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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 hasbeen 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 tobe 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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CHAPTER ONE

CLINICAL ASSESSMENT AND
DOCUMENTATION

®  Introduction
®  History taking
®  Mechanism of injury

INTRODUCTION

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

B Examination
B Documentation
®  Further reading

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

HiSTORY TAKING

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

Allergies

Medication

Past iliness

Last ate or drank

Events and environment of injury or illness

mreo=I>
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Figure I.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.

ALLERGIES

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.

MEDICATIONS

Care should be taken to examine and document
themedications 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 ILLNESS

The past medical history should be 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.

LAsST 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 ENVIRONMENT

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



EXAMINATION

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.

MECHANISM OF INJURY

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.

ExaminaTION (FiG. 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.

Table 1.2: Some mechanisms of injury and related
patterns of injury

Inversion injury of ankle Lateral ligament injury

Fracture of lateral
malleolus

Bimalleolar fracture

Tibial collateral ligament
injury

Medial meniscus tear

Anterior cruciate

Flexion rotation
injury to knee

rupture
Fall on outstretched Greenstick fracture
hand radius

Colles’ fracture

Fracture of radial head

Fracture of neck of
humerus

Table 1.3: Injuries associated with specific
mechanisms of injury

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

Fall from height

Frontal impact
road accident

Side impact
car passenger

Table 1.4: Mechanisms of injury associated with
life-threatening injury

Road traffic impact > 40 mph

Fall greater than 2m

Ejection from vehicle

Death in vehicle

Pedestrian collision 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

5
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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 ligamentous injury.

DOCUMENTATION

Good-quality clinical care requires good note-
keeping. The ability to produce accurate yet con-
cisedocumentation 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 importantnegative findings.
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DOCUMENTATION

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 Brought in dead

DID Died in department

DNB Digital (or ring) block

DOA Dead on arrival

FB Foreign body

FDP Flexor digitorum profundus
FDS Flexor digitorum superficialis
FPL Flexor pollicis longus
FOOSH Fall on outstretched hand
GCS Glasgow Coma Score

HIA Head injury advice

LoC Loss of consciousness

NV Neurovascular

PERL Pupils equal and reacting to light
POP Plaster of Paris

RoS Removal of sutures

SS Steristrip

TRIN 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.

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 seriouslyinjured patient and a group of
apparently well patients who are atincreased 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
symptomssuch 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.

7
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Figure 1.3: Trauma chart.
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FURTHER READING

JONES 0439

64y male

Ihour crushing central chest pain radiating neck and leftarm
Sweaty, SoB, Vomited x|

Known angina 3 years

GTN — no relief

Other fit and well
Meds GTN only
Smokes 20/day
Family history negative
OlE

Pale Sweaty

P76 BP 145/80
Chest clear

No oedema

ECG Acute anteroseptal myocardial infarct

No allergies

JVP normal  HS I +lI+0

Plan  Aspirin 300mg oral
Diamorphine 5mg IV
Metoclopramide |0mg IV
Streptokinase |.5 megaunits in | h (0500 h)
Refer Medicine (0510h)
Sally Jones
JONES

Figure 1.4: Sample documentation for chest pain.

SMITH 1029

23y male

Playing football — clash of heads | h ago
LoC <30s Not vomited. Local headache
Normally fit and well. No other injuries

OlE
GCS 15 PERL Neuro intact
Right parietal scalp haematoma

For SXR

DS 1115

SXR NBI

Diagnosis Minor head injury

Home with head injury instructions (with wife)

TRIN

Discharge [120h
David Smith
SMITH

DAVIES 1232

Laceration to right (non-dominant) wrist with glass 2 h ago.
Tripped and fell through window

No other injuries

Tet. Immune

OlE

3 cm laceration transverse palmar aspect right wrist
Palmaris longus tendon visible divided

FDS intactall 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 1.7: Variability of fracture patterns with age

Shoulder Elderly
Young adults

Fracture neck of humerus
Fracture clavicle

Elbow Adults Fracture radial head
Children Supracondylar fracture
Wrist Elderly Colles’ fracture
Young adults Scaphoid fracture
Children Greenstick fracture of

radius

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.

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 READING

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



CHAPTER TWO

INVESTIGATIONS IN
EMERGENCY MEDICINE

®  ntroduction

®  Radiology and imaging
®  Haematology

®  Biochemistry

®  Microbiology

INTRODUCTION

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 unnecessary 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 cannula 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
unnecessary or can be left to staff on the in-patient
wards or in general practice to perform.

Improvements in technology have resulted in
the ability to provide many 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.

RADIOLOGY AND IMAGING

Most patients attending an emergency department
will undergo a radiological investigation. Many
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
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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

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.

ULTRASOUND

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) isincreasingly 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.

COMPUTERIZED 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 puncture) if the scan
is normal.

CONTRAST RADIOGRAPHY

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 his 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.
Araised 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 found to be over anti-
coagulated and will need referral back to their
supervising clinic. The INR should be in the thera-
peuticrange of 2.04.5.
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Table 2.3: Patients at risk of disseminated
intravascular coagulation

Trauma, particularly following massive transfusion
Severe sepsis

Post transfusion reaction

Near drowning

Other groups of patients requiring 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.

Bi1OCHEMISTRY

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 4h 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

Table 2.4: Indications for arterial blood gas analysis

Post cardiac arrest

Diabetic ketoacidosis

Respiratory failure

Overdoses (tricyclics, salicylate)
Trauma in the head-injured patient
Renal failure

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 15min 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
3min 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 theradialartery there is a much higher failurerate
when this vessel is used for blood gas sampling. In
shocked patients the femoral artery should be used
unless 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
(PaO,) is then assessed but relative normality or
abnormality can only be assessed with knowledge
of the inspired oxygen concentration (Table 2.7).
For example, a patient with a normal PaO, despite
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Table 2.7: Normal values in arterial blood gas analysis

Table 2.10: Causes of metabolic alkalosis

PaO, 9.31-13.1kPa (70-100 mmHg)
PaCO, 4.5-6.0kPa (34—45mmHg)
Standard and actual 23-28 mmol ™!

bicarbonate

Base excess 0+2.0mmol I

Table 2.8: Causes of metabolic acidosis

\
Lactic acidosis — shock, post-resuscitation

Renal failure
Diabetic ketoacidosis
Drugs — salicylates

Alkali ingestion
Repeated vomiting — pyloric stenosis

Table 2.11: Causes of respiratory alkalosis

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

Table 2.9: Causes of respiratory acidosis

Central respiratory depression — drugs, head injury

Upper or lower airway obstruction

Parenchymal pulmonary disease

Inadequate ventilatory mechanics —
haemopneumothorax, Guillain—Barré 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 PaCO; 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
PaCO, whereas the standard bicarbonate is the
value corrected for a normal PaCO, 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 PaCO,. Causes are given in Table 2.8.

In respiratory acidosis (Table 2.9) the pH is
decreased and the PaCO, 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 2.12: The alveolar—arterial oxygen gap

Alveolar—arterial oxygen gap =
(150 — 1.25 X Measured PaCO,) — (Measured
Pa0,)

For a patient breathing room air
Normal value <10mmHg in young patient
<20 mmHg 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 PaCO, 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 PaCO, is therefore reduced and
there is a compensatory reduction in bicarbonate
levels with negative base excess.

It is not uncommon 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.
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MICROBIOLOGY

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 unsuccessful.

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, although when crystals are seen in
the joint fluid the differential diagnosis is nar-
rowed down to one of the crystal arthropathies.

ELecTROCARDIOGRAPHY (ECG)

Most obviously, ECG is used in the differential
diagnosis of chest pain. It cannot 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 sug-
gestive of myocardial infarction, that the ECG is
repeated regularly.

A normal ECG does not exclude ischaemic heart
disease.

Table 2.13: Indications for performing an
electrocardiograph (ECG)

Chest pain

Undiagnosed dyspnoea
Palpitations

Collapse of unknown cause
Overdoses of cardioactive drugs
Electric shock

As with X-rays, many junior doctors have little
experience in interpreting ECGs and errors are not
uncommonly made. Many modern 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 threshold 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.

NEAR-PATIENT TESTING

Modern technology has allowed the analysis of
blood and urine to be taken to the patient’s bed-
side. This may include haematological and bio-
chemical analysis and blood gas analysis, though
in most departments these tests are still performed
in the laboratory. Urine testing is a simple investi-
gation, which can be performed rapidly within the
emergency department. As noted above, modern
dipstick testsinclude an analysis of urinary nitrites
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 and 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

17
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Table 2.14: Conditions detected by urine testing

Urinary tract infection
Ureteric colic

Diabetes mellitus

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 INVESTIGATIONS

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 carbon
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).

FURTHER READING

Royal College o f Radiologists (1993) Making the Best Use
of a Department of Clinical Radiology. RCR, London.



CHAPTER THREE

COMMUNICATION

B |ntroduction
®  Communications with the ambulance service
®  General practitioners

INTRODUCTION

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.

COMMUNICATIONS WITH THE

AMBULANCE SERVICE
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

B 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).

GENERAL PRACTITIONERS

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: /[ / Call time East Anglian Ambulance NHS Trust
CRean ggg’:r't IN CONFIDENCE EAAT/ T 47444
Hospital TRAUMA Patient Report Form
Call sign: | Attendant: Address
PATIENT | Surname Forename
M/F
d.o.b ! [ GP: Call Type: 0999 0O GP Urgent
Relevant Medication / PMH Bystander Action:
Drugs 0O Entonox 0O Failed Venous Access
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If Trapped, for how long:
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PRIMARY SURVEY & INTERVENTION
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Airway O Clear O Obstructed
O opP O Nasal O ET Tube
0O Surgical 0O Suction Oxygen %
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Breathing O Adequate RO Sounds OL C#  Closed Fracture
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L size: Vol. Time Vol. Time COMMENTS
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Time : :

Pulse (rate / regularity)

Respiratory Rate

Blood pressure / / /

SpO, / Cap. refill (V/x)

Response (GCS) Eye| _ /4 _ /4 /4
Verbal __/5 _ /5 __/5
Motor | __/6 = /6 __16
Total 15 2 Jili5 15
or Response (AVPU) AVPU| AVPU |AVPU
Trauma score
Pain score __/10 /10 (0]

Skin colour / texture

Skin temperature

el Dilated g (‘5 (F; (L) g (L) GP letter attached O
Normal I o o o 5 o e Condition unchanged during transport O

Constricted | © ° ° ° ° o | PATIENT DISPOSAL | Time |
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Immobilisation Signed

O Spinal Board O Ex. Device O Frac straps By Staff Nurse / Midwife / Doctor on behalf of hospital

O Box O Cx. Collar O Traction Signed

O Traction Other: By Paramedic / Technician of EAAT

Figure 3.1: An ambulance report form.




BREAKING BAD NEWS

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.

REFERRING PATIENTS TO
COLLEAGUES

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

Introduce 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

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.

BREAKING BAD NEWS

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 tragic 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 their 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

Introduce 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

21



COMMUNICATION

Table 3.3: Reactions to bad news

Table 3.4: Revealing patient details to the police

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 ‘T 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

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.

COMMUNICATING WITH THE POLICE

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 FOUR

APPROACH TO THE TRAUMA

PATIENT

Introduction

The ATLS approach

Organizing a response

The primary survey

Monitoring, tubes and initial radiographs

INTRODUCTION

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 APPROACH

The assessment and management of the trauma
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 life-threatening 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

Multidisciplinary team approach to the
management of major injury

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

simultaneously.

take place

ORGANIZING 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
patientisa 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, radiologist
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 immunodeficiency virus
(HIV) and hepatitis from the 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 eve protection and should
be responsible for the safe disposal of any sharps
they use.
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Table 4.4: Composition of a trauma team

Emergency consultant, registrar and SHO
Orthopaedic consultant and registrar
General surgery registrar

Anaesthetic registrar or consultant

Table 4.5: Viral diseases with potential for
transmission to healthcare workers

Hepatitis B
Hepatitis C
Human immunodeficiency virus (HIV)

THE PRIMARY SURVEY

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 life-threatening abnormality must
be corrected before assessment continues.

AIRWAY WITH CERVICAL SPINE
CONTROL

P e e

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.

Thessafest policy is therefore to assume a cervical
spine injury is present in any patient until 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

Figure 4.1: Manual inline cervical immobilization.
Note that the ears are not covered in order to
preserve the patient’s hearing.

Figure 4.2: Cervical immobilization 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 immobilization 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 151 min™".
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.

0 2

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 airway manoeuvres. The air-
way needs to be sized by 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

(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
learntfroman anaesthetistintheatre, 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 cannot be passed through the laryngeal
inlet, as in severe inhalation burns.

NEEDLE CRICOTHYROIDOTOMY

The simple technique of passage of a large-calibre
intravenous cannula through the cricothyroid
membrane 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 tubing. By cutting a side hole in
the oxygen tubing and covering the hole for 1sand
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.

A more effective technique is to formally open the
airway through 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
technique of surgical cricothyroidotomy often takes
no longer than needle cricothyroidotomy. Formal
surgical cricothyroidotomy will protect the airway
from haemorrhage from above (Fig. 4.7).

CONFIRMING ENDOTRACHEAL TUBE
PLACEMENT

Following insertion of a definitive airway it 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

Thyroid cartilage
Cricothyroid membrane

Cricoid cartilage

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 oximetry 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%.
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BREATHING

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.

CIRCULATION WITH HAEMORRHAGE
CONTROL

Shock in a trauma patient is 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 hypovolaemia
until 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

Table 4.8: Immediately life-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 wound (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 4.10: Classification of haemorrhagic shock

ass | Class ‘Classlll.  Class|
% Blood volume loss (=15 15-30 30-40 > 40
Pulse <100 > 100 > 100 > 00
Blood pressure Normal Reduced pulse Reduced Reduced

pressure

Capillary refill Normal Delayed Delayed Delayed
Mental state Anxious Lethargic Obtunded Coma
Urine output Normal Reduced Reduced Anuric

Table 4.11: Locations of haemorrhage in the trauma
patient

External

Internal:
Thoracic
Intra-abdominal/retroperitoneal
Pelvic
Multiple 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
Onegative depending on the urgency of the request.
O-negativeblood (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 10-15min. Fully cross-matched
blood usually takes 40-60min 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 unopposed 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-
fusionis bestjudged by monitoring urinary output
and, if present, should be corrected by the use cf
vasopressors by those experienced in their use.
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Table 4.12: AVPU scale for level of consciousness

Table 4.13: The Glasgow Coma Scale

Alert

Responds to vocal stimulus
Responds to painful stimulus
Unresponsive

CcC o>

Cardiogenic shock following trauma is usually
the result of a pericardial 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.

DisaBILITY
(NEUROLOGICAL EVALUATION)

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 AND ENVIRONMENT

For assessment a trauma patient must be fully
exposed by removing their clothes so that each
part of them can be seen and assessed. However,

Alert and orientated
Confused

Inappropriate words
Incomprehensible sounds
None

Verbal response

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
5
4
3
2
I

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 through 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.

MONITORING, TUBES AND INITIAL
RADIOGRAPHS

The procedures described in this section may be
carried out at any point in theresuscitation, depend-
ing on the injuries found and the resources available.
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Table 4.14: 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 broughttogether 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
rateand 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 saturation
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 information 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 urethral injury. Once the bladder has been
emptied, timed collections into a urometer will
allow an accurate assessment of urine 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 50mlh™! implies that
the renal capillary bed is well perfused and that the
patient has an adequate circulating blood volume. 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 tube.

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
tube 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
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Figure 4.8: Primary survey X-rays. (a) Normal chest
X-ray. (b) Normal pelvic X-ray.

and chest 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.

THE TRAUMA HISTORY

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

Table 4.15: The AMPLE trauma history

Allergies

Medications

Past illnesses

Last ate and drank
Events and environment

mre o3>

Table 4.16: Events and environment

Blunt trauma:
Speed and direction 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 lungs after aspiration has occurred.

The events and the environment in which the
injury occurred are pieces of a jigsaw which when
assembled with the examination and investigation
findingsallow us to gain a picture of all the patient’s
injuries and understand them in terms of the acci-
dent (Table 4.16). In blunt trauma, the energy and
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direction of 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. |, 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 be
hypothermic. Wounds sustained in agricultura
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
theemergency services may be required to identify
the substances involved and provide information
on potential toxic effects and the treatment required.

THE SECONDARY SURVEY

Prior to conducting the secondary survey, all
immediately 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 to
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.
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TRANSFER TO DEFINITIVE CARE

The decision to 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 treatmentdevices
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.

OTHER CONSIDERATIONS

Major injury occurs randomly and relatives often
arrive at hospital with little knowledge of the

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. Therelatives 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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CHAPTER FIVE

WOUND MANAGEMENT

®  [ntroduction
®  Wound healing
B Principles of wound assessment and management

INTRODUCTION

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.

WOUND HEALING

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 wound 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 returns to normal.

The main complication of wound healing is
infection. The cause is usually multifactorial and
will include contamination at the time of injury,
delay in wound 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 than cure.
Thoroughly toiletting a wound, handling the
edges atraumatically and avoiding closure when
the wound is contaminated are more effective than
prescribing prophylactic antibiotics.

PRINCIPLES OF WOUND ASSESSMENT
AND MANAGEMENT

In any injury the identification and treatment of
life-threatening injuries and conditions should
take precedence.
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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 wound.
In children, it is important always to be aware that
awound may notbe the result of an accident. If the
wound is not consistent with the explanation
offered the matter must be pursued 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 immunizations. In prescribing medication and
applying dressings, a history of allergy is also
required.

Tetanus toxoid 0.5 ml deep IM injection.

EXAMINATION AND DOCUMENTATION

The wound 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 wound, its size and its position
should be carefully described. Certain terms are
particularly useful in the description of wounds

Table 5.1: Terms used in describing wounds

Wound A full-thickness breach in the
skin or mucosa
A wound caused by a sharp

object such as glass or a knife

Incised wound

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

Penetrating A wound usually from a fine

wound 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.

PROPHYLAXIS

Any wound 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 uncertainty 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 wounds. In the emergency
department the main indications for antibiotic
prophylaxis are bite wounds (human or animal),
an underlying 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

For tetanus-prone wounds:
If last booster or completed course < 10 years
If last booster or completed course > |0 years
If not immunized or status unknown

Clean wounds:
If last booster or completed course < 10 years
If last booster or completed course > |0 years
If not immunized or status unknown

Toxoid booster is 0.5 ml of tetanus toxoid given IM

Contaminated wounds or those with devitalized tissue

Immunoglobulin is 250 IlU 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

No action
Toxoid booster and immunoglobulin
Toxoid course plus immunoglobulin

No action
Toxoid booster
Toxoid course

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
antibiotic 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.

INVESTIGATIONS

Investigations in 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. It
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 wounds 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
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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 departiment.

ANAESTHESIA

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
clean 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.

Maximum safe dose for lignocaine is 3 mg kg™' body
weight.

CLEANING AND DEBRIDEMENT

Debridement is the removal of devitalized tissue
and foreign bodies from a wound. This is the most
important step in adequate wound management,
particularly in relation to the prevention of infec-
tion. All wounds 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
treatment the wound should be fully anaesthetized.
The person treating the wound 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 wound is a useful
and effective technique, but spray may cause eye
contamination and is a potential route of spread of
viral infections.

Often simple 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 under a general anaesthetic. Extensive and
prolonged explorations of wounds for foreign bod-
ies should be avoided, especially in areas near
major neurovascularstructures. The treatment 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.

HAEMOSTASIS AND WOUND CLOSURE

Before wound closure is considered, active bleeding
should have stopped. This will usually happen
spontaneously. Elevation and the application of
local pressure will aid the natural process of
haemostasis. Following the application of pressure
to a bleeding wound it should be left undisturbed
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 techniques, 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 suture.

Prior to closing a wound, 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 wound 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 wound 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-
nique in a single wound.

Suture

Suturing is a surgical procedure and appropriate
selection of wounds for suturing, good teclinique
and aftercare are vital to achieving good healing
with minimal 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 . Contaminated
Incised. Tidy Lacerated or contused. Untidy

Contains devitalized tissue

Table 5.5: Preferred suture sizes and materials

Adults Children
Face 5/0 6/0
Scalp 3/0 absorbable 4/0 absorbable
Arm and forearm 4/0 5/0
Hand 5/0 5/0
Trunk 3/0 4/0
Lower limbs 3/0 4/0

Table 5.6: Guide times to suture removal

Face 5 days (4 for children)

Scalp 7 days if non-absorbable used

Arm and forearm 7 days

Hand 7 days

Trunk 10 days

Lower limbs 10 days (14 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 suture such as nylon prc-
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
wound 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 technique requires the use of fine
sutures with careful wound handling to minimize
trauma to the wound edges and the minimum of
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
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Figure 5.2: Poorly inserted sutures causing wound-
edge ischaemia.

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

Adhesive wound tapes

The use of wound 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 wound 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 amount of tension to achieve
apposition of the wound edges, but with gaps
between the tapes.

Tissue glue

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

manually apposed and then glued together with
interrupted spots of adhesive. Care needs to be
taken around 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.

Staples

Surgical stapling guns 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.

Hair tying

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 wound closure.

DRESSINGS

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.

Absorbent dressings and wound
dressing pads

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.

Tulle

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 their 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 Jelonet®
Paratulle®
Chlorhexidine-impregnated tulle  Bactigras®
Framycetin-impregnated tulle Sofra-Tulle®
Gels and colloids:
Hydrogels Kaltostat®
Sorbsan®
Hydrocolloids 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.

Gel and colloids

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.

Vapour-permeable films and
membranes

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

TYPES OF WOUND AND USE OF
DRESSINGS

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.

Infected wounds

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
wound exudate and are easy to remove. Charcoal
cloth-based dressings have theadvantage of reduc-
ing the unpleasant smells from the wound.

Epithelializing wounds

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 thehealing 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.

Necrotic and sloughy wounds

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.

Granulating wounds

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.
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Closed wounds

Such wounds 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

In 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 wounds, early movement should be
encouraged unless 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.

SPECIFIC TYPES OF WOUND

PRETIBIAL LACERATIONS

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 wounds
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

Figure 5.3: Pretibial lacerations.

from the wound 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 the 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 wound 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 contraindicated as the
skin is often so friable that the stitches cut out or, if
retained, increase the amount of skin necrosis at
the edges of the flap.

HuMAN BITES

As with any animal bite wound, human bite
wounds are liable to infection. However, whereas
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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-amoxiclav,
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 wounds 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 BITES

Wounds from animal bites are 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 Pasteurella
multocida. Again, adequate wound debridement

and toilet is vital and the wounds should not be
closed primarily, though delayed primary closure
may be considered. The only exceptions to this
rule are significant bite wounds to the face. In such
cases it would be unreasonable for the wound to
be left unrepaired, and therefore formal surgical
excision under a general anaesthetic followed by
wound closure is acceptable.

Antibiotic prophylaxis, usually with co-amoxi-
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
wournd has penetrated the dermis to the subcuta-
neous fat.

FACIAL LACERATIONS

Repair of facial lacerations requires meticulous
technique to produce a scar that is cosmetically
acceptable. Always be aware of the potential for
injury to the major nerves of the face, such as the
facial nerve, and other structures such as the parotid
and lacrimal ducts. Lacerations involving the ver-
milion border of the lip, the nostril, the pinna or
the eyelid need particularly accurate repair and
should only be tackled by doctors with appropri-
ate training. Fine syntheticnon-absorbable sutures
are used with care to restore tissues accurately in
correct apposition. Wound healing is usually rapid
and sutures can be removed early (5 days in an
adult, 4 days in a child) to minimize scarring. In
children with significant facial lacerations a gen-
eral anaesthetic is often necessary for accurate
wound closure.

HAND WOUNDS

A more detailed description of hand injuries is
given elsewhere (see Chapter 27). The principal
pitfalls with hand wounds are a failure to recog-
nize a significant underlying nerve or tendon
injury. Also infections, particularly from bite
wounds, can enter spaces such as the tendon
sheaths and produce damage that permanently
restricts hand function. All hand wounds must be
treated 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



FURTHER READING

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

SCALP WOUNDS

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 sutures are notoriously difficult to find in
hair when the time comes for removal.

PUNCTURE WOUNDS OF THE 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. Puncture
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 status and to
arrange for review if the wound fails to settle.
Extra care should be exercised when the foot is
neuropathic.

NEEDLESTICK INJURY

These wounds 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 community,
usually by intravenous drug abusers. In these
cases the source of the needle and therefore the
hepatitis B and HIV status of its previous user are
unknown. The risk of infection is low; however,
active hepatitis B immunization 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.

FURTHER READING

Simon, B. (1998) Principles of wound management.
In Emergency Medicine Concepts and Clinical Practice,
4th edn (eds R. Barkin, P. Rosen, R. Hockberger et al.).
Mosby, St Louis, pp. 382-96.
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CHAPTER SIX

DEALING WITH CHILDREN

Introduction
History

Examination
Special tests
Radiographs

INTRODUCTION

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

Education and training of staff is focused on children.

Staff who are interested in children will gravitate to
these departments, improving the quality of care.

The physical environment is designed to cope with
children.

The resuscitation room is designed for children.

Children are protected from violent and abusive
adult patients, who can often be found at general
emergency departments.

Research is aimed at children’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 function viable.
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Table 6.3: Facilities for children 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 responsibility for children.

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.

HisToRrYy

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
important 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 150mlkg~'day™' 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 annd 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 milestones

90 % of children should be able to:

Gross motor:  Lift head at 2 months
Roll over at 4 months
Walk well at 14 months

Fine motor: ~ Grasp a toy at 4 months
Pincer grip a small object at
|6 months
Language: Say ‘Dada’ or ‘Mama’ at |12 months
Social: Smile spontaneously at 5 months

Indicate wants at |4 months

Table 6.5: Vaccination schedule for children in
Britain (Department of Health (1992) Immunization
Against Infectious Disease. HMSO)

3 days :

BCG (if TB in family in last 6 months)

2 months

Diphtheria, pertussis and tetanus (DPT),
Haemophilus influenzae type B (HIB) and oral polio
Meningitis C

3 months

DPT, HIB and oral polio

Meningitis C

4 months

DPT, HIB and oral polio

Meningitis C

12 months

Measles/mumps/rubella for both sexes
4-5 years

Diphtheria, tetanus and polio

1014 years

BCG

15—18 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, butless
important in a 5-year-old child with diarrhoea.

Immunizations should be recorded (Table 6.5).
The diseases vaccinated against are now rare.
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However, an incomplete vaccination record may
suggest a degree of neglect. The reasons for incom-
plete vaccination should berecorded. A programme
is currently under 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 2mgkg™! 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 relevantin 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.

ExXAMINATION

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 undress 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.

GENERAL

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

Figure 6.2: Examining a child.

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

SKIN

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 seeif the rash blanches on pressure, bearing
in mind that the classic purpuric rash of menin-
gococcal septicaemia is a late sign, and that early
rashes may even look urticarial and may blanch.

HeaD

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 injuries or
meningitis. The anterior 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.



SPECIAL TESTS

Figure 6.3: Examining a young child’s ears.

NEck

The neck should always be examined 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.

CARDIOVASCULAR SYSTEM

The capillary refill testis 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.

CHEST

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

Table 6.6: Normal respiratory rates for children

Age Respiratory rate (breaths
per minute)

Newborn 40-50

12 months 30-35

4 years 20-25

8 and older  12-15

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
grunting 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

It 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 unlikely.
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 examination never in an
emergency department.

LimMBs

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

SPECIAL 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 (30min) and lasts
longer (4-6h).

RADIOGRAPHS

Children are more likely than adults to fracture
bones than to have simple sprains. Guidelines such
as the Ottowa 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.

ANALGESIA

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 mgkg~!day !is usually appropriate. A loading
dose of 40mgkg ™! is given.

Severe pain requires opiate analgesia. If the
child can swallow, morphine solution is effective
in about 20min. Children who require fasting
before an operation or who are vomiting are best
treated with intravenous morphine in a dose of
0.1-0.2mgkg~!. As with all analgesia, the end
result is more important than the dose. Theamount
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.

SEDATION

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 ways
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.

CHOICE OF SEDATIVE

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

Gastricstasis increases the risk of aspiration.
The pharmacodynamics are very variable.
Onset and recovery take a long time.

If reversal is necessary then flumazenil is
unlikely to be successful because of its short
half-life.

® Intranasal midazolam is another effective, non-
invasive method of administering sedation;
0.5mgkg™! 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 005-0.15mgkg~". It is the best sedative for
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Table 6.7: Side-effects of ketamine

Increased salivation can provoke laryngospasm: this
can be reduced by combining the injection with
atropine 0.0 Imgkg™".

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

Vomiting can occur, usually during recovery,
particularly if the child 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.

Intravenous 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 extremely effective
analgesic. Sedation is achieved with a dose of
25mgkg™! 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

either implicit or explicit. The need will depend on
theintended 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 child 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.

FURTHER READING

Morton, R. and Phillips, B. (1996) Accidents and Emer-
gencies in Children. Oxford University Press, Oxford.

Strange, G., Ahrens, W., Lelyveld, R. and Schafermeyer, R.
(1995) Pediatric Emergency Medicine: A Comprehensive
Study Guide. McGraw Hill, New York.
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CHAPTER SEVEN

THE ELDERLY IN THE
EMERGENCY DEPARTMENT

B |ntroduction
B Assessment

INTRODUCTION

As the population of the UK 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:

®m 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 clinical problems in the elderly
Prior to discharge

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

® Involvement 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 younger 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 understate the severity of their
symptoms.
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Table 7.1: The abbreviated mental test

Age

Time to nearest hour

. Address for recall at end of test
Year

Name of institution
Recognition of 2 persons

. Date of birth (day & month)

. Year of First World War

. Name of present monarch

. Count backwards from 20 to |
Each correct answer scores |
Normal = 8-10

Moderate impairment = 47
Severe impairment = 0-3

OCVONOUAWN—

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 function 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).

SPECIFIC CLINICAL PROBLEMS IN
THE ELDERLY

‘COLLAPSE ?CcAUSE’

All collapses or falls must be assessed and man-
aged appropriately. Isolated events with a clear
cause, such as a trip on uneven ground, 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).

Table 7.2: Differential diagnosis of collapse in the
elderly

Environmental Poor lighting, lack of hand rails

Musculoskeletal  Arthritis, myopathy

Visual failure Cataracts, glaucoma

Drugs Sedatives, tricyclics, \
antihypertensives

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

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

Metabolic Electrolyte disturbance

ACUTE CONFUSIONAL STATE

Abreakdown 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).

Delirium (toxic confusional state)

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 unnec-
essary. Sedation when unavoidable should be
titrated to response in small aliquots (e.g. 2.5mg
haloperidol intramuscularly).
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Table 7.3: Differential diagnosis of toxic confusional
state

Infection Chest, urine, cellulitis

Metabolic Hyponatraemia
Dehydration

Hypo- or hyperthermia
Uraemia

Hepatic encephalopathy

Endocrine Hypo- or hyperglycaemia

Hypo- or hyperthyroidism

Neurological Meningitis, encephalitis, cerebral
abscess

Tumour

Subdural haematoma

Postictal
Infection
Hypoxia
Hypercapnia

Respiratory

Cardiac Low-output states

Withdrawal (alcohol,
benzodiazepines, opiates)

Sedatives, diuretics,
antiparkinsonism

Drug related

Dementia (acute organic state)

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.

Depression (acute psychiatric state)

There may be 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 function.

TRAUMA IN 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.

Injury mechanisms

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

Orne 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.

BuURrNs

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.

NON-ACCIDENTAL INJURY

In the USA this is termed elder abuse. Patients sel-
dom inform medical staff for fear of abandonment
by their family. 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, unexplained medication overdoses or
multiple injuries of varying ages.

Key differences

HEeAD INJURY

There is an increased incidence of subdural haema-
toma because of increased dural vein fragility and
the tendency of thebrain to atrophy with age, thus
allowing it greater movement within the cranium.
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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.

CHEST INJURY
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.

CARDIOVASCULAR RESPONSES AND INJURY
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 inotropic and chronotropic.

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

ABDOMINAL INJURY

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

ORTHOPAEDIC INJURY

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.

REsuscITATION

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.

MYOCARDIAL INFARCTION

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.

INFECTIONS

Elderly people are at 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
aggressively.

ABDOMINAL PAIN

In comparison with younger patients, abdominal
pain frequently has a serious underlying cause and
surgical intervention is commonly required. Again,
life-threatening 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 shrinks 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

Parkinsonism
Dependent oedema
Epilepsy

Diabetes
Hypertension

INAPPROPRIATE 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.

PRIOR TO DISCHARGE

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

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

8 Can the patient get home safely?

8 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 mobilize safely they must be
admitted for further investigation and rehabilitation.



CHAPTER EIGHT

ANALGESIA, SEDATION AND

ANAESTHESIA

B |ntroduction
®  Analgesia
B Local anaesthesia

INTRODUCTION

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 uncontrolled 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.

ANALGESIA

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.

PAIN PHYSIOLOGY

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 unmyelinated 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 unsuitable for emergency depart-
ment use and is not discussed further in this chapter.

METHODS OF PAIN MANAGEMENT

Simple measures

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.

Inhalational analgesia

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 maximum
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 pneumothorax. 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 regional
local anaesthetic or an intravenous analgesic.

Entonox is contraindicated in head injury, pneu-
mothorax and decompression illness.

Enteral analgesia

Oral analgesia can be used for mild to moderate
pain. The opioids and NSAIDs are the two classes
of analgesics that include the majority of drugs
which are commonly used in the emergency depart-
ment. For mild pain paracetamol 1g 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 mir:
which lasts about 4 h.

OrioiDS

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-
dramol (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
anew 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.
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NON-STEROIDAL ANTI-INFLAMMATORY 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 conjunction with opioids
such as dihydrocodeine to provide analgesia in
patients presenting with chronic 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
asthma 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 E;, 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.

Parenteral analgesia

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

the site of injection and the peak plasma concen-
trations can be inconsistent.

Intramuscular analgesia should be avoided in patients
with hypovolaemia or cardiac failure.

OrioIDs

The most serious side-effect of opioid analgesics is
respiratory depression, possibly leading to respir-
atory arrest (Table 8.1). Transient hypoxia with no
clinical ventilatory abnormalities often occurs in
theelderly 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
function, leadi'ng to constipation and paralyticileus.
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 15-20min, 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 2mg.

Table 8.1: Side-effects of opioids

Respiratory depression and arrest
Hypoxia

Nausea and vomiting

Reduced gastric emptying
Retention of urine

Constipation

Paralytic ileus
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8 Morphineis 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 0.1-0.2mg
kg™! with a duration of action between 3 and
4h. When administered intravenously to an
adult, an initial bolus of 3-5mg can be given
followed by further 1-2mg 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—-
0.15mgkg™! and it can be given intravenously,
intramuscularly or subcutaneously.

® Pethidine is a synthetic drug which is com-
monly given either intravenously (0.5-1mgkg™)
or intramuscularly (50-100 mg adult dose). It is
shorter acting than morphine (duration 2-3h)
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 the 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.

NSAID brucs
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 anewer 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 fromanother 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.

LocCAL ANAESTHESIA

INTRODUCTION

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

PHARMACOLOGY

Nerve fibres may be blocked at 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 at
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.
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Table 8.2: Summary of pharmacodynamic properties and doses of local anaesthetics

Relative Toxicity Duration
potency of action
Esters:
Procaine | | Short
Amethocaine 8 10 Long
Amides:
Lignocaine 2 2 Moderate
Prilocaine 2 | Moderate
Mepivacaine /) 2 Moderate
Bupivacaine 8 10 Long

Onset  Maximum Typical dose (ml)
(min)  dose(mgkg™') 70-kgadult

I8 6-7 10 (of 3%)
5 I-1.5 6-8 (of 0.5%)
5 3 20 (of 1%)*
5 5 40 (of 0.5%)
3 4 15 (of 0.2%)
10 2 20-25 (of 0.5)

* 40 ml of 1% lignocaine can be used when mixed with adrenaline 1/200000.

® 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

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

Unwilling 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

Inexperienced user

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 milligrams per millilitre is by multi-
plying the % concentration by 10. For example, 1%
lignocaine is equivalent to 10mg ml~"'.

GENERAL PRINCIPLES

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

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 3mg kg™".

The maximum safe dose of lignocaine with adrena-

lineis 7mgkg™".

6l
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PREOPERATIVE CONSIDERATIONS

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.

General health

A brief medical history and physical examina-
tion should be taken in all cases. Patients with
ischaemic heart disease, arrhythmias, 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 young 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.

Patient monitoring

Patients undergoing 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.

Type, site and duration of
procedure

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.

Theduration 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 performed. Similarly, extensive
wounds which would require infiltration of doses in
excess of the maximum safe dose in order to achieve
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 around the mouth.

Side-effects

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 administration.

The most serious side-effects result from the
action of the local anaesthetics on the central nerv-
ous system (CNS) and cardiovascular system.
Initial 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,
twitching 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
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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 5-10mg IV slowly
CVS toxicity:
Hypotension — foot elevation and intravenous
fluids

Cardiac arrhythmias — cardioversion if
haemodynamically compromised

Anaphylactic reaction:
Adrenaline, hydrocortisone, nebulized salbutamol

Methaemoglobinaemia:
Methylene blue

binding and cardiotoxicity. Methaemoglobinaemia
may result when prilocaine is used in excess of
7mgkg~!. 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 REGIONAL ANAESTHESIA

Local infiltration and field block

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 around the
area to be treated. These techniques are normally
used for suturing of lacerations, cleaning and
debriding of wounds, minor surgical procedures
and to supplement a nerve block.

Technique

Lignocaine (3mgkg™! max. dose) is slowly infil-
trated into the wound edges, skin or tissues using
a fine needle. The onset of action is about 2min
with a duration of action up to 45min depending
on whether adrenaline has been used. Excessive

infiltration around the wound with local anaes-
thetic may distort the normal anatomy and make
the operative procedure more difficult.

Upper limb blocks

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 unsuitable 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.

INTRAVENOUS REGIONAL ANAESTHESIA

(BIER’s BLOCK)

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 technique 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 5min 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:

8 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.

8 Venous access should be established on both
arms.

B Resuscitation equipment and drugs should be
readily available.

8 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 2min (40ml of 05% 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
20min 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 (FiG. 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 30-40ml 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

Pectoralis
major

Biceps

Coracobrachialis

Figure 8.1: Axillary block.

paraesthesiae. If aspiration shows that the needle
has entered the axillary artery the needle is
advanced through the artery by piercing its poste-
rior wall to enter the posterior part of the brachial
plexus sheath. If any resistance is felt while the
anaesthetic isinjected 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 30-45min to
work fully.

MEDIAN NERVE BLOCK AT THE WRIST

(FiG. 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 fineneedle is inserted between the tendons
of the flexor carpi radialis and palmaris longus
and advanced to a depth of 1cm. Five millilitres of
1%lignocaine are infiltrated, withdrawing the nee-
dle if paraesthesiae occur. For onset of anaesthesia,
5-10 min should be allowed.
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Figure 8.2: Median nerve block at the wrist.

ULNAR NERVE BLOCK AT THE WRIST

(FiG. 8.3)

The ulnar nerve innervates the ulnar aspect of
the hand by dividing into two cutaneous branches
5cm 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 fractures 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
isintroduced 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 witlhdrawn. The dorsal branch is blocked by
subcutaneous infiltration of 5ml of local anaes-
thetic around 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 THE WRIST

The superficial branch of the radial nerve passes
under the brachioradialis tendon 8cm 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 innervated 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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INFILTRATION OF FRACTURE 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 personnel with or without intravenous
sedation, although some critics of the technique
believe that the analgesia produced is less effective
than regional anaesthesia (Bier’s block).

Technique This teclhnique 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 10-15ml of 1%
lignocaine slowly injected. The fracture can be
manipulated 10 min following the injection. The
block lasts for approximately 1h and remanipula-
tion of the fracture maybe possible during this
period.

Haematoma blocks should not be used for frac-
tures sustained over 24h 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 1h after the procedure.

DIGITAL NERVE BLOCK (RING 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 2ml 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
5ml. 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.

Blocks for lower limb injuries

FEMORAL NERVE 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

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 fractured
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
1-4cm 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, 10ml of 1% lignocaine is slowly
injected. The onset of action is between 5 and
15 min, with duration of up to 1.5h (Fig. 8.6).

COMPLICATIONS

These include puncture of 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 compartment 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 if
a short-acting local anaesthetic is used.

Intercostal block

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 subcostal groove along with the intercostal
blood vessels. Lateral and anterior cutaneous
branches are given to supply the intercostal mus-
cles and the skin over the front of the thorax. The
lower six intercostal also supply the anterior
abdominal wall.

CONTRAINDICATIONS
These relate to the problems of causing a pneumo-
thorax. Obese patients can be technically difficult.

Patients with chronic airway disease and emphy-
sema may be technically easy but if a puncture
occurs it can 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 number
of nerves to be blocked is determined by blocking
one level higher and 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 advanced 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 5ml 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 4-6h with lignocaine
and adrenaline and 10-16h when bupivacaine
is used.

TOPICAL ANAESTHESIA

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

The cornea and conjunctiva can 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 30s. The
onset of action is within 30s, with a duration of
action of 15 min.
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SEDATION

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 puncture 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.

PATIENT MONITORING

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.

DRruGs

Benzodiazepines such as midazolam or diazepam
are commonly used intravenously to produce
sedation, anxiolysis, amnesia and muscle relax-
ation. They produce amnesia 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 hypovolaemia 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 the patient must
be safely monitored in the department.

EMERGENCY GENERAL

ANAESTHESIA

General anaesthesia is a reversible drug-induced
state of unresponsiveness 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
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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.

INDUCTION OF ANAESTHESIA
(TaBLE 8.5)

Hypnotics

An intravenous induction agent works via a still
unknown mechanism to cause unconsciousness as
long asitis presentin 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.

® Thiopentone is a short-acting barbituate which
produces sleep in 30-60s. 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 1mgkg™!
in the elderly and in shocked patients. As it has
arapid 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. Ketamine 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 elimination half-life of the most commonly used induction agents

Drug Intravenous dose (mgkg™')
Thiopentone  3-5 3-14
Propofol 1-3 24
Etomidate 0.3 2-6

Distribution half-life (min)

Elimination half-life (h)

5-17
4-5
-5
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occur. Nystagmus is 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 mgkg™' are used with
0.01mgkg™ L atropine (minimum 0.1 mg, maxi-
mum 0.5mg) in the same syringe. If required,
2-4mgkg™ ' additional doses without atro-
pine may be given. By the intravenous route,
1-1.5mgkg™! are administered slowly over
1-2min. Additional doses of 0.5mgkg™! may
be given. Atropine can be given intravenously
just before the ketamine dose.

Muscle relaxants

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
1.5mgkg™ ! to produce fasciculations followed
by paralysis within 30s, with a duration of
action between 5 and 10min. 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.

8 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.

Rapid sequence induction of
anaesthesia

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 1.5mgkg ' 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.

1

Maintenance and reversal of
anaesthesia

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 with30% O,), 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
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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

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.

FURTHER READING
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INTRODUCTION

[tis often stated thatitisonly 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.

PRINCIPLES OF GOOD PRACTICE

NOTE TAKING

Accurate, concise and legible records are an 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, it wasn’t done.

ADVICE AND REFERRALS

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 with 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
irritation.



CONSENT

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!

DEALING WITH DIFFICULT PATIENTS

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 unco-
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 troublesome 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 unacceptable. 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

in the notes and the record countersigned by a
witness.

THE MEDICAL DEFENCE AGENCIES

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.

CONSENT

ADuULTS

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 witness, 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 |6 years or over.

Some adults are considered incapable of giving
informed consent to a treatment or procedure. This
might be because of unconsciousness or acute or
chronic 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 the 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, treatment 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 under 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 therapy),
wherever possible informed consent should be
sought from the patient. If such consent caniot 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.

Technical aspects of the Mental Health Act are
discussed below.

CHILDREN

The ability of children to give consent should be
based on an assessment of their ability to under-
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 certain 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 the
wishes of a minor aged over 16 years or under 16
years who is 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 children under the age of 16 years are consid-
ered legally capable of giving or refusing consent on
their own behalf.

Consent to treat a child who is under 16 years
and Gillick incompetent should be obtained from a
parent or an adult with 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
treatment 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 taken,
and it should ideally only be taken after a
second opinion from a senior doctor in the specialtv.
Such an application is made by the hospital solicitor
on instruction from the duty hospital manager.

If the patient is a child of unsound mind, wher-
ever possible consent should be sought from some-
one with parental (or equivalent) responsibility.
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THE LAW AND MENTAL HEALTH
PROBLEMS

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

SECTION 2: ADMISSION FOR
ASSESSMENT

Section 2 of 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’ under
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.

SECTION 3: ADMISSION FOR
TREATMENT

Patients are admitted to hospital under 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. Thenearest 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 Tribunal.

SECTION 4: ADMISSION IN AN
EMERGENCY

Section 4 allows the urgent admission of a patient
on the application of the nearest relative or a social

worker for a period of 72h 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 under the Act. At or before the end of
721, the patient must be discharged or an applica-
tion made under one of the other sections.

SECTION 5: PREVENTION OF
DISCHARGE

Both medical and nursing staff have certain rights
under 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 6h whilst awaiting medical opinion.
Powers under Section 5 are not applicable to
patients in an emergency department.

SecTioN |135: REMOvVAL TO A
PLACE OF SAFETY

Under certain circuunstances, a police officer
accompanied by a doctor and an approved social
worker may, under 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 treatment 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 72h pending a further application.
Accepted places of safety under the Act include
police stations, NHS hospitals and social services
residential accommodation.

SUICIDAL INTENT

Patients threatening one form or another of self-
harm are unfortunately common 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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be 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 treatment.
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 grounds 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 under 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.

CHILD ABUSE

The clinical features of 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 child 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 child 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 child abuse

Young parents

Low social class

The mother's partner is often not the biological
parent of the child

Large family with several small children

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 anv
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 is 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.



DEALING WITH THE POLICE

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
cannot safely return 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 instance.

Unfortunately, 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 anything more
sinister than poor parenting. In these cases, there
has to be a degree of personal assessment of the pos-
sible risks to the child. 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 and 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 their own parents’
poor parenting of them, require support rather than
condemnation and open suspicion, in an attempt to
achieve the best for their children.

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.

RELIGIOUS ASPECTS OF
EMERGENCY MEDICINE
DEALING WITH JEHOVAH’S

WITNESSES

Jehovah’s Witnesses believe that it is wrong to
receive blood from another person or to undergo

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 change 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 unequivocally estab-
lished that a patient who is for whatever reason
unable to give consent is genuinely a Jehovah's
Witness, this information must be respected and
the relevant treatments avoided. However, such
information must be clear, and a simple statement
to the effect that a friend ‘thinks that the patient is
a Jehovah’s Witness’ is not adequate.

DEALING WITH THE POLICE

Given all the problems all staff in emergency
departments have to face, particularly on Friday
and Saturday nights, it does no harm at all to
remain on friendly terms with local police officers.
Unnecessarily 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 that no breach of medical
confidence occurs.

ACCESS TO MEDICAL INFORMATION

Police officers do not have an automatic right to
see confidential medical records or to remove them
from the department. Any statement containing
such confidential material should only be given
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with the patient’s written consent. If such consent
is refused or carinot be obtained, the doctor may be
summoned to court, where any refusal may be con-
sidered to be contempt of court. In practice, this is
rarely necessary. Very rarely, an 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.

MOTORING OFFENCES

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 an 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 fort

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

Patients who are unfit to drive for medical rea-
sons have a duty to inform the Drive and 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 drunk should be
warned that they will be reported, and the police
informed.

THE ROLE OF THE POLICE SURGEON

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 and sexual assault and assessing fitness to
be detained.

CONTROLLED DRUGS

Patients with drugsin 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 hand 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.



DEALING WITH THE CORONER

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.

PRESCRIPTION REQUESTS

Requests by addicts for a repeat prescription are
common, usually when it can be argued that the
normal legitimate source of supply is unavailable.
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 departments are not appropriate
places for the uncontrolled supply of drugs to
addicts, and departments 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 circumstances.

REQUESTS FOR INFORMATION

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 circumstances will render
it appropriate for some details to be given. Clearly,
potentially embarrassing information should not be
disclosed without the patient’s consent.

Care should be taken over telephone enquiries,
as there is always the possibility that the caller is

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 cannot 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 the telephone, although depend-
ing on the circumstances the 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).

PRESERVATION OF EVIDENCE

Many of the patients attending an emergency
department 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.

DEALING WITH THE CORONER

All deaths occurring in an emergency department
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 unnecessary technical jargon. Until the cor-
oner is satisfied, a death certificate cannot 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.

GIVING EVIDENCE

There are two types of medical evidence:

B evidence of fact
® expert opinion.

Evidence of fact, the kind of evidence junior
doctors are usually called upon to give, describes
what actually happened as far as the facts are
known to the witness. Opinion evidence is usually,
but notalways, given by consultants and is intended
to help the court ascertain the significance of infor-
mation put before it. Experts also give evidence
of fact. Junior 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 unable to justify.

WRITING LEGAL REPORTS

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.

‘Jlohn Smith attended the Accident and Emergency
Department at Blankshire Royal Infirmary at 21.00
on Wednesday the 24th October 1997 and was seen
by me, James Smith MBBS, as casualty officer at
284|577

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 should
be included in the form ‘the patient stated that...".

A precise description of the nature 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.

GOING TO COURT

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.

NEGLIGENCE

In order for a complaint of 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 situation, although a general practitioner does
have a duty of care to such patients within their
own practice area. Once any doctor commences
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
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experience, although any doctor will be 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”.

Thusthelevel 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 Indemmnity, 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 under 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 with
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.

MEDICAL PROTECTION SOCIETIES

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 000000, and Trusts
do not have unlimited 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, fitness 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).

SEEKING APPROPRIATE ADVICE

Emergency medicine is a challenging specialty
with an inexhaustible range of potential patients,
illnesses and injuries. No single doctor can ever
have seen or read about every condition that thev
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



FURTHER READING

which are beyond their experience. Emergency
medicine is not about making ‘courageous’ deci-
sions, often under 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.

MANAGING COMPLAINTS

The majority of 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, drunk or unco-operative, record it on the casu-
alty card and have the statement witnessed.

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.

FURTHER READING
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Edward Arnold, London.
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Montague, A. (1996) Legal Problems in Emergency Medicine.
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CHAPTER TEN

CARDIAC ARREST

B |ntroduction

B Heterogeneity of cardiac arrest in the emergency
department

®  Personnel

®  Equipment

®  Airway and ventilation in cardiac arrest

®  Vascular access

INTRODUCTION

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.

HETEROGENEITY OF CARDIAC

ARREST IN THE EMERGENCY
DEPARTMENT

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
20min 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
full resuscitation procedures by paramedics are very
unlikely to survive.

Table 10.1: 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 rhythm.
The majority of survivors leave hospital with sig-
nificant neurological disability. Those emergency
medical service (EMS) systems witl well-developed
prehospital paediatric advanced life-support skills
have results which are only slightly better (less
than 10% survival rates).

Inorder to deal with such variation and the time-
critical nature 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 until a period of 12-24h of
controlled ventilation, cardiovascular and cerebral
support has been completed. Early input from
intensive care unit staff is therefore essential.
Organization and appropriate use of personnel
and equipment are described below.

The quantity and quality of survival cannot be pre-
dicted early after resuscitation from cardiac arrest.

PERSONNEL

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 10.2: Roles of the cardiac arrest team

Person A (airway):

Prepare airway equipment

Support airway and ventilation at 12 ventilations
per minute

Person B (cardiac compression):

Institute CPR

Maintain compressions at 100 per minute

Count aloud when CPR is not in progress (one off,
two off, etc.)

Inform team leader at 10 off

Inform team leader when tiring

Person C (defibrillation):

Place gel pads on chest

Read rhythm via paddles

If VF or possibly VF, defibrillate; 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




VASCULAR ACCESS

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 oft’
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.

EQUIPMENT

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 AND VENTILATION IN

CARDIAC ARREST
Endotracheal intubation is 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 10.3: Defibrillation

Do not allow anyone to use a defibrillator who has
not been trained to do so.

Apply gel pads to the patient’s chest and select the
energy required.

Paddles should be charged either whilst in the
defibrillator 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 defibrillation to check the pulse during
a cycle of three defibrillatory 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 ACCESS

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,

89
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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. However, it is more difficult to
insert in children over 6 years of age owing to the
increase in bone density.

RESUSCITATION ALGORITHMS

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).

BASIC LIFE SUPPORT IN ADULTS
(Fic. 10.1)

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 skills
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 Council (UK) recommends that if the likely
cause of unconsciousness is trauma, drowning,

CHECK
RESPONSIVENESS

Shake and shout

OPEN AIRWAY

Head tilt/chin lift

If breathing:
recovery position

CHECK BREATHING

Look, listen and feel

BREATHE

2 effective breaths

ASSESS
10s only

Signs of a circulation

CIRCULATION PRESENT

NO CIRCULATION

Continue rescue breathing

Check circulation
every minute

Compress chest

100 per minute
15:2 ratio

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

Figure 10.1: Adult basic life support.



RESUSCITATION ALGORITHMS

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.

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 10s.

ADVANCED LIFE SUPPORT IN ADULTS
(Fic. 10.2)

The European 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.

The main points to consider are that the doctor
must interpret the ECG rhythm in the clinical con-
text and treat the patient not the monitor. VF or
pulseless ventricular tachycardia (VT) are the most

( Cardiac arrest ]

Precordial thump
if appropriate

BLS algorithm
if appropriate

Attach
defibrillator/monitor

‘AkA

rhythm

+/— Check pulse

VENT

If not already:

Defibrillate %3
as necessary

CPR | min <
S | \_

@ During CPR
Correct reversible causes

* check electrodes, paddle
positions and contact

* attempt/verify: airway and O,
IV access

4 * give epinephrine every 3 min

* Consider: amiodarone,

atropine/pacing

buffers

2N Non-VF/VT

A
CPR 3 min*
»| *I min if immediately
after defibrillation
el
4

* Hypoxia

* Tamponade

\_ obstruction

4 Potential reversible causes:

* Hypovolaemia

* Hyper/hypokalaemia &
metabolic disorders

* Hypothermia

* Tension pneumothorax

* Toxic/therapeutic disorders
* Thromboembolic & mechanical

4

Figure 10.2: Advanced life support in adults.
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CARDIAC ARREST

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

A

OPEN AIRWAY
Head tilt Chin lift
(jaw thrust)

CHECK BREATHING

PAEDIATRIC BASIC LIFE SUPPORT

The principles of paediatric BLS (Fig. 10.3) are simi-
lar. An infant is defined as being under 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

Look,listen, feel

No

!

Breathe

Yes

Minimum 2 effective breaths

A

Assess for signs
of a circulation
Check pulse
(10s maximum)

I

Compress chest
5 compressions:
I ventilation
100 compression/minute

Continue
resuscitation

Figure 10.3: Paediatric basic life support.
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CHAPTER EIGHTEEN

GENITOURINARY EMERGENCIES

Introduction

Renal failure

Haematuria

Acute retention

Acute ureteric colic

Urinary tract infection (UTI)

Urethritis and sexually transmitted diseases

INTRODUCTION

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 FAILURE

Acute renal failure can be life threatening owing to
biochemical disturbances and the consequent risk
of cardiac arrythmia. Patients do not, however,
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 swelling
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

8 renal — for example glomerulonephritis, renal
vein thrombosis, accelerated hypertension, con-
nective tissue disorders

® postrenal — obstruction — supravesicular obstruc-
tion needs to be bilateral to produce decreased
urine flow.



FURTHER READING

Table 17.8: 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.

Treatment

Emergency treatment should be initiated if the cor-
rected serum calcium is greater than 3.5mmoll™!
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 51 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
administration 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 treatiment
of the underlying cause.

HypocALCAEMIA

Causes

Hypocalcaemia is a relatively rare diagnosis in
emergency department practice. A differential diag-
nosis of its causes is given in Table 17.9.

Symptoms and signs

General fatigue and irritability are common and
again the presentation may be of predominantly

Table 17.9: Causes of hypocalcaemia

Renal disease
Liver disease
Malnutrition
Malabsorption

Vitamin D deficiency

Neck surgery
Infiltrative diseases
Sepsis

Pancreatitis

Parathyroid hormone
deficiency

Fluoride poisoning
Citrate (blood
transfusion)

Calcium chelation

behavioural abnormality. When the serum calcium
falls below 2mmoll ! 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.

Treatment

Again care should be taken in confirming the diag-
nosis by laboratory analysis to take into account
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, 5mmol of magnesium sul-
phate should be given intravenously over 15 min.

FURTHER READING

Moore, K. and Ramrakha, P. (1997) Oxford Handbook of
Acute Medicine. Oxford University Press, Oxford.
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should be 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.

HYPOPITUITARY CRISIS

Itis 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.

DISORDERS OF CALCIUM
METABOLISM

Calcium plays a vital role in many processes at 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 mmoll~!. 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 17.7: Causes of hypercalcaemia

Extensive bone metastases
Production of parathyroid
hormone-like substances

Malignancy

Primary hyper-
parathyroidism

latrogenic Lithium
Thiazide diuretics
Calcium and vitamin D
preparations
Granuloma Sarcoid

Tuberculosis
Immobilization
Hyperthyroidism
Paget’s disease

Miscellaneous

albumin above or below 40gl~!. Both hypercal-
caemia and hypocalcaemia represent medical
emergencies.

HYPERCALCAEMIA

Causes

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.

Symptoms and signs

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 renalfailure. 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



ADRENOCORTICAL INSUFFICIENCY

Table 17.5: Emergency treatment of hypothyroidism

Table 17.6: Causes of adrenocortical failure

Hyponatraemia — fluid restriction (500 ml in 24h).
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 failure may precipitate
adrenal crisis.

Specific thyroid therapy — the choice of thyroid
hormone and dose regimen is controversial and
consultation with an endocrinologist is
recommended.

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)

of glucose metabolism, temperature regulation,
electrolytes and glucocorticoid hormones as well
as specific thyroid therapy (Table 17.5).

ADRENOCORTICAL INSUFFICIENCY

(ADDISONIAN CRISIS)
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 of 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.

CLINICAL 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 as
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 since
the production of mineralocorticoids via the renin—-
angiotensin system is not pituitary dependent.

INVESTIGATION

Blood should be taken for cortisol, ACTH and
aldosterone levels in addition to baseline urea and
electrolytes and full blood count.

TREATMENT

Prompt correction of 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.

Clinical examination

High fever, warm peripheries, tachycardia and
abounding 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.

Investigation

Baseline full blood count, electrolytes, urea and
thyroid function tests should be ordered. A raised
white cell count is common in thyrotoxicosis and
hypercalcaemia is often found. Treatment must
commence before the thyroid function test results
are available. An ECG may demonstrate cardiac
arrhythmia or myocardial ischaemia and the
patient should be continuously monitored.

Treatment

There must be careful maintenance of fluid bal-
ance  with  correction of hypokalaemia.
Dysrhythmias (usually atrial fibrillation) should
be controlled by drug therapy, and for hyper-
pyrexia external cooling and chlorpromazine
(50mg IM) may be used. Specific therapies for
thyrotoxicosis are shown in Table 17.4. Treatment
of the precipitating cause is the main determinant
of outcome.

Table 17.4: 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

HYPOTHYROIDISM AND
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%.

History

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.

Clinical signs

Confusion may progress to coma and hypother-
mia is common. Bradycardia is usual and a chest
X-ray may demonstrate cardiomegaly and peri-
cardial 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.

Laboratory investigations

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 T, high
thyroid-stimulating hormone (TSH)), indicating
thyroid failure), or secondary (low T, low TSH,
indicating pituitary failure) hypothyroidism. The
serum cortisol is often also low.

Treatment

The emergency treatment of hypothyroidism
requires correction of the associated abnormalities
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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
2-4mmolh~!. Continuous insulin infusion should
be continued until the ketonaemia and acidosis
have resolved. The patient can then be commenced
on a maintenance regimen.

Treatment of the precipitating
cause

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.

Complications

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 0.03pH
units.

Remember identification and treatment of the pre-
cipitating cause is essential.

HYPEROSMOLAR HYPERGLYCAEMIC
NoN-kEToTic coMA (HHNKC)

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.

Table 17.3: Management of HHNKC

If the serum sodium level is > 150 mmol ™! use
0.45% saline.

Patients are usually extremely sensitive to
insulin and require lower infusion rates than in
DKA.

Thrombotic complications are common and
patients should be fully anticoagulated 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 the 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 380mmoll~!. 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 variations
(Table 17.3).

THYROID EMERGENCIES

THYROID CRISIS OR ‘STORM’

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.

History

Known precipitants of thyroid crisis include non-
compliance with medication for hyperthyroidism,
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breathing. The exhalation of 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 DKA has a serum osmolarity
of less than 340mmolkg™! then an alternative
cause of impaired consciousness should be sought
(cerebrovascular accident). Nausea, vomiting and
abdominal pain are common.

The diagnosis of DKA is made with a blood glu-
cose of greater than || mmoll™', associated with
ketonuria and a bicarbonate of less than |5 mmol ™.

Management (Table 17.2)

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 hyponatraemia,
hyperkalaemia and raised urea and creatinine. In
DKA 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.

Correction of dehydration

In severe DK A there may be a deficit of up to 101 of
body water and 400-700 mmol of sodium. The first

Table 17.2: Management aims for diabetic
ketoacidosis

Correct dehydration

Correct electrolyte disturbances
Correct insulin deficiency

Treat precipitating causes
Prevent complications

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
15mmol 17!, Furthermore, persistence of keton-
aemia 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.

Correction of electrolyte and
acid-base disturbance

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 mmol deficit. Because of
the acidosis and lack of insulin (both of which
increase extracellular potassium levels) the extra-
cellular potassium 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
sodium/potassium pump and potassium supple-
mentation. Potassium should be given at a rate of
20mmol h 7}, rising to 40 mmol h~! if the level con-
tinues to fall. Serum potassium should be regularly
reassessed and supplements not given if the level
rises above 6 mmol 1~ or if the patient is oliguric.

There is no compelling evidence that correction
of acidosis in DKA with 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.

Insulin therapy

The rapid reduction of blood sugar is neither neces-
sary nor desirable.



HYPERGLYCAEMIA

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.

TREATMENT

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 5mlkg™".
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 administration, local throm-
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.

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.

HYPERGLYCAEMIA

A random blood glucose of greater than | | mmol ™!
is diagnostic of diabetes mellitus.

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.

DiaBeTIc kKETOACIDOSIS (DKA)

DKA occurs only in diabetics. Itis 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 unwell diabetic owing to loss of
appetite and reduced food intake. Alternatively
keto-acidosis may be the presenting illness in a
previously undiagnosed diabetic.

Pathophysiology

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) and
thirst (polydipsia). The loss of glucose in the urine
and dehydration results in weight loss.

The relative excess of glucagon (unopposed
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 Kussmaul
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®  |ntroduction

®  Hypoglycaemia
®  Hyperglycaemia
[

Thyroid emergencies

INTRODUCTION

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.

HyPoGLYCAEMIA

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 7",

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.

CLINICAL PRESENTATION

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 17.1: Features of hypoglycaemia

Neuroglycopenia:
Confusion
Lethargy
Hunger
Aggression
Coma

Autonomic overactivity:
Sweating
Pallor
Tachycardia
Vomiting




FURTHER READING

Treatment

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 C; esterase inhibitor.

FURTHER READING

Wetherall, D., Ledingham, J. and Warrell, D. (1995) Oxford
Textbook of Medicine. Oxford University Press, Oxford.
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Table 16.5: Manifestations of anaphylaxis

Skin Erythema, pruritus, urticaria
and angioedema

Upper airway swelling leading
to obstruction

Acute brochospasm

Nausea, vomiting, abdominal

Respiratory

Gastrointestinal

tract pain and diarrhoea
Cardiovascular  Light-headedness, tachycardia,
system hypotension and shock.

Cardiac dysrhythmias
and infarction may occur

ANAPHYLAXIS

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.

Management

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 0.5mg of adrenaline should be given
intramuscularly every 5min to achieve the same
effect. Hydrocortisone 200mg intravenously and
5mg 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 1-21 of normal saline should be given rapidly.
Further treatment may include chlorpheniramine
intravenously, and patients with refractory hypo-
tension should receive an H,-blocker. 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 12h.
Therefore all should be admitted and closely
observed.

URTICARIA

This presents with typically itchy, oedematous
transient skin swellings, often occurring in crops.
There are many causes, including foodstuffs, drugs,
insect stings, viral illnesses, temperature, sunlight
and exercise. In chronic cases no cause is usually
found.

Treatment

Most will improve with a non-sedating histamine
antagonist. Refractory cases may respond to the
addition of an Hj-antagonist. An attempt should
be made to identify the likely cause.

ANGIO-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 C; esterase
inhibitor deficiency.
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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.

Diagnosis

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 18000 mm . A fall in haemoglobin of more than
2gdl™! 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.

Management

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 vaso-occlusive crisis requires large doses
of intravenous opiates.

Specific measures

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. Abroad-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 to
exclude meningitis and subarachnoid 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
lifespan and are generally asymptomatic.

ALLERGY AND ANAPHYLAXIS

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.

SICKLE CELL DISEASE

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 16.4: The sickle cell crises

Vaso-occlusive
Haematological
Infectious

Clinical features

Patients with sickle cell disease have a chronic
haemolytic anaemia with a haemoglobin level in
the range of 6-9gdl !. 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-OCCLUSIVE CRISIS

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.

HaemATOLOGICAL

Splenic sequestration crisis occurs predominantly
in children, with rapid enlargement of the spleen
withssickling and infarction. The 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 2gdl™!, and the reticulocyte count is low.

INFECTIOUS
Sickle cell disease is associated with an increased
susceptibility to infection. This is thought to be
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VoN WILLEBRAND’S DISEASE

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 (vVWF) 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.

Disseminated intravascular
coagulation (DIC)

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).

INVESTIGATIONS

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 (FDP) 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.

Figure 16.1: 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.

Over-anticoagulation

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 INR 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
6h later and daily for 3 days. Further vitamin K
may subsequently be required.
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Platelet disorders

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
mucosal 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 50000 mm~3. Spontaneous bleed-
ing, including life-threatening central nervous sys-
tem haemorrhage, may occur if the count falls
below 10000 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
50000 mm ™3 who are bleeding. Each unit transfused
should raise the platelet count by 10000 mm™~>. Any
patient who presents with a count of less than
10000mm 2 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 30-60mg
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.

Coagulation factor deficiencies

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.

HaeMoPHILIA

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 10000 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 1h. 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.
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Table 16.2: Investigations for anaemia

Table 16.3: Causes of leucopenia

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
arectal examination is mandatory to detect melaena
or fresh blood in the rectum.

INVESTIGATION
The investigations required in a symptomatic
anaemic patient are given in Table 16.2.

Haemoglobin level may initially be normal following
acute blood loss.

NON-BLEEDING 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 By,
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.

Marrow Aplastic anaemia, leukaemia,
chemotherapy, idiosyncratic
drug reaction

Distribution Splenomegaly, malaria, portal
hypertension

Increased Viral infection, rickettsia,

utilization autoimmune disease

Laboratory error

TREATMENT

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
atthe specific underlying cause together with trans-
fusion and the advice of a haematologist.

Leucopenia

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.

Infection in a leucopenic patient is often accompa-
nied by few physical signs.

Thrombocytopenia

This subject is dealt with in the section on Platelet
disorders (p. 195)

COAGULATION DISORDERS

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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HAEMATOLOGICAL DISORDERS

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.

CELLULAR DEFICIENCIES

Anaemia

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 16.1: Differential diagnosis of anaemia

Reduced red cell Marrow failure or haematinic

production deficiency
Loss of red cells Haemorrhage — occult
or overt

Increased red cell
destruction

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 SIGNS

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.
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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).

Treatment

Treatment is symptomatic and supportive care.
Patients should be observed with ECG monitoring
for at least 4h 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.

OTHER HALLUCINOGENIC 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

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 1h
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 45min after oral ingestion. The
commonest effects are euphoria, relaxation and
mild ataxia. Other findings include a mild tachy-
cardia, peripheral vasodilation and conjunctival
suffusion. Occasionally, patients experience panic
attacks, hallucinations and paranoia, causing
them to present to hospital. Treatment other than
reassurance is rarely needed.

FURTHER READING

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.

Treatment

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.

GAMMA-HYDROXYBUTYRATE

Gamma-hydroxybutyric acid (GHB) is 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.

Toxicity

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 (2-6h). 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.

Treatment

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.

VOLATILE SUBSTANCE MISUSE

Hydrocarbons present in a large number of 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.
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Table 15.12: Common street names for drugs

Amphetamines Speed, bennies, uppers,
rocks

Cannabis Dope, ganja, grass, hash,
hashish, weed, shit,
pot, marijuana

Cocaine Blow, charlie, coke, snow

Gamma- GBH, GHB, liquid X

hydroxybutyric acid

LSD Acid, dots, purple haze

MDMA Ecstasy, XTC, E

Opiates 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 amounts 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 6h.

CoCAINE

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

name). Crack cocaine can be smoked, inhaled or
injected.

Toxicity

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
hypotension.

Clinical presentation

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 psychosis
occur and increase the chance of accidental trauima
(a significant cause of morbidity with all forms of
substance misuse).
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Naloxone has a short half-life and opiate toxicity
may recur after an initial 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 6h (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 6h, can be considered for discharge
after appropriate counselling.

AMPHETAMINES

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 hyperthermia.

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.

Treatment

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. Hyperthermia is
treated initially with simple cooling measures and
intravenous fluids. If the patient fails to respond
dantrolene (1 mgkg™ intravenously over 15min) is
recommended, and if this is ineffective, the patient
should be paralysed and ventilated.

MDMA (Ecstasy)

MDMA (3,4-methylenedioxymethamphetamine)
is a hallucinogenic amphetamine derivative. It
is widely used in the UK at dance parties and
raves. [t 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 4-6h. 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
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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.

OvrioIDS

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.

Toxicity

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 2h of oral ingestion, an
hour of intramuscular injection, and within

minutes of intravenous injection. However, pro-
longed toxicity can be seen after ingestion of
propoxyphene, sustained-release preparations of
morphine and methadone (half-life 20-25h). 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
urticarial 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.

Treatment

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 2mg.
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
the 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.

Methylated spirits

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.

Ethanol

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
6-10mlkg™! for adults and 4 mlkg ! 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.

BENZODIAZEPINES

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.

Toxicity

Clinical features are usually evident within 1-3h.
Generalized CNS depression 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.

Treatment

Gastric lavage and charcoal can be considered in
adults who present within 1h 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 1h) 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 arryhthmias in the
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and as a component in antifreeze, copy fluids,
paint removers and varnishes.

ToxiciTy

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 6-30h, 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
(25mlkg~! 40% ethanol as whisky, gin or vodka,
diluted in water) or intravenously (7.5ml kg ™! 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

blood sugar. Folate isa 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 500mg 17! and acute renal failure.

Patients treated early have a good prognosis,
but those who present after 24h do less well and
can have residual visual and cerebral injury.

Ethylene glycol

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.

ToxiciTy

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, with
drowsiness, nystagmus, myoclonic jerks, seizures
and coma. A severe metabolic acidosis is present.
The second (or cardiopulmonary) phase begins at
around 12h 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 15.11: 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.

Treatment

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 2mg 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.

Toxicity

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.

Treatment

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 thisis negative 2-6 h'post ingestion
it suggests significant exposure is unlikely. Plasma
concentrations can also be used to predict severity.

ALcoHoOLS

Methanol

Methanol (CH3;0H), also known as methyl alcohol
or wood alcohol, is used as an industrial solvent
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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. '

Ingestions

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.

Treatment

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

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.

PEsTICIDES

Organophosphates

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.

Toxicity

Organophosphates are rapidly absorbed by der-
mal, oral and respiratory routes. Initial presenta-
tion depends on the agent involved, concentration,
and the route of exposure. After significant expe-
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



188

TOXICOLOGY

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.

CYANIDE

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.

Toxicity

Cyanideisa 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
10-15min 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
dysrhythmias 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 PaO, is normal, calculated O,
saturation is normal and the oxygen saturation

by CO-oximetry 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-oximetry 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.

Treatment

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 B, in large doses has
been shown to be a safer and effective alternative.
Significant acidosis is treated with bicarbonate.
Expert advice is essential.

CORROSIVES

Strong acids and alkalis are presentin 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. Theextent 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
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The toxicity of carbon monoxide is predominantly
as a cellular 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. Arrhythmias, 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 15.9: Clinical features of carbon monoxide
poisoning

Peak % COHb  Clinical features

0-10 Usually none

10-20 Headache

20-40 Severe headache, nausea,
vomiting, dizziness, confusion

40-60 Syncope, seizures, coma

>60 Hypotension, respiratory
failure, death

when the patient is given 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
PaO, and pH.

Normal oximetry and PaO, 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.

Treatment

All patients should receive 100% oxygen to assist
elimination of CO. Patients should continue with
100% oxygen for at least 6h 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 15.10: 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 15.8: Clinical presentation of iron poisoning

I 30-60 min post ingestion. Nausea, vomiting,
haematemesis, abdominal pain, diarrhoea
(often haemorrhagic), lethargy, hypotension.
Metabolic acidosis, leucocytosis,
hyperglycaemia.

Il Latent phase. Begins after 6—-12 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.

Il Begins 12-24h after ingestion and earlier in
severe poisonings. Multi-organ failure.
Cerebral dysfunction leads to increasing
lethargy, convulsions and coma. Cardiovascular
collapse occurs due to hypovolaemia,
vasodilation and myocardial depression. Renal
and hepatic failure may develop, with
coagulopathy and hypoglycaemia.

IV Occurs weeks after recovery from significant
poisoning and is due to gastrointestinal
scarring causing gastric outlet or small bowel
obstruction.

However, accurate assessments of ingested doses
are not often available. Serum iron levels usually
peak 4-6h post ingestion. Patients with levels
greater than 300 g dl™" (55 pumol17?) 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.

Treatment

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 20mgkg™! 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 6h post ingestion, are unlikely to develop
significant toxicity and can be allowed home.

CARBON MONOXIDE POISONING

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.

Toxicity

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
(COHDb). 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).
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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.

LiTHIiUM

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).

Toxicity

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
arryhthmias are uncommon.

Serum lithium levels

The therapeutic range for lithium is 0.4-1.2 mmol1™!
and concentrations of greater than 2mmoll~! 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.

Treatment

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.

Following an acute ingestion, if serial lithium
levels taken more than 4h apart show a decline,
the asymptomatic patient can be discharged if
the lithium level is less than 1.5mmoll™! and a
sustained-release preparation was not involved.
All symptomatic patients require admission.

IRON POISONING

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.

Toxicity

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).

Estimating toxicity

Symptoms are unlikely when a dose of less thar:
20mgkg™! of elemental iron is ingested. Serious
toxicity can be anticipated if a dose of more than
60mgkg ! 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.

ANTIHISTAMINES

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.

Toxicity

Antihistamines block Hj-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 Hj-receptors, and usually have few CNS
or anticholinergic toxic features.

Treatment

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.

ANTICHOLINERGIC SYNDROME

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. Theseinclude TCADs,
phenothiazines, antihistamines and antispasmod-
ics. All these agents can cause an anticholinergic
syndrome.

Toxicity

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’.

Treatment

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
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(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 2h of the precipitatingagent, and will resolve
within 6-24h of removal of this agent. However,
severe complications can occur, and include hyper-
thermia, seizures, disseminated intravascular coagu-
lation (DIC), rhabdomyolysis and death.

Treatment

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 temperature 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.

NEUROLEPTICS

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
tricyclic antidepressants.

Toxicity

The therapeutic action of the neuroleptics is 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-arrhythmics (quinidine). Toxicity

in overdose varies, with central nervous system
and cardiovascular effects being the most serious.
For example, thioridazine appears to have a rela-
tivelyhigherincidence 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
therecovery phase, which can persist for anumber
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.

Treatment

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 all.
Diazepam is used for seizures and for an anti-
cholinergic delirium. Arrhythmia management
follows the same principles as for TCAD overdose,
with intravenous bicarbonate being first-line treat-
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 consistentclinical features associ-
ated with significant poisoning are tachycardia, an
altered level of consciousness and a widened QRS.

Treatment

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 (1-2mlkg ™! of 8.4% NaHCO3) 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, arrythmias and
persistent hypotension.

Bicarbonate is effective in treating tricyclic-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 delirium 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 6h post ingestion. Patients who
are asymptomatic and have a normal ECG after
this time can be considered medically fit for dis-
charge. All othersrequire continued observation.

SELECTIVE SEROTONIN RE-UPTAKE
INHIBITORS

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.

SSRIs are relatively non-toxic antidepressants.

Toxicity

When 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.

Treatment

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 6h. Symptomatic
patients should have ECG monitoring.

Serotonin syndrome

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 (MAOQOIs). The clin-
ical picture shares similarities with the neuroleptic
malignant syndrome and the heatstroke-type
syndrome occasionally caused by Ecstasy
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before the clinical signs resolve and the patient can
be discharged home.

CARBAMAZEPINE

Carbamazepine is the treatment of choice for
simple and complex partial seizures and for
tonic—clonic seizures. It has chemical similarities to
both phenytoin and the tricyclic antidepressants,
and shares features of both in overdose.

Toxicity

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.

Treatment

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 treated
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.

TRICYCLIC ANTIDEPRESSANTS

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,

obsessive-compulsive disorder and nocturnal
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.

Toxicity

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-arrhythrnic drugs (quinidine).

There are some differences in toxicity between
the various agents, but doses of 15 mg kg ™! are gen-
erally regarded as potentially fatal. Dothiepin is
significantly more toxic and causes seizures more
often and following smaller ingestions than other
agents. Lofepramine 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 feature of TCAD cardiotoxicity and various
studies have attempted to equate QRS width with
risk of significant toxicity. Unfortunately 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.

QUININE

Quinine is used for nocturnal leg cramps and in
the treatment of malaria. Overdose carries a risk of
significant morbidity and mortality.

Toxicity

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.

Treatment

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 mgkg™!. 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 until the ECG changes have resolved.
No treatment has been shown to have any effecton
the visual symptoms and over 10% of patients can
have residual visual deficits.

PHENYTOIN

Phenytoin acts by blocking voltage-gated sodium
channels 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, cimetidine, 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.

Toxicity

Symptoms occur 1-2h 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 p.gml~! (normal therapeutic range
10-20 pgml~!). 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 unaided. Acute dystonias,
opisthotonic posturing and involuntary move-
ments are occasionally seen. Paradoxically, brief
generalized seizures may occur at high levels, but
these are rare.

Treatment

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
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Some patients will require an infusion, and serum
calcium and other electrolytes should be moni-
tored closely. Atropine should be given in all
bradyarrhythmias, 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).

DiGoxIN

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.

Toxicity

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
bradyarrhythmias are more usual in younger
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

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 is
present in acute overdoses, 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 it
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.

Treatment

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 with
atropine and then digoxin-specific antibodies (Fab
fragments). In the absence of Fab fragments a
pacemaker (external or transvenous) 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.

Dig-Fab fragments

Dig-Fab fragments are the Fab fragment of IgG
from sheep immunized with digoxin and are less
immunogenic than the original digoxin-specific
antibodies. Dig-Fab binds to digoxin in the vascular
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Treatment

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 central venous and arterial pressure monitor-
ing to guide treatment. Atropine is given initially
for bradyarrhythmias and fluid for hypotension.
Glucagon is the most useful antidote and should
be given early when signs of haemodynamic 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 bradyarrhytlimias, and adrenaline
for hypotension. Calcium has also been given for
hypotension.

Glucagon in beta-blocker overdose: adults, an initial
bolus of 5-10mg intravenously is given, followed 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.

CALCIUM-CHANNEL BLOCKERS
(CCBs)

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. Verapamil 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 central and peripheral
circulatory actions. The majority of the newer
agents (nicardipine, amlodipine, felodipine) have
similar effects to nifedipine.

Toxicity

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 heartblock, characteristically progress-
ing from sinus bradycardia to first-degree heart
block, to junctional 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.

Treatment

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 24h.
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 an
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.

Calcium is the antidote used for bradycardia,
second- and third-degree atrioventricular block
and idioventricular rhythms. An initial dose of
10ml of calcium gluconate or calcium chloride
10% is given, with subsequent doses every few
minutes until the rate and blood pressure respond.



MANAGEMENT OF SPECIFIC POISONINGS

rhabdomyolysis, acute compartment syndrome
and acute renal failure have all been reported.

Serum theophylline levels

In 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 20mg1~!
are unlikely to cause toxicity, while patients
with levels between 20 and 60mgl™! usually
experience mild to moderate symptoms. Patients
with levels greater than 60mgl™! 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).

Treatment

Treatment is recommended for overdoses greater
than 1g of theophylline in an adult and greater
than 15mgkg ™ 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 minimizing 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

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.

Toxicity

Most beta-blockers are rapidly absorbed and ser-
ious symptoms usually appear within 30 min to 2h
post ingestion. Symptoms may be delayed if long-
acting preparations have been taken. The toxic
manifestations are mainly cardiovascular and
neurological. A bradycardia is usually the first sign
to appear, and various degrees of heart block occur,
from first-degree to complete heart block, bundle
branch blocks and asystole. Hypotension occurs
secondary to bradycardias and myocardial depres-
sion. Susceptible patients can develop cardiac fail-
ure and pulmonary oedema.

The more lipid-soluble agents have significant
neurological manifestations. Alterations in mentel
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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Toxic doses and salicylate levels

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 120mgkg™! can be expected to cause some
symptoms. Ingestions of more than 250 mgkg™!
will cause moderate to severe toxicity, and doses
more than 500mgkg™! usually cause severe tox-
icity and are potentially fatal. Serum salicylate
concentration should be measured at 4h post
ingestion and every 2h thereafter until a peak
concentration is reached. Levels of greater than
700 mgl_1 (5mmoll™") 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.

Treatment

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.

NON-STEROIDAL ANTI-INFLAMMATORY
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
underlying renal disease. Ibuprofen ingestions of
less than 100 mg kg™ 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 24h.
Patients who are asymptomatic 6h after ingestion
can be considered medically fit for discharge.

XANTHINES

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.

Toxicity

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,
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Table 15.6: Dosage regimen for NAC

Table 15.7: Features of salicylate poisioning

150 mgkg™" NAC in 200 ml 5% dextrose infusion
over 15min

50mgkg™' NAC in 500ml 5% dextrose infusion
over next 4h

100mgkg™' NAC in || 5% dextrose infusion over
next |6 h

death from fulminant hepatic failure. The current
intravenous 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
NAGC, it has not been shown to be of significant
benefit in patients who present after §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 48h 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.

SALICYLATES

Aspirin (acetylsalicylic acid) is widely used for its
analgesic, anti-inflammatory and antithrombotic

Mild Moderate Severe
Nausea Hyperventilation ~ Dehydration
Vomiting Sweating Confusion
Abdominal pain  Tremor Lethargy
Tinnitus Deafness Convulsions
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.

Pathophysiology

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 uncouples oxidative phosphorylation
leading to reduced oxvgen 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
unionized proportion of salicylate and a greater
diffusion across the blood—brain barrier, exacerbat-
ing central nervous system (CNS) toxicity.

Toxicity

The clinical features depend on age, dose ingested
and stage of presentation. The elderly and the
young 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 hypernatraemia, and hypo- or hypergly-
caemia also present. Hypoglycaemia is commoner
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 amount 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 initially 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 24h, 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 16-24h 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 1000I1U1"! indicates
significant hepatotoxicity. Jaundice 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 fourth day and complete recovery is usual.

Treatment

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 15.1: 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-
sically shows two suggested treatiment 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 4h after ingestion, as
early levels can be misleading.

Where there is doubt about the timing of ingestion
or the need to treat, the rule must be to treat.

N-Acetylcysteine (NAC) is the specific antidote
for paracetamol poisoning and acts as a glutathione
precursor preventing glutathione depletion and
NAPBQ-induced hepatotoxicity. If given within
8-10h post ingestion it affords maximum protec-
tion against hepatotoxicity. The efficacy of NAC
declines thereafter, but if it is given within 16h ful-
minant hepatic failure will be averted. Studies have
also shown that the use of NAC up to 72h post
overdose significantly decreases both the progres-
sion to grade 3 and 4 hepatic encephalopathy and
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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.

Whole bowel irrigation

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 2-6h). 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.

Alkaline diuresis

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.

Haemodialysis

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.

Charcoal haemoperfusion

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.

MANAGEMENT OF SPECIFIC
POISONINGS
It is essential to approach the symptomatic patient

methodically. The initial treatment priorities are as
discussed above.

PARACETAMOL

Paracetamol is widely used as an analgesic and anti-
pyretic agent. It is the most commonly reported
cause of self-poisoning in the UK.

Toxicity

Individual susceptibility to toxicity in overdose
varies, but doses of greater than 150mgkg'or 12 g
(24 tablets) can cause significant toxicity in adult
patients. Doses of less than 125 mg kg ™ are unlikely
to cause liver damage in healthy adult patients.
However, there are a number of high-risk groups of
patients who are more susceptible to paracetamol
hepatotoxicity (Table 15.5).

In therapeutic doses paracetamol is largely
metabolized in the liver to inactive glucuronide
and sulphate conjugates. A small proportion

Table 15.5: Patients at increased risk of paracetamo
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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DECONTAMINATION AND ENHANCING
ELIMINATION

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.

Emesis

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.

Activated charcoal

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
1h previously.

Charcoal may be useful in some potentially toxic
overdoses within 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
1gkg™ is recommended for children and 50g for
adults. Charcoal is unpleasant to take, but may be

Table 15.4: 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 100—200 ml of water and
then aspirate. It is not necessary to lavage until
effluent is clear, and lavage is rarely indicated
beyond 5min unless tablets are still returning.

Consider leaving activated charcoal in the stomach.

On withdrawing tube, occlude it between the
fingers to prevent aspiration of fluid 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 (verapamil
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’).

Gastric lavage

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
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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.

m Electrocardiography (ECG) should be done if
the patient is unconscious, has an arrhythmia,
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 arrhythmias and seizures after a
tricyclic antidepressant overdose. Conduction
blocks and QT prolongation are also seen with
other pro-arrhythmic drugs.

m 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 the provision of good
supportive care and the second is decontamination
or elimination enhancement measures. Effective
antidotes are only available for a small number of
poisons. The most common of these are listed in
Table 15.3 and their use is discussed in the text.

SUPPORTIVE CARE

Supportive care is directed at preventing or 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.

m 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.

Table 15.3: Poisons and specific antidotes

Poison Antidote

Benzodiazepines Flumazenil (rarely needed)

Beta-blockers Glucagon

Carbon monoxide ~ Oxygen ’

Cyanide Dicobalt edetate,
hydroxocobalamin ‘

Digoxin Digoxin Fab fragments

Ethylene glycol Ethanol

Iron Desferrioxamine

Methanol Ethanol

Opioids Naloxone

Organophosphates  Atropine, pralidoxime

Paracetamol N-acetylcysteine, methionine |

m Cardiac arrhythmias. Hypoxia, acidosis and
electrolyte abnormalities should be corrected.
Tachyarrhythmias 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.

m Cardiac arrest. The management of a cardiac
arrestafter poisoning follows standard advanced
cardiac life support (ACLS) protocols. However,
a number of important aspects are worth noting.
First, poisoned patients often have a reversible
cause for their arrest and are usually in good gen-
eral health. Second, some antidotes given dur-
ing cardiopulmonary resuscitation (CPR) prompt
iimmediate reversal of effects, and successful
resuscitation has been documented 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.

s Convulsions. Hypoxia and hypoglycaemia
should be sought and corrected. Diazepam
(usually as Diazemuls®) is the treatment of
choice.

® Hyperthermia. This is treated initially 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 undertaken 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
unable 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.

Abaseline 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.

INVESTIGATIONS

The individual clinical picture dictates what
diagnostic investigations (if any) are required. The

Table 15.2: 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, antipsychotics,
antihistamines):
Delirium, hallucinations, tachycardia, dry mouth,
dry skin, hyperthermia, dilated pupils, I bowel
sounds, urinary retention

Cholinergic (organophosphates):
Sweating, lacrimation, diarrhoea, vomiting,
urination, miosis, bradycardia, muscle cramps,
fasciculations, paralysis

Serotoninergic (SSRIs):
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.

m 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 unconscious 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 unreliable historians. Other poisonings
where levels are useful include iron, lithium,
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Table 15.1: Regional Poisons Information Centres

Belfast 01232 240503

Birmingham 0121 507 5588

Cardiff 01222 709901

Dublin 01837 9964 or 01837 9966
Edinburgh 0131 536 2300

London 020 7635 9191 or 020 7955 5095
Newcastle 0191 2325131

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 fungi,
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.

GENERAL MANAGEMENT PRINCIPLES

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.

EVALUATION OF THE POISONED
PATIENT

HisTtoRry

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, as
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.

EXAMINATION

As with any patient attending an emergency
department, physical assessment of the poisoned
patient starts with the ABC (airway, breathing and
circulation). The patient must be capable of
maintaining and protecting a patent airway. It
there is any doubt, active airway management is
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Introduction

Poisoning in children

Adult poisoning

Information on poisoning
General management principles

INTRODUCTION

Poisoning is a common 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.

POISONING IN CHILDREN

Accidental poisoning is the commonest 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 uncommon in
childhood but should be considered in children over

CHAPTER FIFTEEN

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 POISONING

Accidental poisoning is largely due to chemical
exposure at work or at home. Deliberate self-
poisoning is the commonest 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 will need
a psychiatric assessment.

INFORMATION ON POISONING

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



FURTHER READING

A standard blood profile should be obtained
and at least 8 units of blood cross-matched. If the
patient is shocked, O-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. Anurgent ultrasound examination in the resus-
citation room will often diagnose the presence of
an abdominal aneurysm.

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 crystalloids administered to maintain the
systolic blood pressure at around 90mmHg. Intra-
venous opiates can be given slowly in patients with
severe pain as long as the blood pressure is stable.

FURTHER READING

Moore, K. and Ramrakha, P. (1997) Oxford Handbook of

Acute Medicine. Oxford University Press, Oxford.
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related to the passage of 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.

Haemorrhoids

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.

PrRoOLAPSE

Patients present with pain. Reduction of the pro-
lapsed pile may be possible after a period of appli-
cation of ice with the patientresting 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.

THROMBOSIS

A thrombosed prolapsed haemorrhoid causes
severe pain and the only treatment is surgical
excision.

Perianal haematoma

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.

Rectal foreign bodies

Emergency medicine folklore is full of tales of
items retrieved from the rectums of the population

e ]

Figure 14.5: 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.

LEAKING ABDOMINAL AORTIC
ANEURYSM

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.
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in making decisions about patients with suspected
appendicitis.

The white cell count is of little 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.

MESENTERIC ISCHAEMIA AND
INFARCTION

This 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 count 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.

DIVERTICULAR DISEASE AND
DIVERTICULITIS

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

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
cultures 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.

Abscesses

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 fistulae, 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.

Anal fissure

The patient complains of severe pain, most marked
on defecation. The onset of symptoms is often
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Figure 14.3: Distended loops of small bowel in 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 ileo-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 14.4: Sigmoid volvulus on a plain abdominal
X-ray. '

APPENDICITIS

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 dullcentralabdom-
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 therightiliac 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
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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.

PANCREATITIS

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 pancreatitis. 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

Table 14.8: Ranson’s criteria for severity of acute
pancreatitis

On admission:
Age > 55 years
White blood count > 16000 mm™~3
Glucose > | | mmol|™!
Lactate dehydrogenase > 350 1U ™!
Aspartate aminotransaminase > 2501U (™"

During initial 48 h:
Packed cell volume decrease > 10%
Blood urea nitrogen increase > 1.8 mmol|™!
Calcium < 2mmol I
Arterial oxygen concentration < 60 mmHg
Base deficit > 4 mmol I
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 intensive care unit for joint man-
agement by the intensivists and surgeons, as mor-
tality is significantly higher.

INTESTINAL OBSTRUCTION

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 14.1: Air under the diaphragm onan erect
chest X-ray in a patient with a perforated peptic ulcer.

CHOLELITHIASIS

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 14.2: 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-duct. Patients experience recurrent
episodes of epigastric or right upper quadrant pain
associated with nausea and vomiting. The pain
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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.

GASTROENTERITIS

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.

CONSTIPATION

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.

ACUTE GASTRITIS AND
OESOPHAGEAL REFLUX

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.

PEPTIC ULCERATION AND
PERFORATION

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 14.6: Causes of 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 14.7: Causes of lower gastrointestinal
haemorrhage

Malignant and benign colonic tumours
Diverticular disease
| Inflammatory bowel disease
Angiodysplasia
Gastroenteritis
Anorectal causes (tumours, haemorrhoids, fissures)

an acute-on-chronic blood loss may manifest as
angina and dyspnoea or general lethargy.

Arapid 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 100 mmHg, co-morbid conditions (e.g. liver
disease or myocardial ischaemia), an initial urea
greater than 10mmol 1! and an initial haemoglo-
bin less than 10 g d1™". These patients need aggres-
sive management with the early involvement of a
surgeon.

Immediate management

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 (O negative
received in 5min, group specific in 10min, or fully
cross-matched in 45min) depending upon the
urgency of the situation. 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 1000ml 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 information 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.

Additional specific measures

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 number 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
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Table 14.3: 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

Table 14.4: Initial 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 14.5: Further investigations

® baseline investigations
8 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).

INVESTIGATIONS

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.

Liver function tests and calcium
Blood cultures

Coagulation profile

Ultrasound

CT abdomen with double contrast
Intravenous pyelogram

Atypical cardiac pain can present as abdominal
pathology.

SPECIFIC CONDITIONS

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 OF ACUTE
GASTROINTESTINAL HAEMORRHAGE

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

159



158

GASTROINTESTINAL EMERGENCIES

Table 14.1: Causes of 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 child-
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 14.2: Differential diagnosis of adult acute
abdominal pain

Appendicitis

Constipation

Infection — viral or bacterial gastroenteritis
Pancreatitis

Peptic ulcer disease — haemorrhage, inflammation
or perforation

Biliary 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)

FORMULATING A DIFFERENTIAL

DIAGNOSIS

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



CHAPTER FOURTEEN

GASTROINTESTINAL

EMERGENCIES
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B Assessment of abdominal pain
®  Formulating a differential diagnosis

INTRODUCTION

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 ABDOMINAL PAIN

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

B notable past medical history of abdominal pain
or other relevant pathology

® djetary habits, alcohol ingestion, medication
history

® family history of abdominal pain (recent or
long-standing)

8 other symptomatologyv 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.

TRANSIENT ISCHAEMIC ATTACKS
(TIAS)

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.

FURTHER READING

Guly, U. and Richardson, D. (1996) Acute Medical
Emergencies. Oxford Handbooks in Emergency Medicine.
Oxford University Press, Oxford.

Shah, S. and Kelly, K. (1999) Emergency Neurology.
Cambridge University Press, Cambridge.

Smith, PEM. (1998) Key Topics in Neurology. Bios
Scientific Publishers, Oxford.



STROKE

Table 13.10: Differential diagnosis of dizziness

Table 13.11: Causes of syncope

Vertiginous

Labyrinthine:
Acute labyrinthitis (often viral)
Benign positional vertigo (common after head
trauma)
Meniére’s disease
Alcohol
Middle ear disease

Eighth-nerve disease:
Acoustic neuroma
Ramsay Hunt syndrome (geniculate zoster
infection)
Ototoxic drug treatment

Brainstem:
Vertebrobasilar vessel disease (TIA or stroke)
Migraine
Demyelinating disease
Tumours (acoustic neuroma)

Non-vertiginous

Cardiovascular:
Postural hypotension
Vasovagal 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

Common and benign causes:
Vasovagal attack
Orthostatic hypotension
Cough or micturition syncope
Carotid sinus sensitivity

Infrequent but serious causes:

Cardiac arrhythmias and mechanical obstructive
cardiac lesions (aortic stenosis)

Vertebrobasilar 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 of sudden onset
with symptoms lasting more than 24h 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 initially
on whether the underlying pathology is thrombotic
(90%) or haemorrhagic. Thrombotic strokes can
thenbe 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 hemiplegia, 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 mgkg™!) over 30min 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.

PATIENTS PRESENTING WITH A
FIRST FIT

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 the 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.

Dizzy SPELLS

Dizziness may be described by patients in 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.

SYNCOPE (COLLAPSE QUERY
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



SEIZURES

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 cerebral irritability and there is
no obvious diagnosis. Definitive diagnosis can
often be very difficult.

CEREBRAL 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.

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 13.9: WHO classification of epilepsy

Generalized seizures:
Absence attacks (petit mal)
Myoclonic seizures (myoclonic jerks, clonic
seizures)
Tonic—clonic seizures (grand mal 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—lonic 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 fitand
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 tc
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 ar:
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.

OTHER SIGNIFICANT CAUSES OF
HEADACHE

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 PATIENT

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.

BACTERIAL MENINGITIS

Infection of the leptomeninges and cerebrospinal
fluid is commonly caused by one of three bacteria,
Neisseria meningitides, Haemophilus influenzae or

Table 13.8: 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
immunocompromised, 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 ENCEPHALITIS

The commonest cause of viral encephalitis in the
UK is herpes simplex virus (HSV). 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
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Table 13.7: WFNS grading for subarachnoid
headache (SAH)

Grade GCS Motor deficit
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Figure 13.1: 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 ischaemia and can be
instituted if there is likely to be significant delay fol-
lowing consultation with the appropriate specialists.

[tisessential to maintain the hydration of the patient
prior to neurosurgical treatment. Failure to do so
has been shown to adversely affect outcome.

CRANIAL ARTERITIS

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.

TENSION HEADACHES

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
inthe patient’s background history. A detailed nor-
mal examination in conjunction with calm reassur-
ance will often produce rapid results.

MIGRAINE

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 sleef.
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Table 13.5: Differential diagnosis of headache

Benign:
Tension headache
Migraine
Cluster headaches
Drug-induced headache
Viral illness

Serious:

Vascular event (subarachnoid haemorrhage,
thunderclap headache, coital cephalgia,
hypertensive crisis)

Temporal arteritis

Drugs (carbon monoxide)

Infection (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 immunocompromise, 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.
[t 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 13.6: 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 defiicit

No clear trigger factor

Level of pain is out of proportion to patient’s usual
symptoms

SUBARACHNOID HAEMORRHAGE
(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
(WENS), 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.
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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.

FURTHER INVESTIGATION

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.

MANAGEMENT

After stabilizing the patient a clear management
plan must be devised. There may be a need to

Table 13.4: 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.

[t 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.

HEADACHE

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
(subaraclhinoid haemorrhage).

For this group of patients the goal of the emer-
gency department doctor is to be able to categorize
the headache intobenign (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 13.2: Differential diagnosis of coma

Table 13.3: Initial investigations for coma

Trauma

Infections (CNS, extracranial sepsis)
Postictal (epilepsy), psychogenic
Syncope, subarachnoid

Alcohol

Encephalopathy (hypertensive or hepatic)
Insulin (hyperglycaemia or hypoglycaemia)
Overdose

Uraemia, electrolytes (high or low
sodium, potassium, calcium, magnesium)
or metabolic (adrenal or thyroid)

(& (©) T nlvs ey =

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

Full blood count
Urea and electrolytes
Blood sugar

Amylase

Arterial blood gases
Chest X-ray

ECG

is identified, thiamine (100mg 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.

OBTAINING A HISTORY

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 histbry 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.

PHYSICAL EXAMINATION

Examination must be structured into a general
assessment to exclude an extracranial cause for
the coma and a detailed neurological examina-
tion. Neurological assessment in the emergency
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B Headache
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B Seizures

INTRODUCTION

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 13.1: 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 is defined as 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.

Itisimportant toemploy thedictum ‘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).

INITIAL 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 15-30min and ipratropium
bromide repeated every 4-6h. Continuous high-
flow oxygen is mandatory at all times.

Indications for intensive care unitadmission are:

® exhaustion, confusion or coma
m elevated PaCO,
® hypoxia (<60mmHg) 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
PaCO, 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 PaCO,
at the risk of pressure-related trauma to the lungs (a
strategy known as permissive hypercapnia).

COMPLICATIONS

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 bea
consequence of hypoxia, acidosis, bronchodilator
therapy or hypokalaemia (as a result of high-dose
beta,-agonists and corticosteroids). Nausea and
vomiting suggest theophylline toxicity in appro-
priate patients.

DISCHARGE OF ASTHMATIC PATIENTS

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-
treatment 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.

FURTHER READING

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.



ACUTE ASTHMA

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:

m 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:

m 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.

Ore 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 oximetry. Arterial blood gases should also
be measured if there are markers of life-threatening
severity, and in severe episodes unless 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 PaCO, (more than 40 mmHg)

® Pa0, less than 60 mmHg irrespective of oxygen
therapy

m acidosis (pH less than 7.36).

INITIAL MANAGEMENT

The initial treatment of acute asthma is suminarized
in Table 12.5. Patients with any of the markers for
severity should receive nebulized salbutamol (5 mg)
and nebulized ipratropium bromide (500 pg). Oral
prednisolone should be given (30-60 mg) unless

Table 12.5: Management of acute severe asthma

Immediate:
High flow oxygen via non-rebreathing system
Nebulized salbutamol 5 mg
Prednisolone 40 mg by mouth

If life-threatening features present:
Add nebulized ipratropium bromide 500 g
Intravenous aminophylline 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 beta,-agonist, 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-threatening features, consid-
eration should be given to intravenous hydrocorti-
sone and intravenous bronchodilators. Intravenous
aminophylline (see above) is the preferred agent
unless the patient is already on an oral theophylline
preparation. If this 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 wg (over
|Omin). Intravenous infusion of 3-20ugmin~',
adjusted to heart rate and response (start at

5ugminT).

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 without life-threatening features should
be reassessed 20-30 min after the initial nebulized
medication. If there has been little or no response,
the nebulized salbutamol should be repeated and
intravenous medication considered.
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Table 12.4: Treatment of an acute exacerbation of COPD

Increase Antibiotics
bronchodilators
Worsening symptoms 2 out of 3 of:

of COPD

(nebulized salbutamol
5mg +/— ipratropium
bromide 500 p.g)

Purulent sputum?

Increased breathlessness?
Increased sputum volume?

Oral
corticosteroids

Either:
Already on systemic steroids
Previously documented response
to steroids
Airway obstruction refractory to
bronchodilators
Or:
First presentation of airway
obstruction?

Aminophylline — intravenous loading dose of 250 mg
over 20min, followed by maintenance infusion of
0.5mgkg™"h~'. 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 PaCO, 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

m palliative care.

There is a strong case for instituting IPPV in the
following circumstances:

m The patient enjoys a reasonable quality of life in
between exacerbations.

m Thereis a clear and potentially reversible cause
for the deterioration.

m ]t is the first presentation of respiratory failure.

m 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

patients with hypercapnic respiratory failure who
are becoming drowsy or comatose. In some centres
doxapram has been superseded by non-invasive
ventilation.

Doxapram — intravenous infusion of |.5-4mgmin~"
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 astlima 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
asthma). 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 astlima.

ASSESSMENT OF SEVERITY

Patients commonly give a history of worsening
symptoms of wheeze, cough (especially at night),



CHRONIC OBSTRUCTIVE PULMONARY DISEASE

8 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 1s (FEV)), 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.

CLASSIFICATION

The BTS has recommended a classification of
COPD based on steady-state symptoms and the
FEV; (Table 12.3).

MANAGEMENT

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 12.3: British Thoracic Society (BTS)
classification of chronic obstructive pulmonary
disease (COPD)

Severity FEV, Sympton
- predicted) and signs

60-80 No abnormal signs

Cough

Minimal dyspnoea

Moderate 40-59 Dyspnoea on moderate
exertion

Cough

Persistent findings on

auscultation (variable)

<40 Breathless on minimal
exertion or at rest

Prominent cough and
wheeze

Hyperinflation, cyanosis,
polycythaemia and
signs of cor pulmonale

Severe

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 this 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 theirinhaler 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 1h 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 under
these circumstances is hypoxia. The use of high
concentrations of oxygen in these patients mav
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.

MANAGEMENT

Chest radiography is contraindicated if a tension
pneumothorax is suspected. Immediate needle
thoracocentesis should be performed:

1 A 1l4-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 Anarea 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 Acannula-over-needle is attached is inserted as
for needle thoracocentesis.

4 A50-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,
2.51 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 thelung 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.

Intercostal tube drainage

The technique of intercostal drainage is described
in Chapter 23.

CHRONIC OBSTRUCTIVE
PULMONARY DISEASE

Chronic obstructive pulmonary disease (COPD) is
a chronic progressive respiratory disease which
encompasses several alternative diagnostic labels:

® chronic bronchitis
® emphysema



SPONTANEOUS PNEUMOTHORAX

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.

SPONTANEOUS PNEUMOTHORAX
(Fic. 12.3)

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 12.3: Right-sided spontaneous pneumothorax.

are believed tobe 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.

CLINICAL FEATURES

Simple spontaneous pneumothoraces present with
a sudden onset of unilateral chest, shoulder or back
pain. Dyspnoea is a feature of large pneumc-
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 breath 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 to
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,



140

RESPIRATORY EMERGENCIES

Figure 12.2: V/Q scan showing ventilation/perfusion mismatch. Top: Ventilation scan. Bottom: Perfusion scan.

INITIAL MANAGEMENT

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,
followed by an infusion of 400-6001Ukg™'day™'.
The activated partial thromboplastin time is meas-
ured after 6h 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 20mmHg. 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 U over 30 min, followed by
100000 IU h~! for the subsequent 24—72h.

rt-PA — 10 mg intravenous bolus, followed by an infu-
sion of 90mg over 2h (1.5 mgkg™" if patient less than
65kg). Full intravenous heparinization commenced
when the APPT ratio falls below twice the control.
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Recognized radiological features include the
following:

m dilatation of a pulmonary arterial trunk and
areas of oligaemia suggest extensive obstruction

m 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.

DEFINITIVE IMAGING

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
PEin at least 96% of cases. There are some circum-
stances where interpretation may be imprecise:

m previous PE (unless old scans are available)

m left ventricular failure may cause regional
abnormalities of perfusion

m 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.

Clearly, a V/Q scan is not the appropriate
investigation if the patient is unstable (Fig. 12.2).
Pulmonary angiography is indicated if the victim
is hypotensive, or if other investigations have not
yielded a definite diagnosis. Pulmonary 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 deathsare 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 BTS
guidelines recommend lower 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

s following an intermediate probability V/Q
scan.

D-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
D-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
septal 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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CLINICAL FEATURES

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 unreliable 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:

m circulatory collapse (massive PE)
® pulmonary haemorrhage
m isolated dyspnoea.

Massive PE is a recognized cause of sudden
death. Lesser degrees of pulmonary arterial obstruc-
tion result in hypotension, chest 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:

m age less than 40 years
® respiratory rate less than 20 breaths per minute
® normal chest radiograph.

INITIAL INVESTIGATIONS

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.
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cefuroxime, with clarithromycin is suitable initial
therapy. If Staphylococcus aureus is suspected,
flucloxacillin should be added (particularly dur-
ing an epidemic of influenza).

INTENSIVE 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.

COMPLICATIONS

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.

PuLMONARY 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

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 12.2: 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
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Figure 12.1: Left lower lobe community-acquired
pneumonia.

Arterial blood gases

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 profoundly hypoxic patients demon-
strate a metabolic acidosis.

Full blood count

The white blood cell count is almost always more
than 15000 X 10° 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.

Biochemistry

As discussed above, the urea and albumin have
prognostic importance. Hyponatraemia suggests
the syndrome of inappropriate anitidiuretic hormone.
Dehydration and acute renal failure are a conse-
quence of severe CAP. Abnormal liver-function tests

are detected in 30% of patients with pneumococcal
pneumonia.

Microbiology

The emergency physician has a limited role in the
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.

ANTIBIOTIC THERAPY

The choice of antibiotics in the 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.

CAP without markers of severity

Patients who do not have any other significant
medical problems can be treated with oral amoxy-
cillin. Amoxycillin/clavulanic acid (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 clarithromyecin is an alternative if the patient is
allergic to penicillin, and is the preferred first-line
agent during a Mycoplasma epidemic.

Intravenous antibiotics are reserved for patients
in whom absorption is thought to be unreliable,
who are vomiting, or with severe disease.

Severe CAP

An intravenous combination of a second- or third-
generation cephalosporin, such as cefotaxime or



COMMUNITY-ACQUIRED PNEUMONIA

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

m diastolic blood pressure 60 mmHg or less

® serum urea more than 7 mmoll™".

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 12.1: Indicators of severe community
acquired pneumonia

History:
Age more than 60 years
Chronic lung disease
Severe concurrent illness
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 mmol |~
White cell count less than 4 or more than
20 % [9%p!
PO, less than 60 mmHg
Acidosis
Serum albumin less than 35gI™!
Multilobar X-ray shadowing

Microbiological features:
Bacteraemia
Legionnaire’s disease
Staphylococcus or Gram-negative infection

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 rate
(even if the patient appears well), reduced chest
movement on the side of the pleuritic pain, and
signs of consolidation. These may be difficult to
elicit in a noisy department. Localized reduced air
entry, crackles or bronchial breathing support a
diagnosis of focal consolidation. Increased tactile
and vocal fremitus may also be present. A chest
radiograph is essential.

Other clinical features may give an indication
of less common aetiological agents. Mycoplasma
pneumoniae affects young people, in particular
whentheyareliving 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 community. 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.

Chest radiograph (Fig. 12.1)

A chest radiograph allows assessment of the extent
of the consolidation, the presence of a pleural effu-
sion, cavitation and pre-existing pulmonary disease.
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CHAPTER TWELVE

- RESPIRATORY EMERGENCIES

Introduction
Community-acquired pneumonia
Pulmonary embolus
Spontaneous pneumothorax

INTRODUCTION

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.

COMMUNITY-ACQUIRED PNEUMONIA

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 CAPis 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 Gram-
negative pleomorphic rod which has both capsu-
lated and unencapsulated forms. Thetypeb 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.

CLINICAL FEATURES AND ASSESSMENT

A ‘typical’ case of pneumonia presents with an
abruptonset 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



FURTHER READING

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.

Magnetic resonance imaging

Magnetic resonance imaging (MRI) is non-invasive,
highly sensitive and specific, and does not require

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.
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Figure 11.24: CT scan showing an aortic dissection.

between 100 and 120munHg. 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.

INVESTIGATION

Echocardiography

Although convenient, safe and readily available,
tr