deal with a specific 
surgical problem, such as a patient requiring an 
amputation for extrication, and then returned to 

Figure 42.5: Appropriate clothing for attending the 
scene of an incident. 
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the hospital. With modern extrication equipment, 
the necessity for on-site surgical intervention is 
much less than in earlier years. A mobile medical 
team usually consists of two doctors and two 
nurses; a mobile surgical team of a surgeon, an 
anaesthetist and two nurses, or a nurse and an 
operating department assistant. 

T H E  S C E N E  OF  A MAJ O R  I N C I DENT 

It is possible that members o f  the hospital staff 
will be despatched to assist at the scene of a major 
incident. It is therefore important to be aware of 
the structure of the health and emergency services' 
response to a major incident. 

E M ERGENCY S E RV ICES  
ORGANIZATI O N  AT T H E  SCENE  

The first emergency services vehicle at the scene of 
an incident becomes the control unit and continues 
in this role tmtil a dedicated vehicle arrives. The 
rotating beacon of this vehicle (and any subse
quent control vehicle) remains lit so that it can be 
easily identified. Having shown appropriate proof 
of identity, and passed through the cordon, med
ical staff report to the control unit. 

C O M MAND AND  CONTROL 

The immediate area containing the incident (the 
wreckage in a plane crash, the damaged buildings 
and victims in a bombing) is called the bronze 
area. This is also termed the operational area. 
Surrounding the bronze area is the inner cordon 
(Fig. 42.6) . 

The area outside the bronze area is the silver or 
tactical area. This area contains the casualty clear
ing station and other components of the emer
gency services' response. Surrounding the silver 
area is the outer cordon. Access through the outer 
cordon is controlled by the police and only those 
who can prove their identity and need to pass 
through the cordon will be allowed to do so. 

Gold 

Outer cordon 

Figure 42.6: Areas and cordons. 

In response to a major incident, a gold control 
or strategic control will also be established some 
distance from the scene, usually in a purpose-built 
control centre. This control is staffed by senior offi
cers of all the emergency services, together with 
representatives of local authorities and govern
ment agencies where necessary. Among its respon
sibilities are liaison with adjoining services and 
national bodies. 

Each emergency service at the scene of the inci
dent is under the command of a commander, who 
will be clearly identifiable by means of a chequered 
tabard. The police commander, fire commander, 
ambulance commander and medical commander 
together constitute silver control and are in overall 
command of the incident at the scene. The ambu
lance and medical commanders work very much 
as a team. The commanders at the scene report to 
gold control. 

Within the bronze area there will be a senior 
officer from each of the emergency services. These 
are the forward commanders (e.g. the forward 
ambulance commander). The forward medical 
commander is in charge of the medical response 
within this area. These officers report to silver con
trol. (There has recently been a change in terminol
ogy and the term 'commander ' has replaced 
'incident officer ' .  The forward fire incident officer, for 
example, is now known as the forward fire com
mander. The old terminology is, however, still 
widely used.) 

The ambulance service will establish a casualty 
clearing station within the silver area (Fig. 42.8) . 
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Figure 42.7: The bronze 

area - Kegworth. 
(Reproduced from Report on 

the Accident to Boeing 73 7-400 
G-OBME near Kegworth, 

Leicestershire on 8 January 

1 989, Department of 
Transport. Crown copyright 
material is reproduced with 
the permission of the 
Controller of HMSO and the 
Queen's Printer for Scotland.) 

Figure 42.8: Organization of on
scene major incident response -
schematic. 

This is the main location for on-scene casualty 
treatment. Victims brought to the casualty clearing 
station from the bronze area will be retriaged 
and assigned to patient categories for treatment 

or evacuation. Mobile medical teams or their 
members may be assigned to work forward or 
tasked to treat patients in the casualty clearing 
station. 
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THE ROLE OF  THE E M E RG E N CY 
S ERV IC E S  

THE  POL IC E  

On arriving at the scene of a major incident, the 
police, like any of the emergency services, will 
assess the scene and establish a control point. The 
police are in overall control of the scene of a major 
incident, and share with the other services a respon
sibility to save life. 

Specific police responsibilities include: 

• prevention of escalation 
• evacuation of casualties and those at risk 
• traffic control 
• maintenance of casualty records 
• identification of the dead 
• maintenance of public order 
• prevention of crime (e.g. looting) 
• criminal (forensic) investigation 
• liaison with the media. 

The police will establish co-operation with the 
other emergency services and set up cordons where 
appropriate, so as to control access to the scene. 

The police are in overall control of the scene of 
a major incident. 

E v a c u at i o n  

The evacuation of uninjured survivors and those 
who would be at risk were the incident to escalate 
is a vital component of the police role. All appar
ently uninjured survivors must be recorded as they 
may be witnesses in any future hearing. In addition, 
some may subsequently deteriorate and require 
medical assistance; for this reason, and in order to 
avoid distress to relatives seeking information, all 
such people should initially remain together under 
medical and police supervision. This area is termed 
the survivor reception centre. If those evacuated 
from their homes for fear of escalation require 
temporary accommodation, this is the responsibil
ity of the local authorities. 

C o n t r o l  o f  t r affi c 

The police are responsible for traffic control, and 
must ensure that emergency vehicles are able to 

gain access to the scene and leave without obstruc
tion. Control of vehicles belonging to the media 
and bystanders will also be necessary. 

M a i n t e n a n c e  o f  c a s u a l t y  r e c o r d s  

The police will establish a casualty bureau as a 
central point for the collation of accurate informa
tion regarding all those who have been involved in 
the incident. Police documentation teams made up 
of members of the bureau will be allocated to each 
of the receiving hospitals, the survivor reception 
centre and the mortuary. The role of police docu
mentation teams is to build up a detailed and 
accurate picture not only of who has been killed or 
injured, but of the nature of people's injuries and 
the hospital to which they have been taken. The 
casualty bureau acts as a single focus for enquiries 
from the general public via a telephone number 
released through the media. 

I d e n t i fi c at i o n  o f  t h e  d e a d  

The police are responsible for dealing with the 
dead. A police identification commission will be 
established under the authority of the police inci
dent officer and is responsible for this aspect of 
major incident management. Only a doctor can cer
tify death, and this must take place in the presence 
of a police officer. In some circumstances, members 
of the ambulance service may be able to pronounce 
'life extinct'. Dead bodies must be clearly labelled 
as such (to prevent time being wasted in further 
fruitless assessment and treatment), including the 
identification of the police officer. 

At the scene of the incident, bodies are kept 
together in a holding area before being removed to 
a temporary mortuary. In order to facilitate foren
sic examination, there are only two situations 
in which a body can be moved before such investi
gations are complete: when the body is at risk 
of damage by fire, chemicals or an other agent, 
or when it is necessary in order to reach a live 
casualty. 

M a i n t e n a n c e  o f  p u b l i c  o r d e r  a n d  
c r i m e  p re v e n t i o n  

The police are responsible for the prevention of 
crime and maintenance of public order at the scene 



of a major incident. This includes the protection of 
property and possessions, the prevention of loot
ing and criminal damage, and prevention of illegal 
access to the scene of a possible crime. In addition, 
the police are responsible for the prevention and 
control of rioting. 

C r i m i n a l  i n v e s t i g at i o n  

As discussed above, the police are responsible for 
forensic aspects of a major incident. In every case, 
whether crime is suspected or not, a full enquiry will 
subsequently be held. The police must therefore 
ensure that evidence is not lost or damaged or 
interfered with so that a thorough investigation 
can be carried out. 

M e d i a  l i a i s o n  

The police are responsible for liaison with the 
media and will appoint a press liaison officer to 
carry out this role. A media liaison point situated 
outside the outer cordon will be established. 

S p e c i a l i s t  p o l i c e  fo rc e s  

The British Transport Police are in control at any 
major incident involving the railways, although 
this responsibility will normally be shared with 
the conventional police forces owing to lack of 
manpower. The Ministry of Defence, Atomic Energy 
Authority and Royal Parks Police may be involved 
in incidents that fall within their jurisdiction. 

THE A M B U LA N C E  S E RV I C E  

Like the police, the ambulance services have a 
number of specified roles at the scene of a major 
incident. The medical incident officer works most 
closely with the ambulance incident officer, and 
together they are responsible for the health services' 
response at scene. The main ambulance service 
responsibilities are as follows: 

• establishment of a casualty clearing station 
• provision of communications 
• triage 
• patient evacuation. 
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Figure 42.9: The triage sieve. 

C a s u a l ty c l e a r i n g  s t at i o n  

The ambulance service will establish a casualty 
clearing station in the silver area. Use may be made 
of an appropriate permanent building, or a tem
porary shelter erected. A rapid triage of patients 
will have been made in the bronze area using the 
triage sieve (Fig. 42.9).  On arrival at the casualty 
clearing station the patients are retriaged using the 
triage sort. Following this, treatment can be organ
ized according to priority. This will be performed 
by medical personnel and ambulance staff. A sen
ior doctor will be in overall control of the casualty 
clearing station and another responsible for triage. 
In some circumstances, P3 patients may bypass 
treatment at the casualty clearing station and be 
taken direct to hospital, although they should 
normally be taken to a hospital further from the 
incident in order to leave the primary receiving 
hospitals free to deal with the more seriously 
injured. 

P rov i s i o n  o f  c o m m u n i c a t i o n s  

The ambulance services are responsible for the 
provision of communications for ambulance per
sonnel, doctors, nurses and associated workers. 
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Tr i a g e  

The triage of patients is an ambulance service 
responsibility. Initial triage using the triage sieve is 
carried out by the forward triage officer in the 
bronze area. The retriage at the casualty clearing 
station is carried out by the secondary triage 
officer. 

P at i e n t  e v a c u a t i o n  

In order to produce the optimum outcome for 
patients, efficient evacuation to the most appropri
ate hospital for each patient is necessary. This is the 
responsibility of the ambulance service, acting on 
advice from medical staff in the casualty clearing 
station. 

Most of the patients will be evacuated from the 
scene of the incident by ambulance. The ambu
lance loading officer is responsible for this and for 
recording the destinations of all patients in order 
to ensure that patients are not 'lost'. If there are 
large numbers of patients with minor injuries, 
however, they may be evacuated by other means, 
such as by bus. In addition to appointing an 
ambulance loading officer, the ambulance incident 
officer will also appoint an ambulance parking 
officer. 

T H E  F I R E  SERV I C E  

Fire service staff are under the overall command of 
the fire incident officer. Personnel working in the 
bronze area report initially to the forward fire offi
cer. Fire service rank markings are given in Figure 
42.10. The main fire service responsibilities are: 

• fire fighting 
• victim extrication 
• safety. 

The fire service, like all the emergency services, 
is responsible for saving life and preventing injury 
and incident escalation. The fire service has a num
ber of responsibilities apart from fighting fire. The 
most important of these are overall responsibility 
for safety, of both victims and rescue workers (from 
fire, building collapse or chemical contamination), 
and patient extrication. 

OTH ER AG E N C I E S  

In addition to the police, fire and ambulance ser
vices, the following agencies may be involved in 
the management of a major incident: 

• Her Majesty's Coastguard 
• Voluntary ambulance services 
• Women's Royal Voluntary Service 
• Salvation Army 
• Local authorities 
• Government agencies 
• Armed forces. 

H e r  M aj e s ty 's C o a s t g u a r d  

The coastguard service has a co-ordinating role in 
incidents that occur off-shore, such as ferry disas
ters and oil-rig incidents. 

T h e  Vo l u n t a r y  A m b u l a n c e  S o c i e t i e s  

The voluntary ambulance societies, St John Ambu
lance Service, St Andrew Ambulance Service (in 
Scotland) and the British Red Cross Society, can all 
assist with patient treatment and transport. 

T h e  Wo m e n 's R o y a l  Vo l u n t a r y  

S e r v i c e  a n d  t h e  S a l v a t i o n  A r m y  

Both these organizations have a long tradition of 
service, and in the context of a major incident can 
provide comforts such as food and blankets as well 
as encouragement and support to rescuers and vic
tims. Both organizations contain trained personnel 
able to respond to a major incident and provide 
local contact points for use should such an occa
sion arise. 

D E B R I E F I N G  

Major incidents are stressful events for hospital 
staff and emergency services persoru1el as well as 
victims. Members of hospital staff in particular 
will probably have been exposed to more horrific 
sights and more injured people than normal. It is 
not surprising, therefor , that acute stress reactions 
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occur. Every conceivable step should be taken, there
fore, to prevent the onset of long-term psychologi
cal consequences. Immediately after the incident, 
senior staff and officers should hold a 'hot debrief' 
of personnel to thank them, tell them what they 
have achieved, and deal with any immediate con
cerns (could we have done more? What if . . .  ?) .  
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A 
! 
I 
a 
I 
I 
l 
l Figure 42. 1 0: Fire services rank 

markings. 

Shortly after the incident, more formal debriefing 
should be offered to all, and everyone should 
be on the look-out for colleagues who may be 
behaving in an unusual or unexpected manner. 
The debriefing is also an opportunity to establish 
areas of the major incident plan that will need revi
sion in the light of events. 
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T RAIN I N G  

All doctors should be aware of their role in the hos
pital major incident plan. When possible, involve
ment in a major incident exercise is a valuable 
experience. All those who are likely to be called 
upon to work at the scene of a major incident 
should attend a major incident medical manage
ment and support (MIMMS) course. 

f URTHER  READ ING  

The Advanced Life Support Group (2002) Major Incident 
Medical Management and Support: The Practical 
Approach, 2nd edn. BMJ Books, London. 
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neonatal cardiac arrest 509 

adrenocortical insufficiency 211-212, 212 
advice cards, head injury 239, 241, 491 
aftercare 
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in head-injured patients 244 
poisoning 190-192 
testing for 78 
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alkalosis 15, 1 5  
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for distal radial fractures 341 

general 57, 68-71 
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for wotmd management 39 

see also analgesia; sedation 
anal fissure 165-166 

analgesia 57-60 

burns patient 367-368 

epidural 58 

during general anaesthesia 70 

head-injured patient 490 

inhalation 58 

lower limb trauma 294, 295, 305 

methods of pain management 58-60 

myocardial infarction 106 

oral 58-59, 295 

paediatric patient 50, 51, 488, 490 

parenteral 59-60 

physiology of pain 57-58 

post-operative 70 

in prehospital care 539 

see also anaesthesia; sedation 
anaphylaxis 204, 204, 529-530, 530 

aneurysm, leaking abdominal aortic 166-167 

angina 103 

chronic stable 98-99, 99 

Printzmetal (variant) 99, 102 

w1stable 99, 102, 1 02 

angioedema 204-205, 413 

angiography, pulmonary 139 

angioplasty, percutaneous transluminal coronary 107 

ankle 
painful 403--404 

radiography 315, 3 1 6, 316, 316, 317, 318 

trauma 314-316 

dislocation 314, 316, 316 

fractures 314, 316 

general principles 313-314 

soft-tissue 314-316 

sprains 314-316 

anserine bursitis 403 

antepartum haemorrhage 425 

anterior cord syndrome 260 

anterior cruciate ligament (ACL), ruptured 306, 308-309 

anterior uveitis 462, 463 

anti-D immunoglobulin therapy 422, 422, 427 

antibiotics 1 7  

burns patient 371 

for cellulitis 388 

for dental abscess 477 

for erysipelas 388 

for gunshot wounds 383 

for hand soft-tissue injury 354, 356 

for head injury 490 

for infective endocarditis 1 26 

ophthalmic 458 

for pelvic sepsis 422, 422 

for pnetunonia 136--137 

for septic arthritis 405 

for wound management 37-38, 38, 44, 391-392, 391 

anticholinergic syndrome 1 84-185 

anticoagulation 
abnormal bleeding 14, 201-202 

in atrial fibrillation 119 

antidepressants 
poisoning 181-183 

side-effects 438--439 

a.ntivenom 452 

anxiolytics 439 

aortic dissection 99, 130-133, 131 

clinical featmes 131 

epidemiology and pathogenesis 130, 130 

investigations 132-133, 132 

management 131 

aortic rupture 277-278, 278, 278 



aortic valve stenosis 125 

aortography 133 

apnoea, neonatal 509 

appendicitis 1 64-165, 526 

arachnoid mater 233, 233, 234 

arc eye 460 

arm injuries 330-346 

distal humeral fracture 332, 332 

elbo'N 332-337, 334, 334, 335, 336 

forearm 337-343, 341, 342, 342, 343 

humeral shaft fracture 331 

proximal humeral fracture 330-331 ,  331 

soft-tissue 330 

wrist 343-346, 345, 345, 346 

arrhythmia 
electrocution 451 

poisoned patient 171 

post-infarction 108-116 

typology 117-124 

see also specific types of arrhythmia 
arterial blood gas analysis 15-16, 1 5, 1 6, 32 

asthma 145 

carbon monoxide poisoning 187 

head-injured patient 243 

pneumonia 136 

poisoned patient 170 

pulmonary embolus 138 

arterial gas embolism 449 

arteritis, cranial 151 

arthritis 
gonococcal 397 

hip pain in 402 

osteoartlu·itis 401, 402, 407, 407 

reactive 395, 405 

rheumatoid 395, 401, 407-408, 408 

septic 356, 404-405 

arthropathy, crystal 405-407, 406 

Aschermann Chest Seal® 273, 274 

asphyxia, traumatic 280, 280 

aspiration 
simple 142 

synovial fluid 396-397, 396 
urine 521 

aspirin 59 

action 108, 156 

mode of action 57 

poisoning 1 75-176 

asthma 134, 144-146 

complications 146 

life-threatening 145, 145, 146, 5 13--514, 513 
management 145-146, 145, 514 

moderate 145, 146 

paediatric 513-514, 513 

patient discharge 146 

severe 145, 146 

severity assessment 144-145 

asystole 93-94, 507-508, 507 

atherorna, coronary 101-102 

athlete's foot 412 

atlas, Jefferson fracture of 263-264, 264 

Atomic Energy Authority 553 

atrial fibrillation (AF) 118-119 

aetiology 1 1 8  

post-infarction 108-109, 109 

atrial flutter 109, 110, 121, 122 

atrial tachycardia 121,  121 

atrioventricular block see heart block 
atrioventricular nodal re-entry tachycardia (AVNRT) 

119, 120 

atrioventricular reciprocating tachycardia (AVRT) 
119, 120 

atropine 8, 69, 71, 112, 190 

auditory testing 466-467 

auscultation, abdominal 157-158 

autoimmw1e thrombocytopenic purpura 200 

AVPU scale 31, 3 1 ,  511 

avulsion 
amputation 378, 378 

fracture 299, 299, 334-335, 335 

of the puma 468 

of the teeth 479-480, 479, 498-499 

axillary block 64, 64 

bad news 
breaking 21-22, 2 1 ,  95-96, 510 

reactions to 22 

balani tis 221 

barotrauma 448-449 

of ascent 449 

of descent 449 

Bartholill's cyst and abscess 423 

Barton's fracture 342 

baton rounds 381-382, 381 

batteries, illgestion 499, 500 

Battle's sign 237 

Beck's triad 275 

Bedford splints 359, 359 

'bends' 448, 448 

Bennett's fracture 360, 362 

benzodiazepines 50-51,  68, 192-193 

benzyl penicilli.J1 523 

beta-blockers 108, 177-178 

Bier's block 63-64 

biliary colic 162-163 

biochemical analysis 15-16, 1 5, 1 6, 136 

biochemical markers 105-106 

bites 
animal 38, 44, 392, 478, 498, 502 

of the hand 354-355 

human 43-44, 354-355, 468 

infection 392 

i.ntraoral soft-tissue 478 

paediatric patient 478, 498, 502 

snake 452 

bladder, ruptured 291-292, 298 

blast iI1jury 374-378, 374 

abdominal 285-286 

effects of blast 375-378, 375 
burns 375, 378 

crush injuries 375, 378 
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primary blast injury 375-377, 375, 376, 377, 377 

psychological 375, 378 

secondary blast illjury 375, 377, 378 

tertiary blast illjury 375, 377-378, 378 

nature of the blast 375, 375 

thoracic 270 

blast wind 375, 377-378 

bleach, ingestion 499 

blepharitis 464 

blood COLU1t 
full 14, 126, 136 

white cell 14, 136, 404-405 

blood pressure 32 

see also hypertension; hypotension 
blood sugar analysis 15 

blood h·ansfusion 30, 160, 200 

blood-films 225-226 
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blunt trauma 33-34, 34 
abdominal 284-285 

ophthalmic 460 

thoracic 269-270 

body lice (pediculosis) 412 

Bohler's angle 318, 318 
boils 389, 411, 467 

Bolam test 82 

bones 
of the hand 348, 349, 351, 351, 354, 358-359, 

360-362, 361 

painful 203 

see also fracture 
borderline psychiatric conditions 437-438 

Bouchard's nodes 401 

Boutonniere deformity 357-358 

boxing glove splint 360 

brachia! plexus injury 323, 331 

bradycardia 123-124 

neonatal 509 

poisoned patient 171 

post-infarction 112-113, 112, 113, 114 
sinus 112 

brain 234 

damage 
diffuse 238, 239-240 

focal 238, 2 40 

non-accidental 502 

paediatric patient 489, 502 

primary 235, 235 

secondary 235, 235 

brainstem infarction 156 

breathing management 
burns patient 364-365 

cardiac arrest 506-507, 506 
COPD 144 

head injury 235 

paediatric 487, 487, 506-507, 506, 510-511 

poisoned patient 170 

primary survey 24, 29-30 

spinal injury 258 

breathlessness 
paediatric 5 11-516, 511 
as symptom of cardiac disease 99-100 

breech delivery 503 

British Association for Immediate Care (BASICS) 535 

bronchiolitis, acute viral 513 

bronchitis, acute 515-516 

Broselow tape 485, 485, 506 

Brown-Sequard syndrome 260 

Brudzinski's sign 49 

buckle (torus) fracture 339, 340, 495 

buddy (companion) strapping 359, 359 
bullae 414, 414 

bullets 379-381, 380 
bupivicaine 61, 62-63, 67 

buprenorphine 58 

burns 363-373 

blast injury 375, 378 

chemical 460-461 

direct 451 

elderly patient 54 

electrocution 450-452 

exposure assessment 366-368, 366, 367 
facial 371-372, 371 
fat 369 

flame 378 

flash 378, 451 

full-thickness 364, 366, 368, 369 

hands 357, 372, 372 
history taking 369 

hot water 369 

infections 371 

inl1alation 364, 364 

major 363-368, 363 
first aid 363-364 

hospital management 364-368 

ophthalmic 460-461 

paediatric 363, 365, 372-373, 372, 501-502 

partial thickness 368, 369 

primary survey 364-368 

secondary survey 368 

smaller 368-371 

causes 369-370 

history and examination 369 

treatment 370-371 

in special places 371-372, 371 
surface area estimation 366, 366, 367 

burr holes 243-244 

bursitis 
anserine 403 

iliopsoas 402 

infrapatellar 403 

olecranon 332, 333, 401 

pes anserine 403 

prepatellar 403 

rota tor cuff 324 

subacromial 297 

trochan teric 402 

butane 197 

C-reactive protein 396 

calcaneum, fractured 317-318, 318 
calcific tendonitis 399-400, 400 
calcium 

metabolic disorders 212-213, 212,  2 1 3  

serum levels 1 78-179, 212, 213 

calcium hydroxyapatite crystals 399-400, 400, 405 

calcium-channel blockers (CCBS) 1 78-179 

Cambridge Cruciform Triage Card 544, 546-547 
Candida albicans 412 

cannabis 197 

cannulas 12, 30 

burns patient 365 

cardiopulmonary arrest 89-90 

intraosseous 487-488, 488 
needle cricothyroidotomy 27, 486 

needle thoracocentesis 142, 272 

capillary refill time 511 

capsulitis, adhesive 400 

carbamazepine 181 

carbon dioxide 
partial pressure of (PaC02) 16, 1 6  

see also hypercapnia 
carbon monoxide poisoning 186-188, 365 

clinical features 187, 1 87 
investigations 18 

toxicity 1 86-187 

treatment 187-188, 1 88 
carboxyhaemoglobin (COHb) 18, 186, 187 

carboxyhaemoglobinaemia see carbon monoxide 
poisoning 

carbuncle 389, 411 

cardiac block see heart block 
cardiac compression 507, 507, 509 



cardiac disease 98-133 
aortic dissection 99, 130-133, 130, 131, 132 
arrhythmia 108-116, 1 18-124, 1 71,  451 
bradycardia 112-113, 112-114, 1 23-124, 1 71 , 509 
cardiac failure 100, 100, 103, 1 17-118, 1 1 7  

co-morbidity 98 
heart muscle disease 103, 126-127 
hypertensive emergencies 128-130, 1 29 

investigations 17, 1 7  

pericarditis 99, 99, 1 17, 127-128 
symptoITls 98-101 

breathlessness 99-100 
chest pain 98-99 
palpitation 101 
syncope 100-101  

unstable angina 99, 102, 1 02 

valvular emergencies 124-126 
see also myocardial infarction 

cardiac enzyme analysis 18, 105 
cardiac failure 103, 1 17  

aetiology 1 1 7  

classification 100, 1 00 

cardiac ischaernia 1 7  
cardiac murmur 124-125, 127 
cardiac muscle 

diseases of 103, 126-127 
see also myocardial contusion; myocardial infarction 

cardiac pain 159 
cardiac rupture, left ventricular free wall 116-117 
cardiac tamponade 275 
cardiogenic shock 31,  1 16  
cardiomyopathy 126-127 

dilated 126 
hypertrophic (HCM) 126-127 
restrictive 126, 127 

cardiopulmonary arrest (CPA) 87-97 
aftercare 95, 95, 509-510, 509 

airway and ventilation 89 
breaking bad news 95-96 
co-ordinating resuscitation 94 
equipment 89 
heterogeneity 87-88 
hypothermic 445-446 
paediatric 505-5l 0, 531 
patient categories 87-88, 87 
personnel 88-89, 88, 94, 94, 96 
poisoned patient 1 71 
factors associated with poor outcome 95 

ceasing resuscitation 94-95 
resuscitation algorithms 90-94, 90-93 
in special circumstances 96-97 
survival rates 87 
vascular access 89-90 
ventricular fibrillation 88 

cardiopulmonary arrest team 88-89 
co-ordinating a resuscitation event 94 
debriefing 96 
medical information required by 94 

roles of 88 

cardiovascular system 
examination in children 49 
side-effects of local anaesthesia 62-63 

cardioversion 119, 121  
Care Orders 77 
caries (tooth decay) 475, 476 
carotid sinus hypersensitivity 101 
carpal tunnel syndrome 401 
carpals, fractured / dislocated 344-346, 345, 345, 346 

casualty bureau 552 
casualty clearing station 550-551,  553 
catheters 

Foley catheter 248 
Yankauer catheter 26 

cauliflower ear 468 
caustic soda 525 
cellulitis 387, 388, 411 

orbital 464 
cement burns 370 
central cord syndrome 260 
central nervous system (CNS) 

infections of 152-153, 152 

side-effects of local anaesthesia 62 
central retinal artery occlusion 461 
central retinal vein occlusion 461 
cerebral abscess 153 
cerebral contusion 240 
cerebral hemispheric infarction 155-156 
cerebral oedema, high-altitude 448 
cerebral perfusion pressure (CPP) 234 
cervical spine 247 

examination 259, 259 
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fractures / fracture-dislocations 264-265, 265, 266, 267 
immobilization 25, 25, 235, 257, 257, 258, 492 
lordotic curves 262, 263 
paediatric trauma 490-492, 492 
radiography 261-263, 261-262, 262, 490-492, 492 
see a /so neck 

charcoal, activated 172, 524 
charcoal haemoperfusion 173 
chemical burns 370, 460-461 
chemical incidents 446-447 
chest 

drainage 272-273, 273, 273, 275, 280, 376, 382-383 
paediatric patient 487, 487 

escharotomy 364, 364 
examination 7, 29, 49 
flail chest 273-274, 274 
pain 

assessment and docuITlentation 7, 11 
non-cardiac causes 98 

as symptom of cardiac disease 98-99, 102, 103 
radiography 32-33, 33 

aortic dissection 131, 131 
aortic rupture 2 78, 278 
avulsed teeth 479 
diaphragmatic rupture 279 
foreign bodies in the throat 472 
gas w1der the diaphragm 287, 288 
gw1shot wounds 383, 383 

oesophageal rupture 279, 279 
peptic ulcer 161,  162 
pericarditis 127 
pneumonia 135, 136 
pulmonary contusion 276, 277 
pulmonary embolus 138-139 
pulmonary oedema 1 15, 115 

retraction 49 
'sucking' wow1ds 273, 274 
see also thoracic trauma 

chicken pox 410, 522, 522 
child abuse 76-77, 499-504 

'at risk registers' 504 
burning 372, 373 
characteristic injuries 76 
diseases which mimic 503 
emotional abuse 503 
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chjJd abuse (contin11ed) 
examination 501-502 
hjstory 501, 501 
management 503-504 
Munchausen by proxy 503, 503 
poisoning 502-503 
presentation 76 
risk-factors 501 
sexual 503 
social background 76 
types of 499 

chjldren 46-51,  505-531 
abdorninal pain 159, 159, 527-528, 528 
advanced life support 93-94, 93 
analgesia 50, 51 
anaphylaxis 529-530, 530 
a rticuJar fractures 360 
basic life support 92-93, 92 
breathless/wheezy child 511-516, 511 
burns 363, 365, 372-373, 372 
cardiac arrest 88, 90, 92-94, 92-93, 96, 97, 505-510, 531 
consent 51,  74 
convulsions 517-519, 518, 519 
dedicated emergency departments 46 
developmental milestones 47, 47, 501 , 501 
diabetic emergencies 529, 529, 530 
diarrhoea 527 
drowning/ near-drowning 530-531 
epiglottitis 473-474 
examinations 48-49, 48, 49 
feeding 47 
finger-tip injuries 354 
general emergency departments 47 
history taking 47-48, 493-494, 501, 501 
hot and feverish 1 7-18, 519-524, 520 
im1mmizations 47-48, 47 
irritable hip 14 
neonatal resuscitation 509 
poisoned 168, 524-525, 524 
recognjtion of sick 510-511 
rectal bleeding 528-529, 529 
sedation 50-51 
shocked 516, 516 
skin diseases 410, 411 
special tests 49-50 
trauma 483-504 

abdominal injury 492-493 
airway management 485-486 
analgesia 488 
anatomical and physiological differences 483-488 
breathing management 487, 487 
cervical spine injury 490-492, 492 
circulation management 487-488, 487 
foreign bodies 499 
fracture 339-341, 340, 341, 489, 490, 490, 493, 494-497, 

494-496, 502, 502 
head injury 488-490, 489 
history taking 493-494 
investigations 488 
limb injury 493, 494 
mechanism of injury 483 
minor trauma 493-494 
non-accidental injury 499-504 
pulled elbow 333, 496-497 
regional injuries 488-493 
resuscitation 483-488, 484 
secondary survey 488 
soft-tissue injury 495-496 

spinal injury 256, 257 
tooth injury 479, 480, 498-499 
vital signs 487, 487 
wounds 37, 497-499 

unconscious 516-517, 516, 5 1 7, 531 
vascular access 90 
vomiting 525-527, 525, 526 

Chlamydia 422, 462 
C. pne11111oniae 134, 135 

cholelithiasis 162-163 
chronic obstructive pulmonary disease (COPD) 134, 

142-144 
acute exacerbation 143, 1 44 

classification 143, 1 43 
management 143-144, 144 

Chvostek's sign 213 
cimetidine 160-161 
cinchonjsm 180 
circulation management 24, 29-31, 29, 30 

burns patient 365-366, 366 
cardiac arrest 507, 507 
comatose patient 148 
head-injured patient 235 
paediatric patient 487-488, 487, 507, 507, 511, 511 
poisoned patient 1 70 
spinal injury 258 

circulatory system, hand 348-349, 352 
clavicle 

acromioclavicular joint injury 326 
fractured 326, 326 
retrosternal displacement of the medial end 327 
sternoclavicular joint injury 327 

claw toe 404 
clay-shoveller's fracture 266, 266 
clostridia 392-393 
co-amoxjclav 392 
coagulation disorders 199-202 
coagulation factor deficiencies 200-201 
coagulation studies 14-15 
cocaine 60, 195-196 
coccyx, fractured 298 
codeine 58, 193, 295 
cognitive function 53, 53 
coins, ingestion 499, 500 
cold, common 520-521 
cold injury 444-446 

local hypothermia 444-445 
non-freezing 444-445 
systemic hypothermia 445-446, 445, 446 

colic 
biliary 162-163 
infantile 528 

collapse, elderly patient 53, 53 
collateral ligaments 351, 351 

trauma 309 
lateral (LCL) 309 
medial (MCL) 308-309 

Colles' fracture 340-342, 341, 342 
colloids 42, 42 
coma 147-149 

assessment and management 147-148 
differential diagnosis 148, 148 
examinatfons 148-149 
history taking 3, 148 
hyperosmolar hyperglycaemic non-ketotic 209, 209 
hysterical 149 
investigations 148, 148, 149, 149 
management 149 



myxoedema 210-211 

paediatric 516-517, 5 1 6, 5 1 7  

primary survey 149 

communication 19-22 

ambulance service 19, 553 

breaking bad news 21-22, 2 1 ,  22, 95-96, 510 

with the general practitioner 19-21 

major incidents 548, 553 

with the police 22, 22 

referral 21, 21 

with relatives 35 

compartment syndrome 312, 313, 337 

competence 74 

complaints 83 

compression ultrasound 139 

computerized tomography (CT) scans 14, 14 
abdominal trauma 288 

aortic dissection 132, 132 
comatose patient 149 

convulsing patient 154 

head-injured patient 237-238, 237, 238, 240, 240, 242, 242 
intervertebral disc prolapse 268 

paediatric patient 489, 490 

pulmonary embolus 139 

stroke 156 

subarachnoid haemorrhage 151, 151 
concussion 239-240 

confusion 
acute 53-54, 54, 152-153, 436-437, 436 

bacterial meningitis 152 

cerebral abscess 153 

myxoedema coma 210 

viral encephalitis 152-153 

see also dementia 
conjunctiva 67 

conjunctiva! sac 457, 457 
conjunctivitis 462, 462 

conscious level 
assessment 31, 236, 238 

cardiopulmonary arrest patient 95 

comatose patient 148, 149 

elderly patient 53 

head-injured patient 236, 238 

loss of (syncope) 100-101, 127, 154-155, 1 55 

paediatric patient 516-517, 51 6, 5 1 7, 531 

poisoned patient 170 

consent 73-74 

adults 73-74 

children 51, 74, 77 

mental health issues 74, 76, 436 

religious issues 77 

constipation 161 

contact lenses 
problems 464-465 

removal 459 

continuous ambulatory peritoneal dialysis (CAPO) 215 

continuous positive airway pressure (CPAP) 115 

contraception, emergency 423-424, 423, 424 

contusion 
cerebral 240 

myocardial 277 

pulmonary 276-277, 277 
cooling therapy, for burns 370 

coracoacromial arch 398-399, 398 
cornea 67 

abrasion 459 

hypoxia 464-465 

staining 457 

coronary atheroma 101-102 

coroners 79-80 

coronoid process, fractured 325 

corrosives 188-189, 370 

corticosteroids 143, 144, 397 

coryza 520-521 

cot death 505 

court 80 

crack cocaine 195 

cranial arteritis 151 

cranial nerves 236, 237 
cricothyroidotomy 27-28 

needle 26, 27-28, 28, 486, 486 

surgical 26, 27, 28, 28 
crime prevention 552-553 

criminal investigations 553 

crocodile forceps 468-469, 468 

croup 474, 474, 512 

Crown Indemnity 73, 82 

crush injuries 375, 378 

crystal arthropathy 405-407, 406 

crystalloid solutions 30, 487 

cuboid, fractured 319 

Cushing response 234 

cut-downs 365 

cyanide 188, 365 

cyst 
Bartholin's 423 

infected sebaceous 389 

meibomiam 464 

cystitis 218 

d-dimer analysis 18, 139 

dacrocysti tis 464 

De Quervain's tenovaginitis 344, 401 

deafness 
blast injury 376 

conductive 466, 467, 469 

sensorineural 466, 467 

death 
acute myocardial infarction 102 

aortic rupture 277-278 

asthma 144 

blast victims 377 

breaking news of 21-22, 21 

cardiac arrest 505, 510 

cardiac rupture 117 

cardiogenic shock 116 

coroners 79-80 

dealing with 545, 552 

head injury 233, 240, 242 

identification 552 

major incidents 545-548, 552 

meningitis 522 

paediatric patient 483, 489, 505, 510 

pancreatitis 163 

pneumonia 135 

poisoning 168, 175 

snake bites 452 

third-degree heart block 113 

due to trauma 23, 505, 510 

w1stable angina 102 

ventricular septa! defect 116-117 

death certificates 79-80 

debridement 37, 39-40 

debriefing 96, 554-555 

decompression sickness 448, 448 
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decontamination 172-173, 446, 447 
deep vein thrombosis (DVT) 137, 139 
defibrillation 89, 89, 92, 509 
definitive care, transfer to 35 
degenerative joint disease 407--408, 407, 408 

see also specific diseases 
dehydration 228 

clinical features 228 
correction 208 
estimation 526 
paediatric 525-526 

delirium 53-54, 54, 436--437, 436 
delirium tremens 437 
delivery 

breech 503 
emergency normal 424--425 

delusions 432 
dementia 52, 54 
dental problems 475--480 

abscess 476--477, 477 
anatomy 475, 475 
intra oral soft-tissue laceration 478--479 
Ludwig's angina 477 
post-extraction bleeding 478 
sinus formation 477, 477 
tooth injury 479--480, 479, 498--499 
toothache 475--477 

depression 54, 434 
dermatology 409--415 

allergy 413, 414 
assessment 48, 409--410, 409, 410 
bullae 414, 414 
dermatological manifestations of systemic disease 

412--413, 413 
drug reactions 413, 413 
eczema 414 
glossary 410 
history taking 409--410, 409 
paediatric patient 48, 501-502 
psoriasis 414--415 
reactive erythema 413--414, 414 
skin infections 410--412 

bacterial 411, 411  
fungal 411--412, 412 
viral 410--411, 410 

skin infestations 412, 412 
topical anaesthesia 67 
urticaria 413 

'deroofing' 370 
desferrioxamine 186, 524, 525 
desmopressin (DDAVP) 200, 201 
dexamethasone 523-524 
Dhabi itch 412 
diabetes 206, 207-209 

paediatric 529, 529, 530 
diabetic ketoacidosis (DKA) 207-209 

complications 209 
fluid requirements 529, 530 
management 208-209, 208 
paediatric 529, 529, 530 
pathophysiology 207-208 

diagnostic peritoneal lavage (DPL) 288-289, 288, 493 
diaphragm 

gas under 287, 288, 383 
ruptured 278, 279 

diarrhoea 
paediatric 527 
travellers' 225, 225, 227-228, 227 

diazepam 68, 171, 182, 518 
dicobalt edetate 188 
difficult patients 73 
diffuse axonal injury (DAl) 240 
Dig-Fab fragments 179-180 
digital nerve block 66, 66 
digoxin 121, 179-180 
dinner-fork deformity 340, 341 
'dipping injury' 371 
dipstick tests 17, 218, 368 
disability, assessment 24, 31,  31 ,  366 
discharge 

sinus formation 477 
vaginal/urethral 219, 2 19  

discharge from hospital, elderly patient 56 
dislocation 

acromioclavicular joint 326-327 
ankle 314, 315, 317 
carpal 345-346, 346 
elbow 333, 335, 336-337, 336, 496--497 
bones of the hand 358-360, 359 
hip 300, 300, 303 
knee 311, 312 
mandible 251 
metatarsal 320 
radial head 338, 339 
sholuder 327-330, 327, 329, 329 
tarsal 318-319, 320, 320 
toe 321 
u�1a 336, 338-339, 339 

displacement, medial epicondyle 496, 496 
disseminated intravascular coagulation (DIC) 15, 15, 200, 

201, 201 
distension, abdominal 157, 158 
disturbed patients 435--436, 435 
diverticular disease 165 
diverticulitis 165 
diverticulum, Meckel's 528 
diving emergencies 448--449, 448 
dizzy spells 154, 155 
doctor, immediate care providers 535, 538, 539 
documentation 3, 6-11, 8-11, 35, 72, 73 

abbreviations 6, 7 
ambulance report forms 19, 20 
anatomical record sheets 7, 8-10 
essential features 6, 7 
major incidents 552 
ophthalmic 457, 458 
proformas 6 
wound management 37, 37 

doll's eye reflex 516 
domestic accidents 450, 451 
Doppler imaging 139 
dorsiflexion injuries, of the wrist 343, 344, 345 
'doughnut sparing' 501-502 
drainage 

abscess 389, 389, 390, 513 
chest 272-273, 273, 273, 275, 280, 376, 382-383, 487, 487 

dressing pads 41, 42 
dressings 

burns patient 370-371 
wound management 41--43, 42 

Dressler's syndrome 117 
Drive and Vehicle Licensing Authority (DVLA) 78, 154 
drowning 

dry 530-531 
paediatric 530-531 
see also near-drowning 



drug level testing 170-171 
drug screening 15, 171 
drugs 

recreational 78-79, 190-197, 244 
therapeutic 

bogus requests for 438 
carried by ambulance service 538 

dermatological reactions to 413, 413 
elderly patient 56 
history taking 3, 4, 33, 48 
psychiatric 438-439 

see also specific drugs 
'dry drowning' 530-531 
'dry socket' 477 
DTP vaccine 393 
duodenal trauma 290 
dura mater 233, 233, 234 
duty of care 80-82 
dyspnoea, paroxysmal nocturnal 100 
dystonia, acute 438 

ear problems 466-470 
assessment and examination 466-467, 466 

blast injury 376 
foreign bodies 468-469, 499 
history taking 466, 466 

iniections 467-468, 520 
inner ear barotrauma 449 
middle ear squeeze 449 
perforated tympanic membrane 469 
pinna haematoma 468 
trauma 449, 469 
vertigo 469-470, 469 

echocardiography 
aortic dissection 132 
pericarditis 128 
pulmonary embolus 139 
transoesophageal (TOE) 132, 139 
transthoracic 132, 139 

eclampsia 425-426 
ecstasy 194-195 
ectopic pregnancy 420-421 
eczema 414 
eczema herpeticum 410-411 
effusion, pleural 137 
elbow 

painiul 400-401 
radiography 333-334, 334, 334, 335, 336, 495, 496, 496 
trauma 332-337 

dislocation 333, 335, 336-337, 336, 496-497 
fracture 333-336, 334, 334, 335, 336, 495-496, 495 
'pulled elbow' 333, 496-497 
soft-tissue injury 332-333 

elderly patients 52-56 
assessment 52-53 
cholelithiasis 162 
history taking 52 
inappropriate treatment 56, 56 

leaking abdominal aortic aneurysm 166-167 
mechanisms of injury 54 
prior to discharge 56 
problems in dealing with 52 
specific clinical problems 53-56 
trauma in 54-55 

electrical bums 369-370 
electrocardiography (ECG) 17, 1 7, 32, 102, 106, 125 

acute anterior myocardial iniarction 104 

acute myocardial infarction 102-105, 104 
atrial fibrillation 109 
atrial flutter 110, 122 
atrial tachycardia 121 
heart blocks 112, 113, 114 
idioventricular rhythm 112 
pericarditis 127, 128 
poisoned patient 171 
pulmonary embolus 139 
supraventricular tachycardia 110, 120 
Torsade de Pointes 123 
ventricular fibrillation 112 
ventricular tachycardia 110, 122 
Wolf-Parkinson-White syndrome 120 

electrocution 450-451 
electrolytes 

analysis 15, 170 
disturbance 208 
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electromechanical dissociation (EMD) 93-94, 508, 508 
elevation 40, 43, 353 
embolectomy 140, 141 
embolism 

air 377, 377 
arterial gas 449 
and atrial fibrillation 118 
see also pulmonary embolus 

Emergency Powers and Prevention of Terrorism Act 
(Northern Ireland) 78 

Emergency Protection Orders 504 
EMLA 49-50, 67 
emotions 

abuse of 503 
assessment 432 

emphysema, subcutaneous 280, 280 
encephalitis 152-153, 521 
endocrine emergencies 206-213 

Addisonian crisis 211-212, 2 1 2  

disorders of  calcium metabolism 212-213, 2 12, 2 1 3  

hyperglycaemia 207-209 
hypoglycaemia 206-207, 206 

hypo pituitary crisis 212 
thyroid emergencies 209-211 

endotracheal intubation 26, 27, 28, 32 
cardiac emergencies 89, 95, 116 
comatose patient 148 
immediate care 537 
internal diameter of the tube 486 
monitoring of 32 
neonatal 509 
oral 26, 27 
paediatric 485, 485, 486, 509 
tube placement 28, 28 

energy transfer, gunshot wounds 379, 379, 381 
ENT sur�eon 252, 449, 471, 473, 499 
Entonox 58, 106, 295, 312 
environmental emergencies 443-452 

chemical incidents 446-447 
cold injuries 444-446 
diving emergencies 448-449, 448 
electrocution 450-451 
heat illness 443-444 
high-altitude sickness 447-448 
near-drowning 449-450, 449 

radiation illness 447 
snake bites 452 

epicondyle 
elbow dislocation 336 
la tera 1, fracture 333, 335 
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epicondyle (continued) 
medial 

displacement 496, 496 
fracture 333, 334--335, 335, 496 

epicondylitis 
lateral 332, 400 
medial 333, 400 

epididymitis 220 
epidural analgesia 58 
epiglottitis 473-474, 474, 512-513 
epilepsy 153-154, 1 53, 519 
epinephrine 92, 94 
epiphysis 

fractured 341, 342, 360, 361, 494-495, 494, 502 
slipped femoral 497, 497 

episcleritis 463 
Epistats® 248, 248 
epistaxis 248, 471, 471 
Epstein-Barr virus (EBY) 229 
erection, priapism 221 
erysipelas 387-388, 388, 411 
erysipeloid 411 
erythema 391 

infectiosum 411, 522 
multiforme 413-414, 414 

nodosuJTI 413-414, 414 
reactive 413-414, 414 

SilTiple 369 
erythrocyte sediJTientation rate (ESR) 396 
escharotomy, chest 364, 364 
ethanol 15, 191, 192 
ethylene glycol 191-192 
etomidate 69, 69 

European Resuscitation Council 90, 91 
evacuation, major incidents 552, 554 
events and environment 3, 4--5, 33-34, 33 

evidence 
of fact 80 
giving 80 
preservation of 79, 549 

examination 5-6, 6 
see 11/so specific ex11min11tions 

exanthema subituJTI 522 
expert opinion 80 
explosives 375 
exposure and environment 24, 31 
extensor tendons 347-348, 350, 357, 358, 358, 401 
extensor tenosynovitis 401 
external rotation 314 
extradural space 234 
eye 

coma patient 516, 516 
see also ophthalmology 

eye drops 458 
eye patching 459 
eyelid 498 

Fab fragments 1 79-180 
face 

abscess 389-390 
see 11/so maxillofacial injury 

face-JTiasks, paediah·ic 485 
facet joint dislocation 265, 265 
factitious disorders 438 
Factor VIII 200-201 
Faculty of Pre-Hospital Care 535 
faints, simple 100 

falls 53, 54 
FAST teclmique 287 
fat pads 334, 334 
febrile convulsions 518-519 
femoral artery sampling 15 
femoral nerve block 66-67, 67 
femur 

femoral shaft fracture 304-305 
proximal femoral fracture 300-303, 301 , 301, 302 
slipped femoral epiphysis 304, 304, 497, 497 
supracondylar fracture 306, 306 

fetal trauma 427 
FEV1 143, 143 
fever see pyrexia 
fibula, fractured 312, 313, 315, 317 
field blocks 63-67, 64, 65, 66, 67 
Fifth disease 411, 522 
finger-tips 349, 350, 354 
fire service 554, 555 
fistulas 216 
flail chest 273-274, 274 
'flake' fractures 345 
Flamazine® 368, 372 
Flamazine® bag 357, 372, 372 
flexion block splint 360, 360 
flexion deformities, hip 402 
flexion injuries, of the shoulder 324 
fluid restriction, head-injured patient 243 
fluid therapy 

blast victim 377 
burns patient 365-366, 366 
diabetic ketoacidosis 208, 529, 530 

gastroenteritis 525-526 
haemorrhagic shock 30 
heat illness 444 
hypercalcaemia 213 
paediatric patient 487, 516, 525-526 
shocked patient 516 

flumazenil 68, 192-193 
fluorescein staining 457, 458 
foam packs, nasal 471, 471 
focused abdominal sonography for trauma (FAST) 14 
Foley catheter 248 
folliculitis 389, 411 
food poisoning 161, 227-228, 228, 525-526 
foot 

painful 403-404 
radiography 317, 318, 319, 320-321 ,  320 
h·auma 317-321 

burn injury 372 
calcaneal fracture 317-318, 318 
metatarsal fracture/dislocation 320, 321 
puncture wounds 45 
talus fracture 317, 318 
tarsal fracture/dislocation 318-319, 319, 320 
toe fracture/ dislocation 321 

forearm trauma 337-343 
distal radial fracture 340-3-13, 341, 342, 342, 343 
radial and ulnar fracture 338-340 
soft-tissue injury 337-338 

foreign bodies 
in the airway 26, 26, 247 
in the ear 468-469, 499 
penetrating the face/mouth 249, 249, 479 
in the forearm 337 
in the hand 355, 355 
inhaled 499, 513, 515 
metallic 459 
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nasal 470--471, 499 
OCLilar 457, 459, 459 
paediatric patient 499 
penile 221 
rectal 166, 166 
swallowed 499, 500 
in the throat 472, 472 
vaginal 424 
in wounds 38-39, 39, 40 

forensic samples 78 
fourth disease 522 
fracture 380, 493 

acetabulum 298-299 
acromium 325 
age of 502, 502 
ankle 314, 317 
articular 360, 361 
avulsion 299, 299 
Barton's 342 
Bennett's 360, 362 
buckle 339, 340, 495 
calcaneal 317-318, 318 
carpal 344-345, 345, 345 
clavicle 326, 326 
coccyx 298 
Calles' 340-342, 341, 342 
condylar 496, 496 
coronoid process 325 
cuboid 318 
elbow 333-336, 334, 334, 335, 336, 495--496, 495 
elderly patient 55 
epicondyle 333, 334-335, 335, 496 
epiphyseal 341, 342, 360, 361, 494--495, 494, 502 
femoral 300-303, 301 , 301, 302, 304-306, 304, 306 
fibula/tibia 312-313, 313, 314, 315, 317 
'flake' 345 
foot 317-321, 318 
frontal 254-255, 255 
glenoid 325 
greenstick 339-340, 341, 495, 495 
of the hand 351, 351, 354, 358-359, 360-362, 361 
humeral 330-332, 331, 332, 495--496, 495 
iliac bones 298 
investigations 38 
knee 307, 307, 309, 310-312, 312 
lower limb 294, 295 
Maisonneuve 316 
mandibular 247-248, 250, 250 
n1axillary 248, 251-252, 251 
metacarpal 360-362, 362 
metatarsal 318-319, 321 
nasal complex 252, 252, 253 
navicular 318, 319 
non-accidental 502 
non-articular phalangeal 360 
oJecranon 333, 335 
paediatric patient 50, 489, 490, 490, 493, 494--497, 

494--496, 502, 502 
pelvic 286, 290-291 , 290-291, 296-299 
pubic rami 296, 296, 297, 298 
radial head 333, 335-336, 336 
radial neck 496 
radius 338-343, 339, 340, 341, 342, 342, 343 
rib and sternal 280-281 ,  281, 502 
sacrum 298 
Salter-Harris classification 494--495, 494 
scapula 325, 325 
skull 237, 237, 238-239, 239-240, 489, 490, 490 

Smith's 342-343, 343 
spine 263-267, 264, 264-267, 299 
stress 312, 319 
talus 317, 318 
tarsal 318, 319 
terminal phalanx 354 
tibia/fibula 312, 313, 314, 315, 317 
toddler's 497 
toes 321 
torus 339, 340, 495 
u�1ar 338-340, 339, 340 
upper limb 322-323 
variability with age 11 ,  1 1  
volar plate 351 ,  351 
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zygomatico-orbital complex 252-255, 253, 253, 254 
fracture haematoma, infiltration of 66 
Frankel's classification of spinal injury 256, 257 
frenular tears 222 
Froment's test 351-352 
frontal fractures 255, 254-255 
frontal impact trauma 34, 34 
frostbite 444, 444 
frostnip 444 
fundal height 426, 426 
fundoscopy 457 
fungal infections 411--412, 412 
furunculosis (boils) 389, 411 ,  467 

Galeazzi fracture-dislocation 339, 339, 340 
gallstones 162, 162 
'gamekeeper's thumb' 358, 359 
gamma-hydroxybutyric acid (GHB) 196 
gas gangrene 393 
gastric decompression 486 
gastric lavage 1 72-173, 1 72, 176, 524 
gastric tubes 32 
gastritis, acute 161 
gastro-oesophageal reflux 526 
gastrocnemius, ruptured 312 
gastroenteritis 161, 227-228, 228, 525-526 
gastrointestinal emergencies 157-167 

assessment of abdominal pain 157-158 
differential diagnosis 158-159, 158, 159 
history taking 157 
investigations 159, 159 
specific conditions 159-167 

gastrointestinal haemorrhage, acute 159-161, 160 
gels, wow1d management 42, 42 
genitals 

trauma 372, 503 
ulceration 219 
warts 219 

genitourinary emergencies 214-222 
acute ureteric colic 217, 217 
acute urinary retention 216-217 
balanitis 221 
haematuria 216, 2 16  
phjmosis/paraphjmosis 221 
priapism 221 
prostatitis 219 
renal failure 214-216 
scrotal pain/swelling 219-221 ,  220 
sexually transmitted diseases 218-219, 2 19  
testicular torsion 14, 220, 528 
trauma 291-292 
urethritis 218-219 
urinary tract infection 55, 217-219, 521 
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gestational age 426, 426 
Gillick competence/ incompetence 74 

Glasgow Coma Scale (GCS) 6, 7, 31,  31,  147 

cardiac arrest patient 95 

head-injured patient 236, 236 

paediatric patient 488, 489, 489, 516 

poisoned patient 170 

glass, wounds involving 337, 355, 355 
glaucoma, acute 462, 463, 463 
glenohumeral joint 324, 327-328, 400 

glenoid, fractured 325 

glucagon 178, 207 

golfer 's elbow 333, 400 

good practice, principles of 72-73 

gout 395, 396, 401, 401, 404, 406-407 

Gram staining 1 7  

greenstick fractmes 339-340, 341, 495, 495 
groin injury 299-300 

guardsman's fractme 250, 250 
Guidelines 2000 for CPR and Emergency Cardiovascular 

Care 90 

gunshot injury 285, 374, 379-383 

clinical management 382-383 

featmes of the missile 379, 380 
features of the tissue 379, 380, 381, 381 
high- and low-energy transfer wounds 379-380, 

379, 381 

history taking 34 

types of missile 380-382, 381, 382 
gynaecological emergencies 419-424 

assessment 419-420, 4 1 9, 420 

differential diagnosis 420-422 

history taking 419, 4 1 9  
investigations 420 

other common problems 423-424 

haemarthrosis 307, 307, 310 

haematology 12,  14--15, 15, 1 98-203 

abdominal trauma 287 

blood counts 14, 126, 136, 405 

blood-films 225-226 

cellular deficiencies 198-199 

coagulation disorders 199-202 

paediatric 49-50 

poisoned patient 170 

sickle cell disease 202-203 

see also arterial blood gas analysis 
haematoma 

extradural 242, 242, 243 

intracerebral/intraventricular 242, 243 
intracranial 31, 238, 238, 242 
perianal 1 66 

pirn1a 468 

scrotal 292, 292 
septa! 248-249, 249, 252 

subarachnoid 242 

subdural 242, 242, 502 

subungual 353--354 

thigh 304 

haematoma blocks 66, 341 

haematuria 216, 216, 493 

haemodialysis 173, 176, 216 

haemodynamic monitoring 116 

haemoglobin S 202 

haemophilia 200 

Hae111ophilus influenzae 1 34, 523 

type B (HIB) 512 

haemorrhage 
abdominal 14, 286 

and anaemia 198--199 

anteparturn 425 

due to anticoagulation therapy 14, 201-202 

control 24, 29-31, 29, 30, 40-41 ,  40 

forearm 337 

gastrointestinal 159-161 

gynaecological 420, 424, 425 

haemorrhoidal 166 

intracra.nial 238, 241-242, 242, 243-244, 243 
maxillofacial 247, 248-249, 249 
nasal 248-249, 471, 471 

oral 247 

due to pelvic trauma 297 

platelet disorders 200 

post-extraction 478 

postpartum 424, 425 

pulmonary 138 

rectal 528-529, 529 
scrotal 292, 292 
septa! 248-249, 249 
subconjunctival 463 

vitreal 461 

see also haematoma 
haemorrhoids 166 

haemostasis 24, 29-31,  29, 30 

woLmd management 40-41, 40 

haemothorax 280, 376 

massive 275 

hair tying 41 

hallucinations 
auditory 432 

visual 432, 436 

hallucinogens 197 

hallux rigidus 404 

hallux valgus 404 

hammer toe 404 

hand 347-362 

anatomy 347-349, 348, 348, 349, 350 
assessment 7, 11, 11, 349-352 

examination 350-352 

history 349-350 

common/important pathologies 44-45, 353-362 

bone and joint injuries 358-362 

burns 372, 372 
neurological injury 337-338 

pain 400-401 

soft-tissue injuries/infections 353-357, 389, 390, 

401 

tendon and ligamentous injury 357-358 

general management principles 352-353 

investigations 352 

hangman's fracture 264, 265 
Hartmann's solution 365, 366 

head 
examination in children 48, 49 
injury 233-245 

ABC approach 234--236 

advice cards 239, 241, 491 
anatomy 233--234, 233 
assessment 7, 11, 234--235, 236-237, 236, 237 

brain damage 235, 235, 238, 239-240, 489, 

502 

elderly patient 54--55 

intracra.nial pressure 234 

investigation and management 237-238, 237 
management pitfalls 244--245 



neurosurgical referral 237, 242, 243 

non-accidental 502 

paediatric patient 488-490, 489, 502 

specific treatments 243-244 

spectra of injuries 238-242, 238 

transferring patients 35, 244, 244 
headache 149-152 

benign 149, 1 50, 151-152 

cranial arteritis 1 5 1  

migraine 151-152 

serious 149, 150-151, 150 

subarachnoid haemorrhage 150-151 

tension headaches 151 

hearing, assessment 466-467 

heart block 1 1 2-113, 123-124 

first-degree 1 1 2, 112, 123 

second-degree 113, 123 

Mobitz type I 113, 113, 123 

Mobitz type II 1 1 3, 113, 123 

third-degree 113, 114 
heat illness 443-444 

heat exhaustion 443-444 

heat stroke 444 
minor 443 

Heberden's nodes 401 

Heimlich manoeuvre 472 

hemiplegia 256 

Henoch-Schonlein purpura 528 

heparin 107, 118, 140, 202 

hepatitis 228-229 

hepatitis A 228 

hepatitis B 24, 25, 38, 44, 45, 228-229 

hepatitis C 25, 229 

herniation 
incarcerated inguinal hernia 527 

intervertebral disc 267 

ocular muscle 254 

heroin 193, 196 

herpes, genital 219 

herpes simplex virus 152-153, 410-411 

herpes virus 8 522 

herpes zoster ophthalmicus 464 

high-altitude cerebral oedema 448 

high-altitude pulmonary oedema 448 

high-altitude sickness 447-448 

high-pressure injection injury 355 

hip 
chronic disease 403 

irritable 1 4  

mobility 402, 402 
painful 402 

radiography 301, 301, 402 

trauma 299-303 

dislocation 299, 299, 300, 300 
general principles 299 

prosthetic hip problems 303 

slipped femoral epiphysis 304, 304 
sports injuries 299-300 

history taking 3-5, 3 
see also specific histories 

HIV 24, 25, 229 

antiviral prophylaxis 224 

clinical features 223-224 

human bites 44 

investigations 224 

needlestick injury 38, 45 

risk factors 223 

risks to carers 224 

testing 224 

treatment 224 

hordeolLun 464 

Homer 's syndrome 323 

hospital admission 
compulsory 439-440 

major incidents 530 

repeat 244, 437-438 

hospital team, immediate care 538-539, 539 

humerus 
dislocated 328 

fractured 330-332, 331, 332 
distal 332, 332 
proximal 330-331 ,  331 
shaft 331 

supracondylar 495-496, 495 
impingement syndrome 399 

radiography 331, 331-332, 331, 332 
Hydatid of Morgani, torsion 220 

hydrofluoric acid 370 

hypercalcaemia 212-213, 2 1 2, 213 

hypercapnia, permissive 146 

hyperglycaemia 207-209, 209 

hyperkalaemia 215, 2 1 5, 216 

hyperosmolar hyperglycaemic non-ketotic coma 
(HHNKC) 209, 209 

hypertensive emergencies 128-130, 1 29 
aetiology and clinical features 128-129 

in aortic dissection 1 3 1  

follow-up 130 

management 129-130 

poisoned patient 1 71 

hypertensive encephalopathy 130 

hyperthermia 1 71,  245 

hyperuricaemia 406, 406 

hyphaema 460, 460 
hypnotics 69-70 

hypocalcaemia 213, 2 1 3  

hypoglycaemia 206-207, 5 1 7  

clinical presentation 206-207, 206 

and coma 148 

paediatric 529 

treatment 207 

hypoperfusion 511 

hypopituitary crisis 212 

hypo tension 
paediatric 511 

poisoned patient 1 71 

postural 101,  1 01 

supine hypotension syndrome 426, 427 

and tlu·ombolytics 107 

hypothermia 31 

burns patient 366-367, 370 

cardiopulmonary arrest 96-97 

local 444-445 

systemic 445-446, 445, 446 
hypothyroidism 210-211, 2 1 1  

hypovolaemia 29, 489 

hypoxaemia 1 1 5, 136 

hypoxia 
asthmatic 146 

corneal 464-465 

detection 32 

high-altitude sickness 447 

idioventricular rhythm 1 1 1 ,  112 
iliac bones, fractured 298 
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i l iopsoas bursitis 402 
imaging 12-14 

see also computerized tomography scans; magnetic 
resonance imaging; radiography; ultrasound 

immediate care 535-539 
ambulance service paramedics 535-538, 536, 537, 538, 538 
care providers 535 
hospital team 538-539, 539 

major incidents 549-550, 549, 553-554 
immobilization 

cervical spine 25, 25, 235, 257, 257, 258, 492 
hand 353, 357, 357, 359, 359, 360-362, 360 
lumbar spine 257-258 
shoulder 325, 326 
thoracic spine 257-258 
wrist 344--345 

immunization 
paediatric 47-48, 47 

tetanus 392-393 
immunology 198-204 
impetigo 411, 503 
impingement syndrome 397, 398-399 
incapacity, mental/physical 52 
indemnity 73, 82 
industrial accidents 349-350, 450 
infants 

cardiac compression 507 
fever 519 
head injury 488 
intussusception 526-527, 527 

infarction 
mesenteric 165 
stroke 155-156 

infection 
ear 467-468 
joint 405 
periocular 456, 464, 464 

prosthetic hip 303 
sickle cell disease 203 
soft-tissue 387-393 

primary 387-390, 410-412 
wound-related 36, 42, 44, 390-393 

tibial fracture 313 
infectious diseases 223-229 

elderly patient 55 
gastroenteritis 227-228, 228 
hepatitis 228-229 
HIV 223-224 
Lyme disease 229 
meningococcal septicaemia 226-227 
travellers' illnesses 224--226, 225 
see also specific diseases 

infective endocarditis 125-126 
inferior orbital margin, step deformity 253, 254 
infestations, skin 412, 412 

information requests 
cardiopulmonary arrest team 94 

police 77-78 
relatives/ employers 79 

infrapatellar bursitis 403 
inhalation analgesia 58 
inhaled foreign bodies 499, 513, 515 
inotropes 116 
insertional tendonitis 310 
insulin therapy 207, 208-209 
intensive care unit (ICU) 146, 169 
intercostal block 67 
intercostal drain 142, 272-273, 273, 273 

intermittent partial pressure ventilation (IPPV) 116, 144, 146 
international normalized ratio (INR) 14, 175, 201-202 
interphalangeal joint 359, 359, 360 

distal 347, 359 
proximal 347, 350, 357-358. 359, 360 

intervertebral disc lesions 267-268 
intestines 

obstruction 163-164, 164 
trauma 290 

intracranial haemorrhage 31, 238, 238, 241-242, 242, 
243-244, 243 

intracranial pressure (ICP) 234, 517, 517 
intraocular pressure (!OP) 457 
intraosseous infusion 487-488, 488 
intrauterine contraceptive device (IUCD) 423-424 
intravenous access 

haemorrhagic shock 30 
immediate care 537 
see also vascular access 

intubation see endotracheal intubation 
intussusception 526-527, 527 
investigations 12-18 

'bedside' /near-patient testing 12, 17-18 
biochemical 15-16, 15, 1 6  

electrocardiography 17, 1 7  

haematological 14--15, 1 5  

indiscriminate use o f  12 
microbiological 17 
radiography and imaging 12-14 
see also specific investigations 

ipratropium bromide 145, 146 
iron poisoning 185-186, 186, 524--525 
irrigation 390-391, 459 
ischaemia 

heart disease 17 
mesenteric 165 
wound-edge 41, 41 

ischio-rectal abscess 165 

jaw see mandible 
jaw thrust manoeuvre 26, 26 
Jefferson fracture of the atlas 263-264, 264 
Jehovah's Witnesses 77 
joint fluid 17 
joints 

deformity 395, 396 
painful 394-408 

acute 395 
ankle, foot, toes 403-404 
articular disorders 395 
assessment 394, 394 
clu'OIUC 395 
crystal arthropathy 405-407, 406 

degenerative joint disease 407-408, 407, 408 
differential diagnosis 397-404 
elbow 400 
examination 395-396 
general princfples 394--397 
hip 402 
history 394--395 
important conditions 404-408 
inflammatory causes 396, 396 

investigations 38, 396-397, 396, 397 

knee 403 
nonarticular disorders 395, 396 
noninflammatory causes 396, 396 
reactive arthritis 405 



septic arthritis 404-405 
shoulder 397-400 
treatment 397 
wrist, hand, fingers 401--402 

keratitis 460, 462, 463 
keratoconjunctivitis 465 

epidemic 462 
Kemig's sign 49 
ketamine 51, 51, 69-70, 539 
kidney see renal . . .  
knee 

painful 306, 310, 403 
radiography 306-307, 307, 310, 312 
trauma 306-312 

chronic knee pain 310 
dislocation 311, 312 
fracture 307, 307, 309, 310-312, 312 
general principles 306-307 
Ottawa knee rules 307, 307 
soft-tissue injury 307-309 

knife wounds 34, 270, 285, 285 
Kocher's method 329, 329 
Koplik's spots 521 
Korsakoff's psychosis 437, 437 
Kussmaul breathing 207-208 
Kussmaul's sign 128, 275 

labyrinthitis 
bacterial 468 
viral 470 

laceration 
intraoral soft-tissue 478-479 
nail-bed 354 
pinna 468 
pretibial 43, 43, 312 
scalp 244-245 

Lachman's test 308 
lacrimal sac infection 464 
lacunar infarction 156 
laparotomy 285, 286, 286, 289, 289 
laryngeal mask airway 89 
laryngeal trauma 245, 248, 474 
laryngitis, acute 474 
laryngoscope 

MacGill 486 
Macintosh 486 

laryngotracheobronchitis 474, 474, 512 
lash marks 502 
Lassa fever 226 
lavage 

diagnostic peritoneal 288-289, 288, 493 
gastric 172-173, 1 72, 176, 524 

left bundle branch block (LBBB) 104 
leg 

length measurement 402 
trauma 312-313 

femoral injury 300-303, 301, 301, 302, 304-306, 304, 
306, 497, 497 

fibular injury 312-313, 312, 315, 317 
knee injury 306-312, 307, 309, 312 
soft-tissue injury 312 
tibial injury 307, 309, 310-313, 314, 317, 497 

legal issues 72-83 
child abuse 76-77, 76 
complaint management 83 

consent 73-74 
controlled drugs 78-79 
coroners 79-80 
dealing with the police 77-78 
giving evidence 80 
gunshot/blast wounds 381-382 
information requests 79 
medical defence agencies 73 
medical protection societies 82 
mental illness 74, 75-76 
negligence 80-82 
preservation of evidence 79, 549 
principles of good practice 72-73 
religious issues 77 
seeking appropriate advice 82-83 

legal reports 80, 81 
leptospirosis 38, 229 
leucopenia 199, 1 99 
life support 

advanced (ALS) 90 
in adults 91-92, 91 
paediatric 93-94, 93, 507-508, 507 

advanced trauma (ATLS) 23-24, 234 
basic (BLS) 

in adults 90-91, 90 
paediatric 92-93, 92, 506-507, 506, 506 

ligaments 
ankle trauma 314, 315 
hand trauma 351, 351, 357-358 
knee trauma 307-309 
lower limb trauma 295, 307-309, 314, 315 

lightening strike 450, 451 
lignocaine 61, 1 1 1  

eye drops 67, 458 
gel 221, 222 
nerve blocks 63, 64, 65, 66, 67 
paediatric patient 498 

limb blocks 
lower 66-67, 67 
upper 63-66, 64-66 

limbs 
amputation 378, 378, 539 
gunshot wounds 383 
lower limb trauma 293-321 

ankle injury 314-317 
documentation 7, 1 1 ,  11 
examination 6, 293, 294-295 
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femoral injury 300-303, 301, 301, 302, 304-306, 304, 
306, 497, 497 

fibular injury 312-313, 313, 315, 317 
foot injury 317-321 
general principles 293-296 
hip injury 299-303 
history taking 293-294 
investigations 295 
knee injury 306-312 
leg injury 312-314 
life-threatening 293 
mechanism of 293 
paediatric patient 493, 494 
pelvic injury 296-299 
tibial injury 307, 309, 310-312, 312-313, 314, 317, 497 
treatment 295 

upper limb trauma 322-346 
arm injury 330-332 
brachia] plexus injury 323 
documentation 7, 11 ,  11 
elbow injury 332-337 
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limbs (continued) 
upper limb trauma (continued) 

examination 6 
forearm injury 337-343 
general principles 322-323 
mechanism of 322 
paediatric patient 493, 494 
shoulder injury 323-330 
wrist injury 343-346 

lipohaemarthrosis 307, 307 
lithium 185, 439 
Little's area 248 
liver 

poisoning 170, 173-175 
trauma 289 

log-rolling 258-259, 259 
loin pain 217 
loosening, prosthetic hips 303 
lorazepam 436, 518 
Ludwig's angina 477 
lumen, false (aortic) 130, 132 
lunate dislocation 346, 346 
Lund and Browder charts 366, 366 
lung 

blast injury 376-377, 376 
collapsed 141-142 
see also pulmonary . . .  

Lyme disease 229 
lysergic acid diethylamide (LSD) 197 

magic mushrooms 197 
magnetic resonance imaging (MRI) 133, 154 
major incidents 540-556, 542 

admissions 530 
classification 541 
command and control 543, 550, 551 
communications 549 
compensated 541 
compound 541 
dealing with the dead 545, 552 
dealing with the media 548-549, 553 
dealing with relatives 548 
debriefing 554-555 
declaration of 541-542 
definition 540-541 
emergency services at the scene 550, 552-554 
hospital response 542-543 
mobile medical teams 549-550, 549 
planning and equipment 542-543, 543 
police 549, 552-553 
recent UK 540-541, 541 
at the scene 550-554, 549, 551 
staffing 548 
training 543, 556 
treatment 545 
triage 543-545, 545, 546-547, 553, 554 
types of 540 
uncompensated 541 
urgent surgery 530 

major incident medical management and support 
(MIMMS) course 556 

malaria 225-226 
malleolus 

lateral 317 
medial 317 
posterior 317 

mallet finger 357, 357 
malnutrition 437 

malrotation 527 
mandible 

dislocated 251 
fractured 247-248, 250, 250 

mania 434-435 
manipulation 

articular fractures 360, 361 
Colles' fracture 341-342, 342 

Smith's fracture 342-343 
see also reduction 

mannitol 243 
'march fractures' 320 
mastoiditis, acute 468 
maxilla 

fractured 248, 251-252, 251 
posterior impaction 248 

maxillofacial injury 247-255 
airway management 247-2-18 
burns 371-372, 371 
classification 249-255 

bony injury 248, 250-255, 251 
soft-tissue injury 44, 249-250, 371-372, 371, 498, 502 

epistaxis 248 
haemorrhage 247, 248 
septa! haematoma 248-249, 249 

maxi.llofacial surgeon 252 
MDMA (ecstasy) 194-195 
measles 521, 521 
mechanism of injury 3-4, 5, 5 
Meckel's diverticulum 528 
media, dealing with 548-549, 553 
median nerve 

block 64, 65 
injury 330, 337-338, 344, 351 

meibomiam cyst 464 
Meniere's disease 469-470 
meningitis, bacterial 152, 522-524, 523, 523 
1neningocaemia 226-227, 522-524, 523, 523 
meniscal injury 308, 309 
menorrhagia 423, 423 
Mental Health Act 1983 74, 75, 76, 439-440 
mental incapacity 52 
mental state examination 432, 432 

mesenteric adenitis 528 
mesenteric infarction 165 
mesenteric ischaernia 165 
metacarpals 360-362, 362 
metacarpophalangeal joint 359, 360 
metatarsalgia 404 
metatarsals 318-319, 321 
methadone 193 
methamphetamine 194 
methanol 190-191 
methionine 175 
methylated spirits 192 
methylphenidate 194 
methyprednisolone 261 
microbiological analysis 17, 136 
mid-tarsal joint 318-319 
midazolam 50-51,  68 
migraine 151-152 
Ministry of Defence 553 
miscarriage 

incomplete 421 
inevitable 421 
missed 421 
septic 421 
spontaneous 421-422, 421 
threatened 421 



missiles 
qualities 379-380, 380 
tracks 380, 380 
types 380-382 

mitral valve stenosis 125 
molluscum contagiosum 411 
monitoring 116, 131 

during local anaesthesia 62 
during sedation 68 
trauma patient management 31-32, 3 1  

monoamine oxidase inhibitors (MAOis) 438 
Monteggia fracture-dislocation 338, 339 
morphine 50, 60, 193, 488 
Morton's metatarsalgia 404 
mouth-to-mouth respiration 507 
multivitamins, overdose 185 
mumps 521-522 
Munchausen by proxy 503, 503 

Munchausen's syndrome 438 
Murphy's sign 162 
muscle compartment syndrome 312, 313-314, 337 
muscle power, gradation 294 

muscle relaxants 70-71 
Mycoplnsrna 

M. legionelln 134, 135 
M. pneurnoniae 134, 135 

mydriasis, traumatic 460 
mydriatics 458 
myocardial contusion 277 
myocardial infarction 

acute (AMI) 102-117 
anterior 104-105, 104, 113 
biochemical markers 105-6 
chest pain 99 
clinical features 103 
complications 108-117 
electrocardiography 103-105, 104 
inferior wall 105, 113 
localization 104-105 
managen1ent 106-108 
mechanical complications 116-117 
pathophysiology 102 
post-infarction arrhythmia 108-116 
post-infarction pericarditis 117 
true posterior 105, 105 

assessment and documentation 7, 11 
elderly patient 55 
management 102, 106-108 
pathophysiology 101-102 
silent 103 

myocarditis 127 
myocardium 

diseases of 126-127 
infarcted 102 

myoglobin 368 
myxoedema coma 210-211 

N-Acetylcysteine (NAC) 1 74-175, 1 75 

nail-bed 349, 350 
infections 411 
injury 353-354, 354 
laceration 354 

nails, fw1gal infection 412 
nalbuphine 60 
naloxone 59, 193-194 
naproxen 59 
nasal complex, fractured 252, 252, 253 
nasal flaring 49 

nasal problems 466, 470-471, 470 

assessment and examination 470 
epistaxis 248-249, 471, 471 
foreign bodies 470-471, 499 
nasal injury 252, 252, 253, 254, 471 

naso-endotracheal intubation 26, 27 
naso-etlunoidal fracture 252, 253 
nasogastric tubes 287 
nasopharyngeal airways 26, 26, 26, 27, 154 
navicular fracture 319, 319 
near-drowning 96, 449-450, 449, 530-531 
near-patient testing 12, 1 7-18 
nebulizers 512 
neck 

examination 49, 270 
referred shoulder pain 397-398 
sprains 268 
trauma 245, 249, 268 
see also cervical spine 

necrolysis, toxic epidermal 390, 414 
necrotizing fasciitis 390 
needle cricothyroidotorny 26, 27-28, 28, 486, 486 
needle thoracocentesis 142, 272, 272 
needles 

bevelled 64 
femoral nerve block 66 
intercostal block 67 

needlestick injury 38, 45, 224, 228-229 
negligence 80-82, 258 
Neisserin 111eningitidis 523 
neonates 

cardiac arrest 505 
fever 519 
meningitis 522-523 
pyloric stenosis 527 
urinary tract infections 521 
vomiting 526 

nerve blocks 50, 63-67, 64-67, 305 
nerves 

of the hand 347, 348, 348, 351-352, 351, 352 
trauma 

hand injury 356 
lower limb injury 294-295, 295 

median nerve 330, 337-338, 344 
radial nerve 330, 332, 337, 338 
ulnar nerve 330, 337, 338 
upper limb injury 323, 330-331 ,  337-338, 344 

neurogenic shock 258, 260 
neuroleptic malignant syndrome 183, 438 
neuroleptics 183-184 
neurological assessment 31, 31 

comatose patient 148-149 
head-injured patient 236, 237 

paediatric 488-489, 511 
poisoned patient 170 
spinal injury 259 

neurological emergencies 147-156, 1 54 
acutely confused patient 152-153 
comatose patient 147-149 
differential diagnosis 150 

dizzy spells 154, 155 

headache 149-152 
seizures 153-154 
stroke 155-156 
syncope 154-155, 1 55 
transient ischaemic attacks 156 

neurosurgical referral 237, 242, 243 
neurosurgical transfer 244, 244 
neutrogenic shock 30 
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non-accidental injury 
elderly patient 54 
paediatric patient 499-504 

non-steroidal anti-inflammatory drugs (NSAIDS) 
mode of action 57 
oral 58, 59 
parenteral 60 
poisoning 176 
post-operative 70 
side-effects 59, 60 
see also specific drugs 

note taking 72, 73 
see also documentation 

Oakley chart 484 
obstetric emergencies 

assessment 419-420 
conditions 424-427 

obstruction 
airway 25-28, 26, 26, 49, 147-148, 247, 271 
intestinal 163-164, 164 
nasal 470-471, 499 

ocular muscles, herniation 254 
oculogyric crisis 438 
O'Donoghue's triad 308 
odontoid peg, fractured 264, 264, 264 
oesophageal reflux 161 
oesophageal rupture 279, 279 
oesophageal varices 160-161 
olecranon 

bursitis 332, 333, 401 
elbow dislocation 336 
fractured 333, 335 

opiates 
abdominal pain 158 
acute myocardial infarction 106 
bogus requests for 438 
paediatric patient 488, 490 
poisoning 148 
see also opioids 

opioids 
intramuscular 59, 60 
intravenous 59, 60 
mode of action 57 
oral 58 
parenteral 59-60 
poisoning 193-194 
side-effects 59, 59 

see also opiates 
opisthotonus 438 
ophthalmology 455-465 

acute red eye 455, 461-464, 462 
cellulitis 387 
contact lens problems 464-465 
documentation 457, 458 
examination 456-457, 456, 456, 457 
formulary 458 
history 455-456 
periocular infections 456, 464, 464 
presenting complaints 455, 455 
trauma 252, 253, 254-255, 455, 459-461 

air rifle wounds 381, 382 
burns 371-372 
non-accidental in children 502 
zygomatico-orbital complex fractures 252, 253 

treatment techniques 458-459 
contact lens removal 459 
drop and ointment instillation 458-459 

eye patching 459 
irrigation 459 

visual loss 461, 461 

oral rehydration therapy (ORT) 228 

orbital celluli tis 464 
orbital floor, 'blowout' fracture 254, 254 
orchitis 220 
organophosphates 189 
oropharyngeal (Guedel) airways 26-27, 26, 26, 27, 

153-154, 485 
Osgood-Schlatter's disease 310 
ossification centres 496, 496 
osteoarthritis 401, 402, 407, 407 
osteogenesis imperfecta 503 
osteomyelitis 313 
otitis externa 467 
otitis media 467-468, 520 
Ottawa ankle rules 13, 315, 315 

Ottawa knee rules 307, 307 
ovarian cyst disease 422 
overdose 15, 173-186, 192-197, 207 
overuse injuries 401 
oxygen masks 25, 89, 485 
oxygen saturation 

assessment 32 
carbon monoxide poisoning 187 
cyanide poisoning 188 

oxygen therapy 271, 277, 365 
acute myocardial infarction 106 
blast victims 376 
carbon monoxide poisoning 187, 1 87 
comatose patient 148 
COPD 143 
hyperbaric 187, 1 87, 448 
paediatric patient 485 
post-cardiac arrest 509-510 
trauma patient management 25 

pacemakers 124 
pain 

assessment/history taking 5 
management 57-71 

analgesia 57-60, 70 
general anaesthesia 57, 68-71, 69 

local anaesthesia 57, 60-67, 6 1 ,  63 

non-pharmalogical methods 58 
sedation 57, 68 

physiology of 57-58 
referred 397-398, 403 
see also specific types of pain 

painful arc see impingement syndrome 
palmar flexion injuries, of the wrist 343, 345 
palmar space infections 356 
palpation, abdominal 158 
palpitation 101 
pancreatic h·auma 290 
pancreatitis 15, 163, 1 63 

papillary muscle rupture 117 
papular urticaria 412 
paracetamol 58, 295 

fever reduction 520 
mode of action 57 
paediatric patient 50 
poisoning 15, 171, 173-175, 1 73, 174, 175 

paraldehyde 518 
paralysis 256 
paramedic see ambulance service, paramedic 
paranoia 435 



paraphimosis 221 
paraplegia 256 
paraquat 190 
paratyphoid 226 
paronychia 355-356, 355, 389, 389 
parotid duct 249 
Pasteurel/a mu.ltocida 392 
patella 

dislocated 311-312 
fracture 310-312, 312 
tendons of 312 

peak expiratory flow rate (PEFR) 145, 146 
by age 514 

paediatric 514, 514 

pediculosis 412 
pelvic sepsis 422, 422 
pelvis 

anatomy 283, 283, 284 
external fixation 286, 286, 297, 297 
fractured 286, 290-291, 290-291 

anterior-posterior compression injury 290, 290 
due to vertical shear forces 290-291 ,  291 
examination 291 
lateral compression injury 290, 291 

primary survey 286-287 
radiography 32-33, 33, 287, 290, 296, 297, 297 
stable 296, 296 
trauma 296-299 

general principles 296-297 
treatment 297-298 

unstable 296, 296 
pemphigoid 414 
pemphigus 414 
penetrating trauma 

abdominal 285, 285 
knife wounds 34, 270, 285, 285 
ophthalmic 460 
thoracic 270 
see also gunshot injury 

penile trauma 221-222, 222, 292, 292 
peptic ulcer/perforation 161, 162 
percussion, abdominal 158 
perfusion 510, 511 
perianal problems 161, 165-166 
pericardiocentesis 128, 129, 275-276, 276 
pericarditis 99, 127-128 

aetiology 99 
clinical features 127 
investigations 127-128 
managen1ent 128 
post-infarction 117 

perichondritis 467 
perilunate dislocation 346 
periocular infections 456, 464, 464 
periodontitis, periapical 476 
peritoneal cavity 283 
peritonsillar abscess 473 
personal protective equipment (PPE) 538 
pertussis (whooping cough) 514-515 
pes anserine bursitis 403 
pesticides 189-190 
phalangeal fracture, non-articular 360 
phalanx, terminal, open-fracture 354 
pharyngitis 472-473, 520 
phencyclidine (PCP) 197 
phenobarbitone 518 
phenol 370 
phenytoin 154, 180-181, 518 
phimosis 221 

physiotherapy 316, 353 
physostigmine 184-185 
pia mater 233, 233, 234 
pinna 

avulsion 468 
examination 466 
haematoma 468 
infection 467 
laceration 468 

pituitary failure 212 
Place of Safety Order 77 
placenta praevia 425 
placental abruption 425 
plantar fasciitis 403 
plasminogen 106 
platelet disorders 200 
platysma muscle 245, 270 
pleural effusion 137 
pneumomediastinum 376 
pneumonia 515, 515 

chicken pox 522 
commw1ity-acquired (CAP) 134-137 

aetiology 134 
antibiotic therapy 136-137 
clinical features and assessment 134-136 
complications 137 
indicators of severe 135, 1 35 

intensive therapy 137 
elderly patient 55 
lower lobar 528 

pneumothorax 376, 449 
open 273, 274 
simple 279-280, 280 

spontaneous 141-142 
tension 141-142, 271-273, 271-273, 273 

poisoning see toxicology 
Poisons Information Centres 168-169 
police 

dealing with 22, 22, 77-78 
major incidents 549, 552-553 
specialist forces 553 

police surgeon 78 
possetting, simple 602 
post myocardial infarction syndrome 117 
post traumatic stress disorder (PTSD) 378 
post-concussional syndrome 239-240 
post-extraction bleeding 478 
posterior cord syndrome 260 
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posterior cruciate ligament (PCL), ruptured 308-309 
postpartum haemorrhage 424, 425 
postural hypotension 101, 1 0 1  

potassium 208 
PR interval 113 
pralidoxime 190 
pre-eclampsia 130, 425 
pre-excitation 121 
prednisolone 145, 146, 151 
pregnancy 419 

abdominal pain 425, 425 
cardiopulmonary arrest 97 
complications of 425-426 
early loss 421-422, 421 
ectopic 420--421 
emergency normal delivery 424--425 
rubella in 522 
trauma in 426--427 

pregnancy tests 18, 420, 421 
prematurity 503 
prepatellar bursitis 403 
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pretibial lacerations 43, 43, 312 
priapism 221 
prilocaine 61, 63, 64 
primary SLuvey 6, 23, 24, 24, 25-31 

airway with cervical spine control 24, 25-28, 25, 26, 28, 28 
breathing 24, 28-29 
circulation with haemorrhage control 24, 29-31 ,  29, 30 
disability 24, 31, 31  
exposul"e and environment 24, 31  
see also specific surveys 

products of conception, retained 424, 425 
proformas 6 
prolapse 

haemorrhoids 166 
intervertebral disc 267 

propofol 69, 69 
prostatitis 219 
prosthetic hip problems 303 
pseudogout 406-407 
Pseudoparkinson's syndrome 438 
pseudosubluxation 492 
psilocybin/ psilocin 197 
psoas abscess 402 
psoriasis 414-415 

erythrodermic 415 
guttate 415 
pustular 415 

psychiatric emergencies 431-440, 431 
assessn1ent 431-432, 432 
consent 74 
dangerous patients 431-432, 433 
legal issues 74, 75-76 
Mental Health Act 1983 439-440 
referral to a psychiatrist 432-433 
specific emergencies 433-439 

acute psychosis 434-435, 434 
acutely disturbed patient 435-436, 435 
borderline conditions 438 
deliberate self-harm 433-434, 433 
organic disorders 436-438, 436, 437 
side-effects of psychiatric medication 438-439 

psychiatrist, referral to 432-433 
psychological scarring, blast injury 375, 378 
psychosis 

acute 434-435, 434 
Korsakoff's 437, 437 

pubic rami, fractured 296, 296, 297, 298 
pulmonary angiography 139 
pulmonary barotraLm1a 449 
pulmonary contusion 276-277, 277 
pulmonary crises 203 
pulmonary embolus 137-141 

aetiology 137 
circulatory collapse (massive PE) 138 
clinical features 138 
definitive imaging 139, 140 
4westigations 16, 138-139 
isolated dyspnoea 138 
management 140-141 
presentations 138 
pulmonary haemorrhage 138 
risk factors 137, 137 

pulmonary haemorrhage 138 
pulmonary oedema 

cardiogenic 100, 114-115, 1 15  
confused with asthma 144 
high-altitude 448 

pulp space infection 356 

pulpitis 475-476, 476 
pulse oxin1etry 6, 32 

blast victims 377 
burns patient 364 
paediatric patient 511 
pulmonary embolus 138 

pulse rate, by age 511, 5 1 1  

pulseless electrical activity 93--94, 508, 508 
pulseless ventricular tachycardia 91-92, 111 
pupillary examination 236, 457, 516 
purpura 200, 412-413, 413 

autoimmune thrombocytopenic 200 
Henoch-Schonlein 528 

pus 
abscesses 388, 389, 390, 476-477, 513 
skin infections 411 
soft-tissue hand injuries 356 

pyelonephritis, acute 218 
pyloric stenosis 527 
pyrexia 519-524 

assessment 519-520 
causes 520-524, 520 
definition 519 
paediatric 17-18, 519-524 
in travellers 225-226, 225 
treatment 520 
of unknown origin 519 

Q waves 104 
quadriceps 304 
quadriceps tendon 311 
quadriplegia 256 
quinsy (peritonsillar abscess) 473 

rabies 38, 226 
radial artery sampling 15 
radial head 

dislocated 338, 339 
fractured 333, 335-336, 336 

radial nerve block at wrist 65, 65 
radial nerve injury 330, 331, 337, 338 
radiation 

burns 370 
illness 447 

radio-ulnar joint 338-339, 339, 340, 344 
radiography 12-14, 32-33, 33, 38 

abdomen 162, 162, 164, 164, 287, 527, 527 
acromioclavicular joint 326, 327 
ankle 315, 316, 316, 316, 317, 318 
cervical spine 261-263, 261-262, 262, 490-492, 492 
clavicle 326 
contrast 14 
dental 476, 477, 479, 480 
elbO�' 333--334, 334, 334, 335, 336, 495, 496, 496 
femur 301, 301, 302, 302, 303, 304, 306 
fibula 312 
foot 317, 318, 319, 320-321, 320 
gallstones 162, 162 
glass wounds 355, 355 
gur1shot wounds 381-383, 383 
hand 352, 352, 355, 355, 357, 359, 359, 360, 361 
hip 301, 402 
'hot reporting' service 1 3  
hwnerus 331 ,  331-332, 331, 332 
knee 306-307, 307, 310, 312 
lower limb 295 



lumbar/thoracic spine 263 
neck sprains 268 
osteoarthritic joints 407, 407 
paediatric patient 50, 489, 490-492, 490, 492, 495-497, 

496, 497 
painful joints 397 
pelvis 32-33, 33, 287, 290, 296, 297, 297 
poisoned patient 171 
primary survey 32-33, 33 
radius 338-339, 339, 340, 341, 342, 343, 496 
septic arthritis 404-405 
shoulder 325, 328, 328, 329, 399, 400, 400 
skull 237-238, 237, 239, 489, 490 
slipped femoral epiphysis 497, 497 
spinal injury 258, 259, 261-263, 261-262, 262, 267, 

490-492, 492 
supracondylar fracture of the femur 306, 306 
ulna 338-339, 339, 340 
unnecessary 13, 13  
wrist 344-345, 345, 345, 346 
see also chest, radiography 

radius 
dislocated 336 
fractured 338-340, 339, 340, 341 

distal injury 340-343, 341, 342, 342, 343 
injury to the neck of 496 

lunate dislocation 346 
radiography 338-339, 339, 340, 341, 342, 343, 496 
see also radial head 

Ramstedt's pyloroplasty 527 
Ranson's criteria 163, 163 
rashes 

allergic 413, 413 
assessment 409-410, 409, 410 
Fifth disease 522 
Lyme disease 229 
measles 521, 521 
meningococcal 226-227, 523, 523 
paediatric 48 
rubella 522 
skin infections/infestations ' 410-411, 410 

reactive arthritis 395, 405 
reactive erythema 413-414, 414 
reattendance 

head-injured patient 244 
psychiatric patient 437-438 

recombinant tissue plasminogen activator (rt-PA) 107, 140 
rectum 

bleeding 528-529, 529 
examination 198, 199, 287 
foreign bodies in 166, 166 
trauma 298 

rectus femoris 304 
red eye, acute 455, 461-464, 462 
reduction 

Calles' fracture 341-342, 342 
elbow 333, 336-337, 496-497 
bones of the hand 359-360 
shoulder 328-330, 329 
Smith's fracture 342-343 
see also manipulation 

referral 73 
child abuse cases 503-504 
frameworks for 21, 21  
neurosurgical 237, 242, 243 
orthopaedic 295 
psychiatric 432-433, 438 

Regional Poisons Unit 364, 370 

Reiter's syndrome 219, 395, 405 
relatives, dealing with 35, 548 
religious issues 77 
remodelling 

bone 494 
cardiac 103 

renal failure 214-216 
causes 214 
effects of 215-216, 215 
examination 215 
history taking 214 
investigations 215 
treatment 215 

renal stones 217, 217 
renal trauma 291 
reports, legal 80, 81 
respiratory emergencies 134-146 

acute asthma 144-146 
chronic obstructive pulmonary disease 142-144 
community-acquired pneumonia 134-137 
paediatric patient 511-516, 511 
pulmonary embolus 137-141 
spontaneous pneumothorax 141-142 

respiratory rate, paediatric 49, 49, 510, 510 
respiratory syncytal virus (RSV) 513 
restraint 436 
resusci ta ti on 23, 24, 87 

algorithms 90-94, 90-93 
advanced life support in adults 91-92, 91 
basic life support in adults 90-91, 90 
paediatric advanced life support 93-94, 93 
paediatric basic life support 92-93, 92 

cardiac arrest 89-95, 89, 90-93, 505-509, 506, 506 
cessation 94-95, 510 
chemical incidents 446, 447 
co-ordinating 94 
elderly patient 55 
equipment 89 
gw1shot woLmds 381-382 
near-drowning 450 
neonatal 509 
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paediatric 92-94, 92-93, 483-488, 484, 505-509, 506, 506, 516 
post-resuscitation investigations 95 
shocked patient 516 
special circumstances 96-97 
teams 88-89, 88, 94, 94, 96 
see also airway, management; breathing management; 

circulation management 
retinal detachment 461 
retinoschisis 502 
retroperitoneum 283 
retropharyngeal abscess 513 
rewarming 445-446 
rheumatoid artlu·i tis 395, 401, 407-408, 408 
rib, fractured 280-281 ,  281, 502 
RJCE regimen 304, 316 
ring block 66, 66 
rings, removal 350 
Rinne test 467 
Road Traffic Accident Act 1988 78 
road traffic accidents 270 

spinal injury 256, 267 
thoracic trauma 269 

Romberg's test 469 
roseola infantLLlll 522 
rotator cuff 

tendinitis 397, 399 
trauma 324-325, 324, 399 
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rubber bullets 381, 381 
rubella 522 
rule of nines 366, 366 

'sacral sparing' 260 
sacroiliac joint 296 
sacrum, fractured 298 
'sad persons' scale 434, 434 
salbutamol 145-146 
salicy la tes 59 

poisoning 15, 1 71,  1 73, 1 75-176, 1 75 
see also aspirin 

Salter-Harris fracture classification 341, 342, 342, 360, 
494-495, 494 

scabies 412 
scalp 

examination 237 
layers of 233, 234 
wounds 41, 45, 244-245 

scaphoid 344-345, 345 
scapula, fractured 325, 325 
schizophrenia 435, 435 

Schneider's first rank symptoms 435, 435 

'SCIWORA' 256 
scleritis 463 
scrotum 

haematoma 292, 292 
pain/swelling 219-221 ,  220 
painless masses 221 
trawna 292, 292 

secondary survey 34-35 
see also specific surveys 

sections, Mental Health Act 1983 75, 76, 439--440 
sedation 57, 68 

agents 68 
deep 68 
light 68 
monitoring 68 
paediatric patient 50-51 
psychiatric patient 436 

seizures 153-154 
aetiology 5 1 8  

eclamptic 425--426 
febrile convulsions 518-519 
first 154 
head-injured patient 245 
management 518 
paediatric 517-519, 5 1 8, 518 
poisoned patient 171 

selective serotonin re-uptake inhibitors (SSRis) 
182-183 

self-harm, deliberate (DSH) 75-76, 433--434, 433 
Sengstaken-Blakemore tube 160 
septa! deviation 252 
septa! haematoma 248-249, 249, 252 
septic arthritis 356, 404-405 
septic shock 31 
septicaemia 

antibiotic therapy 17  
meningococcal 226-227, 522-523, 523, 523 

serotonin syndrome 182-183 
sexual abuse 503 
sexual assault 424 
sexually transmitted diseases 218-219, 2 1 9  

shaking, i n  child abuse 502 
shear waves 375 
'shin splints' 312 
shingles 410 

shock 29-31 
cardiogenic 30-31, 1 16  
causes of  29, 29, 516 

gynaecological conditions 420 
haemorrhagic 29-30, 29, 30 
head-injured patient 235 
neurogenic 258, 260 
neutrogenic 30 
non-haemorrhagic 29, 30-31 
paediatric patient 487, 487, 516, 516 

septic 31 
spinal 260, 261 
and spinal injury 258, 260--261 
trauma patient 29, 29, 30 
see also anaphylaxis 

shock waves 375-376, 375 
shotguns 381-382 
shoulder 

coracoacromial arch 398-399, 398 
frozen 400 
mobility 398, 398 

painful 397--400 
shoulder (continued) 

radiography 325, 328, 328, 329, 399, 400, 400 
trauma 323--330 

acromioclavicular joint 326-327, 327 
adduction 324 
clavicle fracture 326, 326 
dislocation 327-330, 327, 329, 329 

flexion 324 
general principles 323-324 
rotator cuff 324-325, 324 

scapula fracture 325, 325 
screening test for 324 
squaring of the shoulder 327, 327 
sternoclavicular joint 327 

sick sinus syndrome 124 
sickle cell disease 202-203, 202 
Sickledex test 203 
Simmonds' test 316 
Sinding-Larsen-Johansen syndrome 310 
sinus formation 477, 477 
sinus squeeze 449 
sinus tachycardia, post-infarction 1 08 
skin see dermatology 
skull 233 

examination 237, 237 
fractured 237, 237, 238-239, 489, 490, 490 

basal injury 237, 238, 239 
depressed injury 239, 239, 240 
linear vault injury 238, 239 
open vault injury 239 

radiography 237-238, 237, 239, 489, 490 
slapped cheeks syndrome see Fifth disease 
slit-lamp examination 457 
Smith's (reverse Calles') fracture 342-343, 343 
smoke inhalation 364 
snake bites 452 
Snellen chart 456, 456 
spacer devices 143, 145 
'speedballs' 196 
spinal board, long 257-258, 258 
spinal cord injury without radiographic abnormality 

(SCIWORA) 256, 492 
spinal injury 256--268 

anterior cord syndrome 260 
assessment 256--259, 259 
central cord syndrome 26 
examination 258-259, 259 



examination findings 259-260, 259 

fractures 263-266 
cervical 264-265, 265 
clay-shoveller's 266, 266 
columns of the spine 263, 299 
compression fractures of the thoracic and lumbar 

vertebra 266, 267 
facet joint dislocations 265, 265 
hangman's fracture 264, 265 
Jefferson fracture of the atlas 263-264, 264 
odontoid peg 264, 264, 264 
tear-drop 265, 266 
thoracolwnbar injuries 266 
transverse process injuries 266 

Frankel's classification 256, 257 

g1mshot wounds 383 
intervertebral disc lesions 267 
lumbar spine 257-258, 263, 266, 266, 267 
nerve root entrapment 267 . 

neurogenic shock 260 
paediatric 256, 257 
posterior cord syndrome 260 
prevention of complications 261 
radiography 258, 259, 261-263, 261-262, 262, 267, 

490-492, 492 
risk factors 257 
safe handling/immobilization 257-258, 261 
spinal shock 260, 261 
thoracic 257-258, 263, 266, 267 
see also cervical spine; lumbar spine; thoracic spine 

spinal shock 260, 261 
spino-thalamic tracts 259-260 
splenic sequestration crisis 202, 203 
splints 300, 305, 305, 306 

Bedford 359, 359 
boxing glove 360 
for hand injuries 353, 357, 357 
mallet 357, 357 
Zimmer 360, 360 

sports injury, hip 299-300 
sprains 

ankle 314-316 
paediatric patient 495 
wrist 343-344 

sprung nail 354 
ST segment elevation 103-104, 104 
staff 

cardiopulmonary arrest team 88--89, 88, 94, 94, 96, 505-506 
major incidents 548 
see also specific professions 

Staphylococcus 
impetigo 388 
S. aureus 

joint infections 404 
pneumonfa 134, 135, 137 
soft-tissue infections 389, 390, 411 

scalded skin syndrome 390, 390 
wound infections 392 

statements 80, 81 
status epilepticus 153, 517-518, 518, 518 
sternoclavicular joint 324, 327 
sternum, fractured 280-281 
steroids 

head-injured patient 243 
ophthalmic patient 458 
for spinal injury 261 
see also corticosteroids 

Stevens-Johnson syndrome 414 
Stokes-Adams attack 100 

stools 
blood-stained 526 
see also diarrhoea 

Streptococws 
beta-haemolytic 371 
cellulitis 387, 411  
erysipelas 387-388, 411 
impetigo 388 
S. pneu111011ine 134 
wound infections 391 

streptokinase 107, 140 
stress fractures 

metatarsal 320 
tibia /fibula 313 

stress waves 375 
stridor 49, 473, 473 

stroke 155-156 
brainstem infarction 156 
cerebral hemispheric infarction 155-156 
haemorrhagic 155 
lacunar infarction 156 
thrombotic 155-156 

stye (hordeolwn) 464 
subacromial bursitis 297 
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subarachnoid haemorrhage (SAH) 150-151 ,  1 5 1 ,  151 
subconjunctival haemorrhage 463 
subdural haematoma 242, 242, 502 
subdural space 234 
sudden infant death syndrome (SIDS) 505 
suicidal intent 75-76 

assessment 434, 433 

indicators 433 
referral to a psychiatrist 433 

sunburn 370 
supine hypotension syndrome 426, 427 
supracondylar fractures, femoral 306, 306 
supraspinatus syndrome see impingement syndrome 
supraventricular tachycardia 109, 110, 121, 120 
surgery 

abdominal 493 
urgent in major incidents 530 

surgical cricothyroidotomy 26, 27, 28, 28 
survival rates 

cardiopulmonary arrest 87-88 
immediate care 537 

suturing 
chest drain 272 
intraoral soft-tissue laceration 478-479 
paediatric patient 497-498 
wound management 40-41, 40, 41 

suxamethonium 70 
swallowed foreign bodies 499, 500 
'sympathetic storm' 195 
symphysis pubis 296, 296, 298 
syncope 100-101, 127, 154-155 

aetiology 1 55 

cardiac 100 
exertional 100-101 
micturition 100 

synovial fluid 
analysis 397, 397, 406 
aspiration 396-397, 396 

T-waves 104 
tachycardia 

poisoned patient 171 
post-infarction 108-111 ,  109-110, 112 
re-entrant 119-121, 120, 121 
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tachycardia (contin11ed) 
ventricular 91-92, 94, 108, 109-111,  110, 121-123, 

122-123 
see also ventricular fibrillation 

talus 317 
fractured 317, 318 
vertical compression injury 315 

tarsals, fractured /dislocated 318-319, 319, 320 
tarso-metatarsal (Linfranc's) joint, fracture-dislocation 320, 

320, 320 
team leaders, cardiopulmonary 88-89, 94 
tear-drop fracture 265, 266 
technician, ambulance service 536-537 
teeth 

avulsion 498-499 
deciduous 480 
injury to 479-480, 479, 480, 498-499 
paediatric patient 498-499 

tendon sheath infection 356 
tendonitis 310, 316 

calcific 399-400, 400 
rotator cuff 324, 397, 399 
of the wrist 344 

tendons 
hand 347-348, 348, 350, 357-358 
lower limb 295, 310-311, 316, 316 
triceps 330 

tennis elbow 333, 400 
tenosynovitis 355 

extensor 401 
in the wrist 344 

tenovaginitis, De Quervain's 344, 401 
testis 

ruptured 292 
torsion 14, 220, 528 

tetanus 
burns patient 368, 371 
immunization 392-393 
paediatric patient 498 
wOLmd management 37, 38 

theophylline 176, 177 
thiamine deficiency 148, 154, 437 
thiopentone 69, 69 

thioridazine 183 
Thomas splint 300, 305, 305 

Thomas's test 402 
thoracic trauma 269-281 

elderly patient 55 
gw1shot wow1ds 383 
life-threatening 28-29, 29, 270-276, 271 

airway obstruction 271 
cardiac tamponade 275 
flail chest 273-274, 274 
massive haemothorax 275 
open pneumothorax 273, 274 
tension pneumothorax 271-273, 271 

mechanism of injury 269-270 
primary survey 28-29, 29, 270-276, 271 
secondary survey 276-281 ,  276 

aortic rupture 277-278, 278, 278 
diaphrngmatic rupture 278, 279 
haemothorax 280 
major airway rupture 278-279, 279 

myocardial contusion 277-278 
oesophageal rupture 279, 279 
pulmonary contusion 276-277, 277 
rib and sternal fractures 280-281, 281 
simple pneumothorax 279-280, 280 

subcutaneous emphysema 280, 280 
traumatic asphyxia 280, 280 

see also chest 
thoracocentesis. needle 142, 272, 272 
thoracolumbar injuries 266 
thoracotomy 275-276, 383 
throat problems 466, 471-474, 471 

acute laryngitis 474 
epiglottitis 473, 474 
examination and assessment 471-472 
foreign bodies 472, 472 
laryngeal trauma 474 
laryngotracheobronchitis 474, 474 

pharyngitis 472-473 
quinsy 473 
stridor 473, 473 

tonsillitis 473, 520 
thrombo-embolic disease 426 
thrombocytopenia 199, 200 
thrombolysis 102 

for acute myocardial infarction 106-108 
agents 107-108 
contraindications 1 07 

patient eligibility 106-107 
for pulmonary embolus 140-141 
for strokes 156 

thrombosed haemorrhoids 1 66 
thrombus formation 101, 102, 103 
Thudicum's speculum 470, 470 
'thumb printing' sign 165 
thyroid emergencies 209-211  

hypothyroidism 210-211,  2 1 1  

thyroid crisis ('storm') 209-210 
thyrotoxicosis 209-210, 2 1 0  

tibia, fractured 313, 314, 316, 497 
tibial plateau, fractured 307, 309, 310-311 
TICTAC 169 
Tin ea 

T. corporis 412 
T. cruris 412 
T. pedis 412 
T. 11ngui11111 412 

tissue glue 41, 43 
toddler's fracture 497 
toes 

fracture/ dislocation 321 
painful 403-404 

tongue, loss of control 247-248 
tonsillitis 473, 520 
toothache 475-477 
Torsade de Pointes 123, 123 
torsion 

of the Hydatid of Morgani 220 
testicular 14, 220, 528 

torus (buckle) fracture 339, 340, 495 
Toxbase 169 
toxic shock syndrome 390 
toxic syndromes (toxidromes) 170, 1 70 
toxicology 168-197 

adult poisoning 168 
antidotes 96, 1 71 

burns patient 365 
cardiopulmonary arrest 96 
deliberate poisoning of others 502-503 
deliberate self-poisoning 168 
evaluation 169-171 
general management principles 169 
history taking 169 



information on poisoning 168-169 
investigations 170-171 
management of specific poisonings 173-197 

alcohols 190-192 
amphetamines 194 
anticholinergic syndrome 184-185 
antihistamines 184 
benzodiazepines 192-193 
beta-blockers 177-178 
calcium-channel blockers 178-179 
carbamazepine 181 
carbon monoxide 186-188, 365 
cocaine 195-196 
corrosives 188-189 
cyanide 188, 365 
digoxin 179-180 
gamma-hydroxybutyrate 196 
hallucinogens 197 
iron poisoning 185-186, 1 86, 524-525 
lithium 185 
MDMA (ecstasy) 194-195 
neuroleptics 183-184 
NSAIDS 176 
opioids 148, 193-194 
paracetamol 173-175, 1 73, 174, 1 75 

paraquat 190 
pesticides 189-190 
phenytoin 180-181 
quinine 180 
sal ky lates 175-176, 1 75 

selective serotonin re-uptake inhibitors 182-183 
tricyclic antidepressants 181-182 
volatile substance misuse 196-197 
xanthines 176-177 

paediatric patient 1 68, 502-503, 524-525, 524 

toxic syndromes 170, 1 70 

treatment 171-173 
decontamination and elimination enhancement 

172-173 
supportive care 171 

tracheal trauma 245 
tracheitis, bacterial 512 
tracheostomy tubes 28, 28 

tranquillizers 438 
transcutaneous pacing technology 113, 114 
transferring patients 35 

burns patient 368, 368 
head-injured patient 244, 244 

transient ischaemic attacks (TIAs) 156 
transplant patients, renal failure 216 
transverse process injuries 268 
trauma 

blunt 33-34, 34, 269-270, 284-285, 460 
elderly patient 54-55 
frontal impact 34, 34 
life-threatening 5, 6, 23, 24, 25, 28-29, 2 9  

mechanism of 3-4, 5, 5 
non-accidental 54, 499-504 
patient management 23-35, 24 

advanced trauma life support 23-24 
documentation 7, 11 ,  11 
endotracheal intubation 32 
examination 5-6 
monitoring 31-32, 3 1  
organjzing a response 24 
primary survey 23, 24, 24, 25-31 
radiography 32-33, 33 
recommendations 23, 23 

secondary survey 34-35 
transfer to definitive care 35 
trauma history 33-34, 33 

penetrating 34, 270, 285, 285, 460 
see nlso specific types of lmumn 

trauma teams 
composition 24, 25 

organizing a response 24 
travellers' ill nesses 224-226, 225 
trephination 354 
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triage, major incidents 543-545, 545, 546-547, 553, 554 
triage cards 544, 546-547 
triceps tendon 330 
tricuspid valve 125 
tricyclic antidepressants 181-182, 438 
trochanteric bursitis 402 
trochlea 334-335, 496, 496 
troponin I 106 
troponin T 106 
Trousseau's sign 213 
tuning-fork tests 466--467 
tympanic membrane 

examination 466 
in otitis media 520 
perforated 469 
rupture due to blast injury 376 

typhoid 226 
tyramine reaction 438 

ulcers 
genital 219 
peptic 161, 162 

ulna 
dislocated 336, 338-339, 339 
fractured 338-340, 339, 340, 341 

ulnar collateral ligament of the thLUnb 351, 351, 358, 
359 

ulnar nerve 330, 337, 338, 351 ,  352 
ulnar nerve block at wrist 65, 65 
ulnar styloid fractures 340 
ultrasound 13-14, 162 

abdominal trauma 287-288, 493 
compression 139 
gynaecological conditions 420 
indications for 1 3  

lower limb trauma 295 
ultraviolet keratitis 460 
urea 15, 170 
ureteric colic 217, 217 
urethra 

discharge 219, 2 1 9  

trauma 292, 292, 297-298, 493 
urethritis 218-219 
urethrogram 292, 292 
uric acid 396, 406, 406 

urinary catheters 32, 215, 287, 292, 298 
urinary retention 216-217 
urinary tract, traumatized 291-292, 292, 292, 297-298, 

493 
urinary tract infection (UTI) 217-219 

elderly patient 55 
paediatric patient 521 

urine 
analysis 17-18, 1 8, 126, 218, 368 
aspiration 521 
haematuria 216, 2 1 6, 493 
output 365 
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urticaria 204, 413 

papular 412 

uterus 426-427 

uveitis, anterior 462, 463 

vagal manoeuvres 119, 121 

vagina 
discharge 219, 2 1 9  

examination 420 

foreign bodies 424 

traLUna 298 

valvular emergencies 124-126 

vapour-permeable films/membranes 42, 42 
varicella 410, 522, 522 
vascular access 

cardiopulmonary arrest 89-90 

paediatric patient 487-488, 488 
see also intravenous access 

vascular damage, lower limb 294 

vaso-occl usi ve crisis 202, 203 

vasoconstriction, coronary 101, 102 

venography 139 

ventilation 
assisted 277, 376 

cardiopulmonary arrest 89 

head-injured patient 243 

paediatric patient 485, 486 

post-arrest 509-510 

ventilation/perfusion (V /Q) scanning 139, 140 
ventricular dysfunction 

left 114-117 

right 117 

ventricular failure, left 144 

ventricular fibrillation (VF) 88, 91-92, 94, 97 

paediatric 508, 508 
post-infarction 1 1 1 ,  111 

ventricular free wall ruptme, left 117 

ventricular infarction, right 116 

ventricular septa] defect 116-117 

ventricular tachycardia 94, 121-123, 122 
post-infarction 108, 109-111, 110 
pulseless 91-92, 111 

Torsade de Pointes 123, 123 
verapamil 121, 1 78 

vermillion border 479, 498 

vertical compression injuries, of the ankle 315 

vertigo 469-470, 469 
benign paroxsymal positional 469 

viral haemorrhagic fever 226 

visual acuity 456-457, 456 
visual loss 461, 461 
vitamin 812 188 

vitamin K 201-202 

vitreous haemorrhage 461 

volar casts 362 

volar plate injury 351, 351, 360 

volatile substance misuse 196-197 

volvulus 1 64, 164, 527 

vomiting 
causes of 525, 525 

paediatric patient 525-527, 525, 526 

poisoned patient 172 

Von Willibrand's disease 201 

ward of court 51 

warfarin 201, 202 

warts, genital 219 

web space, infections of 356 

Weber test 467 

weight, estimation in children 484, 485, 485, 506 

Weil's disease 229 

Wenckebach phenomenon 1 1 3, 113 
Wernicke's encephalopathy 437, 437 
wheezy child 511-516, 511 
'whiplash' injuries 256, 268 

white cell counts 14, 136, 405 

whole bowel irrigation (WBI) 173, 1 77 

Wolf-Parkinson-White (WPW) syndrome 1 1 9, 120 
wound closure 40-41 ,  40 

wound management 26, 36-45 

complications 36, 42-43, 44, 387, 390-393 

paediatric trauma 497-499 

principles of 36-43 

aftercare 43 

anaesthesia 39 

cleaning and debridement 37, 39---40, 390-391 

dressings 41-43, 42 

examination and documentation 37, 37 

haemostasis and wound closure 40-41, 40 

history taking 37 

investigations 38-39 

prophylaxis 37-38, 38 
types of WOLUldS 42-45 

wound tapes, ad11esive 41, 43 

wrist 
bones of the 348, 349 
painful 400-402 

radiography 344-345, 345, 345, 346 
trauma 343-346 

carpal fractures/dislocations 344-346, 345, 345, 346 
soft-tissue injury 343-34! 

sprains 343-344 

X-ray see radiography 
xanthines 176-177 

Yankauer catheter 26 

Zimmer splint 360, 360 
zip entrapment 221-222 

zygomatico-orbital complex, fractured 252-255, 253, 253, 25-l 
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