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fluid levels, or mucosa! thickening of at least 
6 mm, but they are generally not required in 
the ED. 

• Treatment of sinusitis includes a brief course of 
topical nasal decongestants and a 10- to 21 -day 
course of antibiotics (e.g. , amoxicillin-clavulanate, 
cefuroxime, or trimethoprim-sulfamethoxazole). 
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J 49 ORAL AND DENTAL 
EMERGENCIES 

Burton Bentley II 

ORAL PAIN 

• Eruption of the primary teeth in infants and chil­
dren may be associated with pain, low-grade fever, 
diarrhea, and refusal to eat. 

• The most common cause of toothache is  a carious 
tooth. Fluctuant oral abscesses from infected 
teeth require local incision and drainage, oral 
c:ntibiotics, frequent saline rinses, and close fol­
low-up. 

• Periosteitis causes pain within 24 h of a tooth 
extraction; it responds well to analgesics. 

• Alveolar osteitis ("dry socket") causes severe pain 
and a foul odor 2 to 3 days after dental extraction. 
Treatment consists of socket irrigation, packing, 
antibiotics, and close follow-up. 

• A periodontal abscess results from p laque and 
debris trapped between the tooth and gingiva. 
Most cases resolve with oral antibiotics, analge­
sics, and saline irrigation. Larger abscesses may 
require incision and drainage. 

• Acute necrotizing ulcerative gingivitis (ANUG, 
or "trench mouth") is the only periodontal disease 
in which bacteria invade nonnecrotic tissue. It oc­
curs mainly in HIV-positive adults, emotionally 
stressed patients, malnourished children, and pa­
tients with a prior history of ANUG. Signs and 
symptoms include regional lymphadenopathy, in­
flamed and tender gingiva, pseudomembrane for­
mation, blunted and ulcerated interdental papil­
l ae, halitosis, fever, and malaise. Treatment 
requires oral metronidazole (Flagyl) and chlor­
hexidine oral rinses. 1 

SOFT TISSUE LESIONS OF THE 
ORAL CAVITY 

• Oral candidiasis appears as white, curdlike 
plaques responsive to nystatin suspension or flu­
conazole. Risk factors include extremes of age, 
immunocompromised states, intra oral prosthetics, 
antibiotic use, and malnutrition. 

• Aphthous stoma ti tis is a common pattern of muco­
sa) ulceration triggered by cell-mediated immu­
nity. The painful lesions resolve completely when 
treated with topical steroids. 

• Herpes gingivostomatitis causes acute painful ul­
cerations of the gingiva and mucosa! surfaces. A 



prodrome of fever, lymphadenopathy, and tin­
gling precedes the eruption of numerous vesicles, 
forming ulcerative lesions. The treatment is pal­
liative, though early use of antiviral medica­
tions (e.g. , acyclovir or Valacyclovir) may speed 
healing. 

• Herpangina causes a self-limited i l lness of acute 
fever, sore throat, headache, and malaise followed 
by a diffuse vesicular eruption. The tiny vesicles 
rupture leaving ulcers on the soft palate, uvula, 
and tonsillar pillars; the buccal mucosa, tongue, 
and gingiva are spared. 

• Hand, foot, and mouth disease is caused by Cox­
sackievirus infection and appears as vesicles on the 
soft palate, gingiva, tongue, and buccal mucosa; 
lesions may also appear on the fingers, toes, palms, 
soles, and buttocks. The vesicles rupture leaving 
painful ulcers surrounded by red halos. This self­
l imited exanthem lasts 5 to 8 days. 

LESIONS OF THE TONGUE 

Erythema migrans ("geographic tongue") is a 
common benign finding consisting of multiple, 
sharply circumscribed zones of erythema found 
predominantly on the tip and lateral borders of 
the tongue . The lesions are typically asymptom­
atic, but may cause a burning sensation. Symptom­
atic lesions respond to topical fluocinonide gel 
applied several times daily.2 

• Black hairy tongue is a brown discoloration of 
unknown etiology that affects the dorsum of the 
tongue. Treatment consists of frequent tongue 
brushing and avoidance of tobacco, strong mouth­
washes, and antibiotics. Symptomatic resolution 
is usually spontaneous.3 

• Strawberry tongue is associated with Streptococ­
cus pyrogenes infection as part of scarlet fever. 
The tongue appears white-coated with hyperemic 
papillae. Antibiotic treatment of the underlying 
infection leads to prompt resolution. 

OROFACIAL INJURIES 

DENTAL FRACTU RES 

• A painless dental injury may suggest neurovascu­
lar disruption and forewarn of tooth loss. 

• Ellis class 1 fractures involve the enamel of the 
tooth. These injuries may be smoothed with an 
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emery board or referred to a dentist for cos­
metic repair.4-6 

• Ellis class 2 fractures comprise 70 percent of tooth 
fractures. This fracture exposes the underlying 
pale yellow dentin and provokes thermal and air 
sensitivity. I ncorrect management, particularly in 
children, increases the chance of infecting the den­
tal pulp. The exposed dentin must be dried and 
covered with either a glass ionomer cement or 
calcium hydroxide paste (Dycal); dental follow­
up is sought within 24 h. In patients <12  years, a 
visible blush of pulp under the dentin indicates 
that the pulp is at risk and should be treated as 
an Ellis class 3 fracture (see later).4-6 

• Ellis class 3 fractures expose the dental pulp and 
are true dental emergencies. They are identified 
by the red blush of dentin or a drop of frank 
blood. If a dentist or maxillofacial surgeon is not 
immediately available, the injury should be 
treated as an Ellis class 2 and the patient should be 
sent for immediate follow-up. Topical anesthetics 
are contraindicated since they may cause sterile 
abscesses.4-6 

SU BLUXED ,  I NTRUDED , AN D AVU LSE D  TE ETH 

• Dental trauma may result in tooth loosening, 
termed subluxation. Blood in the gingival crevice 
is a subtle indicator of trauma. Minimally subluxed 
teeth heal well in 1 to 2 weeks if the patient main­
tains a soft diet. Grossly mobile teeth require sta­
bilization by a dentist. 

• Dental intrusion occurs when a tooth is forced 
below the gingiva. Intruded primary teeth are al­
lowed to erupt for 6 weeks before considering 
repositioning. Intruded permanent teeth require 
surgical repositioning. Failure to diagnose dental 
intrusion may result in infection and cosmetic de­
formity. 

• Complete tooth avulsion is a true emergency with 
a percentage point for successful reimplantation 
Jost with each passing minute. If the missing tooth 
is not located, consider radiographs to rule out 
dental intrusion or aspiration. Primary ( decidu­
ous) teeth are not replaced since they may anky­
lose and cause facial deformity. Permanent teeth 
that have been avulsed for Jess than 3 h must be 
immediately reimplanted. Avulsed teeth in trans­
ported patients should be gently replaced in the 
socket. Other options, in descending order of 
preference, include placing the tooth in Hank's 
solution, saliva within the patient's mouth, a glass 
of milk, or wet gauze. Once in the emergency 
department, the tooth should be gently rinsed 
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without scrubbing and replaced into the irri­
gated socket.7•8 

ORAL LACE RATIONS 

• Intraoral mucosal lacerations heal  poorly and be­
come infected if they are gaping open, though 
smaller l acerations ( < 1  cm) may be left alone. 
Treatment consists of debridement, irrigation, and 
closure with 4-0 chromic sutures. 

• Laceration of the maxillary frenulum does not 
usually require repair. 

• Lacerations of the lingual frenulum may require 
repair because of its vascularity. 

• Tongue lacerations > 1 cm should be closed with 
4-0 silk or chromic sutures. Care must be taken 
to carefully approximate the wound edges in order 
to avoid cleft formation. 

• Palate lacerations and puncture wounds may in­
volve the hard or soft palate. Occult injuries to the 
retropharynx and neighboring vascular structures 
should be considered and ruled out. Gaping edges 
require loose approximation though most wounds 
may be left open to drain. 

• Lip lacerations require meticulous closure . The 
subcutaneous tissues must be closed with ab­
sorbable sutures to reduce wound tension while 
the surface is closed with a 6-0 monofilament ma­
terial . When the vermilion border has been lacer­
ated, the first surface suture must be meticulously 
placed to a lign its edges, since failure to do so will 
lead to a noticeable cosmetic deformity. 

HEMORRHAGE SECONDARY TO 
DENTAL EXTRACTION 
AND SURGERY 

Bleeding following dental extraction is usually 
controlled by direct pressure applied by biting on 
gauze. Negative pressure from smoking, spitting, 
and use of straws will increase the amount of hem­
orrhage. 

• If bleeding persists, the socket should be suctioned 
free of clots and direct pressure should be tried 
again. Other hemostatic options include biting on 
a used tea bag, local infiltration of 2% lidocaine 
with epinephrine, and Gel-Foam packing. B leed­
ing following periodontal surgery requires imme­
diate consultation with the periodontist since in­
correct placement of periodontal packs can result 
in treatment failure. 
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150 NECK AND UPPER AIRWAY 
DISORDERS 

William R. Dennis, Jr. 

PHARYNGITIS 

• Infection of the pharynx may be caused by bac­
teria, viruses, or fungi. The most common bacte­
ria causing pharyngitis are Streptococcus, Myco­
plasma, Chlamydia, Neisseria, and Coryn.ebac­
terium. 

• Rhinovirus and adenovirus are the most common 
causes of pharyngitis . 

• Group A beta-hemolytic streptococcus (GABHS) 
infections account for 15  percent of cases and may 
result in the nonsuppurative sequelae of acute 
rheumatic fever and poststreptococcal glomerulo­
nephritis. 1 GABHS has its peak occurrence in the 
late winter and early spring.2 

• Classic symptoms of GABHS infection include 
sore throat, painful swallowing, chills, fever, head­
ache, nausea, vomiting, and abdominal pain. 

• On physical examination, signs of GABHS infec­
tion demonstrate erythematous tonsils, pharyn-



geal  exudate, and tender anterior cervical lymph 
nodes. 

• The rapid antigen test or a throat culture may be 
used to guide therapy; however, empiric antibiotic 
therapy may be commenced when there is a high 
clinical suspicion of GABHS. Penicil l in is the first­
l ine drug of choice, while cephalosporins, macro­
l ides, and clindamycin are appropriate alterna­
tives. 

• Pharyngitis can lead to suppurative complications, 
including cervical lymphadenitis, peritonsillar ab­
scess, retropharyngeal abscess, sinusitis, and oti­
tis media. 

EPIGLOTTITIS 

• Epiglottitis is an acute, l ife-threatening supraglot­
tic infection occurring in al l  age groups but is tradi­
tionally reported to affect chi ldren between the 
ages of 2 and 8 years.3 

• Epiglottitis can be caused by bacteria, fungi, and 
viruses. Haemophilus influenzae type b (Hib) is 
the most common cause. Since the introduction 
of the Hib vaccine, the incidence in children has 
been declining while the incidence in adults has 
been increasing.4.5 

• Pediatric epiglottitis progresses over a 12- to 24-
h period and may include fever, drooling, anxiety, 
sore throat, dysphagia, toxic appearance, and/or 
respiratory distress. Adult epiglottitis often pre­
sents with hours to days of dysphagia and throat 
pain out of proportion to the clinical examina­
tion findings. 

• Movement of the trachea and thyroid cartilage is 
often quite painful and is a marker for supraglot­
tic infection. 

• In unstable patients, especially children, all diag­
nostic procedures are deferred until the patient is 
in the operating room with an otolaryngologist. 
Cooperative, stable adult patients should undergo 
indirect laryngoscopy. 

• A soft tissue lateral neck radiograph may reveal 
an edematous epiglottis ("thumbprint" sign) with 
ballooning of the hypopharynx and loss of the 
vallecula. 6 

• Treatment consists of oxygen, aggressive airway 
management, and antibiotics. Current antibiotic 
recommendations include cefuroxime, cefotax­
ime, or ceftriaxone as first-line drugs.7 Aztreonam 
or chloramphenicol can be used in penicillin-al ler­
gic patients. 

• The stable pediatric patient is treated with endo­
tracheal intubation in the operating room. Stable 
adults can be treated in the intensive care unit 
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without intubation. An endotracheal tube 0.5 to 
1 .0 smaller than standard should be used. If endo­
tracheal intubation fails, an airway should be se­
cured using cricothyrotomy in patients over 8 
years of age and needle cricothyrotomy in those 
under 8 years. 

PERITONSILLAR ABSCESS 

• Peritonsillar abscess (PT A) is the most frequently 
occurring deep-space infection of the head and 
neck.8·9 PT A is often preceded by a throat in­
fection. 

• Presenting symptoms may include fever, sore 
throat, drooling, muffled voice, trismus, dyspha­
gia, otalgia, and foul breath. Classic physical ex­
amination findings include a unilaterally enlarged 
tonsil with swelling of the anterior tonsillar pillar 
and contralateral deviation of the uvula. 

• The differential diagnosis of PTA includes celluli­
tis, mononucleosis, herpes simplex tonsill itis, ret­
ropharyngeal abscess, neoplasm, foreign body, 
and internal carotid artery aneurysm. 

• In stable patients, needle aspiration of the PTA 
is both diagnostic and therapeutic and provides 
resolution of trismus and odynophagia. 

• A contrast computed tomography (CT) scan of the 
neck is recommended when the resul ts of needle 
aspiration are negative or retropharyngeal or pa­
rapharyngeal space process is suspected. 

• Patients with successful drainage of PTA may be 
discharged home on broad-spectrum antibiotics 
(antistaphylococcal )  such as amoxicil l in-clavula­
nate. Otherwise, they must be taken to the op­
erating room for adequate drainage and admitted 
for parenteral antibiotics such as ampicillin-sul­
bactam, clindamycin, or cefotaxime plus metroni­
dazole. 

• Complications of PT A include airway obstruction, 
rupture of the abscess with aspiration of contents, 
thrombophlebitis, ulceration of the large submax­
il lary arteries, epiglottitis, septicemia, endocardi­
tis, retropharyngeal abscess, and mediastinitis. 

RETROPHARYNGEAL ABSCESS 

• Retropharyngeal abscess is an infection of the 
deep neck spaces resul ting from suppuration and 
necrosis of the lymph nodes in those spaces. The 
retropharyngeal space is a connective tissue 
pocket that extends from the base of the skull 
to the level of the tracheal bifurcation. The two 
paramedial lymph nodes-which drain the naso-
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pharynx, adenoids, and posterior nasal sinuses­
are found here. 

• The majority of cases occur in children less than 
5 years of age . One-third of cases occur in children 
less than 6 months of age. 1 0  There is a higher 
incidence in children because of the prominence 
of several lymph nodes in the space. By 3 to 4 
years of age, most of these lymph nodes atrophy 
and are no longer functional . 10 

• Presenting symptoms include fever, odynophagia, 
neck swelling, drool ing, torticollis, meningismus, 
and stridor. 

• The lateral neck radiograph frequently demon­
strates prevertebral soft tissue swelling that ex­
ceeds one-half the width of the adjacent vertebral 
body. CT scan with contrast is useful in differenti­
ating cellulitis from abscess and in defining the 
extent of the infection. 

• Treatment consists of meticulous airway manage­
ment, emergent otolaryngology consultation for 
operative drainage, and IV  antibiotics ( clinda­
mycin combined with aminoglycoside, or penicil­
l inase-resistant penici l l in combined with a third­
generation cephalosporin and metronidazole ) . 1 1  

• Complications include spread of infection to the 
mediastinum and upper airway asphyxia from di­
rect pressure or sudden rupture of the abscess. 12 

PARAPHARYNGEAL ABSCESS 

• The parapharyngeal space extends lateral to the 
pharynx from the base of the skull to the hyoid. 
Abscesses in this area may result from local infec­
tion, trauma, or dental procedures. 

• Presenting complaints may include fever, pain 
on neck movement, sore throat, dysphagia, or 
drooling. 

• Physical examination usually demonstrates cervi­
cal lymphadenopathy, pharyngitis, torticollis, and 
a bulging pharyngeal wall . Lateral neck radio­
graphs may show retropharyngeal swell ing, and 
CT scanning with contrast helps to confirm 
involvement of the parapharyngeal area. 

• All patients require meticulous airway manage­
ment, emergent otolaryngology consultation for 
drainage, and broad-spectrum IV  antibiotics (am­
picillin-sulbactam). 

ACUTE UPPER AIRWAY 
OBSTRUCTION 

• Airway foreign bodies (FBs) may present in a 
straightforward manner, or they may have an in-

sidious presentation, such as progressive stridor 
or recurrent pneumonia. 

• The most common FB associated with children is 
the coin, with food (peanuts and popcorn) a close 
second. 1 3  The most common FBs associated with 
adults are fishbones, dentures, meat, and meat 
bones . 14 

• Upper airway FBs may cause stridor and odyno­
phagia with subsequent respiratory distress. 
Lower airway FBs, commonly in the right bron­
chial tree, may present as cough, wheezing, dys­
pnea, pneumonia, or respiratory distress. 

• Stable patients should have direct laryngoscopy 
performed to look for the object. Soft tissue radio­
graphs, including chest radiographs (posteroante­
rior and lateral) and endoscopy with bronchos­
copy are other diagnostic adjuncts. Atelectasis, 
hyperinflation, and aerophagia are radiographic 
findings consistent with foreign-body aspiration. 1 5 

• Extreme care must be taken to avoid destabilizing 
a partial obstruction. Airway management must 
be a priority with surgical airway equipment im­
mediately available. A double-lumen endotra­
cheal tube may be needed to ventilate the unaf­
fected lung. 
All suspected FB ingestions require immediate 
bronchoscopy. 

LARYNGEAL TRAUMA 

• Laryngeal injuries may result from blunt or pene­
trating trauma and are associated with significant 
morbidity and mortality. Patients may present 
with hoarseness, hemoptysis, dyspnea, dysphagia, 
aphonia, strider, or respiratory distress. The earli­
est finding may be the subtle loss of voice. 
Physical examination signs include laryngeal 
swelling, tenderness, anterior neck contusion, al­
tered laryngeal contour, tracheal deviation, or 
subcutaneous emphysema. 
Initial minor laryngeal injuries may progress due 
to edema and expanding hematomas. 
Emergent otolaryngology consultation is war­
ranted for all patients with signs and symptoms 
consistent with laryngeal injury. Stable patients 
may be given humidified oxygen while waiting for 
consultation. The unstable patient requires emer­
gent tracheostomy. This is performed with a verti­
cal midline skin incision with passage of the tra­
cheostomy tube at a level lower than usual (fourth 
or fifth tracheal ring) in order to avoid further 
damage to the larynx and surrounding structures. 
Retrograde intubation should not be attempted. 
Orotracheal intubation is controversial, as it may 



cause iatrogenk injury as well as the loss of an 
already precarious airway. 16-18 

• Antibiotics (ampicillin-sulbactam) should be 
given when there is violation of the mucosa or 
subcutaneous emphysema. 

• The diagnostic test of choice is flexible fiberoptic 
nasopharyngolaryngoscopy, but CT scanning may 
also be utilized. In the case of massive trauma, 
immediate tracheostomy and neck exploration 
wil l  be required. 
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DISORDERS OF THE SKIN 

151 DERMATOLOGIC 
EMERGENCIES 

James Hassen, Jr. 

EXFOLIATIVE DERMATITIS 

• Exfoliative dermatitis is a cutaneous reaction to 
a drug, chemical, or underlying disease state where 
most or al l  of the skin surface is involved with a 
scaling erythema leading subsequently to exfoli­
ation. 

• Males are affected twice as often as females, and 
most patients are over the age of 40. 

• Acute forms of exfoliative dermatitis are due to 
medications, contrast al lergens, or cancer. 

• Chronic forms of exfoliative dermatitis are usually 
due to underlying cutaneous disease. 

• Patients usually complain of pain, pruritis, fever, 
and chills . 

• Physical examination shows generalized warmth, 
erythroderma, scaling, and desiccation and exfoli­
ation of the skin. 

• The process usually begins on the face and 
upper trunk with progression to other skin 
surfaces. 

• Widespread cutaneous vasodilation may result in 
high-output congestive heart failure, while disrup­
tion of the epidermis may result in significant elec­
trolyte imbalances. 

• Diagnosis of exfoliative dermatitis is confirmed by 
skin biopsy. 

• Treatment includes securing the ABCs, for severe 
cases, and oral antihistamines, steroids, oatmeal 
baths, and bland lotions for dermatologic 
treatment. 

ERYTHEMA MULTIFORME 

• Erythema multiforme (EM) is an acute inflamma­
tory skin disease that ranges from a mild papular 
eruption (EM minor) to a severe vesiculobullous 
form with mucous membrane involvement and 
systemic toxicity (Stevens-Johnson syndrome).  

• Erythema multiforme is usually due to infection, 
drugs, malignancy, rheumatologic disorders, or 
pregnancy. 

• The highest incidence affects adults (20 to 40 years 
of age) ,  with males affected twice as often as fe­
males. 
Symptoms include malaise, arthralgias, fever, 
burning sensation, and pruritus. 

• The target lesion is highly characteristic of EM. 
The erythematous papules appear symmetrically 
on the dorsum of the hands, feet, and the extensor 
surfaces of the extremities. 

• Ocular involvement occurs in 10 percent of pa­
tients with EM minor and in 75 percent of patients 
with Stevens-Johnson syndrome. 

• Treatment for EM minor includes topical steroids, 
analgesics, and antihistamines. Diphenhydramine 
and lidocaine rinses are useful for oral lesions. 
Burrow's solution is useful for blistered regions. 

• For patients with extensive disease or systemic 
involvement, management of potential fluid, e lec­
trolyte, infectious, and thermoregulatory prob­
lems should be initiated. Patients should be admit­
ted into an intensive care unit setting. 

TOXIC EPIDERMAL NECROLYSIS 

• Toxic epidermal necrolysis (TEN) is an ex­
plosive dermatosis characterized by tender 
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erythema, bullae formation, and subsequent 
exfoliation. 

• The most common cause of TEN is medications; 
other etiologies include chemicals, infections, or 
immunologic factors. 

• Sulfa-based drugs, penici l l in, anticonvulsants, and 
nonsteroidal anti-inflammatory drugs (NSAIDs) 
are the most frequent medication triggers for 
TEN. 

• Patients complain of malaise, myalgias, arthral­
gias, fever, and painful skin or upper respiratory 
symptoms. 

• Physical examination reveals diffuse, tender ery­
thema; mucous membrane involvement; areas of 
denuded skin with adjacent large bullous lesions; 
a positive Nikolsky's sign; and systemic toxicity. 

• Diagnosis of TEN is confirmed by skin biopsy. 
• Management of patients with TEN is best per­

formed in a critical care setting such as a burn 
unit. Attention to adequate cardiorespiratory 
function is essential ; correction of fluid, electro­
lyte, and infectious complications are early treat­
ment considerations. I mmediate dermatologic 
consultation is required. 

TOXIC INFECTIOUS ERYTHEMAS 

• Toxic Infectious Erythemas include toxic shock 
syndrome (TSS), streptococcal toxic shock syn­
drome (STSS), and staphylococcal scalded-skin 
syndrome (SSSS). 
The dermatologic hallmark ofTSS is a nonpruritic, 
blanching macular erythroderma .  
The diagnosis of  TSS requires the presence of 
all 4 major criteria and 3 or more indications of 
multisystem involvement. 

Major Criteria 
1 .  Fever: Temperature > 102° F (38.9°C) 
2. Rash: Erythroderma ( localized or diffuse) 

followed by peripheral desquamation 
3 .  Mucous membrane: Hyperemia of oral 

and vaginal mucosa and of conjunctiva 
4. Hypotension: History of dizziness, or­

thostatic changes, or hypotension 
M ultisystem Manifestations 

1. Central nervous system: Altered menta­
tion without focal neurologic signs 

2. Cardiovascular: Distributive shock; con­
gestive heart failure; dysrhythmias 

3. Pulmonary: Adult respiratory distress 
syndrome 

4. Gastrointestinal: Vomiting and diarrhea 
5. Hepatic: Elevations in bilirubin, alkaline 

phosphatase, and the transaminases 

6. Renal: Blood urea nitrogen and/or creati­
nine elevations; abnormal urinary sedi­
ment; oliguria 

7 .  Hematologic: Thrombocytopenia or 
thrombocytosis; anemia; leukopenia or 
leukocytosis 

8. Musculoskeletal : Myalgias; arthralgias, 
rhabdomyolysis 

9 .  Metabolic: Hypocalcemia; hypophos­
phatemia 

1 0. Absence of other etiologic agent 
• Streptococcal toxic shock syndrome presents with 

fever, hypotension, and skin infections ( cel lulitis, 
myositis, and fasciitis) . 

• The causative agent of STSS is Streptococcus pyo­
genes. 

• Staphylococcal scalded-skin syndrome is divided 
into three stages: (a) initial and erythroderma, (b) 
exfoliative, and (c) desquamation and recovery. 

• I n  SSSS, exotoxins released by bacteria cause 
acantholysis and intraepidermal cleavage of the 
skin. 

• Staphylococcal scalded-skin syndrome occurs pri­
marily in infants, young children, and those who 
are immunocompromised. 

• Management of patients with TSS and STSS is 
dictated by the severity of their il lness. As in any 
patient presenting in extremis, the emergency phy­
sician must perform a rapid, thorough review of 
the ABCs, ensuring a stable airway and ventila­
tory status, as well as an adequate hemodynamic 
state. The next step is to identify and remove any 
source of infection and administer broad-spec­
trum antibiotics. 

• Management of the patient with SSSS includes 
fluid resuscitation and correction of e lectrolyte 
abnormalities, as well as identification and treat­
ment of the source of the toxigenic Staphylococcus 
with the appropriate anti-staphylococcal antibi­
otic, preferably a penici l linase-resistant penicillin. 

BULLOUS DISEASES 

• Pemphigus vulgaris (PY) is a generalized mucocu­
taneous autoimmune blistering eruption charac­
terized by intraepidermal acantholytic blistering. 

• The primary lesions of PV are vesicles or bullae 
that vary in diameter from < 1  cm to several centi­
meters, commonly first affecting the head, trunk, 
and mucous membranes. Nikolsky's sign is posi­
tive in PV. Mucous membranes are affected in 95 
percent of PV patients. 

• Bullous pemphigoid (BP) is characterized by tense 
blisters (up to 10 cm in diameter) arising from 



either normal skin or from erythematous or urti­
caria! p laques; frequent sites of involvement in­
clude intertriginous and flexural areas. The mu­
cous membranes are involved in 40 percent of 
patients with B P. 

• B ullous pemphigoid is a disease that usually af­
fects the elderly, with the average age being 70. 

• Diagnosis of both PV and BP is confirmed by 
skin biopsy. 

• The cutaneous surfaces involved with blisters or 
eroded areas should be treated as burns with the 
application of silver sulfadiazine cream or antibi­
otic ointments with clean dressings; pain originat­
ing from oral lesions may be partially relieved 
with soothing mouth washes (1 : 1 mixture of di­
phenhydramine elixir with Mylanta) or with vis­
cous lidocaine. 

• Initial care of the patient with PV should be per­
formed as an inpatient with early dermatologic 
consultation. 
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152 OTHER DERMATOLOGIC 
DISORDERS 

James Hassen, Jr. 

PHOTOSENSITIVITY 

• Patients with sunburn may present with minimal 
discomfort or in extreme pain with extensive blis­
tering. A tender, warm erythema is seen in sun­
exposed areas; vesiculation may result, represent­
ing a second-degree burn injury. 

• Diagnosis is suspected in a patient who has been 
outdoors with significant ultraviolet (UV) light 
exposure. Sunburns are treated symptomatically 
with oral analgesics and burn wound care . 

• Exogenous photosensitivity results from either the 
topical application or the ingestion of an agent 
that increases the skin's sensitivity to UV light. 
The topical photosensitizers usually result in a 
cutaneous eruption at the site of application once 
UV light is applied. 

• Furocoumarins-lime juice, various fragrances, 
figs, celery, and parsnips-when topically applied 
are the most common group of agents causing 
photoeruptions; other topical photosensitizers in­
clude P ABA esters and topical psoralens. 

• The exogenous photoeruption is similar to a se­
vere sunburn reaction, often with blistering. A 
linear appearance of the rash suggests an exter­
nally applied substance . The diagnosis is based on 
identifying the offending agent. 

• Initial management is similar to that of the sun­
burn reaction, including the avoidance of the sun 
until the eruption has cleared. The causative agent 
should be discontinued. 

CONTACT DERMATITIS 

• Contact dermatitis may be a primary irritant reac­
tion or an allergy-mediated event. Agents capable 
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of causing an aerosolized reaction include rhus 
(poison ivy and oak). Examples of directly applied 
agents include nickel, nail polishes, toothpaste, 
preservatives in cosmetics, contact lens solutions, 
and hair care products. 

• Allergic contact dermatitis resulting from an aero­
solized allergen presents with erythema or scaling, 
at times accompanied by blistering. The involve­
ment is diffuse, with both upper and lower eye­
l ids affected. 

• Direct application of the allergen produces similar 
findings on the most sensitive skin areas, such as 
the eyelids. 

• For therapy, corticosteroids (topical or oral de­
pending upon the severity) are often required. 
Only low-potency topical corticosteroids (hydro­
cortisone 2 .5%) should be used on the face. Often, 
extensive and severe periocular involvement re­
quires oral prednisone. Oral antihistamines are 
also useful in reducing pruritus. 

ALOPECIA 

• The causative syndromes of hair loss include the 
nonscarring (secondary syphilis, alopecia areata, 
contact dermatitis, thyroid disorders, medi­
cation-related) and scarring (tinea capitis, zoster 
infection, discoid lupus, sarcoidosis, scleroderma, 
malignancy). Nonscarring alopecia may be 
reversible, while scarring alopecia is rarely re­
versible. 

• Tinea capitis is a dermatophyte infection of the 
scalp and is most commonly seen in children. 
Areas of alopecia with broken hair shafts and pe­
ripheral scaling are noted; the alopecia is patchy 
and usually nonscarring. 

• Diagnosis of tinea capitis is based on a potassium 
hydroxide (KOH) preparation or positive fungal 
culture. Certain types of dermatophytes fluoresce 
under Wood's lamp examination. 

• Therapy for tinea capitis includes oral griseofulvin 
for 6 weeks as the first-line agent; topical treat­
ment alone is not effective. Nizoral shampoo also 
is recommended. 

• Alopecia areata presents with a patchy, nonscar­
ring alopecia; loose round patches of hair are lost, 
leaving behind normal scalp. Any hair-bearing 
area may be affected, but the scalp is the most 
common site of involvement. 

• Diagnosis of alopecia areata is based on clinical 
examination. Alopecia areata usually resolves 
spontaneously within 2 to 6 months. 

TINEA INFECTIONS 

• Tinea pedis is a fungal infection of the feet, also 
known as "athlete's foot ." Tinea pedis may pres­
ent in several distinct forms. 1  

• The most common form is the interdigital presen­
tation, manifested by maceration and scaling in 
the web spaces between the toes; ulcerations may 
be present in severe cases with secondary in­
fection. 

• The second type, which is the form seen in tinea 
manuum, is characterized by chronic, dry scaling 
with minimal inflammation on the palmar or plan­
tar surfaces; it often extends to the medial and 
lateral aspects of the feet but not the dorsal 
surface. 

• The third type of fungal i nfection presents as an 
acute, painful ,  pruritic vesicular eruption on the 
palms or soles; erythema is a prominent fea­
ture, while the nails and web spaces are usually 
spared.2 

• Identification of fungal elements on a KOH prepa­
ration or with fungal culture may be required. 
Nonbullous tinea pedis and manuum can be 
treated with topical antifungal agents, such as clo­
trimazole, miconazole, ketoconazole, or econa­
zole. Nail infections should also be treated with 
oral antifungal agents. Bullous tinea pedis requires 
oral antifungal therapy. 

• Tinea cruris, a fungal infection of the groin 
commonly called "jock itch , ' '  is very common 
in males. Erythema with a peripheral annular, 
scaly edge is seen; the rash extends onto the 
inner thighs and the buttocks and spares the 
penis and scrotum-a feature that is important 
in distinguishing tinea cruris from other eruptions 
in the groin, as most other eruptions will affect 
the scrotum. 

• The diagnosis is established by KOH preparation. 
An antifungal cream such as clotrimazole, ketoco­
nazole, or econazole is the initial treatment of 
choice. 

CANDIDAL INTERTRIGO 

• Candida! infections of the skin favor moist, oc­
cluded areas of the body. Although any skin 
fold may be involved, superficial candidal infec­
tions are commonly seen in the diaper area of 
infants, the vulva and groin of women, the glans 
penis (balanitis) in uncircumcised males, and the 
inframammary and pan nus folds of obese patients. 
Antibiotic therapy, systemic corticosteroid ther-



apy, urinary or fecal incontinence, immunocom­
promised states, and obesity are predisposing 
factors. 

• The typical presentation of candidal intertrigo is 
erythema and maceration with surroundino b 
small erythematous papules or pustules; the 
satellite pustules are a characteristic finding in dif­
ferentiating between candidal intertrigo and other 
inflammatory disorders affecting the skin folds. 

• The rim of satellite pustules he lps to distinguish 
candidal intertrigo from other eruptions of the 
skin folds. KOH preparation of the pustules may 
demonstrate short hyphae and spores. 

• For treatment of candidal intertrigo, a topical anti­
fungal cream such as clotrimazole, ketoconazole, 
or econazole should be applied. The addition of 
hydrocortisone 1 % cream can speed symptomatic 
relief and healing.3 
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TRAUMA 

153 INITIAL APPROACH TO THE 
TRAUMA PATIENT 

William R. Dennis, Jr. 

E PIDEMIOLOGY 

• Injury is the fourth leading killer of Americans 
and the most common cause of death before the 
age of 45 . Trauma causes more deaths among chil­
dren and adolescents ( ages 1 to 19) than all other 
diseases combined. 

CLIN ICAL FEATU RES 

• Nonspecific signs such as  tachycardia, tachypnea, 
or mild alterations in consciousness must be pre­
sumed to signify serious injury until proven other­
wise, and they must be treated in a timely fashion. 

• The mechanism of injury may suggest potential 
problems and these also should be pursued, espe­
cially in the patient without signs of significant 
trauma. 

DIAGNOSIS AN D D I F F ERENTIAL 

• The h istory should be obtained from the patient, 
witnesses, or prehospital providers and should in­
clude mechanism of injury, sites of injury, blood 
loss at the scene, degree of damage to any vehicles 
or types of weapons involved. 

• Preexisting medical conditions and medications 
(e.g. , steroids and beta b lockers) need to be elic­
ited to help understand the patient's physiologic 
response to injury. 

• The primary survey (A-B-C-D-E) ,  including the 
assessment of a complete set of vital signs, is initi­
ated, characterized by the orderly identification 
and concomitant treatment of the most lethal in­
juries. 

• Ajrway patency with cervical spine control and 
breathing should be assessed by means of exami­
nation of the head and neck for gag reflex, airway 
obstruction, tracheal deviation, quality of breath 
sounds, flail chest, crepitation, sucking chest 
wounds, and fractures of the sternum. Problems 
such as tension pneumothorax, hemothorax, 
pneumothorax, and misplacement of the endotra­
cheal tube should be identified and immediately 
treated before preceding further. 

• Circulatory status is evaluated via vital signs and 
cardiac monitoring. Sites of obvious bleeding, in­
dications of shock, and signs of cardiac tamponade 
(Beck's triad of muffled heart tones, e levate ve­
nous pressure, and hypotension) should be identi­
fied and treated. 

• Disability should be assessed by performing a brief 
neurologic examination, which includes assessing 
G lasgow Coma Scale, pupil size and reactivity, 
and motor function. 

• Exposure of the patient should be performed by 
completely disrobing the patient and examining 
the total body surface area carefully for bruises, 
lacerations, impaled foreign bodies, and open frac­
tures. 

• The secondary survey is a rapid, but thorough, 
head-to-toe examination to identify all injuries 
and to establish priorities for care. Resuscitation 
and frequent monitoring of vital signs continue 
throughout this process. 

• The scalp should be examined for bleeding, and 
the skull assessed for significant injury. The pupils 
should be rechecked, the face examined for frac-
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tures, and the tympanic membranes visualized for 
hemotympanum. The neck, chest, abdomen, and 
pelvis should be examined thoroughly. 

• Radiographs of the lateral cervical spine, chest, 
and pelvis should be ordered, as appropriate for 
the scenario. 

• The genitourinary system should be evaluated by 
external inspection, a rectal exam, and a urethro­
gram for suspected urethral injury (meatal b lood 
present, the prostate displaced). Otherwise, a uri­
nary catheter should be placed and the urine ob­
tained and checked for blood; a pregnancy test 
should be ordered for female patients of 
childbearing age. Vaginal b lood on a bimanual 
exam is an indication for a speculum exam. 

• The patients should be log-rolled, while main­
taining cervical spine stabilization, for examina­
tion of the back. Extremities should be checked for 
soft tissue injury and fracture. A more thorough 
neurologic examination should be completed. 

• After the secondary survey, l aboratory studies and 
additional radiographic studies, such as cysto­
gram, intravenous (IV) pyelogram, aortogram, or 
computed tomography (CT) scans, should be con­
sidered, as needed. 

• Diagnostic peritoneal lavage is preferred over the 
CT scan to evaluate the hemodynamically unsta­
ble patient for intraabdominal b leeding. The Fo­
cused Abdominal Sonogram for Trauma (FAST) 
is used for the rapid bedside identification of free 
intraperitoneal fluid and includes examination for 
pericardia! fluid collections. 

EMERGENCY DEPARTMENT CARE 
AND DISPOSITION 

• At the outset of the primary survey, airway pat­
ency is assured. A chin l ift may initially help in 
opening the airway; suctioning may remove for­
eign material, blood, loose tissue, or avulsed teeth. 
Tracheal intubation using a rapid sequence tech­
nique is indicated for patients with altered mental 
status, including those with severe agitation, or 
for those who for any reason are unable to main­
tain an open airway on their own. In extensive 
facial trauma or failure of tracheal intubation, cri­
cothyrotomy or another advanced airway tech­
nique must be done to secure the airway. 

• During the evaluation of breathing, 100% oxygen 
is administered by mask or endotracheal tube. Sus­
pected tension pneumothorax is treated immedi­
ately with needle decompression fol lowed by tube 
thoracostomy. For l arge hemothoraces, consider­
ation may be given to autotransfusion and imme­
diate operative exploration for initial chest tube 

output of 1500 mL or more. The presence of a flail 
chest may require intubation, and sucking chest 
wounds require p lacement of an occlusive dressing 
followed by chest tube placement. 

• Management of circulation requires p lacement of 
2 l arge-bore peripheral IV lines. If  this cannot 
be accomplished, central venous access should be 
obtained. If  warranted, 2 L of warm crystalloid 
should be administered rapidly, followed by 0-
negative or type-specific blood, as required. Exter­
nal hemorrhage should be controlled with com­
pression at the bleeding site. 

• Patients with disability and evidence for intracran­
ial injury on examination may benefit from tra­
cheal intubation for airway protection. Exposure 
of the patient facil itates the remainder of the man­
agement providing that measures to prevent hypo­
thermia are taken. 

• Interventions are undertaken during the second­
ary survey to control problems as they are discov­
ered. Reduction of fractures may prevent distal 
neurovascular compromise; all fractures should be 
splinted. A gastric tube should be inserted (oral ly 
in the setting of facial fractures) and a urinary 
catheter placed, if not contraindicated. Tetanus 
prophylaxis must be assured; an antibiotic such as 
cefotetan 2 g IV is indicated for possible ruptured 
abdominal viscus, vaginal, or recta l  l acerations; 
open skeletal fractures should be treated with 
cephalexin 2 g IV or similar coverage with consid­
eration given to the addition of more coverage 
for particularly contaminated injuries. Potential 
closed spinal cord injuries should be treated with 
methylprednisolone 30 mg/kg IV bolus over 15  
min followed 45 min later by an infusion of  5 .4 
mg/kg/h for 24 to 48 h. Patients with pelvic frac­
tures and signs of persistent hemorrhage may ben­
efit from pelvic arteriography and embolization. 

• Upon completion of the secondary survey, options 
for disposition of the patient are to move to the 
operating room, admit to the hospital, or transfer 
to another facility. Ideally, the trauma surgeon or 
surgeon on-call is present for the secondary survey 
and can at that point assume primary responsibil­
ity for the patient. If transfer is to be made, the 
resuscitating physician must relay al l  pertinent in­
formation to the accepting physician. 
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154 PEDIATRIC TRAUMA 

Joseph J. Randolph 

EP IDEMIOLOGY 

• Trauma is the most common cause of death and 
disability in children over 1 year of age and the 
second leading cause of ED visits after infec­
tious disease. 1 

• Head injury is the most frequent cause of death.2 
Motor vehicle crashes are the leading mechanism 
of injury in children over 1 year of age.2-4 

PATHOPHYSIOLOGY 

• The priorities in pediatric trauma management 
are similar to those for adults; however, important 
differences in anatomy, physiology, and psychol­
ogy dictate some modification to the evaluation 
and treatment of injured children. 

• Nonaccidental trauma must also be considered in 
the evaluation of the pediatric patient. 

CLIN ICAL F EATURES 

• As obligate nose breathers, infants less than 6 
months of age with facial trauma or b leeding into 
the nasopharynx will present with significant respi­
ratory distress. 

• A difference in the mechanics of breathing in chil­
dren results in the early appearance of tachypnea 
and accessory muscle use in dyspneic patients. Na­
sal flaring, grunting, and retractions are also signs 
that should be noted. 
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• The physiology of shock in children causes tachy­
cardia to be the most sensitive and earliest sign 
of volume loss; conversely, hypotension is a late 
and therefore ominous finding. 

• Other important signs of hemorrhage are in­
creased capillary refill time , decreased level of 
responsiveness, decreased urine output, narrowed 
pulse pressure , and decreased skin temperature. 

• The ratio of surface area to mass is greater than 
in adults, putting pediatric patients at greater risk 
for hypothermia fol lowing injury. 

• Signs of spinal cord injury may be subtle or tran­
sient, especially in the case of spinal cord injury 
without radiographic abnormality (SCIWORA) . 
Spinal trauma is relatively uncommon in young 
children and is more commonly seen in adoles­
cents.5 Due to increased flexibility of the spine 
and spinal column in younger children, fractures 
and dislocations rarely occur with minor trauma. 

• Up to 66 percent of spinal cord injuries in children 
have no radiographic abnormality and thus fal l  
into the category of SCIWORA.6 

• Over 50 percent of children with SCIWORA have 
a delayed onset of paralysis, ranging from hours 
to days. Many of these children have transient 
paresthesias, numbness, or weakness at the time 
of the injury or shortly thereafter. 

• Sixty-seven percent of cervical spinal injuries in 
children under the age of 12 occur between the 
occiput and C2. By comparison, adolescents and 
adults more commonly experience injuries of the 
lower cervical spine.5 

• In considering radiographs of the cervical spine, 
widening of the prevertebral soft tissues to 8 mm 
or more anterior to C2, or more than 75 percent 
of the adjacent vertebral body, is considered ab­
normal. In infants, however, this becomes less re­
liable. 

• Since the scalp is richly vascularized, some chil­
dren have developed shock due to significant 
blood loss, violating the dogma that "head injuries 
do not cause shock . "  
Falls from heights less than 5 f t  are associated 
with epidural bleeds in children under 5 years of 
age.7 Although the presentation of syncope with 
the lucid interval has traditionally been associated 
with epidural hematomas, the presentation is 
more l ikely to point to a subdural hematoma, not 
because of greater association, but because sub­
dural hematomas are much more common. 
Children, with their relatively compliant chest 
walls, may not show external evidence of serious 
intrathoracic trauma. In a multiply-injured child, 
death is 10 times more likely if chest trauma is 
present.8 
A rib fracture is a sensitive indicator of serious 
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underlying inj ury. The most common injury is pul­
monary contusion, which may not be visible on 
the initial chest radiograph.8 

• Elevated amylase levels are associated with injur­
ies of both the pancreas and bowel.9 

• The spleen, followed by the l iver, is the most com­
monly injured abdominal organ in children. Han­
dlebar injuries often cause isolated pancreatic 
trauma. 10 

• Pelvic fractures, particularly anterior ring frac­
tures, are associated with urethral and b ladder 
m3ury. 

• The degree of hematuria correlates with the sever­
ity of injury in genitourinary trauma, although dis­
ruption of the renal pedicle may not be associated 
with hematuria . 1 1 

DIAGNOSIS AND D I F FERENTIAL 

• The process of evaluating victims of trauma is the 
same for both children and adults; the primary 
and secondary surveys are completed in a system­
atic fashion. 

• The imaging modality of choice for the evaluation 
of head injury is the computed tomography (CT) 
scan; indications for ordering this test include sig­
nificant loss of consciousness, deteriorating level 
of consciousness, neurologic deficits, apparent 
skull fracture on physical examination, persistent 
nausea and vomiting, and seizure . 

• A high clinical suspicion must be maintained for 
SCIWORA and high cervical spine injury in the 
younger child. Physical examination findings con­
sistent with spinal cord injury or abnormalities 
on spine radiographs are strong indications for 
CT scanning. 

• In the evaluation of abdominal injury in the pedi­
atric patient, the physical examination has both a 
high false-positive and relatively high false-nega­
tive rate. Therefore, either CT scanning or diag­
nostic peritoneal lavage (primarily for hemody­
namically unstable patients) is util ized frequently. 
CT scan is also indicated for patients with genito­
urinary trauma demonstrating as few as 20 red 
blood cells per high-power field. 

• Cystourethrography is required for all patients 
with suspected injuries of the lower urinary tract. 

EME RGENCY DEPARTMENT CARE 
AND DISPOSITION 

• Airway management in children can be particu­
larly challenging. Anatomic differences responsi-

ble for this include a relatively larger tongue and 
more cephalad location of the larynx. 

• All patients should initially be administered 
100% oxygen. Suctioning, j aw thrust or chin l ift 
maneuvers, and placement of either a nasal or an 
oral airway are other measures to be considered. 

• The indications for endotrachea l  intubation are 
essentially the same as those for adults. The oral 
route for intubation is preferred; nasotra­
cheal intubation should be avoided due to the 
cephalad location of the glottis and the pro­
pensity to traumatize the upper airway with this 
approach. 

• In children less than 8 years of age, the narrowest 
portion of the airway is subglottic and a tube that 
fits through the vocal cords may not pass through 
this region. An endotracheal tube of appropriate 
size is selected by using the following formula: 

Internal diameter (in mm) 
= ( 16  + age of patient in years)/4 

Patients in this age range should have an uncuffed 
endotracheal tube placed. 

• Rapid-sequence intubation is performed, using 
pretreatment with 1 00% oxygen, l idocaine at 1 .0 
mg/kg IV, and appropriate sedation (e.g. , midazo­
lam 0. 1 mg/kg IV). Pharmacologic paralysis may 
be achieved by using either succinylcholine 1 .0 to 
1 .5 mg/kg IV or a nondepolarizing paralytic agent 
(e.g., rocuronium at a dose of 1 mg/kg IV). Secur­
ing an airway in the setting of severe facial trauma 
may be achieved by transtracheal catheter ventila­
tion. Cricothyrotomy is not recommended in chil­
dren less than 5 years since identification of the 
cricothyroid membrane can be difficult and the 
cricoid cartilage is easily damaged. 

• Prior to intubation, atropine at 0 .02 mg/kg IV 
(minimum dose 0.1 mg, maximum dose 1 .0 mg) 
should be administered to children younger than 
6 years of age if succinylcholine will be used as 
the paralyzing agent. 

• If IV access is not readily obtained, early place­
ment of an intraosseous line should be performed. 
The femoral vein is the next easiest site because 
of the identifiable landmarks and the relative ease 
of this procedure compared with the p lacement 
of other central venous lines in children. 

• Resuscitative fluids should be administered in 20-
mL/kg boluses of crystalloid; if there is no im­
provement or deterioration occurs after an initial 
response, 10-mL/kg boluses of packed red blood 
cells or whole blood are indicated. 

• Fluids should be warmed and used in conjunction 
with warming lights to prevent hypothermia. 



• Burn patients should be resuscitated according to 
a standard burn formula such as the Parkland 
formula. 

• Children tend to recover better from head injury 
than adults, but aggressive treatment of hypoxia 
and hypotension is important to facilitate a good 
outcome. Severe head injury should be treated 
with tracheal intubation, e levation of the head of 
the bed to 30 degrees, and maintaining the head 
and neck in neutral position. Intravenous mannitol 
at 0.5 to 1 .0 g/kg and furosemide at 1 .0 mg/kg 
may be useful in treating cerebral edema. 

• Aggressive hyperventi lation in head-injured chil­
dren has been associated with worsened cerebral 
ischemia as compared with more moderate hyper­
ventilation . 12 Aggressive hyperventilation should 
be reserved for children with signs of impending 
herniation. 

• Prophylactic anticonvulsant therapy should be 
strongly considered in a head-injured child with 
a G lasgow Coma Scale score under 8, even if no 
seizures have yet occurred, because the risk of 
developing acute posttraumatic seizures is high 
and many of these children already have a high 
intracranial pressure that will i ncrease further with 
a seizure. 13 

· 

• In massive hemothorax, operative thoracotomy 
should be considered if the initial drainage is 
greater than 15 mL/kg or the chest tube output 
exceeds 4 mL/kg/h .  

• Children with abdominal pain and an e levated 
· serum amylase require an abdominal CT scan and 
should be hospitalized for observation even if the 
CT scan findings are normal . 14 

• Pediatric patients should be admitted to the hospi­
tal if they have sustained skull fractures or evi­
dence of intracranial injury on CT scan, spinal 
trauma, significant chest trauma, abdominal 
trauma with evidence of internal organ injury, or 
significant burns. 

TABLE 154-1 Indications for Transfer to a Pediatric 
Trauma Center 

Mechanism of injury Ejected from a motor vehicle 
Prolonged extrication 

Anatomic injury 

Death of other occupant in motor vehicle 
Fall from greater distance than three 

times the child's height 

Multiple severe trauma 
More than three long-bone fractures 
Spinal fractures or spinal cord injury 
Amputations 
Severe head or facial trauma 
Penetrating head, chest, or abdominal 

trauma 
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• Table 154-1 reviews the indications for transfer to 
a pediatric trauma center. 
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155 GERIATRIC TRAUMA 

0. John Ma 

EP IDEMIOLOGY 

• While persons over 65 years of age represent 1 2  
percent o f  the population, they account for 36 
percent of all ambulance transports, 25 percent of 
hospitalizations, and 25 percent of total trauma 
costs . 1  

• Approximately 28 percent of deaths due to acci­
dental causes involve persons 65 years and older. 
The elderly have the highest population-based 
mortality rate of any age group. 1  

PATHOPHYSIOLOGY 

• Chronologic age is the actual number of years an 
individual has lived. Physiologic age describes the 
actual functional capacity of a patient's organ sys­
tems in a physiologic sense. 

• Comorbid disease states such as diabetes mellitus, 
coronary artery disease, renal disease, arthritis, 
and pulmonary disease can decrease the physio­
logic reserve of certain patients, which makes it 
more difficult for them to recover from a trau­
matic injury.2•3 

• Physiologic reserve describes the various levels of 
functioning of patients' organ systems that allow 
them to compensate for traumatic derangement. 1  

CLI N ICAL FEATURES 

• Falls are the most common accidental injury in 
patients over 75 years of age and the second most 
common injury in the 65 to 74 age group. 1  Falls 
are reported as the underlying cause of 9500 
deaths each year in patients over the age of 65 
years. In the >85-year-old age group, 20 percent 
of fatal falls occur in nursing homes.4 

• Motor vehicle-related injuries rank as the leading 
mechanism of injury that brings e lderly patients 
to a trauma center in the United States. Motor 
vehicle crashes are the most common mechanism 
for fatal incidents in elderly persons through 80 
years of age . 1  

• The clinician should not be led into a false sense 
of security by "normal" vital signs. In one study 
of 15 patients initially considered to be hemody­
namically "stable," 8 had cardiac outputs less than 
3.5 Umin and none had an adequate response to 

volume loading. Of 7 patients with a normal car­
diac output, 5 had inadequate oxygen delivery.5 

• There is progressive stiffening of the myocardium 
with age, which resul ts in a decreased effectiveness 
of the pumping mechanism. A normal tachycardic 
response to pain, hypovolemia, or anxiety may be  
absent or  blunted in the elderly trauma patient.6 
Medications such as beta b lockers may mask 
tachycardia and hinder the evaluation of the el­
derly patient. 

• Elderly persons suffer a much lower incidence of 
epidural hematomas than the general population. 
There is a higher incidence of subdural hemato­
mas in elderly patients. As the brain mass de­
creases with advancing age, there is greater 
stretching and tension of the bridging veins that 
pass from the brain to the dural sinuses.7 

• Severe thoracic injuries, such as hemopneumotho­
rax, pulmonary contusion, flai l  chest, and cardiac 
contusion, can quickly lead to decompensation in 
e lderly individuals whose baseline oxygenation 
status may already be diminished. 

• Reduction in pulmonary compliance, total lung 
surface area, and mucociliary clearance of foreign 
material and bacteria result in an increased risk 
for elderly patients to develop nosocomial gram­
negative pneumonia.6 

• Hip fracture is the single most common diagnosis 
that leads to hospitalization in a l l  age groups in 
the United States. Hip fractures occur primarily 
in four areas: intertrochanteric, transcervical, sub­
capital ,  and subtrochanteric. Intertrochanteric 
fractures are the most common, fol lowed by trans­
cervical fractures.6 Emergency physicians must be 
aware that pelvic and long bone fractures are not 
infrequently the sole etiology for hypovolemia in 
e lderly patients. 

• The incidence of humeral head and surgical neck 
fractures in elderly patients are increased by falls 
on the outstretched hand or elbow. 

DIAGNOSIS AND D I F FERENTIAL 

• For older patients, the adhesions associated with 
previous abdominal surgical procedures may in­
crease the risk of performing diagnostic peritoneal 
lavage in the emergency department. 1  For com­
puted tomography (CT) scanning, i t  is important 
to ensure adequate hydration and baseline assess­
ment of renal function prior to the contrast load 
for the CT scan. Some patients may be volume 
depleted due to medications, such as diuretics. 
This hypovolemia coupled with contrast adminis-



tration may exacerbate any underlying renal pa­
thology . 1  

• For unstable patients, and especial ly those with 
multiple scars on the abdominal wall from previ­
ous procedures, the trauma ultrasound examina­
tion is the ideal diagnostic study to detect free 
intraperitoneal fluid.8 

EMERGENCY DEPARTMENT CARE 
AND DISPOSITION 

• Prompt tracheal intubation and use of mechanical 
ventilation should be considered in patients with 
more severe injuries, respiratory rates >40 breaths 
per minute, or when the Pa02 is <60 mmHg or 
PaC02 >50 mmHg.9 

• Early invasive monitoring has been advocated to 
help physicians assess the hemodynamic status of 
the elderly. One study demonstrated that by re­
ducing the time to invasive monitoring in elderly 
trauma patients from 5 .5 h to 2.2 h, and thus recog­
nizing and appropriately treating occult  shock, the 
survival rate of their patients increased from 7 
to 53 percent. Survival was improved because of 
enhanced oxygen delivery through the use of ade­
quate volume loading and inotropic support.5 

• During the initial resuscitative phase, crystalloid, 
while the primary option, should be administered 
judiciously since elderly patients with diminished 
cardiac compliance are more susceptible to vol­
ume overload. Strong consideration should be 
made for early and more liberal use of red blood 
cell transfusion. 

• Among geriatric trauma patients who are hospital­
ized, the mortality rate has been reported to be 
between 15 and 30 percent .  These figures far ex­
ceed the mortality rate of 4 to 8 percent found 
in younger patients . 1 In general, multiple organ 
failure and sepsis cause more deaths in elderly 
patients than they do in younger trauma victims. 10 

• Several markers for poor outcome in elderly 
trauma victims have been determined. Age >75 
years, G lasgow Coma Scale score -.57, presence of 
shock upon admission, severe head injury, and 
development of sepsis are associated with poor 
outcome and high mortality figures. 1 1  

• One study demonstrated that immediately after 
discharge, one-third of trauma survivors return to 
independent living, one-third return to dependent 
status but live at home, and one-third require nurs­
ing home facil ities. Altogether, at long-term fol­
low-up, 89 percent returned home after trauma 
and 57 percent returned to independent living. 12 
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156 TRAUMA IN PREGNANCY 

Stefanie R. Seaman 

PHYSIOLOGIC C HANGES OF PREGNANCY 
AND PATHOPHYSIOLOGY 

• By week 10, blood volume increases and red cell 
mass remains unchanged, leading to a physiologic 
anemia. Cardiac output and heart rate increase 
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in the second trimester. There is a subsequent 
decrease in blood pressure by 10 to 15 mmHg. 
With these changes, a pregnant woman may lose 
up to 30 to 35% of her circulating blood volume 
to demonstrate physiologic changes of shock. 

• After 12 weeks, the uterus and bladder become 
intraabdominal organs, making both susceptible 
to injury. 

• At 20 weeks, the expanding uterus begins to com­
press the inferior vena cava. This may cause de­
creased venous return and decreased cardiac out­
put, leading to hypotension while the patient is in 
the supine position. The enlarged uterus may also 
cause engorgement of lower extremities and in­
traabdominal vessels, making the patient suscepti­
ble to retroperitoneal hemorrhage. 

• After 20 weeks, tidal volume increases and resid­
ual volume and functional residual capacity de­
crease. Compensation to these changes results in 
respiratory alkalosis. Delayed gastric emptying in­
creases the risk for potential aspiration. 1 .2 

CLI N ICAL FEATURES 

• Trauma during pregnancy i s  associated with risk of 
preterm labor, placental abruption, fetal-maternal 
hemorrhage, and pregnancy loss. 

• Splenic injury is the leading cause of intraabdomi­
nal hemorrhage. 

• Lower abdominal viscera are protected by the en­
larging uterus. However, uterine irritability and 
preterm labor can develop. 

• Upward displacement of intestines may result in 
complex injuries in penetrating trauma to the up­
per abdomen. 

• Uterine rupture, most commonly seen during the 
second and third trimesters, is uncommon. It is 
diagnosed by loss of palpable uterine contour, 
ease of palpation of fetal parts, or radiologic evi­
dence of abnormal fetal location. Uterine rupture 
is more l ikely to occur in the second and third 
trimesters. Fetal mortality is nearly 1 00 percent, 
while maternal mortality is less than 10 percent. 

• Maternal death is the leading cause of fetal death. 
• The second l eading cause of fetal death is placen­

tal abruption, which presents with abdominal pain, 
vaginal bleeding, and uterine contractions. It may 
also lead to disseminated intravascular coagula­
tion due to the introduction of placental products 
into the maternal circulation. 

• Up to 12 weeks' gestation, the fetus is protected 
by the bony pelvis, making injury uncommon. 
Later in pregnancy, fetal injuries tend to involve 
the head. 

• Fetal-maternal hemorrhage occurs in over 30 per­
cent of cases of significant trauma and may result 
in Rh-isoimmunization of Rh-negative women. As 
little as 0.1 to 0.3 mL of fetal cells is needed to 
sensitize an Rh-negative woman. Fetal hemor­
rhage may also cause fetal hypovolemia, distress, 
and death_3-5 

DIAGNOSIS AND DI F FERENTIAL 

• Appropriate laboratory evaluation includes the 
complete blood cell count, b lood type and Rh 
determination, and coagulation studies. The Klei­
hauer-Betke test on maternal blood is useful to 
quantify the degree of fetal-maternal hemorrhage. 

• Intraabdominal injury may be detected using com­
puted tomography (CT) of the abdomen, the 
trauma ultrasound exam, or diagnostic peritoneal 
lavage, which is performed using a supraumbili­
cal approach. 

• The indications for emergent laparotomy re­
main unchanged. 

• While efforts should be made to limit radiographic 
studies to those that are clinically mandatory, stud­
ies should not be withheld out of concern for the 
fetus. Adverse fetal effects from radiation are 
greatest during the first 8 weeks of gestation and 
are negligible from doses less than 10 rad. Abdom­
inal CT scan delivers between 2 and 5 rads. This 
can be reduced by decreasing the number of s lices 
obtained. Standard trauma radiograpbs deliver 
substantially less than 1 rad. 

• Fetal radiation exposure can be further l imited by 
judicious shielding of the uterus. Magnetic reso­
nance imaging and ventilation/perfusion scanning 
have not been associated with adverse fetal 
outcome.6·7 

EMERGENCY DEPARTMENT CARE 
AN D DISPOSITION 

• The best care for the fetus is proper resuscitation 
of the mother. Establishment of a patent airway, 
adequate ventilation, and large-bore vascular ac­
cess are paramount. 

• The airway should be secured and supplemental 
oxygen administered. Early passage of a nasogas­
tric or orogastric tube decreases the risk of aspi­
ration. 

• Crystalloid IV fluids should be administered to 
treat hypovolemia. Vasopressors impair uterine 
blood flow and should be considered only after 
aggressive fluid resuscitation. 



• The patient should be kept in the left lateral de­
cubitus position, where feasible, to minimize hy­
potension due to compression of the inferior vena 
cava by the gravid uterus. 

• Rh immune globulin (RhoGAM), 300 µ,g IM, 
should be administered to all Rh-negative patients 
beyond 12 weeks' gestation with abdominal 
trauma. One dose protects against 30 mL of fetal 
blood. The Kleihauer-Betke test an be used to 
determine the need for additional doses. 

• Tetanus prophylaxis is safe to administer as 
needed. 

• The use of tocolytic agents for increased uterine 
contracti lity should be individualized, as these 
drugs may interfere with the diagnosis of maternal 
and fetal i nj uries. 

• The uterus should be assessed for tenderness or 
contractions and a sterile pelvic exam performed, 
inspecting for injuries or vaginal bleeding. Rup­
ture of amnionic membranes is indicated by the 
presence of clear fluid of pH 7 in the vaginal canal 
that produces "terning" when dried on a micro­
scope slide. 

• Fetal assessment starts with determination of the 
fetal heart rate. Fetal viabi lity is directly related 
to the presence of fetal heart sounds. When these 
sounds are absent on patient arrival, resuscitation 
should be directed solely at the mother. 

• The normal fetal heart rate is 120 to 160 per mi­
nute. Bradycardia suggests hypoxia, often due to 
maternal hypotension, hypothermia, respiratory 
compromise, or abruption. Tachycardia may re­
sult from hypoxia or hypovolemia. Bedside ultra­
sound can be used to determine fetal heart rate 
as well as gestational age, fetal activity, placental 
location, and amnionic fluid volume. Ultrasound 
has not been shown useful in diagnosing placental 
abruption or uterine rupture. 

• External fetal monitoring should be initiated 
early. A minimum of 4 h of monitoring is pre­
dictive of immediate adverse outcome. After 20 
weeks' gestation, the presence of more than eight 
contractions per hour is predictive of placental 
abruption. Beyond the viable gestational age of 
23 weeks, fetal tachycardia, late decelerations, or 
lack of beat-to-beat variability may be indications 
for emergent cesarean section. 

• Should the pregnant trauma patient die, perimor­
tem cesarean section may be considered if fetal 
heart tones are detected on patient arrival and the 
gestation is determined to be beyond 23 weeks. 
Resuscitation of the mother should be continued 
during the procedure. Infant outcome is excellent 
when this operation is performed within 5 min of 
maternal death. 
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• Patients who display evidence of fetal distress or 
increased uterine irritability during the initial ob­
servation should be admitted. 
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157 HEAD INJURY 

Mark E. Hoffmann 

EP IDEMIOLOGY 

• Approximately 1 .5 million people per year sustain 
a nonfatal traumatic brain injury (TBI) 1  and TBI 
accounts for 50 percent of all trauma-related 
deaths. 

• Young men, the elderly, children, and alcoholics 
are at greater risk for TBI.2.3 
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PATHOPHYSIOLOGY 

• Direct injury is caused immediately by the forces 
of an object striking the head or by a penetrat­
mg IIlJUI-Y, 

• Indirect inj uries are from acceleration/decelera­
tion forces that result in the movement of the 
brain inside the skull . 

• Secondary injury occurs minutes to days after the 
event and may result in intracranial hemorrhage, 
cerebral edema, mass lesions, and increased intra­
cranial pressure ( ICP). Further brain injury may 
be prevented by treating hypoxia, anemia, hypo­
tension, hyperglycemia, and hyperthermia.4 

• Cerebral perfusion pressure ( CPP) is the differ­
ence between the mean arteria l  pressure (MAP) 
and the ICP.5 The elevation of the ICP and/or 
hypotension results in a depressed CPP and leads 
to further brain injury. 

• Rapid rises in the ICP can lead to the "Cushing 
reflex, ' '  characterized by hypertension, bradycar­
dia, and respiratory irregularities. The Cushing 
reflex is seen uncommonly and usually in children. 

CLI N ICAL FEATU RES 

• Out-of-hospital medical personnel often provide 
critical aspects of the history, including mechanism 
and time of injury, presence and length of uncon­
sciousness, initial mental status, seizure activity, 
vomiting, verbalization, and movements of ex­
tremities. 

TABLE 157-1 The Glasgow Coma Scale for All Age Groups* 

4 YEARS TO ADULT CH ILD <4 YEARS 

EYE OPENING 
4 Spontaneous 
3 To speech 
2 To pain 
1 No response 

VERBAL RESPONSE 

Spontaneous 
To speech 
To pain 
No response 

• The Glasgow Coma Scale (GCS, Table 1 57-1 ) ,  a 
numeric rating of the best eye/verbal/motor re­
sponse, can be used to classify TBI as mild ( GSC 
>13), moderate (GCS between 13 and 9) ,  and 
severe (GCS <9) in the nonintubated and nonse­
dated patient.6 

• The neurologic exam should note the patient's 
mental status, GCS, pupil size and reactivity, ani­
socoria, cranial nerve function, motor/sensory/ 
brainstem function, deep tendon reflexes, and any 
decorticate or decerebrate posturing. 

• Skull fractures that are l inear and nondepressed 
with an intact scalp are common and do not re­
quire treatment; however, a computed tomogra­
phy (CT) scan may be warranted if the fracture 
line crosses the middle meningeal artery or a ma­
jor dural sinus. Depressed skull fractures should 
be elevated surgically. Basilar skull fractures may 
present with hemotympanum, periorbital ecchy­
mosis (raccoon eyes) ,  rhinorrhea, or retroauricu­
lar ecchymosis (Battle's sign) .  

• Concussion i s  a diffuse head injury, usually associ­
ated with transient loss of consciousness, that oc­
curs immediately fol lowing blunt head trauma. 
Symptoms of amnesia and confusion are clinical 
hallmarks. 

• Contusions and intracerebral hemorrhages are 
common in the frontal poles, the subfrontal cortex, 
and the anterior temporal lobes. Contusions may 
occur directly under the site of impact (coup le­
sion) or on the contralateral side (contrecoup le­
sion) .  Patients may demonstrate significant mental 
status changes or focal neurologic deficits. These 

IN FANT 

Spontaneous 
To speech 
To pain 
No response 

5 Alert and oriented Oriented, social, speaks, interacts Coos, babbles 
I rritable cry 
Cries to pain 
Moans to pain 
No response 

4 Disoriented conversation 
3 Speaking but nonsensical 
2 Moans or unintelligible sounds 

No response 

MOTOR RESPONSE 
6 Follows commands 
5 Localizes pain 
4 Movement or withdrawal to pain 
3 Decorticate flexion 
2 
1 

3-15 

Decerebrate extension 
No response 

Confused speech, disoriented, consolable, aware 
Inappropriate words, inconsolable, unaware 
I ncomprehensible, agitated, restless, unaware 
No response 

Normal, spontaneous movements 
Localizes pain 
Withdraws to pain 
Decorticate flexion 
Decerebrate extension 
No response 

''' GCS reporting should be modified for intubated and paralyzed patients. 

Normal, spontaneous movements 
Withdraws to touch 
Withdraws to pain 
Decorticate flexion 
Decerebrate extension 
No response 



lesions may exert a mass effect that can result in 
the e levation of ICP and an increased risk of a 
herniation syndrome. 

• Epidural hematomas are convex areas of ex­
traaxial arterial bleeding between the dura and 
the skull. Approximately 80 percent of cases are 
associated with a skul l  fracture and a laceration 
of a meningeal artery, most commonly the middle 
meningeal artery. Patients may experience a "lu­
cid interval" prior to deterioration. 

• A subdural hematoma is a concave collection of 
venous blood between the dura and the arachnoid 
resulting from tears of the bridging veins that ex­
tend from the subarachnoid space to the dural 
venous sinuses. Patients with cortical atrophy, 
such as alcoholics and the elderly, are more sus­
ceptible to subdural hematoma formation when 
undergoing acceleration-deceleration forces dur­
ing head trauma. After 2 weeks, patients are de­
fined as having a chronic subdural hematoma, 
which appear hypodense on a CT scan. 

• Subarachnoid hemorrhage results from the dis­
ruption of subarachnoid vessels and presents with 
b lood in the cerebrospinal fluid. Patients may com­
plain of headache, photophobia, and have mild 
meningeal signs. 

• Diffuse or focally increased ICP can result in her­
niation of the brain at several locations. 

• Transtentorial (uncal) herniation occurs when the 
uncus of the temporal lobe is forced through the 
tentorial hiatus causing compression of the ipsi lat­
eral third cranial  nerve and the cerebral peduncle. 
This leads to a dilated ipsilateral pupil and contra­
lateral hemiparesis. 

• Cerebellotonsil lar herniation through the fora­
men magnum occurs much less frequently. Medul­
lary compression causes bradycardia, apnea, and 
death. 

• Cingulate or subfalcial herniation occurs when 
part of the cerebral cortex is displaced underneath 
the falx cerebri into the opposite supratentorial 
space. 

• Penetrating injury to the brain results from gun­
shot wounds and penetrating sharp objects. The 
degree of neurologic injury depends on the energy 
of the missile, whether the trajectory involves a 
single or multiple lobes or hemispheres of the 
brain, the amount of scatter of bone and metallic 
fragments, and whether a mass lesion is present. 

DIAGNOSIS AND D I F FERE NTIAL 

• Approximately 5 percent of patients suffering a 
severe TEI have an associated cervical spine frac-
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ture. Cervical spine radiographs should be ob­
tained on all patients with TBI who present with 
altered mental status, neck pain, intoxication, neu­
rologic deficit, severe distracting injury, or mecha­
nism of injury capable of producing cervical 
spine injury. 

• All patients with moderate to severe TBI should 
undergo a CT scan of the head without contrast. 
Other indications for CT scan include mild TBI 
with failure to improve or deterioration, amnesia, 
loss of consciousness, vomiting, intoxication with 
failure to improve, posttraumatic seizures, coagu­
lopathy, focal neurologic deficit, or suspected skull 
fracture over the meningeal artery or dural si­
nuses.7 

• Skull radiographs are indicated for penetrating 
trauma to help localized foreign bodies or assess 
the degree of bone depression. 

• Laboratory work for significant head injury pa­
tients should include type and cross-matching, 
complete blood cell count, electrolytes, glucose, 
arterial blood gas, directed toxicologic studies, 
prothrombin time, partial thromboplastin time, 
platelets, and disseminated intravascular coagula­
tion panel. 

• Occult trauma should be addressed by the history 
and physical examination. Approximately 60 per­
cent of patients with TBI have associated major 
injuries. Further imaging and intervention should 
proceed when appropriate. 

EME RGENCY DEPARTMENT CARE 
AND DISPOSITION 

• Oxygen, cardiac monitoring, and two intravenous 
(IV) l ines should be secured. For patients with 
severe TBI,  endotracheal intubation to protect the 
airway and prevent hypoxemia is the top priority. 
Orotracheal rapid sequence intubation should be 
utilized. When properly performed, it assists in 
preventing increased ICP and has a low complica­
tion rate. When performing rapid sequence intu­
bation, it is imperative to provide adequate cervi­
cal spine immobilization and to use a sedation/ 
induction agent. 

• Hypotension can lead to depressed CPP. Restora­
tion of adequate blood pressure is initially main­
tained by IV crystalloid fluid. I ntravenous fluids 
should be administered cautiously to avoid cere­
bral edema. Hypotonic and glucose-containing so­
lutions should be avoided. Hypotension is usually 
caused by the associated injuries, not the TBI. 

• Initial management of increased ICP includes ele­
vating the head of the patient's bed to 30°, provid-
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ing adequate resuscitation to maintain a MAP of 
90 mmHg, and maintaining adequate arterial oxy­
genation.8 Administration of mannitol 0.25 to 1 .0 
g/kg IV should be considered. Hypoventilation 
should be avoided. Use of hyperventilation is con­
troversial; i t  should be reserved as a last resort 
for decreasing the ICP. If used, hyperventilation 
should be implemented as a temporary mea­
sure, aiming to maintain a pC02 between 30 
to 35 mmHg. The pC02 should be monitored 
closely.9 

• For posttraumatic seizures, IV lorazepam or diaz­
epam should be administered. Phenytoin at a load­
ing dose of 18 mg/kg IV should be infused no 
faster than 50 mg/min. 

• Patients with an initial GCS of 15 that is main­
tained, normal serial neurologic exams, and a nor­
mal CT scan may be discharged home. Those with 
a positive CT scan require neurosurgical consulta­
tion and admission. All patients who experience 
a head injury should be discharged home with a 
reliable companion who can observe the patient 
for at least 24 h, carry out appropriate discharge 
instructions, and follow the head injury sheet in­
structions. 
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158 SPINAL INJURIES 

Mark E. Hoffmann 

EP IDEMIOLOGY 

• The incidence of traumatic spinal cord mJuries 
(SCI ) in the United States has been estimated at 
30 cases per million population at risk. 

• The mean age has been reported as 33.5 years, 
with a male-to-female predominance of 4 to Li 

• Ninety percent of SCI are related to motor vehi­
cle crashes. 

PATHOPHYSIOLOGY 

• The vertebral column serves as the central sup­
porting structure for the head and trunk and pro­
vides protection for the spinal cord with 33 ver­
tebrae. 

• The vertebrae of the cervical ,  thoracic, and lumbar 
spine are stacked atop each other and are sepa­
rated by intervertebral disks that cushion axial 
loads. 

• There are 3 vertical columns that provide stability 
to the spine: the anterior column (anterior longitu­
dinal l igament and the anterior half of the verte­
bral body), the middle column (posterior longitu­
dinal ligament and the posterior half of the 
vertebral body), and the posterior column (the 
pedicles, lamina, spinous processes, and the poste­
rior ligament complex).2 

• Failure of 2 or more columns results in an unstable 
injury (radiographs may be without fractures in a 
pure ligamentous injury) .  

• The spinal cord is composed of three major tracts: 
the posterior columns (ipsilateral sensation and 
proprioception), the corticospinal tracts (ipsilat­
eral motor fibers) ,  and the spinothalamic tracts 
( contralateral pain and temperature) .  

• The lower nerve roots, inferior t o  the conus me­
dullaris, form an array of nerves around the filum 
terminale; this is called the cauda equina. 

• Various fractures, dislocations, blunt and pene­
trating injury patterns, and disk herniations may 
lead to SCI or nerve root impingement syndromes. 



CLIN ICAL F EATURES 

• Unstable bony injury may exist without actual SCI 
or nerve root trauma. 

• Vertebral fractures may have localized pain on 
palpation of the injured spine, muscle spasms, 
splinting, and resistance to movement. Palpable 
crepitus, deformity, and step-off may also be pres­
ent on examination of the midline. 

• Paresthesias, dysesthesias, sensory disturbances, 
motor deficits, reflex abnormalities, and spinal 
shock may be present with bony fractures and SCI. 

• Injury to the corticospinal tract produces an ipsi­
lateral upper motor neuron lesion that results in 
increased deep tendon reflexes, spasticity, weak­
ness, and a Babinski sign. 

• Injury to the dorsal column, located in the poste­
rior aspect of the spinal cord, results in loss of 
ipsilateral light touch sensation and proprio­
ception. 

• Injury to the spinothalamic tracts results in contra­
lateral pain and temperature sensory losses. These 
fibers decussate in the anterior aspect of the spinal 
cord at the vertebral level. 

• Injury to the nerve roots produces an ipsilateral 
lower motor neuron lesion and a radiculopathy 
that may result in decreased deep tendon reflexes, 
weakness, and sensory loss in that nerve distri­
bution. 

• Spinal shock is characterized by warm, pink, dry 
skin; adequate urine output; and relative brady­
cardia .  Other signs of autonomic dysfunction may 
accompany spinal shock, such as ileus, urinary re­
tention, fecal incontinence, and priapism. 

DIAGNOSIS AN D D I F F ERENTIAL 

• The history is useful in defining the mechanism 
of SCI, thus allowing the clinician to anticipate 
specific potential injury patterns. 

• The physical examination should focus on com­
plete palpation of the spine, testing the symmetry 
of reflexes, motor strength, pain sensation, and 
light touch and proprioception in each extremity. 

• Rectal tone, perianal sensation and wink, and bul­
bocavernosus reflexes should be assessed. 

• Plain film radiography of the traumatized portion 
of the spine is required when the following are 
present: (a) midline pain or bony tenderness, crep­
itus, or step-off; (b) neurologic deficit; ( c) presence 
of distracting injuries; (d) altered mental status; 
( e) complaint of paresthesia or numbness.3 

• Cervical spine radiographs require an anteropost­
erior view, a lateral view, and an odontoid view. 
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• A computed tomography (CT) scan with or with­
out myelography or a magnetic resonance imaging 
(MRI) scan may be required to further evaluate 
the extent of the spinal injury. 

• Once a bony abnormality is identified, a key com­
ponent of the differential is the degree of stability 
associated with that particular type of injury. 

• Fractures of the odontoid with rupture of the 
transverse atlantal l igament are extremely un­
stable. 

• A Hangman's fracture is an unstable fracture of 
the pedicles of the posterior arch of C2 caused by 
extension and distraction injury. 

• A Jefferson fracture is an axial load compression 
fracture of the anterior and posterior arches of 
Cl and is an unstable fracture. 

• Extension "teardrop" fractures are unstable frac­
tures where the anterior longitudinal ligament 
avulses the anterior-inferior corner of the verte­
bral body. 

• Wedge or compression fractures may be unstable 
if there is a loss of greater than 50 percent of 
vertebral body height and failure of the poste­
rior l igaments. 

• Burst fractures result from axial loading and may 
be responsible for retropulsion of fragments caus­
ing spinal cord compression. 

• Distraction fractures are associated with motor 
vehicle crashes; a severe and unstable variant is 
the Chance fracture with horizontal fracture 
from the spinous process through the vertebral 
body. 

• Thoracolumbar fracture-dislocations are grossly 
unstable and have a significant incidence of associ­
ated SCI. 

• For patients with obvious SCI, the differential in­
cludes complete lesions and a number of incom­
plete lesions and syndromes. 

• Anterior cord syndromes involve the loss of motor 
function and pain and temperature sensation dis­
tal to the level of injury with preservation of light 
touch, vibration, and proprioception.4 

• A central cord syndrome, associated with hyper­
extension injuries, presents with motor weakness 
more prominent in the arms than in the legs and 
with variable sensory loss.5 

• The Brown-Sequard syndrome most often results 
from penetrating trauma and is caused by a hemi­
section of the spinal cord. There is loss of ipsilat­
eral motor function, proprioception, light touch 
sensation, and loss of contralateral pain and tem­
perature sensation. 

• The cauda equina syndrome is less of a spinal cord 
lesion than it is a peripheral nerve injury, and it 
presents with variable motor and sensory loss in 
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the lower extremities, sciatica, bowel or bladder 
dysfunction, and "saddle anesthesia ."  

• In the pediatric patient, injuries due to child abuse 
and spinal cord injury without radiographic abnor­
mality (SCIWORA) may be encountered. 

EMERGENCY DEPARTMENT CARE 
AN D DISPOSITION 

• Airway, breathing, and circulation should be stabi­
lized. 

• Cervical and complete spinal immobilization with 
long spine board and a hard cervical collar should 
be in place.6 Patients should be placed on 100% 
oxygen, a cardiac monitor, pulse oximetry, and 
blood pressure monitoring, and have 2 l arge-bore 
intravenous ( IV) lines established. 

• If rapid sequence intubation is performed, then 
careful in-line cervical stabilization (not traction) 
should be applied. 

• Strong consideration should be given to CT, ultra­
sound, or diagnostic peritoneal lavage to exclude 
the possibility of intraabdominal injury.7 

• Hypotension resulting from spinal shock should 
be treated with IV crystalloid fluid and low dose 
dopamine at 5 to 10 µ,g/kg/min. A Foley catheter 
should be inserted to monitor urinary output. 

• Closed SCis should be treated with high-dose 
methylprednisolone, with a loading dose of 30 mg/ 
kg over 15 min, followed 45 min later by an IV 
drip at 5.4 mg/kg/h for the next 23 h.8 

• Removal of the patient from the long spine board 
within 2 h, with full spine precautions, is recom­
mended to prevent skin breakdown and pres­
sure sores. 

• Stable patients may be further imaged with spe­
cific spinal radiographs, CT scans, or MRI. 

• Neurosurgical or orthopedic consultation is re­
quired for clinically significant spinal fractures 
or SCI . 

• Any patient with an unstable spine, nerve root 
compression, uncontrollable pain, or intestinal il­
eus should be admitted to the hospital. 

• Patients with significant vertebral or spinal cord 
trauma should be managed at a regional trauma 
or spinal cord injury center. 
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159 MAXILLOF ACIAL TRAUMA 

M. Chris Decker 

EP IDEMIOLOGY 

• The most common etiologies for facial fractures 
in the urban setting are assault and penetrating 
trauma. 

• The most common etiologies for facial fractures 
in the community setting are motor vehicle crashes 
and sporting and recreational i njuries. 

• Approximately 30 percent of maxillofacial frac­
tures in women are associated with sexual or do­
mestic violence. 1 

• There is a strong association with facial trauma 
and domestic violence in the elderly. 

• More than 50 percent of abused children sustain 
injuries to the head, face, mouth, or neck.2 

PATHOPHYSIOLOGY 

• The facial buttresses and bony arches are joined 
by suture lines that provide vertical and horizontal 
support for the face. 



• Sutures linking the facial bones rupture in a pre­
dictable fashion during trauma. 

• The most complex aspect of facial anatomy is the 
orbit, an elaborate structure comprising seven dif­
ferent bones: maxill a ,  zygoma, frontal, sphenoid, 
palatine, ethmoid, and lacrimal. 

• The orbital foramina contains cranial nerves II, 
III, VI, and the branches of V. 

CLIN ICAL F EATURES 

• The mechanism of  injury, any history of loss of 
consciousness, visual changes, diplopia, paresthe­
sias, and malocclusion are essential components 
of the history. 

• The physical examination should include the in­
spection and palpation of the fol lowing: the scalp, 
ears, auditory canals, tympanic membranes, mas­
toids, orbits, eyes, zygomas, maxilla, teeth, tongue, 
lips, mandible, and neck. The examination should 
include a complete sensorimotor evaluation of the 
face. Any facial tenderness, crepitus, and subcuta­
neous air should be noted. 

• Approximately 90 percent of facial fractures are 
detected by palpation.3 

• The degree of facial instability associated with the 
LeFort fractures should be assessed by grasping 
the maxillary arch (above the incisors) with one 
hand while stabilizing the forehead with the other 
(Fig. 159-1 ) .  

• The LeFort I is a transverse fracture through the 
maxilla, pterygoid plate, and nasal septum, re­
sulting in a floating maxilla. Clinically, the hard 
palate and upper teeth move with stressing. 

• The LeFort II is a pyramidal  fracture of the central 
maxilla across the bridge of the nose. The nose, 
hard palate, and upper teeth move as a unit dis­
joined from the zygomas with stressing. 

• The LeFort I I I ,  or craniofacial disjunction, in­
volves the maxilla, nasal bones, ethmoid, and zy­
goma. The entire face moves with stressing. 

• The eye examination should document visual acu­
ity, pupil shape/size, alignment, and reactivity. A 
Marcus Gunn pupil (initial dilation with the swing­
ing light test) suggests retinal or optic nerve injury. 
A teardrop pupil suggests globe rupture. Monocu­
lar diplopia may represent lens dislocation; binoc­
ular diplopia may represent entrapment of the 
inferior rectus or cranial nerve injury. The anterior 
chamber should be evaluated for the presence of 
a hyphema, and the cornea should be stained with 
fluorescein to identify abrasions. 

• Facial sensation should be tested for anesthesia 
of the upper lip, nasal mucosa, lower lid, and max-
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I 

FIG. 159-1 Schematic of midfacial fracture l ines: Le Fort I ,  
I I ,  and I I I .  ( Reprinted with permission from Dingman RO, 
Nativg P: Surgery of Facial Fractures. Philadelphia, Saunders, 
1 964, p 248.) 

i l lary teeth. Positive findings suggest infraorbital 
nerve mJury. 

• The mandible should be palpated for step-off, ten­
derness, crepitus, and instabi lity. 

• The mouth should be examined for lacerations, 
tooth fractures, malocclusion, tenderness, or anes­
thesia. Anesthesia to the dentition, lower lip, or 
chin may represent a mandibular fracture. 

• Mastoid ecchymosis (Battle's sign), hemotympa­
num, periorbital ecchymosis ("raccoon eyes"), 
and cerebrospinal fluid (CSF) otorrhea are clinical 
signs of a basilar skull fracture. 

• The nose should be assessed for septa! hematoma 
and CSF rhinorrhea (halo/double-ring sign) .  

• The ear should be inspected for subperichon­
dral hematoma. 

DIAGNOSIS AN D D I F F ERENTIAL 

• The diagnosis of specific maxillofacial injuries is 
based on clinical findings, facial radiographs, and 
facial computed tomography (CT). Patient stabil­
ity will dictate the timing and order of these im­
aging modalities. 

• The following radiographs may be useful. The Wa­
ters view (occipital mental view) is the most valu-
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able for midface fractures. The posteroanterior 
(PA or Caldwell) view best details the upper facial 
bones. The "jug-handle" (submental vertex) view 
is the best for evaluating the zygomatic arches. 
The Townes view is useful for mandibular rami 
and basilar skull fractures. Lateral radiographs can 
assess air-fluid levels in the ethmoid and sphe­
noid sinuses. 

EMERGENCY DEPARTMENT CARE 
AN D DISPOSITION 

• The major focus in prehospital care is airway man­
agement and spinal immobilization. Airway man­
agement and hemorrhage control are paramount 
in the emergency department (ED).  Chin lift, jaw 
thrust, and oral suctioning without neck extension 
often restore patency. 
Severe mandibular fractures often cause posterior 
displacement of the tongue. The tongue should 
be pulled forward with a gauze pad, towel clip, or 
large suture to relieve any obstruction.4 
For endotracheal intubation, the oral route is pre­
ferred because of the risk of nasocranial intuba­
tion or severe epistaxis associated with nasotra­
cheal intubation attempts. The use of 
neuromuscular blocking agents should be avoided 
if at all possible. Fiberoptic intubation, a Bul lard 
intubating blade, and the laryngeal mask airway 
may be useful adjuncts with a difficult airway. If  
neuromuscular blocking agents are used, equip­
ment for emergent cricothyrotomy should be at 
the bedside. 

• The cervical spine should be cleared, either clini­
cally or radiographically. 

• Hemorrhage should be controlled with direct 
pressure; blind clamping should be avoided. Pha­
ryngeal bleeding can be controlled with packing 
around the endotracheal tube. Severe epistaxis 
may be controlled with direct pressure and poste­
rior nasal packing. 

• Management of the airway, proper fluid resuscita­
tion, and evaluation of associated head, chest, ab­
dominal and spinal trauma should take prece­
dence over facial radiographs. 

• For reliable patients who have been cleared of 
serious injuries, radiographic evaluation may be 
performed on an outpatient basis. 

CARE OF SPEC I F IC FRACTU RES 

• Antibiotics-such as amoxicillin-clavulanate, tri­
methoprim-sulfamethoxazole, or a first-genera­
tion cephalosporin-should be administered to 

patients with sinus fractures or with nasal packing. 
Isolated sinus and frontal bone fractures can be 
managed on an outpatient basis. Inpatient man­
agement is warranted for sinus fractures of the 
posterior wall, depressed fractures, or intracran­
ial injury. 

• Orbital blowout fractures are the most common 
type of orbital fracture. A CT scan should be ob­
tained to determine the surface area of injury. 
Indications for surgery include enophthalmos, 
persistent diplopia, and entrapment of the extra­
ocular muscles.5 

• Septal hematomas should be drained under local 
anesthesia, using a no. 1 1  b lade, by i ncising along 
the inferior border of the hematoma. The nostril 
and septum should be packed and appropriate 
antibiotics prescribed. 

• Zygomatic fractures: Patients with tripod frac­
tures, which involve the infraorbital rim, a diasta­
sis of the zygomatic-frontal suture, and disruption 
of the zygomatic-temporal junction at the arch 
require admission for open reduction and internal 
fixation. Those with fractures of the zygomatic 
arch can have elective outpatient elevation and 
repair. 

• Open mandibular fractures require admission and 
IV antibiotics. 

• Temporomandibular joint (TMJ) dislocation 
should be reduced with the physician standing be­
hind the seated patient and pushing downward 
and backward on the posterior molar. Sedation 
and local anesthesia to the TMJ, lateral pterygoid, 
and masseter muscles may be necessary. A Barton 
bandage should be applied after reduction. 

• Children under 6 years of age are more l ikely to 
have injury to the frontal bone, given its promi­
nence. Maxillary fractures are uncommon in chil­
dren due to the lack of maxillary sinus develop­
ment. By age 12, the child's fracture pattern is the 
same as that of the adult. 

• Early follow-up is important for pediatric facial 
fractures, given the rapid healing rates in children 
and the potential for asymmetric facial growth. 
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160 NECK TRAUMA 

M. Chris Decker 

EP IDEMIOLOGY 

• The demographics of neck trauma patients are 
expected to mirror those of other trauma victims. 

• Multiple inj uries occur 44 to 52 percent of the 
time with penetrating trauma. 1-5 

PA THOPHYSIOLOGY 

• The neck contains a high concentration of vascu­
lar, aerodigestive, and spinal structures in a rela­
tively confined space . 

• The Roon and Christensen anatomic classification 
divides the neck into three zones (Table 160-1 ). 
The at-risk structures located in zone 1 are the 
vertebral and proximal carotid arteries, major tho­
racic vessels, superior mediastinum, lungs, esopha­
gus, trachea, thoracic duct, and spinal cord. The 
at-risk structures located in zone 2 are the carotid 
and vertebral arteries, j ugular vein, esophagus, 
trachea, l arynx, and the spinal cord. The at-risk 
structures located in zone 3 are the distal carotid 
and vertebral arteries, pharynx, and the spinal 
cord. 

• The platysma is the most superficial structure be­
neath the skin and serves as an important planar 

TABLE 160-1 Zones of the Neck 

Zone I 

Zone I I  

Zone I I I  

Base of the  neck to the  cricoid cartilage 

Cricoid cartilage to the angle of the mandible 

Angle of the mandible to the base of the skull 
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landmark in evaluating penetrating neck injuries. 
Beneath the platysma is the deep cervical fascia 
and the fascia! compartments that support the 
muscles, vessels, and viscera of the neck. The tight 
fascia! compartments offer a tamponade effect, 
which helps l imit potential for external b leeding 
from vascular injuries; however, bleeding within 
this confined space can result in extrinsic compres­
sion and airway compromise. 

CLIN ICAL FEATURES 

• Presentations of  neck injuries involve manifesta­
tions of vascular, aerodigestive, and neurologic 
symptoms and signs. All signs require diagnostic 
evaluation but hard signs are more often associ­
ated with significant injury (Table 1 60-2) .  

• Both blunt and penetrating laryngeal or pharyn­
geal trauma can cause dysphonia, stridor, hemop­
tysis, hematemesis, dysphagia, neck emphysema, 
and dyspnea progressing to respiratory arrest. 

• Acute hemorrhage may be visible externally or 
can occur internally, leading to hematoma forma­
tion with tracheal deviation or bleeding into the 
pharynx. In both situations, tachycardia, hypoten­
sion, and other signs of shock indicate significant 
blood loss; airway compromise may result from 
the mass effect of an expanding hematoma. 

• Neurologic symptoms and signs range from com­
plaints of pain or paresthesias to hemiplegia, quad­
riplegia, and coma. 

• Gastrointestinal injury initially may be asymptom­
atic, though patients may complain of dysphagia 
and hematemesis may be observed. 

• Strangulation may cause petechiae of the skin 

TABLE 160-2 Signs and Symptoms of Neck Injury 

HARD SIGNS SOFT SIGNS 

Hypotension in Emergency 
Department 

Active arterial bleeding 

Diminished carotid pulse 

Expanding hematoma 

Thrill/bruit 

Lateralizing signs 

Hemothorax > 1000 cc 

Air or bubbling in wound 

Hemoptysis 

Hematemesis 

Hypotension in  field 

History of arterial bleeding 

Tracheal deviation 

Nonexpanding large hematoma 

Apical capping on chest x-ray 

Strider 

Hoarseness 

Vocal cord paralysis 

Subcutaneous emphysema 

Seventh cranial nerve injury 
Unexplained bradycardia (with-

out CNS i njury) 
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Hemodynamically Unstable 
Active Arterial Bleeding 

Air or Bubbling in Wound 

l 
OPERATION 

ZONE I 

r 
�---------

Angiography 

Esophagram/Endoscopy 
Laryngoscopy and/or Bronchoscopy (if symptomatic) 

,. 

Angiography 

Esophagram/Endoscopy 
Laryngoscopy and/or Bronchoscopy (if symptomatic) 

FIG. 160-1 Management of penetrating neck injury. 

above the site of ligature and in the subconjunc­
tivae .6·9 

DIAGNOSIS AND D I F FERENTIAL 

• Penetrating wounds are classified by the zone of 
injury and evaluated for possible violation of the 
platysma muscle .  No further probing of deep 
wounds is warranted in the emergency department 

ZONE I l l  

.------�1 ----, 

ZONE I I  Angiography 

,. 

Mandatory � or " 
Exploration 

(ED); full exploration awaits surgical consultation 
and the capacity for proximal and distal vascular 
control in the operating room. 

• Plain radiographs can identify cervical spine in­
jury, the presence of any penetrating foreign body, 
air in the soft tissues, and soft tissue swelling. A 
chest radiograph is warranted for any suspected 
thoracic cavity penetration. 

• Additional diagnostic procedures to be consid­
ered, in conjunction with surgical consultation, in-



elude arteriography or duplex sonography for sus­
pected arterial injury, computed tomography (CT) 
scanning of the larynx or cervical spine, endoscopy 
of the airway and esophagus, or contrast studies 
of the esophagus. 

• The differential diagnosis relates to the various 
structures at risk for injury. Airway injury may be 
encountered in cases involving blunt trauma as 
well as penetrating mechanisms of injury. Vascular 
injury is most common with penetrating trauma, 
although major vessel injury can occur due to 
blunt trauma and may simulate an acute stroke. 
Neurologic injuries include generalized brain isch­
emia (seen primarily with strangulation) ,  spinal 
cord trauma, nerve root damage, and peripheral 
nerve damage. Cervical spine injury initially may 
present without neurologic deficit, but the spine 
can be cleared clinically in selected blunt trauma 
and gunshot wound victims. Gastrointestinal in­
juries are often occult and generally require evalu­
ation by endoscopy or contrast radiography. 

EMERGENCY DEPARTMENT CARE 
AN D DISPOSITION 

• Hemodynamic and cardiac monitoring, IV access, 
and 100% oxygen with pulse oximetry are required 
initially for all patients. 

• Airway management is made critical by the poten­
tial for direct injury and resulting potential for 
airway compromise. Tracheal intubation is indi­
cated for patients unable to maintain airway pat­
ency secondary to structural disruption, edema, 
secretions, bleeding, enlarging hematoma, or im­
pending respiratory arrest. In cases where oral or 
nasal intubation is not possible or is contraindi­
cated, cricothyrotomy or transtracheal jet insuf­
flation may be performed. 

• The chest must be evaluated for pneumothorax 
and hemothorax secondary to vascular injury, pri­
marily in the setting of penetrating trauma. 

• External hemorrhage is controlled with direct 
pressure; blind clamping of bleeding vessels is con­
traindicated due to the complex vital anatomy 
compressed into a relatively small space and the 
danger of causing further injury with a misguided 
surgical instrument. 

• Fluid resuscitation should begin with crystal loid, 
followed by blood products if needed. 

• The cervical spine is secured and cleared clinically 
or radiographically, as appropriate. 

• Penetrating wounds that do not violate the 
platysma muscle require only standard meticulous 
wound care and closure. After a period of observa­
tion, asymptomatic patients with these injuries can 
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often be discharged home with close follow-up, 
presuming their medical condition otherwise 
makes this feasible .  

• Wounds that violate the platysma muscle mandate 
surgical consultation . These patients are admitted 
for surgical exploration or for further diagnostic 
evaluation of any significant deep structure injury 
(Fig. 1 60- 1 ) .  

• Patients with blunt neck trauma initially may pres­
ent with subtle signs of injury and may develop 
significant symptoms on a delayed basis, particu­
larly those with a strangulation mechanism. After 
a period of observation, asymptomatic patients 
may be discharged with close follow-up, although 
a low threshold for admission should be main­
tained. 

• With blunt trauma, hoarseness, dysphagia, and 
dyspnea are indications for more extensive evalua­
tion. Any initial symptoms of airway, vascular, or 
neurologic injury demand evaluation and stabili­
zation along with urgent surgical consultation 
and admission. 10 
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For further reading in Emergency Medicine: A Com­
prehensive Study Guide, 5th ed., see Chap. 217, 
"Penetrating and Blunt Neck Trauma," by Bon­
nie J. Baron. 

161 THORACIC TRAUMA 

Kent N. Hall 

EP I DEMIOLOGY 

• Thoracic trauma is directly responsible for 25 per­
cent of trauma deaths. 

• Patients with isolated chest trauma have a rela­
tively low mortality of 5 percent. 

• Only 5 to 15 percent of patients with chest trauma 
will require a thoracotomy. 

PATHOPHYSIOLOGY 

• Penetrating injuries routinely result in pneumo­
thorax or hemothorax. 

• Blunt trauma to the chest causes organ damage 
by compression, direct trauma, or acceleration/ 
deceleration forces. 

GENERAL PR INCI PLES 
AN D CON DIT IONS 

• The initial step is to evaluate the patient's effort 
to breathe. No effort indicates a possible central 
nervous system problem, such as head trauma, 
drugs, or spinal cord injury. 

• Significant effort signals an airway obstruction, 
most commonly a foreign body (including the 
tongue) in the hypopharynx, l arynx, or trachea. 

• If the patient is attempting to breath and the air­
way is clear, thoracic injuries (flail chest, hemo­
pneumothorax, diaphragmatic injury or parenchy­
mal lung damage) should be considered. 

• In all cases of significant respiratory distress, the 
airway should be secured and adequate oxygen­
ation and ventilation provided. Indications for 
ventilatory support are listed in Table 161 - 1 .  

• The most frequent symptoms associated with tho­
racic trauma are chest pain and shortness of 
breath. Physical examination begins with inspec­
tion of the chest wall, looking for open ("sucking") 
chest wounds, flail segments, and contusions. 

TABLE 161-1 Indications for Ventilatory Support 

Impaired ventilation in spite of an open airway 
Shock 
Multiple injuries 
Coma 
Flail chest 
Hypoxia (Po, <50 m m Hg on room air) 
Drainage of -hemopneumothorax 
Preexisting pulmonary disease 
Respiratory rate >30 breaths per minute 
Relief of chest wall pain 
Multiple transfusions required 
Elderly 

• The neck is examined for the presence of dis­
tended neck veins, which are associated with peri­
cardia! tamponade, tension pneumothorax, air 
embolus, and cardiac failure. Swelling and cyano­
sis of the face and neck often signal a superior 
mediastinal injury resulting in superior vena 
cava blockage. 
Subcutaneous emphysema from a bronchial injury 
or pulmonary laceration can result in severe swell­
ing of the face and neck. Palpation of the trachea 
to determine its normal position, of the chest to 
localize areas of tenderness or crepitation, and 
of the abdomen for the position of abdominal 
contents is important. 
Auscultation of the chest should be done system­
atically and thoroughly. The quality and equality 
of breath sounds should be documented. The pres­
ence of bowel sounds in the chest may be the first 
indication of a diaphragmatic injury. Inequality of 
breath sounds may suggest a pneumothorax, a 
hemothorax, or an improperly inserted endotra­
cheal tube. 

• Conditions that should be recognized and treated 
during the initial survey include tension pneumo­
thorax, cardiac tamponade, massive hemothorax, 
open pneumothorax, and flail chest. 

CHEST WALL INJURIES 

CLIN ICAL FEATU RES, DIAGNOSIS,  
AND D I F FERENTIAL 

• Simple rib fractures should be suspected in the 
patient with point tenderness over a rib. The goal 
of evaluating these injuries is to look for complica­
tions, such as pneumothorax, pulmonary contu­
sion, or major vascular injury. 

• Suspicion of a pneumothorax that is not corrobo­
rated by chest x-ray might require inspiratory and 
expiratory radiographic views for detection. 



• Pain from rib fractures can decrease ventilation, 
possibly resulting in atelectasis or pneumonia. 

• Fractures of the first and second ribs not due to 
direct trauma may be associated with significant 
underlying injuries, including myocardial contu­
sions, pulmonary contusions, bronchial tears, and 
major vascular injuries. 

• Multiple rib fractures, especially the 9th, 10th and 
1 1 th, may be associated with intraabdominal injur­
ies. Hypotension may indicate the presence of ten­
sion pneumothorax or hemothorax. 

• Segmental fractures of three or more adjacent ribs 
produce a flail segment of the chest, which can 
increase the work of breathing. 

• Flail chest is recognized by paradoxical movement 
of the segment during the respiratory cycle (out­
ward during expiration, inward during inspi­
ration) . 

• In the case of an open pneumothorax ("sucking 
chest wound"), the wound is often obvious. Open 
chest wounds indicate invasion into the pleural 
space and can act as one-way valves, potentially 
creating a tension pneumothorax. 

• Traumatic asphyxia, caused by an inability to 
breathe due to added weight on the chest wall, 
results in subconjunctival hemorrhage or pete­
chiae and vascular engorgement, edema, and cya­
nosis of the head, neck, and upper extremities. 

EMERGENCY DEPARTMENT CARE 
AND DISPOSITION 

• Bleeding from chest wall injuries is best controlled 
by direct pressure. Probing of these wounds is not 
recommended. 

• When subcutaneous emphysema is present, an un­
derlying pneumothorax should be presumed. If 
the patient is to be intubated for any reason, a 
chest tube should be inserted. 

• For rib fractures, adequate analgesia and pulmo­
nary toilet are the mainstays of therapy. Patients 
with multiple rib fractures should be admitted for 
24 to 48 h if they cannot cough and clear secre­
tions, are e lderly, or have preexisting pulmonary 
disease. 

• Sternal fractures should alert the physician to the 
possible presence of underlying soft tissue injuries, 
especial ly of the heart and great vessels. Therapy 
for these fractures includes adequate analgesia 
and pulmonary toilet. Admission based solely on 
the presence of sternal fractures is controversial. 

• For flail chest, management consists of stabilizing 
the flail segment, either externally by using sand­
bags or internally by endotracheal intubation and 
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TABLE 161-2 Indications for Endotracheal Intubation 
in the Presence of a Flail Segment 

Presence of shock 
Three or more associated inj uries 
Severe head injury 
Comorbid pulmonary disease 
Fracture of eight or more ribs 
Age >65 

mechanical ventilation. Nonventilatory manage­
ment includes adequate analgesia, chest physio­
therapy, and restriction of IV fluids. 

• Indications for ventilatory support of a patient 
with a flail chest are listed in Table 161 -2 .  The 
patient with a flail chest should be suspected of 
having an underlying pulmonary contusion. 

• Open (sucking) chest wounds should be covered 
with a sterile occlusive dressing while a chest tube 
is inserted simultaneously at a separate site. If 
a tension pneumothorax develops, the occlusive 
dressing should be removed until the chest tube 
is inserted. 

LUNG INJURIES 

CLIN ICAL F EATU RES ,  D IAGNOSIS, 
AND D I F FERENTIAL 

• Pulmonary contusions are usually seen as opacifi­
cations of the lung on chest radiograph within 6 h 
of injury. 

• Pneumothorax is a collection of air in the pleural 
space. It does not usually cause significant symp­
toms unless a tension pneumothorax develops, the 
pneumothorax occupies more than 40 percent of 
a hemithorax, or the patient has preexisting shock 
or cardiopulmonary disease. 

• A pneumothorax is readily seen on expiratory 
chest radiograph .  

• Clinical signs and symptoms of a tension pneumo­
thorax include dyspnea, hypoperfusion, distended 
neck veins, deviated trachea, and decreased or 
absent breath sounds on the affected side. 

• Hemothorax should be considered in the severely 
traumatized patient with unilateral decreased 
breath sounds and dullness to percussion. Vol­
umes of blood as low as 200 to 300 mL are usually 
visualized on upright chest radiograph .  However, 
volumes in excess of 1 L of blood may be missed 
on supine chest radiograph because of its appear­
ance as diffuse haziness without a distinct air­
fluid level . 

• Subcutaneous emphysema in the neck and a 
"crunching" sound during systole (Hamman sign) 
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should make the clinician suspect pneumomedias­
tinum. The major significance of pneumomediasti­
num is the possibility of associated injuries to the 
larynx, trachea, major bronchi, pharynx, or 
esophagus. 

EMERGENCY DEPARTMENT CARE 
AN D DISPOSITION 

• Treatment of pulmonary contusions involves 
maintenance of adequate ventilation, with the use 
of mechanical ventilation and positive end-expir­
atory pressure (PEEP) to optimize ventilation/ 
perfusion matching. 

• Mechanical ventilation is often required if more 
than 28 percent of lung volume (estimated by chest 
radiograph) is involved. With severe unilateral 
lung injury, synchronous independent lung venti­
lation through a double-lumen endobronchial 
catheter prevents overinftation of the normal lung 
and provides better overall oxygenation. 

• If a tension pneumothorax is suspected, a large 
bore needle or IV catheter (14 gauge) should be 
inserted in the second intercostal space at the mid­
clavicular l ine for needle decompression. Emer­
gent management should not be delayed while a 
chest radiograph is obtained. A chest tube can be 
inserted for definitive treatment later. 

• If a hemothorax or nontension pneumothorax is 
suspected in a patient with severe respiratory dis­
tress, a chest tube should be inserted prior to ob­
taining a chest radiograph. 

• Small pneumothoraces that have not expanded on 
serial chest radiographs taken 6 to 12 h apart do 
not usually require chest tube insertion. Admis­
sion of these patients for observation and serial 
examinations is important. 

• An "occult pneumothorax" [one seen on com­
puted tomography (CT) but not on plain radio­
graph] does not require chest tube insertion unless 
the patient is on a ventilator. Insertion of a small 
(24 or 28 Fr) chest tube is adequate if no hemotho­
rax is present. 

• A chest radiograph should be obtained in all pa­
tients after insertion of a chest tube. Persistent air 
leakage and failure of the lung to expand com­
pletely is an indication for thoracotomy. 

• With a massive hemothorax, the blood should be 
evacuated with a large-bore (38 Fr or larger) chest 
tube. Prophylactic antibiotics, while controversial, 
have led to a clear reduction in pneumonia or em­
pyema. 

• Serial examinations of the chest, including chest 

radiograpbs, and monitoring of ongoing blood loss 
through the chest tube are important. 

• The decision to perform a thoracotomy should be 
based on multiple factors. A conservative ap­
proach is to perform a thoracotomy if ongoing 
blood loss from the chest tube exceeds 600 mL/6 h .  
Also, i f  vital signs deteriorate a s  a large amount 
of blood is being evacuated from a chest tube, 
the chest tube should be clamped and the patient 
should undergo thoracotomy. 

• While adequate ventilation is being ensured, res­
toration of adequate tissue perfusion should be 
achieved. Management of patients in shock in­
cludes the insertion of two large-bore IV catheters 
with rapid infusion of large volumes of crystalloid 
or blood. 

TRACHEOBRONCHIAL INJURY 

• Injuries to the lower trachea and bronchi are usu­
ally caused by severe deceleration forces. 

• Common presenting signs and symptoms include 
dyspnea, hemoptysis, subcutaneous emphysema, 
Hamman's sign, and sternal tenderness. 

• On chest radiograph, a large pneumothorax, pneu­
momediastinum, deep cervical emphysema, or en­
dotracheal tube balloon that appears round all 
suggest tracheobronchial injury. 

• Management includes assuring adequate ventila­
tion and referral for immediate bronchoscopy to 
fully evaluate and treat the injury. Intrathoracic 
tracheal injury is usually associated with other in­
trathoracic injuries and is almost invariably fatal .  

• Injuries of the cervical trachea usually occur at 
the junction of the trachea and cricoid cartilage 
and are caused by direct trauma, as from a steering 
wheel. Inspiratory stridor is common in these pa­
tients and indicates a 70 to 80 percent obstruction. 

• Oral intubation, preferably over a bronchoscope, 
should be attempted. 

DIAPHRAGMATIC INJURY 

• The majority of diaphragmatic injuries are caused 
by penetrating trauma .  Most series report that 
diaphragmatic injury associated with blunt injury 
is usually left-sided. 

• An entrance wound in the abdomen with the mis­
sile located in the chest cavity should alert the 
physician of a probable injury to the diaphragm. 

• In the setting of blunt trauma, any abnormality 
of the diaphragm or lower lung fields on chest 



radiograph should make the clinician consider the 
possibility of diaphragmatic injury. 

PENETRATING INJURY TO 
THE HEART 

CLIN ICAL F EATURES ,  D IAGNOSIS,  
AN D D I F F ERENTIAL ' ·. 

All patients with hypotension and · penetrating 
chest injury anywhere near the heart should be 
considered as having a cardiac injury until proven 
otherwise. Patients without signs of life in the field 
are not considered candidates for resuscitation. 

• Beck's triad (distended neck veins, hypotension, 
and muffled heart tones) suggests a pericardia! 
tamponade, although most patients with this type 
of injury do not have distended neck veins until 
volume resuscitation has occurred. 

• Chest radiographs are rarely helpful in diagnosing 
acute cardiac injury, and changes on electrocardi­
ography (ECG) are usually nonspecific. Transtho­
racic echocardiography is a sensitive test for the 
detection of pericardia! fluid. Transesophageal 
echocardiography (TEE) is a sensitive diagnostic 
tool, especially if the patient is already intubated. 

• Pericardiocentesis has limited value in the evalua­
tion of the patient with possible cardiac injury due 
to the high incidence of false-positive and false­
negative aspirates. In the hemodynamically stable 
patient, when echocardiography is not available, a 
subxiphoid pericardial window can be performed. 

EMERGENCY DEPARTMENT CARE 
AN D D ISPOSITION 

Management of the patient with cardiac injury 
includes attention to the airway, assurance of 
breathing, and adequate fluid resuscitation. Two 
large-bore IV l ines should be placed, with one 
flowing into the venous system draining into the 
inferior vena cava. 

• Patients in shock who do not respond to adequate 
fluid resuscitation and who are suspected of having 
a cardiac injury should undergo emergent thora­
cotomy. 

• The patient with penetrating thoracic trauma who 
loses vital signs just prior to arrival or in the ED 
may require emergent pericardiocentesis or ED 
thoracotomy. 

• For ED thoracotomy, an incision is made at the 
fifth intercostal space on the affected side. The 
pericardium is opened vertically, with care to 
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avoid the phrenic nerve. The heart, lung hilum, 
and aorta are inspected for injuries that can be 
repaired primarily. 

• Patients with blunt traumatic arrest, penetrating 
abdominal or head injuries, or prolonged arrest 
times receive little if any benefit from ED thora­
cotomy. 

BLUNT INJURY TO THE HEART 

CLIN ICAL FEATURES ,  D IAGNOSIS,  
AND D I F FERENTIAL 

• The most common mechanism of injury causing 
cardiac trauma is a deceleration injury, as with a 
high-speed motor vehicle crash. In addition, com­
pression between the sternum and vertebrae, a 
sudden increase in intrathoracic pressure, ab­
dominal compression forcing abdominal contents 
against the heart, or strenuous cardiac massage 
can all cause cardiac injury. 

• Blunt trauma to the heart can result in multiple 
types of injuries, including rupture of an outer 
chamber wall , septa! rupture, valvular injuries, di­
rect myocardial injury, laceration of a coronary 
artery, or pericardia! injury. 

• Blunt myocardial in.jury (BMI) is the term cur­
rently in use to describe injuries previously termed 
myocardial concussions and myocardial contu­
sions. The most common clinical features associ­
ated with a significant BMI are tachycardia out of 
proportion to blood loss, arrhythmias (especially 
premature ventricular contractions and atrial fi­
brillation) , and conduction defects. 

• Cardiac enzymes, including CPK-MB and the tro­
ponins, have been found to be nonspecific in mak­
ing the diagnosis of significant BMI. Echocardiog­
raphy does not seem to be very useful in evaluating 
the patient with suspected BMI, although it is the 
most widely used modality. 

• BMI causes death very rarely, and the incidence 
of clinically significant dysrhythmias and other 
cardiac complications is low. Management of the 
patient with a significant BMI calls for the admin­
istration of supplemental oxygen and analgesics, 
treatment of significant cardiac dysrhythmias, and 
the administration of fluids or inotropic agents 
for hypotension. 

• Cardiac rupture results in immediate death in 80 
to 90 percent of cases. Patients with cardiac rup­
ture who arrive at the hospital alive usually have 
a right atrial tear. 

• Shock that is out of proportion to the degree of 
recognized injury and shock that persists despite 
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control of hemorrhage elsewhere as well as vol­
ume expansion should make one consider the pos­
sibility of cardiac rupture. 

• Immediate left anterior thoracotomy may be life­
saving in these cases. Septal defects and valve 
injuries are rare after blunt trauma but should be 
considered if a murmur exists in the setting of 
possible cardiac damage. 

• Signs of a ventricular septal defect include severe 
early hypoxemia with a relatively normal chest 
radiograph, heart murmur, and an injury pattern 
on ECG. 

• Rupture of the aortic valve is the most common 
valvular lesion, followed by rupture of the papil­
lary muscle or chordae tendineae of the mitral 
valve. 

PERICARDIAL INJURY 

• A pericardia! effusion may develop acutely or over 
time. The rate of fluid collection influences the 
onset and severity of symptoms. 

• Evidence of acute pericardia! injury is usually seen 
on the ECG as diffuse ST-segment e levation. 

• Most patients are asymptomatic, and no specific 
therapy is required. A tear of the parietal pericar­
dium at the apex of the heart may result in sudden 
severe shock and cardiac arrest if the heart herni­
ates through the hole. 

POSTPERICARDIOTOMY SYNDROME 

• This is seen in patients 2 to 4 weeks after heart 
surgery or trauma. Classically, patients will have 
chest pain, fever, and pleural or pericardia! effu­
sions. Friction rubs, arthralgia, and pulmonary in­
filtrates may also be seen. 

• The ECG will often show diffuse ST-T-wave 
changes consistent with pericarditis. 

• Management is symptomatic, with salicylates and 
rest often the only therapy required. Occasionally 
glucocorticoids are needed. 

PENETRATING TRAUMA TO THE 
GREAT VESSELS OF THE CHEST 

CLIN ICAL F EATU RES ,  D IAGNOSIS ,  
AN D D I FFERENTIAL 

• When a stab wound causes mJury to the great 
vessels of the chest, survival is general ly much 
higher than when such an injury is caused by a 

gunshot wound. Simple lacerations of the great 
vessels can lead to exsanguination, tamponade, 
hemothorax, air embolism, or development of an 
arteriovenous (AV) fistula or false aneurysm. 

• In general, these wounds should not be probed. 
Assessment of bilateral upper extremity pulses 
for equality is important, as a large mediastinal 
hematoma may compress the subclavian vessels. 
The entire chest should be auscultated for bruits 
that may indicate a false aneurysm or AV fistula. 

• Radiographic evaluation starts with a chest radio­
graph. In addition to evaluation for pneumothora­
ces, widening of the upper mediastinum may indi­
cate injury to brachiocephalic vessels. CT scans 
are rarely performed immediately for penetrating 
wounds of the chest. However, in the stable pa­
tient, a CT scan can help localize hematomas adja­
cent to great vessels. The use of IV contrast helps 
further evaluate these structures and may demon­
strate a vascular defect or false aneurysm .  The 
major role of CT is as a screen  for great vessel 
ll1Jury. 

• Arteriograms are most helpful in identifying ma­
jor intrathoracic vascular injuries within hemato­
mas, especially those resulting from penetrating 
injury to the lower neck. 

• Contrast swallow using meglumine diatrizoate 
(Gastrografin) may be performed on stable pa­
tients to evaluate the integrity of the esophagus. 
Endoscopy is sometimes used in hemodynamically 
stable patients with penetrating wounds of the 
chest or lower neck. 

• Recently, use of TEE has been advocated, espe­
cially when the CT scan or aortogram are equivo­
cal for injury to the aorta. 

EMERGENCY DEPARTMENT CARE 
AN D DISPOSITION 

• Early endotracheal intubation should be per­
formed in patients with penetrating injuries to the 
thoracic inlet to avoid the problems associated 
with expanding hematomas distorting the airway. 

• The patient in severe shock (systolic BP <60 
mmHg) should have immediate surgery, with ag­
gressive fluid resuscitation waiting until after ma­
jor bleeding sites are controlled. If  the systolic 
blood pressure (BP) is 60 to 90 mmHg, 2 to 3 L of 
crystalloid should be given rapidly. If the patient 
remains hypotensive, immediate surgery is re­
quired. 

• If the patient did not have "signs of l ife" in the 
field, no resuscitative efforts are warranted. How­
ever, if the patient " lost vital signs" immediately 



prior to arriving or in the ED, emergent ED thora­
cotomy is indicated. 

• Bullets that enter great vessels can embolize to 
distant sites and should be sought by using multi­
ple radiographs or fluoroscopy. 1-4 

BLUNT TRAUMA TO THE GREAT 
VESSELS OF THE CHEST 

CLIN ICAL F EATU RES ,  D IAGNOSIS,  
AND D I F FERENTIAL 

• Some 90 percent of patients with injury to great 
vessels from blunt trauma who arrive at the hospi­
tal alive have an injury at the isthmus of the aorta 
(between the left subclavian artery and liga­
mentum arteriosum). Other common sites of in­
jury are the innominate or left subclavian artery 
at their origins or a subclavian artery over the 
first rib. 

• This injury can occur even when no external signs 
of trauma exist. Therefore, it should be suspected 
in any patient with a high-speed deceleration 
mechanism of injury or high-speed impact from 
the side. These patients complain primarily of 
their associated inj uries. Retrosternal or inter­
scapular pain, often described as a "tearing" sen­
sation, may be the only initial indication. 

• One-third of patients with blunt trauma to the 
aorta have no external evidence of thoracic injury. 
Findings that suggest an aortic injury include a 
difference in blood pressure or pulse amplitude 
between the upper and lower extremities, acute­
onset upper extremity hypertension, or a harsh 
systolic murmur across the precordium or in the 
interscapular area. 

• Findings associated with traumatic rupture of the 
aorta on plain chest radiograph are seen in Table 
161 -3. The most frequent radiologic finding is me­
diastinal widening. The best chest radiograph is 
an upright posteroanterior (PA) view taken from 

TABLE 161-3 Chest Radiographic Findings Associated 
with Traumatic Rupture of the Aorta 

Superior mediastinal widening ( >8.0-8.5 cm) 
Deviation of esophagus and/or trachea at T4 
Obscuration of aortic knob and/or descending aorta 
Displacement of left mainstem bronchus more than 40 degrees be-

low horizontal 
Obscuration of medial aspects of left upper lobe 
Widening of the paratracheal stripe 
Displacement of the paraspinal lines (either left or right) 
Fracture of first or second rib 
Apical cap 
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72 in. with the patient l eaning forward 1 0  to 1 5  de­
grees. 

• The most specific radiographic sign of traumatic 
aortic rupture is deviation of the esophagus more 
than 1 to 2 cm to the right of the spinous process 
of T4. Up to one-third of patients with traumatic 
aortic rupture will have a normal chest radio­
graph initially. 

• TEE is a highly sensitive diagnostic modality to 
evaluate for traumatic aortic rupture . It can be 
used at the bedside while the resuscitation is ongo­
ing and yields results that are at least as good 
as those of aortography. I t  visualizes the aortic 
isthmus and descending aorta very well and de­
fines the pericardia! cavity, cardiac valves, and 
pulmonary veins as well as regional wall motion . 

• Late-generation helical CT scans of the chest have 
been recommended as a tool to screen for trau­
matic aortic rupture in selected patients. Selection 
guidelines include patients with equivocal histo­
ries and equivocal radiographs who have a low 
probability for injury to the other great vessels, 
are hemodynamically stable, and are capable of 
tolerating two dye loads (one for the CT and one 
for the aortogram, if necessary) .  

• The presence of a mediastinal hematoma is an 
indication for aortography. Magnetic resonance 
imaging (MRI) cannot be recommended as a tool 
in the evaluation of patients with suspected trau­
matic aortic rupture, mostly because of the need 
for the patient to spend long intervals in an iso­
lated setting. Aortography is the traditional "gold 
standard" for diagnosing aortic rupture . 

• Injury to the ascending aorta usually results in 
immediate death . These injuries tend to occur 
within the pericardium and result in cardiac tam­
ponade. If there is an associated valvular injury, 
a murmur of aortic insufficiency may be heard. 
The aortogram shows a pseudoaneurysm, possibly 
with aortic insufficiency. 

• I njuries to the innominate artery are associated 
with rib fractures, flail chest, hemopneumothorax, 
fractured extremities, head injuries, facial frac­
tures, and abdominal injuries. The diagnosis is 
difficult because there are no characteristic physi­
cal findings except for some decrease in the right 
radial or brachia! pulse. Findings on chest radio­
graph are similar to those with traumatic rupture 
of the aorta except the mediastinal hematoma is 
usually higher and the esophagus is pushed to 
the left. Aortography is generally required for the 
diagnosis to be established. 

• Subclavian artery injuries are most often caused 
by fractures to the first rib or clavicle. Absence 
of a radial pulse on the affected side is the most 
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important sign. A pulsatile mass or bruit at the 
base of the neck is suggestive of this injury. Associ­
ated injury to the brachia! plexus occurs in 60 
percent of patients. A Homer's syndrome may 
occur on the affected side as well. 

EME RGENCY DEPARTMENT CARE 
AND D ISPOSITION 

• Sedatives, analgesics, vasodilators, and beta­
adrenergic b lockers may be required to control 
the patient's blood pressure. 

• Insertion of a nasogastric tube is important, but 
this must be done with extreme care to avoid mak­
ing the patient gag. 

• Thoracotomy is the accepted standard of treat­
ment. Delayed repair may be more appropriate 
in patients who are at extremely high operative 
risk or when conditions for surgery are not op­
timal. 

ESOPHAGEAL AND THORACIC 
DUCT INJURIES 

• Injuries to these structures are rare. If an esopha­
geal injury is suspected, an esophagram should be 
performed. Most radiologists recommend use of . 
meglumine diatrizoate (Gastrografin) because it 
causes less of an inflammatory reaction than bar­
ium. However, the false-negative rate with this 
contrast agent is as high as 25 percent. Flexible 
esophagoscopy can also be performed but carries 
a false-negative rate of 20 percent. 

• Thoracic duct injuries result in a chylothorax in 
the right hemithorax. 
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J 62 ABDOMINAL TRAUMA 

0. John Ma 

EP I DEMIOLOGY 

• The most common cause of death and disability 
from nonintentional injury is the motor vehicle 
crash. Falls are the second leading cause of acci­
dental death in the United States. 

PATHOPHYSIOLOGY 

• The injury pattern of blunt abdominal trauma is 
often diffuse. Blunt injuries involve a compression 
or crushing mechanism by energy transmission di­
rectly to the patient. If the compressive, shearing, 
or stretching forces exceed the tolerance limits of 
the tissue or organ, the tissues are disrupted. 

• Injury also can result from movement of organs 
within the body. Some organs are rigidly fixed, 
whereas others are motile. Typical examples in 
the abdomen include mesenteric or small bowel 
injuries, particularly at the ligament of Treitz or 
at the junction of the distal small bowel and 
right colon. 

• A gunshot may cause injury directly, as when the 
bullet itself strikes an organ, or secondarily, as 
when tissues are injured by missiles such as bone 
or bullet fragments or by energy transmission from 
the bullet. 

CLIN ICAL F EATU RES 

Soun V1scERAL INJURIES 
• Injury to the solid organs cause morbidity and 

mortality primarily as a result of acute blood loss. 
• The spleen is the most frequently injured organ 

in blunt abdominal  trauma and injury to it is com­
monly associated with other intraabdominal injur­
ies. The liver is also commonly inj ured in both 
blunt and penetrating injuries. 



• Tachycardia, hypotension, and acute abdominal 
tenderness are the primary findings on physical 
examination. Kehr's sign, representing referred 
left shoulder pain, is a classic finding in splenic 
rupture. Lower left rib fractures should heighten 
clinical suspicion for splenic injury. 
It is important to note that patients with solid 
organ injury may occasionally present to the emer­
gency department (ED) with minimal symptoms 
and nonspecific findings on physical examination. 
This is especially true when these are associated 
with distracting injuries, central nervous system 
(CNS) trauma, or intoxication. 

HOLLOW Viscus INJURIES 

• These injuries produce symptoms by the combina­
tion of blood loss and peritoneal contamination. 
Perforation of the stomach, small bowel, or colon 
is accompanied by b lood loss from a concomitant 
mesenteric injury. 

• Gastrointestinal ( GI)  contamination wil l  produce 
peritoneal signs over a period of time. Patients 
with head injury, distracting injuries, or intoxica­
tion may not exhibit peritoneal signs initially. 

• Injuries to the small bowel and colon are most 
frequently the result of penetrating trauma. How­
ever, a deceleration injury can cause a bucket­
handle tear of the mesentery or a blowout injury 
of the antimesenteric border. 

RETROPERITONEAL INJURIES 

Signs and symptoms of retroperitoneal mJuries 
may be subtle or absent upon initial presentation 
to the ED. D uodenal injuries are most often asso­
ciated with high-speed vertical or horizontal decel­
erating trauma. Clinical signs of duodenal injury 
are often slow to develop. Duodenal injuries may 
range in severity from an intramural hematoma 
to an extensive crush or laceration. 

• Duodenal ruptures are usually contained within 
the retroperitoneum. They may present with ab­
dominal pain, fever, nausea, and vomiting, al­
though these may take hours to become clini­
cally obvious. 

• Pancreatic injury is most common with penetrat­
ing trauma. It also occurs after a severe crush 
injury. The classic case is a blow to the midepigas­
trium from a steering wheel or the handlebar of 
a bicycle. 

DIAPHRAGMATIC INJURIES 

• The presentation of diaphragmatic inj uries is often 
insidious. Only occasionally is the diagnosis obvi­
ous, when bowel sounds can be auscultated in the 
thoracic cavity. 
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• On chest radiograph, with herniation of abdomi­
nal contents into the thoracic cavity, the diagnosis 
is confirmed. In most cases, however, there is no 
herniation, and the only finding on the chest radio­
graph is blurring of the diaphragm or an effusion. 

• This injury is most often diagnosed on the left. 

DIAGNOSIS AN D D I F F ERENTIAL 

PLAIN RADIOGRAPHS 

• For blunt trauma, routine use of plain abdominal 
radiographs is not a cost-effective or prudent 
method for evaluating the trauma patient. A chest 
radiograph is helpful in evaluating for herniated 
abdominal contents in the thoracic cavity and for 
evidence of free air under the diaphragm. 

• An anteroposterior (AP) pelvic radiograph is im­
portant for identifying pelvic fractures, which can 
produce significant blood loss and may be associ­
ated with intraabdominal visceral injury. 

D IAGNOSTIC P ERITONEAL LAVAGE 

• Diagnostic peritoneal lavage (DPL) remains an 
excel lent screening test for evaluating abdominal 
trauma. Its advantages include its sensitivity, avail­
ability, the relative speed with which it can be 
performed, and a low complication rate. Disad­
vantages include the potential for iatrogenic in­
jury, its misapplication for evaluation of retroperi­
toneal injuries, and its l ack of specificity. 

• For blunt trauma, indications for DPL include ( 1 )  
patients who are too hemodynamically unstable 
to leave the ED for computed tomography (CT) 
scanning or who have a physical examination that 
is unreliable secondary to drug intoxication or 
CNS injury and (2) unexplained hypotension in 
patients with an equivocal physical examination. 

• In penetrating trauma, DPL should be performed 
when it is not clear that exploratory laparotomy 
will be required. DPL is useful in evaluating pa­
tients sustaining stab wounds where local wound 
exploration indicates that the superficial muscle 
fascia has been violated. Also, it may be useful in 
confirming a negative physical examination when 
tangential or lower chest wounds are involved. 

• The DPL is considered positive if  more than 1 0  
mL of gross blood is aspirated immediately, the 
red blood cell count is > 100,000/ µ,L, the white 
blood cell count is >500/ µ,L, bile is present, or 
vegetable matter is present. 

• The only absolute contraindication to DPL is 
when surgical management is clearly indicated, in 
which case the DPL would delay patient transport 
to the operating room. Relative contraindications 
include patients with advanced hepatic dysfunc-
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TABLE 162-1 Indications for Laparotomy 

BLUNT PENETRATING 

Absolute Anterior abdominal injury and hypotension Injury to abdomen, back and flank with 

Abdominal wall disruption 
Peritonitis 
Free air on chest x-ray 

hypotension 
Abdominal tenderness 
GI evisceration 
Positive DPL 

CT diagnosed injury requiring surgery, i .e., 
pancreatic transection; duodenal rupture 

(GSW) High suspicion for transabdomi­
nal trajectory 

CT diagnosed injury requiriog surgery, 
i.e., ureter or pancreas 

Relative Positive DPL or FAST in stable patient 
Solid visceral injury in stable patient 
Hemoperitoneum on CT without clear 

Positive local wound exploration (SW) 

source 

ABBREVIATIONS: CT = computed tomography; DPL = diagnostic peritoneal lavage; FAST = focused 
abdominal sonography for trauma; G I  = gastrointestinal; GSW = gunshot wound; SW = stab wound. 

tion, severe coagulopathies, previous abdominal 
surgeries, or a gravid uterus. 

ULTRASONOGRAPHY 
• Recent l iterature has demonstrated that the fo­

cused abdominal sonography for trauma (FAST) 
examination, l ike DPL, is an accurate screening 
tool for abdominal trauma. Advantages of the 
FAST examination are that it is accurate, rapid, 
noninvasive, repeatable, and portable. Another 
advantage of the FAST examination is that it is 
capable of evaluating for free pericardia! and pleu­
ral fluid. 

• Disadvantages include its inability to determine 
the exact etiology of the free intraperitoneal fluid 
and that it is operator-dependent. Indications for 
FAST examination are the same as for DPL. 

COMPUTED TOMOGRAPHY 
• The abdominal CT scan has a greater specificity 

than DPL and ultrasonography, thus making it 
the initial diagnostic test of choice at most centers. 
Oral and IV contrast material should be given to 
provide optimal resolution. 

• Advantages of the CT scan include its ability to 
locate intraabdominal lesions precisely before sur­
gery, to evaluate the retroperitoneum, to identify 
injuries that may be managed nonoperatively, and 
noninvasiveness. 

• The disadvantages of CT scanning are its expense, 
the time required to perform the study, the need 
to transport the trauma patient to the radiology 
suite, and the need for contrast agents. 

EMERGENCY DEPARTMENT CARE 
AN D DISPOSITION 

• Patients should be administered oxygen and have 
cardiac monitoring and two IV lines secured. 

• For hypotensive abdominal trauma patients, re­
suscitation with IV crysta lloid fluid is indicated. 
Transfusion with 0-negative or type-specific 
packed red blood cells should be considered in 
addition to crystalloid resuscitation. 

• Table 1 62-1 lists the indications for exploratory 
laparotomy. When a patient presents to the ED 
with an obvious high-velocity gunshot wound to 
the abdomen, DPL or the FAST exam should not 
be performed as it will only delay transport of the 
patient to the operating room. If organ eviscera­
tion is present, it should be covered with a moist, 
sterile dressing prior to surgery. 

• For an equivocal stab wound to the abdomen, 
surgical consultation for local wound exploration 
is indicated. If the wound exploration demon­
strates no violation of the anterior fascia, the pa­
tient can be discharged home safely. 1 -5 
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J 63 FLANK AND BUTTOCK 
TRAUMA 

William R. Dennis, Jr. 

EP IDEMIOLOGY 

• Penetrating trauma to the flank and buttock must 
be carefully evaluated in order to determine 
whether there is retroperitoneal injury that may 
mandate operative intervention. 

• Penetrating injuries to the buttock are relatively 
uncommon. With appropriate management, the 
mortality is low; however, case reports indicate 
that there is a potential for missed injury to the 
bowel or major vessels if the clinician is not thor­
ough in the evaluation. 

PENETRATING TRAUMA 
TO THE FLANK 

PATHOPHYSIOLOGY 

• The flank is defined as the area between the ante­
rior and posterior axillary lines, superiorly bor­
dered by the sixth rib and inferiorly bordered by 
the il iac crest. 

• A delay in diagnosis of duodenal , colonic, rectal , 
renal, pancreatic, or major vascular injuries may 
result in the late appearance of septic or hemor­
rhagic shock. 

CLIN ICAL F EATURES 

• The organs most commonly injured by  penetrating 
trauma to this area include the l iver, kidney, colon, 
duodenum, and pancreas. 
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DIAGNOSIS AND D I F F ERENTIAL 

• In the hemodynamically stable patient with no 
obvious visceral injury, adjunctive diagnostic tests 
such as diagnostic peritoneal lavage (DPL), com­
puted tomography (CT) scan, or portable ultra­
sound are usefu l .  

• Wound exploration is of  limited value in penetrat­
ing flank trauma. Deep wound exploration often 
leads to further hemorrhage and tissue damage. 

• Diagnostic peritoneal lavage is highly accurate for 
detecting intraperitoneal inj uries, but poor for de­
tecting retroperitoneal injuries. It may be indi­
cated when injury to the diaphragm or hollow 
viscus is suspected . 

• Computed tomography scanning is accurate in de­
tecting intraperitoneal and retroperitoneal injur­
ies. Oral ,  intravenous, and rectal contrast are nec­
essary for an optimal study. Particular attention 
should be paid to the presence of intraperitoneal 
fluid and edema of the bowel wall .  The latter may 
represent bowel perforation, although contrast 
leak may not necessarily be visible. 1  

• Portable ultrasonography i s  sensitive and specific 
for determining the presence of free intraperito­
neal fluid which, in the unstable patient, is suffi­
cient to recommend operative intervention.2 

• A chest radiograph should be obtained to evaluate 
for intrathoracic involvement. 

EMERGENCY D EPARTMENT CARE 
AND DISPOSITION 

• A complete blood cell count (CBC),  type and 
cross-match, urinalysis, and rectal examination 
should be performed on all patients. 

• Selective management with early CT scanning is 
advocated since it results in fewer nontherapeutic 
laparotomies with no increase in untoward out­
comes.3 Selective management is also appropriate 
in stable patients with stab wounds. Exploratory 
laparotomy is indicated for patients with hemody­
namic instability, evisceration, peritonitis, intra­
peritoneal free air, or transabdominal missile path. 
All patients should be admitted, with the excep­
tion of those patients with clearly defined superfi­
cial wounds. 

PENETRATING TRAUMA 
TO THE BUTTOCK 

PATHOPHYSIOLOGY 

• Gunshot wounds to the buttocks have a greater 
potential for injury than stab wounds. The thick 
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musculature and fat over the buttocks normally 
protects the gastrointestinal, genitourinary, and 
neurologic systems from injury in a l l  except the 
deepest stab wounds. 

• A delay in the diagnosis of colonic or rectal injury 
will contribute to increased mortality and mor­
bidity. 

CLIN ICAL FEATURES 

• If there is any concern of injury to the rectum 
because of blood noted on the recta l  examination 
or because of the trajectory of the bullet, procto­
sigmoidoscopy should be performed.4-6 

• Vascular injuries should be suspected when an 
enlarging hematoma, bruit, or change in periph­
eral pulses is present. Vascular injury to gluteal 
or internal il iac arteries has been reported from 
gluteal-penetrating wounds and may lead to pro­
fuse hemorrhage.7•8 

• Neurologic injuries may present with paresthesias, 
sensory loss, or motor weakness. 

DIAGNOSIS AN D D I F FERENTIAL 

• Laboratory studies include a CBC, type and cross­
match, and urinalysis. After the rectal examina­
tion, proctosigmoidoscopy should be performed 
when rectal and sigmoid injuries are clinically sus­
pected. 

• The presence of gross hematuria should be investi­
gated with retrograde uretherogram and cys­
togram. 

• Pelvic x-rays wil l  reveal bony injury and suggest 
possible missile path. A CT scan of the pelvis may 
reveal colon, urinary tract, or vascular injury. 

• Angiography is indicated when vascular injury 
is suspected. 

EMERGENCY DEPARTMENT CARE 
AND DISPOSITION 

• If a uretheral injury is suspected, a Foley catheter 
should not be inserted. 

• Broad-spectrum antibiotics (e.g. ,  Zosyn 3.375 g 
IV) are indicated for rectal injuries. 

• Approximately 30 percent of patients who present 
with gunshot wounds to the buttocks require sur­
gery. Indications for surgical intervention include 
peritonitis, hemodynamic instability, obvious 
signs of gastrointestinal bleeding, a positive find­
ing with proctosigmoidoscopy, gross hematuria, 

entrance wound above the level of the greater 
trochanter, and a transpelvic bullet course.4•5 Sig­
nificant vascular or nerve injuries (sciatic or femo­
ral nerves) require early operative intervention. 
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J 64 GENITOURINARY TRAUMA 

Gary M. Gaddis 

EPIDEMIOLOGY 

• Genitourinary injuries occur in 2 to 5 percent of 
adult trauma patients, with the vast majority due 
to blunt trauma. 

• Over 80 percent of patients with renal injury have 
concurrent serious injuries, one-third of which are 



l ife-threatening. Contusions account for 92 per­
cent of renal inj uries. 

• Approximately 80 percent of urogenital injuries 
involve the kidney and 10 percent involve the 
bladder. 

• About 10 percent of pediatric abdominal trauma 
victims will have renal system injury. 1 •2 

PATHOPHYSIOLOGY 

• A sudden deceleration mechanism from a fall or 
motor vehicle crash is associated with renal pedi­
cle and renal vascular injuries. 

• Blunt trauma is more commonly involved in renal 
contusions and fractures, intraperitoneal and ex­
traperitoneal b ladder ruptures, and lesions associ­
ated with pelvic fractures. These include bladder 
lacerations, bladder contusions, and posterior ure­
thral injuries. 

• Straddle injuries, instrumentation trauma, or kicks 
to the groin classically involve the anterior urethra 
(beyond the prostate) of males or the female ure­
thra. Such injuries may injure the penis or the 
scrotum and its contents. 

• Penile injuries include traumatic corpus caverno­
sum rupture from a forcible direct impact, bending 
of an erect penis, zipper entrapment, or self-in­
flicted and assault-related amputation or lacer­
ation. 

CLIN ICAL F EATU RES 

• Lower rib, lower thoracic, or lumbar vertebral 
fractures may be associated with renal or ureteral 
injury. Flank ecchymosis or masses may suggest 
renal injury. 

• Pelvic fractures and perinea! straddle injuries 
should raise suspicion of bladder or urethral 
trauma. 

• The fol lowing should suggest urethral injury: 
blood at the urethral meatus; penile, scrotal, or 
perinea! hematoma; or a boggy or high-riding 
prostate on rectal exam. These findings are a con­
traindication for urethral catheterization in order 
to prevent converting a partial urethral laceration 
into a complete urethral transection. 

• Female urethral injuries often accompany exten­
sive pelvic fractures. Eighty percent of female ure­
thral injuries present with vaginal bleeding. 

• For women with vaginal bleeding, a speculum ex­
amination is required to evaluate for vaginal lacer­
ations. Labial lacerations or hematomas mandate 
bimanual vaginal examination. 
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• Scrotal ecchymoses or lacerations may suggest tes­
ticular disruptions. 

• Lacerations in the folds of the buttocks may de­
note open pelvic fractures. Perinea! lacerations 
also may indicate open pelvic fractures. These lac­
erations should not be probed because disrupting 
a clot may precipitate profuse hemorrhage. 

D IAGNOSIS AND D I F FERENTIAL 

• Penetrating injury is likely to injure any nearby 
structure. Ureters are more likely to be injured 
by penetrating trauma and are seldom injured in 
blunt trauma. Extravasation of contrast on intra­
venous pyelogram (IVP) usually diagnoses ure­
teral injury; however, this is not infallible.3 

• With penetrating trauma, there is no correlation 
between the degree of hematuria and injury se­
verity.4 

• In children, the degree of hematuria does seem 
to correlate with the degree of injury.5 Pediatric 
patients with hematuria, even if hemodynamically 
stable, should undergo imaging studies if they 
have >50 red blood cells (RBCs) per high power 
field (hpf) .5 Some advocate that all pediatric pa­
tients with microscopic hematuria undergo im­
aging studies.6•7 

• Hemodynamic instabil ity mandates imaging stud­
ies to evaluate the cause of any hematuria. More 
life-threatening inj uries take precedence over 
evaluation for genitourinary injuries. 

• The dipstick evaluation for microscopic hematuria 
can be misleading due to myoglobinuria. 

• The first voided urine can help localize the injury. 
Initial hematuria suggests injury to the urethra 
or prostate, whereas terminal hematuria suggests 
bladder neck trauma. Continuous hematuria may 
be due to bladder, ureteral, or renal injury. 

• While there is no clinically validated upper limit 
of microscopic hematuria beyond which imaging 
studies are mandated, clinicians should strongly 
consider imaging blunt trauma patients with mi­
croscopic hematuria >50 RBCs/hpf. 

• With blunt trauma, the degree of hematuria does 
not correlate with the degree of urinary tract in­
jury. In adults, if hemodynamic compromise is 
absent, isolated microscopic hematuria is not 
likely to represent significant blunt injury. Only 
about 1 in 500 blunt trauma patients with micro­
scopic hematuria has significant genitourinary 
injury.8 

• Gross hematuria implies the need for a diagnostic 
imaging study that is chosen based on other find­
ings. For instance, with a pelvic fracture, urethra-
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TABLE 164-1 Grading of Renal Injuries 

GRADE INJURY 

Contusion (microscopic or gross hematuria, with nor­
mal urologic study results) 

Subscapsular, nonexpanding hematoma without lacer­
ation 

l l  Parenchymal laceration < 1 .0 c m  depth l imited t o  cor­
tex, no extravasation 

Nonexpanding hematoma, confined to retroperi­
toneum 

I I I  Parenchymal laceration > 1  c m  depth with extravasa-
tion or collecting system rupture 

IV Laceration extending through to collecting system 
Vascular pedical injury, hemorrhage contained 

V Shattered kidney 
Avulsed hi lum (devascularized kidney) 

SOURCE: From Moore E E, Shackford SR, Pachter HL, et al: Organ 
injury scaling: Spleen, liver, kidney. J Trauma 29:1 664, 1 989, with 
permission. 

graphy and cystography should be considered. 
With flank ecchymosis, computed tomography 
(CT) scaling of the abdomen to image the kidneys 
is often indicated. 

• Abdominal CT scan is a useful diagnostic tool for 
evaluating hemodynamically stable patients with 
either microscopic or gross hematuria, and it may 
also identify associated abdominal injuries. 

• Hemodynamically unstable patients should un­
dergo a "one shot" IVP, either in the emergency 
department or the operating room. 

• A systolic blood pressure <70 mmHg may cause 
the kidney to be poorly imaged and increases the 
risk for dye-induced nephrotoxicity. Renal injuries 
are graded by degree of injury (Table 164-1) .  

• Cystography or CT cystography is useful for evalu­
ating bladder injury. 

• Contrast should be administered from a position 
60 cm above the bladder to approximate bladder 
pressures obtained during voiding and to decrease 
the likelihood of a false-negative test. 

• Testicular ultrasound can be useful for determin­
ing the type and extent of testicular or scrotal 
mJury. 

EMERGENCY DE PARTMENT CARE 
AN D DISPOSITION 

• Emphasis should be placed on securing the ABCs 
and identifying and stabilizing any life-threatening 
injuries. Laboratory studies should include type 
and cross-match, complete blood cell count, elec­
trolytes, blood urea nitrogen, creatinine, coagula­
tion studies, and urinalysis. 

• Patients with grades 1 and 2 renal inj uries should 
be admitted for observation. These injuries are 
managed nonoperatively, with follow-up urinaly­
sis within 2 to 3 weeks. Isolated grades 3 and 
4 renal injuries mandate admission; if managed 
nonoperatively, these require serial urinalysis and 
hematocrit determinations. Grade 5 renal injuries 
require operative management. 

• Ureteral injuries, which are usually associated 
with penetrating trauma, require operative man­
agement. 

• Bladder contusions are managed expectantly. In­
traperitoneal bladder rupture and penetrating 
bladder injuries require operative management. 
Extraperitoneal b ladder rupture is managed with 
catheter drainage. 

• Partial posterior urethral lacerations may be man­
aged by suprapubic drainage, while complete lac­
erations require surgery. Anterior urethral contu­
sions can be managed expectantly. Partial anterior 
lacerations require an indwelling catheter or su­
prapubic cystostomy. Complete lacerations re­
quire end-to-end anastomosis. Urologic consulta­
tion for any urethral procedure is prudent to avoid 
converting partial to complete lacerations. 

• Testicular contusions can be managed expec­
tantly. Testicular rupture and penetrating trauma 
through the tunica vaginalis require operative ex­
ploration and repair. 

• Penile lacerations and amputations require opera­
tive care. Penile fractures, due to corpus caverno­
sum rupture, require immediate surgery to drain 
clotted blood, repair the tunica albuginea, and 
repair any associated urethral injuries. 
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165 PENETRATING TRAUMA TO 
THE EXTREMITIES 

Gary M. Gaddis 

EP IDEMIOLOGY 

• Penetrating trauma causes 82 percent of all vascu­
l ar injuries in the extremity. The majority, by a 
ratio of 4 :  1 ,  are missile injuries. 

• Since 1 950, advances in wound care have de­
creased the rate of amputation from 50 to 5 per­
cent for penetrating extremity wounds with vascu­
lar involvement. 1 However, 1 5  to 40 percent have 
long-term morbidity due to nerve damage, frac­
tures, wound infections, open-joint injuries, and 
compartment syndromes.2 

PATHOPHYSIOLOGY 

• Tissue damage from missile 1 11Jury depends on 
factors such as projectile shape, mass, composi­
tion, angle of impact, velocity, and flight character­
istics (whether the missile travels sideways in 
fl ight). 3  

• Pressure waves accelerating radially away from 
the point of penetration ("temporary cavity") dis­
places tissue and causes additional damage with 
missile wounds.4 

• Other factors impacting amount of tissue damage 
include degree of comminuted fracture and dis­
placement of bone, blood loss within a limb, and 
nerve or vascular injury. 

CHAPTER 1 65 • PENETRATING TRAUMA TO THE EXTREMITIES 503 

CLIN ICAL F EATU RES 

• "Hard signs" of vascular injury, seen in  fewer than 
6 percent of cases, include absent or diminished 
distal pulses, obvious arterial b leeding, expanding 
or pulsatile hematoma, audible bruit, palpable 
thrill ,  or evidence of distal ischemia .  

• "Soft signs" are much more common, and include 
small stable hematomas, injury to a nerve, unex­
plained hypotension, history of hemorrhage, prox­
imity of the injury to a major vessel, or a complex 
bony fracture. 

• Extremity color, temperature, and capillary refill 
may provide clues to subtle vascular injury, but 
are not completely reliable .  

• A difference of >20 mmHg between blood pres­
sures of the upper extremities is indicative of up­
per extremity arterial inj ury. 

• Injuries to nerves are the most common cause 
of long-term morbidity. However, 70 percent of 
peripheral nerve injuries result in complete recov­
ery within 6 months. 

• Compartment syndrome is a potential complica­
tion of any penetrating injury to the extremities. 

DIAGNOSIS AND D I F FE RENTIAL 

• Plain radiographs should be obtained in all cases 
of penetrating extremity trauma, including at least 
one joint above and one joint below the site of 
injury. Radiographs help detect bone fractures, 
foreign bodies, and joint space involvement. 

• Foreign bodies, such as shotgun pellets, can enter 
an artery and embolize distally. 

• Radiographic evidence of metal or gas in a joint 
is indicative of joint space involvement. 

• Angiography can detail the extent, nature, and 
location of vascular injury. Angiography is most 
useful in patients with shotgun wounds, multiple 
or severe fractures, thoracic outlet wounds, exten­
sive soft tissue injury, or significant underlying 
vascular disease. 

• With the "hard signs" of vascular injury, preoper­
ative angiography is indicated unless the patient 
is taken directly to the operating room. 

• With the "soft signs" of vascular injury, 10 to 
20 percent of angiograms are abnormal. Only 2 
percent of these, however, wil l  require surgical 
repair, and expectant management is appropriate. 

• Duplex ultrasonography can image vessels with 
similar resolution, but with greater safety and 
speed than angiography. Ultrasonography is 96 
percent accurate, but is very operator-dependent. 
Ultrasonography has not been tested in patients 
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with large open wounds or fractures, large hema­
tomas, bulky dressings, or traction devices. 1 .5·6 

• Capillary refill, taken alone, is an unreliable 
marker for vascular injury. 

• Ankle brachia! index (ABI )  or wrist brachia! index 
should be determined using doppler devices. 
These tests help diagnose occlusive injury, but do 
not detect nonocclusive injuries such as intimal 
flaps or pseudoaneurysm. The patient should have 
blood pressure evaluated in all four extremities 
while supine. 

• An ABI measurement involves inflation of a stan­
dard adult blood pressure cuff just above the mal­
leoli, monitoring blood flow over the anterior tib­
ial artery. The cuff should be inflated to about 30 
mmHg above the point at which flow is occluded. 
The ankle systolic pressure is the point at which 
flow is next heard, while slowly deflating the cuff 
2 to 5 mmHg/s. The upper extremity blood pres­
sure is determined similarly. Ankle brachia! index 
equals ankle systolic blood pressure divided by 
the higher of the two upper extremity systolic 
blood pressures. 

• An ABI > 1 .0 is normal. Values between 0.5 and 
0.9 indicate injury to a single arterial segment, and 
values <0.5 indicate severe arterial injury or injury 
to multiple segments. For values between 0.9 and 
1 .0, the sensitivity and specificity of ABI testing 
vary greatly.7·8 

• Preexisting peripheral vascular disease and hypo­
thermia can adversely affect ABI accuracy. 

EMERGENCY DEPARTMENT CARE  
AND DISPOSITION 

• Life-threatening injuries should be addressed first. 
Routine wound care and tetanus prophylaxis are 
performed, as needed. 

• Fractures associated with penetrating trauma are 
treated as open fractures, with appropriate de­
bridement and intravenous antibiotics adminis­
tered. 

• Direct pressure should be used to stop arterial 
bleeding. Clamping or ligating arteries should be 
avoided since they can injure accompanying 
nerves. 

• Hard signs of arterial injury require either imme­
diate surgical intervention or angiography and sur­
gical consultation. 

• Soft signs rarely denote need for immediate sur­
gery, but should prompt in-patient observation. 

• Wounds requiring exploration in the emergency 
department include those with suspected foreign 
bodies, ligamentous involvement, or minor ve­
nous bleeding. 

• Wound exploration to control arterial or major 
venous bleeding should be reserved for the op­
erating room. 

• Orthopedic consultation is required when pene­
trating trauma causes joint space involvement. 

• Patients without signs of vascular compromise, 
compartment syndrome, or significant soft tissue 
defect should be observed for 3 to 12 h; they may 
be discharged home with close fol low-up if serial 
examinations are normal .  
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166 EARLY MANAGEMENT OF 
FRACTURES AND 
DISLOCATIONS 

Michael P. Kefer 

PATHOPHYSIOLOGY 

Bone fracture results in severing of the micro­
scopic vessels crossing the fracture line, which cuts 
off blood supply to the involved fracture edges. 

• Callus formation ensues and becomes progres­
sively more mineralized. 

• Necrotic edges of the fracture are gradually 
resorbed by osteoclasts. This explains why some 
occult fractures are not immediately detected 
on radiographs, but then appear several days 
later, after this resorption process is well estab­
lished. 

• Remodeling deposits new bone along the lines of 
stress. This process often lasts years. 

CLIN ICAL F EATU RES 

• Knowing the precise mechanism of  injury, lis­
tening carefully to the patient's symptoms, and 
performing a careful physical examination are 
important in diagnosing fracture or dislocation. 
Pain may be referred to an area distant from 
the injury (e.g. , hip injury presenting as knee 
pain). If key aspects of the history and physical 
examination are not appreciated, all necessary 
radiographs may not be obtained and the diagno­
sis missed. 

• Radiologic evaluation is based on the h istory and 
physical examination, not simply on where the 
patient reports pain. Radiographs of all long bone 
fractures should include the joints proximal and 
distal to the fracture to evaluate for coexistent 
injury. A negative radiograph does not exclude 
a fracture. This commonly occurs with scaphoid, 
radial head, or metatarsal shaft fractures. The 
emergency department (ED) diagnosis is often 
clinical and is not confirmed for 7 to 10 days, 
when enough bone resorption has occurred at the 
fracture site to detect a lucency on x-ray. 

• An accurate description of the fracture to the con­
sultant should include the fol lowing details: 

Open versus closed. 
Location: midshaft, j unction of proximal and 

middle or middle and distal third, or distance from 
bone end; anatomic bony reference points should 
be used when applicable (e.g. , humerus fracture 
j ust above the condyles is described as supracon­
dylar, as opposed to distal humerus) .  

Orientation of fracture line: transverse, spiral, 
oblique, comminuted, or segmental (single large 
segment of free-floating bone) .  

Displacement: amount and direction the distal 
fragment is offset in relation to the proximal frag­
ment. 

Separation: degree the two fragments have been 
pulled apart; unlike displacement, alignment is 
maintained. 

Shortening: reduction in bone length due to im­
paction or overriding fragments. 

Angulation: angle formed by the fracture seg­
ments; describe the degree and direction of devia­
tion of the distal fragment. 

Rotation: degree the distal fragment is twisted 
on the axis of the proximal fragment. 

Fractures involving a joint: associated disruption 
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of proper joint alignment should be described as 
fracture-dislocation or fracture-subluxation; for 
intraarticular fracture, the percent of the joint sur­
face involved should be described. 

• Complications of fractures and dislocations in­
clude the following: 

Nerve or vascular injury may result from trac­
tion, compression, or laceration by the fracture or 
dislocation. 

Compartment syndrome that presents with the 
5 classic signs of pain,  pallor, paresthesias, pulse­
lessness, and paralysis is well advanced. This diag­
nosis should be made presumptively, based on the 
character of pain, the earliest sign. 

Fat embolus may result from fracture of large 
bone, such as the femur. 

Long-term complications of fracture include 
malunion, nonunion, avascular necrosis, arthritis, 
and osteomyelitis. 

EMERGENCY DEPARTMENT CARE 
AND DISPOSITION 

• Swelling should be controlled with application of 
cold packs and elevation. Analgesics should be 
administered as necessary. Any objects such as 
rings or watches that may constrict the injury as 
swel ling progresses should be removed. The pa­
tient should have nothing by mouth if anesthesia 
will be required. 

• Prompt reduction of fracture and dislocation is 
indicated to restore circulation to a pulseless distal 
extremity; alleviate pain; relieve tension on associ­
ated neurovascular structures; and minimize the 
risk of converting a closed fracture to an open 
fracture with a sharp, bony fragment. 

• After reduction, the extremity should be immobi­
lized and a radiograph obtained to confirm proper 
repositioning. 

• Open fractures are treated immediately with 
prophylactic antibiotics to prevent osteomyelitis. 
A common regimen is a first-generation ceph­
alosporin and an aminoglycoside. The patient's 
tetanus status should be confirmed. Irrigation 
and debridement in the operating room is indi­
cated. 

• Discharge instructions should emphasize keeping 
the injured extremity elevated above the level of 
the heart and seeking immediate reevaluation if 
increased swelling, cyanosis, pain, or decreased 
sensation develops. 
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J 67 HAND AND WRIST INJURIES 

Michael P. Kefer 

ANATOMY AND EXAMINATION 

• There are 27 bones in the hand: 14 phalanxes, 5 
metacarpals, and 8 carpals. 

• The intrinsic muscles of the hand are those that 
originate and insert within the hand. These are the 
thenar and hypothenar muscle groups, adductor 
pollicus, the interossei, and the lumbricals. 

• Thenar muscles abduct, oppose, and flex the 
thumb and are innervated by the median 
nerve. 

• Hypothenar muscles abduct, oppose, and flex the 
little finger and are innervated by the ulnar nerve. 

• Adductor pollicus adducts the thumb and is inner­
vated by the ulnar nerve. 

• Interosseous muscles adduct and abduct the fin­
gers from the midline and are innervated by the 
ulnar nerve . 

• Lumbricals provide flexion and extension function 
to the digits. The two radial lumbricals are inner­
vated by the median nerve. The two ulnar lumbri­
cals are innervated by the ulnar nerve. 

• Flexor digitorum superficialis inserts into the mid­
dle phalanxes and flexes all the joints it crosses. 
Function is tested when the patient flexes the prox-



imal interphalangeal (PIP) joint while the other 
fingers are held in extension .  

• Flexor digitorum profundus inserts at the base of 
the distal phalanxes and flexes the distal interpha­
langeal (DIP) joint as well as all the other joints 
flexed by flexor digitorum superficialis. Function 
is tested when the patient flexes the DIP joint 
while the PIP and metacarpal-phalangeal (MCP) 
joints are held in extension. 

• Extensor digitorum extends al l  the digits. Function 
is tested by having the patient hold the hand in 
the "stop traffic" position. This also tests radial 
nerve motor function. 

• The radial nerve provides sensation to the dorsal 
radial aspect of the hand. None of the intrinsic 
muscles of the hand are innervated by the ra­
dial nerve. 

• The ulnar nerve provides sensation to the fifth 
and ulnar one-half of the fourth digit, and motor 
function to the intrinsic hand muscles as dis­
cussed earlier. 

• The median nerve provides sensation to the first, 
second, third, and radia l  half of the fourth digit, 
and motor function to the intrinsic hand muscles 
as discussed earlier. 

MALLET FINGER 

• This results from rupture of the extensor tendon 
at the DIP joint . 

• Treatment, even if associated with a small avulsion 
fracture ( less than 25 percent of the DIP joint 
surface) ,  consists of splinting the finger in exten­
sion for 6 weeks. 

BOUTONNIERE DEFORMITY 

• This results from injury to the dorsal surface of 
the PIP that disrupts the extensor hood apparatus. 

• Lateral bands of the extensor mechanism become 
flexors of the PIP joint and hyperextensors of the 
DIP joint. 

GAMEKEEPER'S THUMB 

• Gamekeeper's thumb results from forced radial 
abduction of the first metacarpal with injury to 
the ulnar collateral ligament. This is the most criti­
cal of the collateral l igament injuries since it af­
fects pincer function. 
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• A partial tear of the ulnar collateral l igament is 
diagnosed when abduction stress causes the joint 
to open up to 20° more relative to the unin­
volved side. Treatment consists of a thumb 
spica splint. 

• A complete tear is diagnosed when abduction 
stress causes the joint to open greater than 20° 
more relative to the uninvolved side. Treatment 
consists of surgical repair. 

DIGIT DISLOCATIONS 

• Dorsal IP joint dislocations are reduced by trac­
tion, hyperextension, and dorsal pressure at the 
base of the dislocated phalanx. Splint should be 
placed in the position of function. 

• Dorsal MP joint dislocations are reduced by plac­
ing the wrist in flexion and applying distal and 
dorsal pressure to the proximal phalanx. Splint 
should be placed in the position of function. 

• Irreducible dislocations result from an entrapped 
avulsion fracture, tendon, or volar p late and re­
quire operative reduction. 

• Volar IP and MP joint dislocations are rare. 

PHALANX FRACTURE 

• Distal phalanx fractures most commonly occur at 
the tuft and may be associated with subungual 
hematoma and nail bed laceration. A vulsion frac­
tures of the base result in a mallet finger. 

• Middle and proximal phalanx fractures are sug­
gested if the fingertips of a closed hand do not 
point to the same spot on the wrist and the plane 
of the nail bed of the involved digit is not a ligned 
with the others .  Nondisplaced fractures are man­
aged by splinting in the position of function. Dis­
placed fractures are managed surgically. 

METACARPAL FRACTURE 

• Fourth or fifth metacarpal neck fracture (boxer's 
fracture) is the most common. Angulation of 30° in 
the fourth metacarpal or 50° in the fifth metacarpal 
can be tolerated. Ideally though, angulation >20° 
should be reduced. An ulnar gutter splint is p laced 
with the wrist extended 20° and the MP joint 
flexed 90°. 

• Second or third metacarpal fractures with any an­
gulation should be reduced. 
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• First metacarpal fractures are splinted in thumb 
spica. Bennett's fracture and Rolando's fracture 
are two fracture types with intraarticular involve­
ment at the base of the metacarpal. Patients should 
be referred for surgical repair. 

WRIST DISLOCATION 

• Scapholunate dissociation presents as wrist ten­
derness at the dorsal radial aspect of the wrist. 
Radiographs reveal widening of the scapholunate 
joint >3 mm (the "Terry Thomas" sign) .  Treat­
ment consists of a radial gutter splint and surgi­
cal referral .  

• Lunate dislocation presents as  generalized swell­
ing and tenderness. Radiographs reveal the patho­
gnomonic triangle shape of the lunate (the "piece 
of pie" sign). Lateral radiographs reveal the lunate 
displaced and tilted palmar (the "spilled teacup" 
sign) .  Emergent consult is indicated. 

• Perilunate dislocation also presents as generalized 
swelling and tenderness. Lateral radiographs re­
veal the lunate is sti l l  aligned with the radius but 
the capitate is dislocated, usually dorsal to the 
radius. Emergent consult is indicated. 

WRIST FRACTURES 

• Scaphoid fracture is the most common carpal frac­
ture. There is tenderness at the anatomic snuffbox. 
Radiographs are often negative, but the diagnosis 
is sti l l  made based on physical examination. A 
thumb spica splint is p laced. The scaphoid is at 
risk for avascular necrosis. 

• Triquetrum fracture results in tenderness dorsally, 
just distal to the ulnar styloid. Radiographs are 
often negative, but the diagnosis is still made based 
on a physical examination. A volar splint should 
be placed. 

• Lunate fracture is the most serious of carpal frac­
tures since the lunate occupies two-thirds of the 
articular surface of the radius. There is tenderness 
at the lunate fossa just distal to the rim of the 
radius, in line with the ray of the third metacarpal. 
Radiographs are often negative, but the diagnosis 
is still made based on a physical examination. A 
thumb spica splint should be placed. The lunate 
is at risk for avascular necrosis .  

• Trapezium fracture results in tenderness at the 
apex of the anatomic snuffbox and base of the 
thenar eminence. A thumb spica splint should 
be placed. 

• Pisiform fracture results in tenderness at its bony 
prominence at the base of the hypothenar emi­
nence. The pisiform is a sesamoid bone within the 
ftexor carpi ulnaris tendon. A volar splint with the 
wrist at 30° ftexion and ulnar deviation is placed 
to relieve tension on the tendon. 

• Hamate fracture commonly incl udes the hook. 
There is tenderness in the soft tissue of the radial 
aspect of the hypothenar eminence. A volar splint 
should be placed. 

• Capitate fracture is usually associated with scaph­
oid fracture. A thumb spica splint should be 
placed. The capitate is at r.isk for avascular ne-
crosis. 

• Trapezoid fracture is rare. Radiographs are 
often negative. A thumb spica splint should be 
placed. 

• Colles' fracture results in a dorsally displaced dis­
tal radius causing a "dinner fork" deformity on 
examination. Treatment consists of a hematoma 
block, placement of the hand in a finger trap, and 
closed reduction. 

• Smith's fracture results in a volarly displaced distal 
radius causing a "garden spade" deformity. Treat­
ment is the same as for a Colles' fracture. 
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168 FOREARM AND ELBOW 
INJURIES 

Sarah A. Wurster 

ELBOW DISLOCATION 

• Elbow dislocations are predominantly posterior 
and result from a fal l  on an outstretched hand. 1 

• Clinically, the patient presents with the elbow in 
45 degrees of ftexion. The olecranon is prominent 
posteriorly; however, this may be obscured by sig­
nificant swelling. 

• While the elbow deformity may resemble a dis­
p laced supracondylar fracture, the diagnosis of 
elbow dislocation is easily confirmed radiographi­
cally. On the l ateral view, both the ulna and radius 
are displaced posteriorly. In the anteroposterior 
(AP) view, the ulna and radius have a normal 
relationship but may be displaced medially or lat­
erally. 

• Neurovascular complications occur in 8 to 21 per­
cent of patients, with injuries to the brachia! artery 
and ulnar nerve being the most common. 

• After adequate sedation, reduction is accom­
pl ished by gentle traction on the wrist and fore­
arm. An assistant applies countertraction on the 
arm. Distal traction is applied, while any medial 
or l ateral displacement is  corrected with the other 
hand. Downward pressure on the proximal fore­
arm will help to disengage the coronoid process 
from the olecranon fossa. Distal traction is contin­
ued and the elbow is flexed. A palpable "clunk" 
is noted with successful reduction. Neurovascular 
status should be assessed before and after re­
duction. 

• The elbow should be splinted in 90 degrees of 
ftexion with a long arm posterior splint. 

• Patients with instabil ity in extension require im­
mediate orthopedic referral . 

ELBOW FRACTURES 

• Fracture of the radial head is the most common 
fracture of the elbow. It usually results from a fall 
on an outstretched hand. 

• Intercondylar fractures occur in adults, and any 
distal humeral fracture in an adult should initially 
be assumed to be intercondylar. I ntercondylar 
fractures occur from a force directed against the 
elbow. Supracondylar fractures occur most often 
in children. 
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• Some 95 percent of these extraarticular fractures 
are displaced posteriorly. 

• Fractures of the radial head result in lateral elbow 
pain and tenderness and inability to fully extend 
the elbow. Intercondylar elbow fractures typically 
present with significant swel ling, tenderness, and 
limited mobility. 

• On radiograph, in some undisplaced fractures of 
the radial head, the fracture line may not be visible 
and the posterior fat-pad sign may be the only 
evidence of injury. A careful evaluation for a frac­
ture l ine separating the condyles from each other 
and the humerus, which distinguishes intercondy­
lar fractures, should be made. 

• Splint immobi lization and orthopedic referral is 
appropriate for nondisplaced fractures. Minimally 
displaced fractures of the radial head may be 
treated with a sling and early range of motion. 

• Displaced fractures and those with neurovascular 
compromise require immediate orthopedic con­
sultation. 

SUPRACONDYLAR FRACTURES 

• Supracondylar fractures typically present with sig­
nificant swelling, tenderness, and l imited mobility. 
Most supracondylar fractures result from an ex­
tension force. 

• Supracondylar fractures are often associated with 
injuries of the median nerve. The anterior interos­
seus nerve, a motor branch of the median nerve, 
is particularly prone to injury, resulting in the in­
ability to ft.ex the distal interphalangeal joint of 
the index finger and thumb interphalangeal joint.2 

• The brachial artery may be injured, leading to 
Volkmann's ischemic contracture, which is muscle 
and nerve necrosis secondary to edema that re­
duces arteria l  and venous ftow.3 

• Signs of impending Volkmann's ischemia are fore­
arm tenderness and pain with passive extension 
of fingers. 

• Acute vascular injuries may present with a de­
creased or absent radial pulse and are most fre­
quently due to transient vasospasm. 

• In supracondylar fractures, the AP radiograph 
usually reveals a transverse fracture line, while 
the lateral view will show an oblique fracture line 
and displacement of the distal fragment proxi­
mally and posteriorly. The lateral radiograph may 
also reveal a posterior and anterior fat-pad sign.4 

• Patients with supracondylar fractures should be 
admitted for observation of neurovascular status. 
Supracondylar fractures are often treated with 
closed reduction followed by pin fixation. 
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OLECRANON FRACTURES 

• Fractures of the olecranon are common and usu­
a l ly result from direct trauma, such as a fal l .  
Clinical findings of  olecranon fractures include lo­
calized swelling and tenderness and limited range 
of motion. Associated ulnar nerve inj uries may 
occur but are usually transient neuropathies. 
Some 32 percent of olecranon fractures are associ­
ated with other fractures, the most common being 
fractures of the radial head or neck. 
In olecranon fractures, any displacement (>2 mm) 
should be noted. 
Minimally displaced fractures ( <2 mm) and non­
displaced fractures should be treated with splint 
immobilization and orthopedic referral. Open re­
duction and internal fixation (ORIF) is required 
for displaced fractures. 

FRACTURES OF THE HUMERAL 
CONDYLE 

• Lateral condylar fractures are more common than 
medial condylar fractures. The injury may be asso­
ciated with ulnar nerve damage. 

• Treatment for nondisplaced or minimally dis­
p laced ( <2 mm) fractures is immobilization in a 
long arm splint. Displaced fractures require ortho­
pedic consultation for ORIF. 

LATERAL EPICONDYLITIS 

• Patients with lateral epicondylitis, commonly 
known as "tennis elbow," present with pain at the 
origin of extensors of the distal arm. The pain 
is increased with pronation of the forearm and 
dorsiflexion of the wrist against resistance. 

• Treatment includes rest and nonsteroidal anti-in­
flammatory drugs (NSAIDs). 

MEDIAL EPICONDYLITIS 

• Medial epicondylitis, commonly known as "golf­
er's" or "pitcher's elbow," is caused by overuse 
of flexor forearm muscles. This stresses and in­
flames the tendinous insertion at the medial epi­
condyle. 

• Pronation or wrist flexion against resistance will 
increase the pain over the medial epicondyle .  

• Treatment includes rest and NSAIDs. 

BICEPS RUPTURE 

• Some 97 percent of biceps ruptures are proximal, 
occurring in the long head of the biceps. 

• Tendon rupture is usually the result of repetitive 
microtrauma with degenerative changes of the 
tendon. This injury frequently occurs between the 
fourth and sixth decades of life. 

• Ruptures also are associated with chronic steroid 
use or steroid injections. 

TRICEPS RUPTURE 

• Triceps rupture is the least common of all ten­
don ruptures. 

• Triceps rupture occurs most frequently in young 
males secondary to trauma. It is associated with 
a high percentage (80 percent) of avulsion frac­
tures of the olecranon. 

• Clinically, the patient is unable to extend the 
elbow. 

• Treatment is surgical repair of the tendon. 

FRACTURES OF THE RADIUS 
AND ULNA 

• Fractures of both the radius and ulna occur most 
often from significant trauma, such as a motor 
vehicle crash or fall from a height. 

• Fractures of both bones results in swelling, tender­
ness, and deformity of the forearm. 

• Closed reduction is often adequate for both bone 
fractures in children. ORIF is usually required for 
displaced fractures in adults due to displacement 
and rotational deformity. 

• Compartment syndrome is a potential compli­
cation. 

ULNAR FRACTU RES 

• Isolated fracture of the u lna ("nightstick frac­
ture") often results from a direct blow to the fore­
arm. Isolated fractures of the ulna present with 
swelling and tenderness over the fracture site. 

• Fracture of the proximal ulnar shaft with radial 
head dislocation, a Monteggia fracture-disloca­
tion, causes considerable pain and swelling at 
the elbow. 

• Isolated ulnar fractures are considered displaced 
if there is more than 10 degrees of angulation or 
more than 50 percent displacement. 

• In a Monteggia fracture , the proximal ulnar frac-



ture is clearly visible but the radial head disloca­
tion may be overlooked. As a rule, the radial head 
normally aligns with the capitellum in all radio­
graphic views of the elbow. The apex of the ulnar 
fracture points in the direction of the radial 
head dislocation. 

• Nondisplaced fractures are immobilized in a 
long-arm cast and closely followed. Displaced 
fractures and a Monteggia fracture often require 
ORIF. 

RADIAL FRACTURES 

• A radial fracture is produced by a fall on  the 
outstretched hand or by a direct blow. 

• A fracture of the distal radial shaft with associated 
distal radioulnar joint dislocation, referred to as 
a Galeazzi fracture, will present with localized ten­
derness and swelling over the distal radius and 
wrist. 

• On radiograph, the dislocation of the distal radio­
ulnar joint seen with a Galeazzi fracture may be 
subtle. On the lateral view, the ulna will be dis­
placed dorsally, while the AP view may show only 
a slightly increased radioulnar joint space.5 

• Patients with nondisplaced isolated fractures may 
have the arm immobilized and be given orthopedic 
referral .  ORIF is usually required for displaced 
and Galeazzi fractures.6 

SUBLUXATION OF THE RADIAL 
HEAD ("NURSEMAID'S ELBOW") 

• The peak age for subluxation of the radial head 
is between 1 and 4 years. 

• The patient holds the injured arm in slight flexion 
and pronation. The neurovascular exam is normal. 

• Reduction is accomplished by placing the physi­
cian's thumb on the radial head and the other 
hand on the patient's wrist. The physician fully 
supinates the patient's forearm and then fully 
flexes the elbow. 

• Recurrent subluxations require orthopedic re­
ferral . 

NEUROANATOMY OF THE 
FOREARM AND HAND 

• The radial nerve travels over the lateral epicon­
dyle and supplies muscles i nvolved in wrist ex­
tension. 
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• The posterior interosseous nerve, a branch of the 
radial nerve, controls the muscles that extend the 
fingers and thumb. 

• The remainder of the radial nerve is sensory 
and innervates the posterior aspect of the hand 
from the thumb to the radial half of the ring 
finger. 

• The median nerve controls basic movements of 
the wrist and fingers and flexion and sensation on 
the volar surface of the hand from the thumb to 
the radial half of the ring finger. 

• The recurrent branch of the median nerve 
supplies motor function to the thenar muscles of 
the thumb. 

• A test of median nerve function is the ability to 
make the "OK" sign (anterior interosseus); ad­
duction of the thumb (recurrent branch of the 
median nerve) and intact sensation on the radial 
side of the palm. 

• The ulnar nerve innervates a few forearm muscles 
and controls the intrinsic muscles of the hand and 
provides sensation to the little finger. 

• A test of ulnar nerve function is the ability to 
abduct the index finger against resistance and the 
presence of normal sensation on the ulnar side of 
the hand. 
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169 SHOULDER AND HUMERUS 
INJURIES 

Sarah A. Wurster 

CLAVICLE FRACTURES 

• Clavicle fractures account for 50 percent of sig­
nificant shoulder girdle injuries and 5 percent of 
all fractures seen and treated in the emergency de­
partment. 

• Clavicle fractures are the most common fracture 
in children. 

• Eighty percent of clavicle fractures involve the 
middle one-third, 15 percent the distal one-third, 
and 5 percent the medial one-third. 

• Simple immobilization with a sling is acceptable 
for most clavicle fractures. 

STERNOCLA VICULAR DISLOCATION 

• Anterior sternoclavicular dislocations are more 
common than posterior dislocations and result in 
a prominent medial clavicle that appears anterior 
to the sternum. 

• Posterior dislocations of the sternoclavicular joint 
may result in impingement of superior mediastinal 
structures and are more difficult to diagnose. 

• The differential diagnosis of sternoclavicular joint 
sprains should include septic arthritis, especially 
in intravenous IV drug users. 

ACROMIOCLA VICULAR INJURIES 

• A type I acromioclavicular injury is associated 
with a normal radiograph.  

• A type I I  acromioclavicular injury reveals 25 to 
50 percent elevation of the distal clavicle above 
the acromion on the radiograph .  

• A type I I I  acromioclavicular injury reveals 100 
percent dislocation of the acromioclavicular joint 
and coracoclavicular space widening on the radio­
graph. 

• Treatment of type I and II injuries includes rest, 
ice, analgesics, and immobilization with a sling, 
followed by early range-of-motion. 

• Treatment of type I I I  injuries is controversial, with 

some orthopedic surgeons opting for conservative 
treatment and others for surgical repair. 

GLENOHUMERAL JOINT 
DISLOCATION 

• The shoulder joint is the most common major joint 
that is dislocated. The most predominant type is 
the anterior dislocation (>98 percent) .  Posterior 
dislocations occur in <2 percent of cases. 

• Rotator cuff injuries may accompany shoulder dis­
locations. 

• The axillary nerve is the nerve most commonly 
injured with glenohumeral joint dislocations. Axil­
lary nerve function is tested by pinprick sensation 
over the skin of the deltoid muscle. 

• Associated bony injuries include fractures of ante­
rior glenoid lip, greater tuberosity, coracoid, and 
acromion, and compression fractures of the hu­
meral head (Hill-Sachs lesion). 

• The most common complication of this injury is 
recurrent dislocation. 

• The rare inferior dislocation (luxatio erecta) will 
present with the affected arm fully abducted, el­
bow flexed, and hand held above the patient's 
head. Complications of luxatio erecta include se­
vere soft tissue injuries, fractures of the proximal 
humerus, and rotator cuff tears. 

• Anteroposterior and lateral scapular (Y view) or 
axillary radiographs should be obtained before re­
duction. 

• There are numerous methods for reducing ante­
rior shoulder dislocations. Modified Hippocratic 
technique: This method uses traction-counter­
traction. The patient is supine with the arm ab­
ducted. A sheet is placed across the thorax of the 
patient and tied around the waist of the assistant. 
The physician gradually applies traction while the 
assistant provides countertraction. 

• Milch technique: With the patient supine, the phy­
sician slowly abducts and externally rotates the 
arm to the overhead position. With the elbow fully 
extended traction is applied. 

• External rotation technique: With the patient 
supine and the elbow at 90° flexion, the arm is 
slowly externally rotated. No traction is applied. 
This technique must be performed slowly and 
gently. 

HUMERUS FRACTURES 

• Proximal humerus fractures are typically seen in 
elderly patients with osteoporosis after a fal l .  



• Humeral shaft fractures usually occur in younger 
patients after direct or indirect trauma. Humeral 
shaft fractures most commonly occur in the middle 
third of the bone. 

• The humerus is a common site of patholog-
ic fractures, especially metastatic breast 
cancer. 

• The axil lary nerve is the most commonly injured 
nerve in proximal humerus fractures. 

• The radial nerve is the most commonly injured 
nerve in humeral shaft fractures. This injury 
may result in wrist drop and altered sensation 
at the dorsal first web space. The incidence of 
associated radial nerve palsy ranges from 10 to 
20 percent. 

• An axillary artery injury is the most commonly 
associated vascular injury. 

• The majority of uncomplicated humeral shaft frac­
tures can be managed nonoperatively, usually by 
immobilization with an arm sling and close fol­
low-up. 
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1 70 INJURIES OF THE PELVIS, 
HIP, AND FEMUR 

Craig E. Krausz 

PELVIC FRACTURES 

E PI DEMIOLOGY 

• Pelvic fractures account for 3 percent of all skele­
tal fractures. 1 

• One-third of pelvic fractures are the result of in­
dustria l  accidents or falls in the elderly.2 

CL IN ICAL F EATURES 

• Pelvic fractures should be  suspected whenever 
there is trauma to the torso or a fal l  from a height. 

• Pain, crepitus, or instability on palpation of the 
pelvis suggests a fracture. Perianal edema, pelvic 
edema, ecchymoses, lacerations, deformities, and 
hematomas over the inguinal l igament or the scro­
tum (Destot 's sign) suggest pelvic fracture. The 
fracture line may be palpated on rectal examina­
tion (Earle's sign) .  

• Hypotension may be secondary to abdominal or 
thoracic injuries or to blood loss from disrupted 
pelvic bones or vessels. 

DIAGNOSIS AN D D I F FERE NTIAL 

• On radiograph, the anteroposterior (AP) pelvic 
radiograph is the most useful view; additional 
views include oblique hemipelvis, inlet (to evalu­
ate AP displacement) , and outlet views (to evalu­
ate superoinferior displacement). 

• Computed tomography (CT) is superior to plain 
radiography in assessing the posterior arch and 
the acetabulum and checking for associated hem­
orrhage.3 

• Many classifications of pelvic fractures exist; the 
Young system is helpful because fractures are clas­
sified based on mechanism and directional forces 
(see Table 170- 1 ) .  Four main patterns (suggested 
by the alignment of pubic rami fractures, pubic 
symphysis diastasis, and sacroiliac joint displace­
ment) have been identified: ( 1 )  lateral compres­
sion (LC) , which usually results from motor vehi­
cle crashes-the mortality rate approaches 13 
percent; (2) anteroposterior compression (APC), 
which usually results from a head-on motor vehi-
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TABLE 170-1 Injury Classification Keys According to 
the Young System 

CATEGORY DISTINGUISHING CHARACTERISTICS 

LC Transverse fracture of pubic rami, ipsilateral or 
contralateral to posterior injury 

I-Sacral compression on side of impact 
I T-Crescent (iliac wing) fracture on side of 

impact 
I I I-LC-I or LC- I I  injury on side of impact; con­

tralateral open-book (A PC) injury 

APC Symphyseal diastasis and/or longitudinal rami 

VS 

CM 

fractures 
I-Slight widening of pubic symphysis and/or an­

terior SI joint; stretched but intact anterior SI, 
sacrotuberous, and sacrospinous ligaments; in­
tact posterior S J  ligaments 

I r-Widened anterior SI  joint; disrupted anterior 
SI, sacrotuberous, and sacrospinous ligaments; 
intact posterior S I  ligaments 

I l l-Complete Sl joint disruption with lateral dis­
placement; disrupted anterior S I ,  sacrotuber­
ous, and sacrospinous ligaments; disrupted pos­
terior SI ligaments 

Symphyseal diastasis or vertical displacement an­
teriorly and posteriorly, usually through the SI 
joint, occasionally through the iliac wing and/ 
or sacrum 

Combination of other injury patterns. LC/VS be­
ing the most common 

ABBREVIATIO s: APC = anteroposterior compression; CM = com­
bination; LC = lateral compression; VS = vertical shear. 

cle crash-the mortality rate approaches 25 per­
cent; (3) vertical shear (VS) ,  which usually results 
from a fall or jump from a height-the mortality 
rate approaches 25 percent; and ( 4) a combination 
(CM) of the preceding, with LC/VS being the 
most common.4 

EMERGENCY DEPARTMENT CARE 
AN D D ISPOSITION 

• Standard protocols for the evaluation and stabili­
zation of trauma patients should be initiated. Pa­
tients should receive supplemental oxygen, be 
placed on a cardiac monitor, and have two IV 
lines established. 

• Blood should be sent for type and crossmatching. 
Since hemorrhage is the cause of death in 50 per­
cent of patients with pelvic fractures, early use of 
blood products is indicated.5 

• Early external fixation decreases complications, 
such as adult respiratory distress syndrome, and 
should be considered if there is evidence of contin­
ued blood loss with disruption of the posterior ele­
ments.6 

• Angiography for embolization of pelvic vessels 

is indicated in 2 percent of pelvic fractures and 
approaches 1 00 percent efficacy.7 

• Injuries of intraabdominal solid organs and other 
sources of blood loss should be considered. If diag­
nostic peritoneal lavage is  performed, a supraum­
bilical approach should be taken to avoid disrup­
tion of a pelvic hematoma. 

• Rectal exam (and bimanual pelvic exam for 
women) should be performed for rectal and gyne­
cologic injuries. Rectal injuries are treated with 
irrigation, diverting colostomy, and antibiotics. 

• If blood is found on pelvic exam, a speculum exam 
should be performed to evaluate for vaginal lacer­
ations (which may occur with anterior pelvic frac­
tures) . Vaginal lacerations mandate operative de­
bridement, irrigation, and IV antibiotics. 

• Mortality has been shown to be reduced with early 
fixation and patient mobilization.8- 1 1  

STABLE PEL VIC A VULSION 
FRACTURES 

A vulsion fracture of the anterior superior iliac 
spine (ASIS) occurs when a forceful contraction 
of the sartorius muscle causes separation of the 
ASIS. Symptoms include localized swelling and 
pain with thigh flexion and abduction. 

• A vulsion fractures of the anterior inferior iliac 
spine (AIIS) occurs after forceful contraction of 
the rectus femoris muscle .  Symptoms incl ude 
groin pain and inability to flex at the hip. Radiog­
raphy reveals downward displacement of the infe­
rior iliac spine. 

• A vulsion of the ischial tuberosity occurs in pa­
tients below age 20 to 25 when the hamstring 
forcefully contracts Uumping). Pain is present on 
sitting and thigh flexion. On rectal examination, 
there is tenderness on palpation of the tuberosity. 

• Treatment of avulsion fractures is conservative, 
with rest in a position of comfort and use of 
crutches, with partial weight bearing followed by 
full weight bearing. 10 

STABLE FRACTURES INVOLVING A 
SINGLE PEL VIC BONE 

• The ischial bodies can be injured by a direct fall 
on the buttocks. I l iac wing (Duverney) fractures 
present with pain and swelling over the i liac wing. 
Intraabdominal injuries may coexist. 1 2  

• Sacral fractures may occur when large anteropost­
erior forces are applied to the pelvis. They may 
be difficult to diagnose on radiography; subtle ir-



regularity, buckling, or malalignment of the sacral 
foramina are suggestive; a lateral view may show 
displacement. A transverse fracture line at the 
l evel of the lower sacroiliac (SI) joint may be seen, 
along with irregularity, buckling, or sharp angula­
tion of the foramina. Neurologic injury does not 
occur with fractures below S4. Sacral root injuries 
may be present in up to one-third of sacral frac­
tures. 13·14 A bimanual rectal examination (one fin­
ger in the rectum, and a hand on the sacrum) may 
reveal crepitus. 

• Coccygeal fractures result from a fall in a sitting 
position. The diagnosis is made clinically by rectal 
examination, which may reveal tenderness or 
crepitus. Treatment is symptomatic, with a soft 
doughnut cushion for sitting, ice, and analgesics. 

• Treatment of simple fractures without neurologic 
injury is bed rest, stool softeners, and orthopedic 
follow-up. Complex fractures require orthopedic 
consult. 

ACETABULAR FRACTURES 

• Acetabular fractures account for 20 percent of 
pelvic injuries and usually occur secondary to mo­
tor vehicle crashes. 

• The four anatomic sites of fracture-posterior, 
i lioischial column, transverse, and iliopubic col­
umn-are all associated with hip dislocations. 

• The most common complication is a sciatic 
nerve mJury. 

• Early orthopedic consultation and hospital admis­
sion are indicated for patients with acetabular 
fractures. 

HIP AND FEMUR INJURIES 

HIP FRACTURES 

• The incidence of hip fractures in the United States 
is 80 per 100,000 population. 15 The annual inci­
dence increases with age and doubles for each 
decade after age 50. It is three to four times higher 
in women than in men. 

• The affected leg is classically foreshortened and 
externally rotated. The position of the extremity, 
ecchymoses, deformity, and range of motion 
should be evaluated. Complications include infec­
tion, venous thromboembolism, avascular necro­
sis, and nonunion. 
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• On radiography, AP, lateral, and frog-leg views 
will evaluate the femur and acetabulum. Hip frac­
tures are classified as intracapsular (femoral head 
and neck) or extracapsular (intertrochanteric and 
subtrochanteric) . Intracapsular fractures may 
compromise blood supply to the femoral head and 
lead to avascular necrosis .  

• Isolated fractures of  the femoral head are most 
commonly associated with hip dislocations. 16 Fem­
oral neck fractures are common in elderly patients 
with osteoporosis. The leg is shortened, abducted, 
and held in external rotation. There is a 90 percent 
incidence of avascular necrosis if the injury is left 
untreated and a 20 to 30 percent incidence of 
nonunion with displaced fractures.7· 16 Nondis­
placed neck fractures are treated with pin fixation; 
displaced fractures are treated with open reduc­
tion or prosthesis placement. 

• Stress fracture of the femur should be suspected 
if there is significant pain without radiographic 
abnormality. Radiographs should reveal a frac­
ture, but a bone scan is more sensitive for subtle 
fractures. Stress fractures are treated conserva­
tively, with a bone scan in 1 to 2 days or a follow­
up radiograph in 10 to 14 days. 

• Intertrochanteric fractures generally occur in the 
elderly after a fal l  or a motor vehicle crash. The 
extremity is markedly rotated externally and 
shortened. These fractures are classified as stable 
or unstable .  Stable fractures are those in which 
the medial cortices of the femoral neck and the 
femoral fragments abut. Buck's traction may be 
applied until surgical fixation is performed. Over­
all mortality is 10 to 30 percent . 1 7  

• Subtrochanteric fractures may be seen in elderly 
osteoporotic patients and young patients after ma­
jor trauma. Symptoms include pain, deformity, 
and swelling. Patients with this injury may present 
with hypotension secondary to blood loss into the 
soft tissue of the thigh. Immobilization with a trac­
tion apparatus is recommended, with eventual 
open reduction and internal fixation . 17 

• Fractures of the greater trochanter may occur in 
adults (true fracture) or chi ldren (avulsion of the 
apophysis) .  Pain is present on abduction and ex­
tension of the leg. Treatment is controversial and 
may include conservative treatment or operative 
fixation (based on the patient's age and displace­
ment of the fragment) .7 

• Lesser trochanteric avulsions are most common 
in young athletes after avulsion secondary to a 
forceful contraction of the iliopsoas muscle .  There 
is pain during flexion and internal rotation. If there 
is more than 2 cm of displacement, operative fixa­
tion with screws is recommended. 
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• Following trauma, significant hip pain with weight 
bearing, even in the presence of normal plain ra­
diographs, suggests the possibility of an occult 
fracture, especially of the femoral neck or the 
acetabulum. If an occult fracture is suspected, 
close follow-up is needed for CT or magnetic reso­
nance imaging (MRI) .  MRI is reliable in detecting 
occult fractures within 24 h of injury. 1 8-2 1 

HIP DISLOCATIONS 

• Hip dislocations are most often the result of mas­
sive forces during trauma .  Ninety percent are pos­
terior and 10 percent are anterior. 

• Both types are treated with early closed reduction 
( <6 h) in order to decrease the incidence of a vas­
cular necrosis. 

• Posterior dislocations, which occur when a poste­
rior force is applied to the flexed knee, may coexist 
with acetabular fractures. The leg is foreshortened 
and internally rotated and adducted. AP, lateral, 
and oblique views will evaluate the status of the 
acetabulum and the femoral head. 

• Treatment of posterior dislocations includes early 
closed reduction using the Allis maneuver (hip 
flexion to 90 degrees, then internal and external 
rotation) or the Stimson maneuver (patient prone 
with the l eg hanging over the edge of stretcher 
and application of gentle traction) .  

• Anterior dislocations occur during forced abduc­
tion. The leg is held in abduction and external ro­
tation. 

• Treatment of anterior dislocations includes early 
closed reduction with strong, in-line traction and 
flexing and externally rotating the leg, with abduc­
tion once the femoral head clears the acetabulum. 

FRACTURES OF THE 
FEMORAL SHAFT 

• Femoral shaft fractures typically occur when pa­
tients are involved in a motor vehicle crash.22 

• Spiral midshaft femoral fractures can occur in tod­
dlers who are running and trip in a twisting fash­
ion. Midshaft femoral fractures in children are 
often a result of neglect or abuse.23•24 

• Since the femur has a rich vascular supply and is 
surrounded by soft tissue, it can accommodate 
1 L or more of blood, potentially contributing to 
hypotension and shock after a fracture. 

• Distal neurovascular function should be thor­
oughly evaluated. Diagnosis is confirmed radio­
graphically. 

• Treatment involves immediate immobilization 
with Hare or Sager traction or a Thomas splint. 
Definitive repair is by operative fixation or, in 
children, traction . Open femoral fractures require 
early orthopedic consultation for copious irriga­
tion and debridement in the operating room.25 
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KNEE INJURIES 

RADIOGRAPHIC EVALUATION 

• Anteroposterior (AP), lateral, and oblique views 
are typically obtained for radiographic assessment 
of the knee. 

• Fat-fluid levels may be identified on a lateral view 
of the knee, . . which is suggestive of intraarticular 
fracture. 

• The sunrise view is the most useful view in evaluat­
ing for nondisplaced vertical or marginal fractures 
of the pa tella. 1 .2 
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OTIAWA KN E E  RU LES 

• The Ottawa Knee Rules offer guidelines for ob­
taining radiographs of the knee. Radiographic 
evaluation is recommended if any of the following 
criteria apply: ( 1 )  patient > 55 years old, (2) ten­
derness at the head of the fibula, (3) isolated patel­
lar tenderness, ( 4) inability to flex the knee to 90 
degrees, or (5) inability to transfer weight for four 
steps both immediately after the injury and in the 
emergency department (ED).  

PATELLAR FRACTURES 

• Fractures of  the patella occur most often from a 
direct blow or from a fal l  on a flexed knee but 
may be caused by forceful contracture of the quad­
riceps muscle. Transverse patellar fractures are 
the most common, followed by stellate and com­
minuted fractures. 

• Symptoms include pain and swelling over the pa­
tella. A palpable defect and tenderness are usually 
found on the patella. Patients with nondisplaced 
fractures may be ambulatory. 

• Plain radiographs, including the sunrise view, con­
firm the diagnosis. 

• Treatment depends on the type of fracture: mini­
mally or nondisplaced fractures without disrup­
tion of the extensor mechanism of the knee are 
treated with a knee immobilizer and crutches, fol­
lowed by 6 weeks in a long leg cast. Fractures 
that are displaced >3 mm or comminuted or that 
disrupt the extensor mechanism mandate early 
orthopedic referral for operative repair. 

F EMORAL CONDYLE F RACTURES 

• This injury often results from a fall from a height 
or a direct b low and accounts for 4 percent of 
femoral fractures. 

• Signs and symptoms include pain, swelling, and 
deformity, occasionally with shortening and rota­
tion. Associated neurovascular injuries may in­
clude the popliteal artery and the deep peroneal 
nerve (sensation in the web space between the 
first and second toes) .  The ipsilateral hip and 
quadriceps apparatus should also be fully evalu­
ated for concomitant injuries. 

• Orthopedic consultation is indicated. Nondis­
placed fractures are treated with immobilization; 
displaced fractures are treated with open reduc­
tion and internal fixation (ORIF). 
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TIB IAL SPI N E  AN D TUBEROSITY FRACTURES 

• This injury is caused by anterior or posterior forces 
applied against a flexed knee and are often associ­
ated with avulsions of the cruciate ligament. Frac­
ture of the anterior tibial spine is tenfold more 
common than fracture of the posterior tibial spine. 
On physical examination, the knee is swollen and 
tender and cannot be fully extended due to hemor­
rhagic joint effusion. There is a positive Lach­
man's test. 
Nondisplaced fractures are treated with knee im­
mobilization in full extension. Displaced fractures 
often require ORIF. 

TIB IAL PLATEAU FRACTURES 

• This injury results from a direct blow or  axial 
loading, which forces the femoral condyles onto 
the tibia. The lateral plateau is most commonly 
injured. The fracture occurs more frequently in 
the elderly and can be difficult to detect. 

• Symptoms include pain and swelling of the knee 
and decreased range of motion. Injuries of the 
anterior cruciate and medial collateral ligaments 
are associated with fractures of the lateral plateau, 
whereas injuries of the posterior cruciate and lat­
eral collateral ligarpents are associated with frac­
tures of the medial plateau. 

• Radiographs may demonstrate a fracture or joint 
effusion with a fat-fluid level (lipohemarthrosis) 
on lateral view. Computed tomography (CT) is 
helpful in evaluating the fracture .3 

• Treatment for nondepressed fractures is a long leg 
cast and non-weight-bearing activity. Depressed 
fractures are treated operatively with elevation 
of fragments.3 

LIGAMENTOUS I NJUR I ES  

• Patients with these injuries present with pain and 
swel ling at the knee. A hemarthrosis is common 
but may be absent if there is complete disruption 
of the joint capsule.4 

• Injury to the anterior cruciate ligament (ACL) is 
the most common. ACL spra ins may be associated 
with medial meniscal tears. Patients often describe 
hearing ,an audible "pop" associated with pain 
and swelling at the knee. The Lachman test (most 
sensitive) and pivot-shift test are sensitive for diag­
nosing ACL tears .  

• If there is a demonstrated laxity of more than 1 
cm without a firm end point as compared to the 

other knee, then there is a complete rupture of 
the medial or lateral collateral l igaments. 

• Tears of the posterior cruciate l igament are rarer 
and often involve large posterior forces applied 
to the lower leg. A posterior drawer sign may be 
elicited but is not sensitive. 

• Radiographs frequently reveal only a joint ef­
fusion. 

• Treatment includes knee immobilization, weight 
bearing as tolerated, analgesics, and orthopedic 
follow-up. Arthrocentesis is beneficial only for 
symptomatic re lief from tense hemarthroses that 
cause severe pain. 

MENISCAL INJUR I ES 

Symptoms of meniscal 111Juries include painful 
locking of the knee, a popping or clicking sensa­
tion, or a sensation of the knee giving out. The 
medial meniscus is approximately twice as likely 
as the lateral meniscus to be injured.5 

• Physical examination may reveal atrophy of the 
ipsilateral quadriceps muscle. The McMurray test 
or the grind test may be useful in making the diag­
nosis. 

• Treatment includes knee immobilization, weight 
bearing as tolerated, analgesics, and orthopedic 
follow-up. 

KNEE D ISLOCATION 

• Posterior knee dislocations are the most common 
form of knee dislocation. 

• On physical examination, the knee is unstable; 
occasionally, the dislocation may have reduced 
spontaneously. A thorough neurovascular exam 
must be performed, since there is a high incidence 
of associated popJiteal artery (50 percent inci­
dence) and peroneal nerve (more common with 
posterior dislocations) injury with this dislocation. 

• With the patient under conscious sedation, the 
dislocation should be reduced by applying longi­
tudinal traction. The vascular status should be 
evaluated before and after reduction with an 
ankle-brachia! index (ABI) .  If there is evidence 
of vascular insufficiency, an arteriogram should be 
performed. Some orthopedic surgeons advocate 
arteriography even if the ABI is normal .  

• Emergent orthopedic consultation and admission 
are mandated for this injury. 



PATELLAR DISLOCATION 

• This injury most commonly presents with lateral 
patellar displacement after a twisting injury. A 
torn medial knee-joint capsule may be associated 
with the dislocation . 

• Under conscious sedation, reduction is achieved 
by hyperextending the knee and flexing at the hip 
while sliding the patella medially back into place. 
After reduction, the knee should be immobilized 
in extension. 

• Orthopedic follow-up should be arranged in 1 to 
2 weeks. Recurrent dislocations of the patella oc­
cur in about 15 percent of patients. 

PATELLAR TE N DON RUPTU RE  

• This injury i s  more common in patients <40 years 
old who have a history of patellar tendonitis or 
steroid injections. It occurs after forceful contrac­
tion of the quadriceps muscle. The main symptom 
is pain inferior to the patella. 

• On physical examination, there is a defect inferior 
to the patella, with the inability to extend the knee. 
The patella may be high-riding (patella alta) or 
low-riding (patella baja) .  

• Treatment requires knee immobilization and or­
thopedic consultation for operative repair in 7 to 
10 days. 

QUADR ICEPS TEN DON RUPTURE 

• Quadriceps tendon rupture i s  more common in  
older individuals after sudden contraction of  the 
quadriceps muscle ( landing after a jump). Symp­
toms include sharp pain at the proximal knee on 
ambulating. If the tear is complete, the patient 
will be unable to extend the leg from knee flexion, 
a lthough the ability to do a straight-leg raise may 
be maintained. 

• There may be a palpable defect, with tenderness 
and swelling at the suprapatellar region, and the 
patella may migrate distally (patella baja) .  

• Partial tears are treated similarly to quadriceps 
muscle tears. A complete tear requires orthopedic 
consultation for operative repair. 

PATELLAR TEN DON ITIS 

• This condition, or "jumper's knee,' ' presents with 
pain over the patellar tendon when running up 
hills or standing from a sitting position. 
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• Treatment includes ice, nonsteroidal anti-in­
flammatory drugs (NSAIDs), and quadriceps 
strengthening exercises. 

CHONDROMALACIA PATE LLAE 

• This condition is caused by patellofemoral malal­
ignment, which places lateral stress on the articu­
lar cartilage . It is most common in young, active 
women and presents with anterior knee pain that 
worsens with climbing stairs or rising from a sit­
ting position. 

• Diagnosis is assisted using the patellar compres­
sion test and the apprehension test. 

• Treatment includes NSAIDs, rest, and quadri­
ceps-strengthening exercises. 

LEG INJURIES 

F IBULAR FRACTU RES 

• This injury most commonly involves the distal 
fibula at the ankle. I solated shaft fractures usually 
occur from direct trauma. 

• Since the fibula is not a large, weight-bearing bone, 
the majority of fractures are treated with immobi­
lization and orthopedic referral for casting. 

TIB IAL SHAFT FRACTU RES 

• This injury presents with pain, swelling, and crepi­
tus. A complete neurovascular evaluation is essen­
tial . Signs and symptoms of compartment syn­
drome should be evaluated. 

• Plain radiographs confirm the diagnosis; radio­
graphs of the knee and ankle should be included. 

• Treatment depends on the location and the 
amount and displacement of bony fragments. 
Most fractures of the tibial shaft require urgent 
orthopedic evaluation. Indications for emergent 
operative repair include open fractures, the pres­
ence of vascular compromise, or compartment 
syndrome.6 
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ANKLE INJURIES 

OTIAWA AN KLE RULES FOR ANKLE AND 
MI DFOOT I NJUR IES  

• The Ottawa Ankle Rules for ankle and midfoot 
injuries (Fig. 172- 1 )  are simple guidelines that 
have been extensively validated in numerous clini­
cal trials. When applied properly, they can help the 
emergency physician identify a subset of patients 
who can safely be treated without undergoing ra­
diographic studies. 1-3 

ANKLE SPRAINS 

• Most ankle sprains result from a twisting mecha­
nism, with the vast majority due to an inversion 
mechanism. The ability to bear weight immedi­
ately after an injury with subsequent increase in 
pain and swell ing as the patient continues to am­
bulate suggests a sprain rather than a fracture. 
On physical examination, significant findings in­
clude the absence of bony tenderness in the ankle, 
a normal neurovascular exam, and tenderness and 
soft tissue swelling over the involved ankle liga­
ment. The most common sprain involves the ante­
rior talofibular ligament. 
A positive anterior drawer test of the ankle is 

movement greater than 5 mm in comparison to the 
normal ankle. More than 1 0  degrees of movement 
with inversion or eversion in comparison to the 
other foot is a positive talar tilt test. 

• As with all extremity injuries, the joints above and 
below the injury should be examined. Tenderness 
of the knee, the fibular head, or the proximal fibu­
lar shaft suggests a fibulotibial ligament tear or a 
Maissoneuve fracture. 

• The Achilles tendon should also be examined. 
Rupture of the Achilles tendon occurs with force­
ful plantar flexion. Clinically, an Achilles tendon 
rupture is diagnosed when there is tenderness or 
a defect over the Achilles tendon and a positive 
Thompson's test (absence of plantar flexion of the 
foot when the calf is squeezed) .  Patients should 
be splinted in a neutral position and referred for 
prompt orthopedic follow-up. 

• Most studies indicate that patients with ankle 
sprains who can bear weight easily, whether stable 
or unstable, should be treated with rest, ice, com­
pression, and elevation (RICE) for 24 to 72 h. 
Patients who clearly have an unstable joint should 
be referred to an orthopedic surgeon and may 
benefit from complete immobilization with a pos­
terior short-leg splint until follow-up. 

• Isolated sprains of the deltoid ligament are rare. 
There is usually an associated fibular fracture or 
significant tear of the tibiofibular syndesmosis re­
sulting from an eversion stress. The proximal fib­
ula and fibular shaft should be carefully examined 
for evidence of a Maissoneuve fracture. If radio­
graphs are negative, a significant tear of the syn­
desmosis should be suspected. Treatment is with 
RICE and early orthopedic referral .4 

ANKLE FRACTU RES 

• Henderson's scheme for classifying ankle frac­
tures is based on their radiographic appearance 
(unimalleolar, bimalleolar, or trimalleolar) and is 
adequate for emergency department (ED) treat­
ment purposes. The lateral malleolus is the most 
commonly fractured site. 

• All fractures of the ankle with the exception of 
fibular avulsion fractures require immobilization, 
either with casting alone or with surgical reduction 
and then casting. Isolated avulsion fractures of the 
distal tip of the fibula may be treated as stable 
sprains if minimally displaced, small ( less than 3 
mm), and without evidence of l igamentous insta­
bility.5 

• Unimalleolar injuries may be treated with a poste­
rior short leg splint. The patient should avoid 



A) Posterior 
edge or 
tip of lateral 
malleolus 

CHAPTER 1 72 • ANKLE AND FOOT INJURIES 52 J 

8) Posterior edge 
or tip of medial 
malleolus 

D) Navicular 

LATERAL VIEW MEDIAL VIEW 

a) An ankle x-ray series is only required if: 

There is any pain in malleolar zone and any of these findings: 

i) bone tenderness at A 
OR 

ii) bone tenderness at B 
OR 

iii) inability to bear weight both immediately and in ED 

b) A foot x-ray series is only required if: 

There is any pain in midfoot zone and any of these findings: 

i) bone tenderness at C 
O R  

i i )  b o n e  tenderness a t  D 
OR 

iii) inability to bear weight both immediately and in ED 
FIG. 172-1 The Ottawa Ankle 
Rules for ankle and midfoot in­
juries. 

weight bearing until orthopedic follow-up in 3 to 
5 days. 

• Bimalleolar and trimalleolar fractures usually re­
quire open reduction and internal fixation 
(ORIF). 

• For open fractures, the initial antibiotic of choice 
is a first-generation cephalosporin (usually cefa­
zolin, 1 g IV), or clindamycin (if the patient is 
al lergic to cephalosporins ). An aminoglycoside 
(gentamicin) also may be added if the wound is 
grossly contaminated. 

ANKLE D ISLOCATIONS 

• Dislocations of  the ankle joint usually occur with 
an associated fracture. Patients with fracture-dis­
locations of the ankle are at significant risk of 
neurovascular compromise. 

• In cases where there is evidence of neurovascular 
compromise, the emergency physician should pro-

ceed with reduction of the injury as expeditiously 
as possible, without waiting for radiographs, in 
order to restore vascular integrity. This procedure 
is best accomplished with the emergency physician 
grasping the heel and foot with two hands and 
applying gentle but steady longitudinal traction 
while an assistant stabilizes the proximal leg. Ra­
diographs may be completed once the reduction 
has been done and distal perfusion restored. 

• The patient should be admitted to the hospital 
after orthopedic consultation.6 

FOOT INJURIES 

H I N DFOOT I NJUR I ES 

• Fractures of the calcaneus can be caused by any 
axial load to the heel ,  such as a fal l  from a height. 
Calcaneal injuries are frequently associated with 
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spinal injuries and other lower extremity fractures, 
so a thorough physical examination is mandatory. 

• Although some fractures of the calcaneus are 
clearly apparent on radiographs, others can be 
quite subtle. When a radiograph is unremarkable 
and a calcaneal fracture is still suspected, Boehl­
er's angle-formed by the intersection of a 
straight line extending a long the superior cortex 
of the body of the os calcis with a line extending 
from the dome to the anterior tubercle-should 
be measured on the lateral view of the foot. If the 
angle is less than 20 degrees, a fracture is likely. 

• Comminuted calcaneal fractures are associated 
with a high incidence of compartment syndrome. 

• Orthopedic consultation should be obtained for 
all calcaneal fractures. 

• Talar fractures are uncommon because of the ex­
cessive forces required to fracture the bone. Talar 
fractures usually require ORIF and are frequently 
complicated by avascular necrosis. 

• Peritalar or subtalar dislocations require immedi­
ate orthopedic consultation and urgent reduction. 

MI DFOOT INJUR I ES 

• Isolated fractures of the tarsal bones are uncom­
mon and are usually treated conservatively. 

• Fracture of the navicular bone is the most common 
fracture of the midfoot. 

• When a fracture of the cuboid or cuneiforms is 
identified, an injury to the Lisfranc joint ( tarso­
metatarsal complex) should be suspected. Inj uries 
to this joint are rare and frequently missed in 
the ED.7 

• A fracture of the base of the second metatarsal 
may be viewed as pathognomonic of a disruption 
of the ligamentous complex. This injury should be 
suspected when there is point tenderness over the 
midfoot or when there is laxity between the first 
and second metatarsals in a dorsoplanar direction. 

• Diagnosis is made radiographically on the antero­
posterior view when there is more than a 1-mm 
gap between the bases of the first and second 
metatarsals. 

• Injuries to the Lisfranc joint may require open 
reduction or percutaneous pinning, and long-term 
morbidity may be significant. 

FOREFOOT INJ U R IES 

• Metatarsal fractures commonly are caused by a 
crush mechanism. Most nondisplaced fractures of 
the metatarsal shaft can be treated conservatively. 

Any fracture of the first metatarsal shaft must 
be treated with a period of no weight bearing. 
Displaced fractures of any of the metatarsal shafts 
are problematic, requiring avoidance of weight 
bearing and possibly surgical fixation .  

• Fractures of  the fifth metatarsal are the most com­
mon of the metatarsal fractures. Shaft fractures 
can usually be treated conservatively, as can the 
"pseudo-Jones" fracture (an avulsion from the 
proximal pole). 

• The Jones fracture is a transverse fracture through 
the base of the fifth metatarsal 15 to 31 mm distal 
to the proximal part of the metatarsal . It i s  subject 
to complications much more frequently, including 
malunion or nonunion. The Jones fracture must be 
treated with a non-weight-bearing cast and close 
orthopedic follow-up.8 

PHALANGEAL I NJ U R I ES  

• Most nondisplaced phalangeal fractures can be 
treated conservatively, with "buddy taping" or a 
cast shoe. 

• Dislocations and displaced fractures can be re­
duced by providing a digital block and applying 
manual traction, followed by buddy taping. 

PUNCTURE WOU N DS 

• These wounds carry the risk of retained foreign 
body, deep soft tissue infection, or osteomyelitis. 
Deep penetration increases the risk of damage 
to bone and tendons, and penetration through a 
rubber sole may increase the chance of infection 
with Pseudomonas. 

• Radiographs may be useful in some cases; when 
normal, however, they do not exclude the possibil­
ity of bony injury or retained foreign body. 

• The use of prophylactic antibiotics after a punc­
ture wound is controversial and may be best re­
served for patients who are immunocomprornised, 
have peripheral vascular disease or diabetes, or 
have bone or tendon involvement. 

• Patients who present with delayed puncture 
wounds complicated by infection should have the 
wound opened and irrigated, any foreign material 
removed and any devitalized tissue excised, and 
be started on antibiotic therapy. 

• The antibiotic of choice is usually a first-genera­
tion cephalosporin (such as cephalexin) ,  although 
a flouroquinolone may be added if Pseudomonas 
is suspected. Complicated foot infections, gunshot 



wounds to the foot, and many lawn mower injuries 
require consultation for operative debridement. 
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J JJ COMPARTMENT 
SYNDROMES 

Stefanie R. Seaman 

PA THOPHYSIOLOGY 

• Compartment syndromes are caused by increased 
pressure within a closed tissue space that compro­
mises blood flow to muscles and nerves . 1  

• Normal tissue pressure measures 0 to 10 mmHg. 
Capillary blood flow is compromised at pressures 
greater than 20 mmHg; muscle and nerves become 
at risk for necrosis at pressures of 30 to 40 mmHg 

CHAPTER 1 73 • COMPARTMENT SYNDROMES 523 

or greater. Nerves are more sensitive than muscle 
because they are reliant on nutrient capillaries. 

• Primarily, there are two causes that lead to com­
partment syndromes: ( 1 )  compression of a com­
partment or decreased compartment size and (2) 
volume increase within a closed compartment 
(secondary to hematoma and edema). 

CLI N ICAL F EATURES 

• Severe and constant pain of the involved muscle 
compartment is the hallmark clinical feature. Pal­
pation of the affected compartment, active con­
traction, or passive stretching of muscles in the 
affected compartment(s) will exacerbate a con­
scious patient's pain. 

• Muscle weakness (paralysis) and paresthesia oc­
cur when pressures affect neurologic function. 
This occurs at about the same time as pain. Of 
these, a sensory deficit is the most reliable finding. 

• Pallor, coolness, and absent pulses appear late, 
usually after muscle necrosis has occurred. 

• A thorough history is necessary, since this syn­
drome may occur in critically ill patients who may 
not be able to complain of pain. 

• Any muscle mass enclosed by fascia is at risk for 
compartment syndrome .  Table 173-1 demon­
strates the symptomatology of acute compart­
ment syndromes.2 

DIAGNOSIS AND D I F FERENTIAL 

• Patients who present with compression injuries, 
fractures, penetrating wounds, or hemorrhage 
should prompt a high index of suspicion. 

• The mainstay of diagnosis is measuring compart­
ment pressures. Compartment pressures can easily 
be measured in the emergency department with 
a Stryker STIC Monitor or ACE Intracompart­
mental Pressure Monitor. Using aseptic tech­
nique, an 1 8-gauge needle is inserted into the com­
partment and a small volume of steril e  saline is 
injected. After 1 -s ,  as resistance to flow is over­
come, the self-contained pressure transducer will 
give a measurment in mmHg. 

• Most muscle compartments normally have pres­
sures of less than 10 mmHg, and such pressures 
are often normally near zero. The presence of an 
abnormally elevated pressure confirms the diag­
nosis. 
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TABLE 173-1 Symptomatology of Acute Compartment Syndromes3 

Upper extremity 
Upper arm 

Anterior compartment 

Posterior compartment 

Forearm 
Volar compartment 

Dorsal compartment 

Hand 
Thenar and hypothenar compartments 
I nterosseous compartments 

Lower extremity 
Gluteal compartments 

Thigh compartments 

Leg 
Anterior compartment 

Lateral compartment 

Superficial posterior compartment 

Deep posterior compartment 

Pain on active and passive flexion and extension of 
the elbow 

Hypoesthesia in the distribution of the median, ul­
nar, and radial nerves 

Pain on active and passive flexion and extension of 
the elbow 

Hypoesthesia over the dorsum of the hand 

Pain on active and passive flexion and extension of 
the fingers 

Hypoesthesia over the palm of the hand 
Pain on active and passive flexion and extension of 

the fingers 

Pain on thumb and little finger opposition 
Pain on abduction and adduction of the fingers 

Pain on active and passive flexion and extension of 
the hip 

Sciatic nerve paresthesias 
Pain on active and passive flexion and extension of 

the knee 
Sciatic nerve paresthesias with posterior compart­

ment involvement 

Pain on active and passive dorsiflexion and plantar 
flexion of the foot 

Hypoesthesia of the first web space 
Pain on active and passive eversion and inversion 

of the foot 
Hypoesthesia of the first web space 
Pain on active and passive plantar flexion and dorsi-

flexion of the foot 
Hypoesthesia of the lateral foot 
Pain on dorsiflexing the toes and everting the foot 
Hypoesthesia of the plantar surface of the foot 

EMERGENCY DEPARTMENT CARE 
AN D DISPOSITION 

of treatment is the avoidance of muscle necrosis, 
rhabdomyolysis, and nerve damage in the af­
fected area(s) .4 

• Initial stabilization of injuries and measurement 
of compartment pressures dictate subsequent 
treatment and disposition. 

• Pressures of 10 to 20 mmHg require reevaluation 
in 1 2  to 24 h, with serial measurements of compart­
ment pressure in persistently symptomatic pa­
tients. Judgment must be exercised regarding 
whether to discharge patients based upon their 
likelihood to follow discharge instructions and re­
turn for close follow-up. 

• Pressures greater than 20 mmHg can compromise 
capillary blood flow and require hospital admis­
sion or surgical consultation, as persistent pres­
sures in this range can damage nerve and muscle. 

• Pressures over 30 to 40 mmHg place nerve and 
muscle at risk for necrosis and are grounds for 
immediate fasciotomy. This is accomplished with 
a longitudinal incision of the skin and fascia to 
release the contents of the compartment. The goal 
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For further reading in Emergency Medicine: A Com­
prehensive Study Guide, 5th ed. ,  see Chap. 270, 
"Compartment Syndromes," by Ernest Ruiz. 

1 74 RHABDOMYOLYSIS 

Stefanie R. Seaman 

PATHOPHYSIOLOGY 

• Rhabdomyolysis is a syndrome comprising injury 
to skeletal muscle followed by muscle cell necrosis 
and release of intracellular contents. The common 
cellular event involves disruption of the Na+ -K+ 
ATPase pump and calcium transport. The result 
is increased intracel lular calcium and muscle 
cell necrosis. 

• The most common causes of rhabdomyolysis are 
alcohol and drug abuse. Other causes include toxin 
ingestion, trauma, infection, strenuous physical ac­
tivity, seizures, and heat-related illness. 

• Alcohol causes rhabdomyolysis secondary to mus­
cle compression and a direct toxic effect. Malnutri­
tion and hypophosphatemia in alcoholics also in­
crease the risk . Alcohol contributes to 20 percent 
of all cases of rhabdomyolysis . 1  

• Drugs of  abuse implicated in  acute rhabdomyo­
lysis are cocaine, amphetamines, lysergic acid di­
ethylamide (LSD), heroin, and phencyclidine 
(PCP) . 

• Medications that cause rhabdomyolysis include di­
uretics, narcotics, theophylline, corticosteroids, 
benzodiazepines, phenothiazines, and tricyclic an­
tidepressants. 

• Risk factors for rhabdomyolysis include poor 
physical conditioning, inadequate fluid intake, 
high ambient temperatures, and high humidity 
levels.2 

CLIN ICAL F EATURES 

• Symptoms of  rhabdomyolysis include myalgias, 
stiffness, weakness, malaise, low-grade fever, and 
dark (tea-colored) urine. Brownish urine may be 
absent in mild cases. 

• Nausea, vomiting, abdominal pain, palpitations, 
or mental status change may stem from uremic 
encephalopathy. 

• Muscles may swell after rehydration with IV fluids. 
Postural muscles of the lower back, thighs, and 
calves are most commonly involved. 
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• Complications of rhabdomyolysis include acute 
renal failure, hyperuricemia, hyperkalemia, hy­
perphosphatemia (early), hypocalcemia (early), 
disseminated intravascular coagulation (DIC) 
with hypercalcemia and hypophosphatemia (late), 
and compartment syndrome with peripheral neu­
ropathy. 

• Rhabdomyolysis accounts for 5 to 8 percent of all 
cases of acute renal failure.3-5 Factors contributing 
to acute renal fai lure are hypovolemia, acidosis, 
tubular obstruction, and the nephrotoxic effects 
of myoglobin. Neither the presence of myoglobin 
nor the degree of creatinine phosphokinase (CPK) 
elevation is predictive of which patients will de­
velop acute renal failure. 

DIAGNOSIS AN D D I F FERENTIAL 

• A fivefold or greater increase in the level of CPK is 
the hallmark for the diagnosis of rhabdomyolysis. 
CPK levels rise 2 to 12 h after injury and peak at 
24 to 72 h. Levels decline at a rate of 40% daily. 

• Muscle necrosis and breakdown releases myoglo­
bin. Myoglobin spills in the urine after plasma 
levels exceed 1 .5 mg/dL. Brownish urine occurs 
when urine myoglobin exceeds 100 mg/dL. Myo­
globin contains heme and will test positive for 
occult blood. Myoglobin radioimmunoassays are 
only slightly more sensitive and are not required 
for the diagnosis. 

• Laboratory studies that should be ordered include 
serum electrolytes, blood urea nitrogen (BUN), 
creatinine, calcium, phosphorus, uric acid levels, 
urinalysis, complete blood cell count, and DIC 
profile. 

• Differential diagnosis includes sickle cell disease, 
toxin exposure, inflammatory myopathies, and in­
fectious myalgias. 

EMERGENCY DEPARTMENT CARE 
AND D ISPOSITION 

• The mainstay of treatment is IV rehydration with 
crystalloid to maintain a urinary output of at least 
2 mL/kg/h. This should be continued for 24 to 72 h .  

• Sodium bicarbonate (1  mmol/kg IV bolus) to 
maintain urinary pH above 6.5 has been recom­
mended to decrease ferrihemate production. 

• Furosemide 40 to 200 mg IV may be administered 
to assist in maintaining urinary output. Diuretics 
should be administered only after adequate vol­
ume replacement has been instituted. 

• Electrolyte disorders, including hyperkalemia, 
should be treated in the standard fashion. 
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• Nephrology should be consulted if the patient de­
velops early signs of acute renal failure. 
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MUSCULAR, LIGAMENTOUS, AND 
RHEUMATIC DISORDERS 

1 75 CERVICAL, THORACIC, AND 
LUMBAR PAIN SYNDROMES 

Gary M. Gaddis 

EP IDEMIOLOGY 

• Cervical disk herniations are 1 1/2 times more com­
mon in males and are most common during the 
fourth decade. 

• Spinal spondylosis and stenosis become more 
common as patients age . 

• Thoracic compression fractures become more 
common with advanced age, especially in osteopo­
rotic females. 

• Thoracic and lumbar spinal fractures are most 
common at TlO to L2 from direct trauma or from 
hyperftexion injuries such as trunk ftexion about 
a seat belt. 1 

• Lumbar pain is responsible for more work absen­
teeism than any il lness except the common cold. 
Some 60 to 90 percent of persons will experience 
back pain at some time. The annual prevalence 
of low back pain in working adults may approach 
50 percent.2·3 

• Low back pain has disabled over 5 million individ­
uals. In 85 percent of these, no definite source of 
the pain can be diagnosed.4 

PATHOPHYSIOLOGY 

• Segmental motor or sensory signs associated with 
a nerve root disorder are called radiculopathies. 
Signs and symptoms due to spinal cord disorders 
are called myelopathies. 

• Pain can be generated from any innervated struc-

ture. Pain due to nerve irritation can be perceived 
locally and distally. 

• Neck trauma may cause soft tissue hemorrhage 
or edema between any of the seven fascia! planes 
of the neck, resulting in limited range of motion, 
pain, or swelling. 

• Rear-end motor vehicle crashes tend to cause hy­
perextension of the neck, which explains associa­
tions with hyperextension dislocations, atlas frac­
tures, extension teardrop fractures, posterior arch 
fractures, laminar fractures, or traumatic spondy­
lolisthesis. 

• Head-on motor vehicle crashes tend to cause hyp­
erftexion neck injuries, such as anterior subluxa­
tions, unilateral or bilateral facet dislocations, 
vertebral compression fractures, and spinous pro­
cess avulsions. 

• Direct posterior cervical disc herniations can pro­
duce progressive myelopathies. Posterolateral 
herniations occur more commonly and produce 
cervical radiculopathy. 
Osteophytes and/or buckling of the ligamentum 
ftavum can provoke cervical stenosis. Myelopathy 
due to stenosis becomes more frequent as the di­
ameter of the spinal canal is reduced to less than 
12 mm. 

• The spinal canal and the canals for the paired 
segmental nerves are narrowest in the thoracic 
spine, so the thoracic spine is especially prone to 
compromise from compressing or space-occu­
pying lesions. 

• Thoracic vertebral compression fractures seldom 
cause neurologic compromise. Fractures may be 
due to direct trauma, osteoporosis, or hyperflex­
ion injuries. 

• Pathologic thoracic fractures associated with met­
astatic lesions are more likely to present with my­
elopathy and long tract signs. 

52 7 
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• Since the spinal cord ends at the first or second 
lumbar vertebra in adults and the size of the spinal 
canal is larger in the lumbar than the thoracic 
region, the rate of neurologic compromise ob­
served with lumbar bony injuries is decreased. 

CLIN ICAL FEATU RES 

• Patients with neck pain often have associated stiff­
ness and decreased range of motion. Generally, 
an identifiable inciting position or provocative ma­
neuver can reproduce pain. Localized neck ten­
derness to palpation may be absent. 

• Neck pain radiating in a dermatomal pattern sug­
gests a cervical radiculopathy. Radiculopathies 
may present with neurogenic signs such as sensory 
abnormalities, weakness, muscle hypertonicity, re­
flex changes, or incoordination. Myelopathy may 
be suggested by sexual or sphincter dysfunctions. 

• Neck extension and lateral flexion should exacer­
bate radicular neck pain. Flexion and distraction 
should relieve radicular neck pain. 

• Signs and symptoms of cervical radiculopathy are 
summarized in Table 175- 1 .  

• Thoracic pain syndromes may lack localized pain 
or tenderness of the spine. Lesions at the thoracic 
root typically cause pain worsened by reclining 
and improved by upright positioning. 

• Facet syndrome is a degenerative process that 
causes 15 to 40 percent of chronic back pain. I t  is 
a diagnosis of exclusion and can be confirmed by 
relief with analgesic injection.5 

TAB LE 175-1 Signs and Symptoms of Cervical Radiculopathy 

• Osteoarthritis can cause localized stiffness, radicu­
lar pain, or spinal stenosis. Spinal stenosis is most 
common in the thoracic spine. 

• Long tract signs such as hyperreflexia, an extensor 
toe sign (Babinski sign) ,  urinary incontinence, or 
other neurologic deficit suggest that both intrinsic 
and extrinsic spinal cord pathology must be sus­
pected. 

• Herpes zoster neuralgia and diabetic radiculopa­
thy may affect any spinal level. Pain from zoster 
may precede the development of rash. Diabetic 
neuropathy may cause radicular symptoms, with 
chest, abdominal, or hip pain. 

• Lumbar radiculopathies are summarized in Table 
175-2. 

• A crossover straight-leg-raising sign ( CSLR) is 
pain in the symptomatic leg elicited by elevation 
of the other leg. A CSLR sign is a stronger indica­
tion of nerve root compression than a straight­
leg-raising (SLR) sign on the affected side. Head 
flexion should exacerbate pain when the leg is 
held where the SLR maneuver elicits the limit of 
pain tolerable to the patient. Patients with lumbar 
radiculopathy tend to lean backward to relieve 
tension on the nerve.6 

DIAGNOSIS AND D I F FERENTIAL 

• At any level, large spinal disk herniations, signifi­
cant spinal stenosis, epidural hematomas, epidural 
abscesses, and epidural neoplasms can present 

SENSORY MOTOR 
WEAKNESS DISK SPACE CERVICAL ROOT PAIN COMPLAINT ABNORMALITY 

C l -C2 

C4-CS 

CS-C6 

C6-C7 

C7-Tl 

C l -C2 

cs 

C6 

C7 

cs 

Neck, scalp Scalp 

Neck, shoulder, upper Shoulder, thumb 
arm 

Neck, shoulder, upper Thumb and index finger, 
medial, scapular lateral forearm 
area, proximal fore-
arm, thumb 

Neck, posterior arm, Middle finger, forearm 
dorsum proximal 
forearm, chest, me-
dial ! scapula, mid-
dle finger 

Neck, posterior arm, Ring and little fingers 
medial proximal 
forearm, median in-
ferior scapular bor-
der, medial hand, 
ring and little 
fingers 

ALTERED REFLEX 

Spinati ,  deltoid, biceps Reduced biceps reflex 

Deltoid, biceps, prona- Reduced biceps and 
tor teres, wrist ex- brachioradialis 
tensors reflex 

Triceps, pronator Reduced triceps 
teres reflex 

Triceps, flexor carpi ul- Reduced triceps 
naris, hand in- reflex 
trinsics 
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TABLE 175-2 Symptoms and Signs of Lumbar Radiculopathies 

DISK 
SPACE 

L2-3 

L3-4 

L4-5 

L5-Sl 

N E RVE 
ROOT 

L3 

L4 

LS 

S l  

PAIN 
COMPLAINT 

Medial thigh, knee 

Medial lower leg 

Anterior tibia, great toe 

Calf, little toe 

with similar neurologic findings of radiculopathy 
and/or myelopathy. 

• At all spinal levels, computed tomography (CT) 
or magnetic resonance imaging (MRI) is useful in 
the workup of suspected radiculopathy or myelop­
athy, especially when compressive or neoplastic 
lesions are suspected.7 Long tract signs such as 
hyperreflexia, Babinski's sign, or urinary inconti­
nence imply that intrinsic or extrinsic spinal cord 
pathology must be suspected. Many causes of such 
spinal cord pathology require rapid diagnosis for 
optimal outcomes. 

• Plain radiographs are useful for selected types of 
trauma, especially if  the patient is elderly or if the 
mechanism of injury would lead to suspicion of 
fracture. Radiographs, however, are of little value 
with small or even large disk herniations. 

• For suspected cervical lesions, range-of-motion 
testing, spine compression, and distraction tech­
niques to assess for pain and radicular symptoms 
are critical . Thorough assessment of distal upper 
extremity pulses and a complete neurologic exam­
ination are important. 

• History of IV drug use, infections of the skin or 
urinary tract, and immune suppression are risk 
factors for spinal infection .  Fever is not reliably 
present with such infections. A complete blood 
cell count, urinalysis, and erythrocyte sedimenta­
tion rate can be useful in screening for infection 
in patients at risk for spinal infection.6 

• Lumbosacral pain carries a long differential diag­
nosis, which includes degenerative problems of 
the spine, and potentially life-threatening prob­
lems remote from the spine itself, such as abdomi­
nal aneurysm. Spinal, neurologic, abdominal, vas­
cular, and lower extremity evaluation should occur 
with lumbar pain syndromes. 

• "Red flag" conditions as compiled by the Agency 
for Health Care Policy and Research for the devel­
opment of guidelines for the evaluation of low 
back pain include unexpected anal sphincter lax­
ity, perianal or perineal sensory loss, major lower 
extremity motor weakness, cauda equina syn-

SENSORY MOTOR ALTERED 
CHANGE WEAKNESS REFLEX 

Medial thigh, knee Hip flexors one 

Medial lower leg Quadriceps Knee jerk 

Medial fool Extensor hall ucis Biceps femoris 
long us 

Lateral foot Foot plantar flexors Achilles 

drome (saddle anesthesia, bladder dysfunction of 
recent onset, progressive lower extremity neuro­
logic deficit) , a history suggestive of tumor or in­
fection, or a history suggestive of fracture.6·8 

• Lumbosacral radiographs are indicated in trauma 
patients and in the elderly but are not helpful for 
most cases involving a lumbar pain syndrome. 

• Lower extremity pain exacerbated by ambulation 
can be characteristic of lumbar spinal stenosis or 
lower extremity arterial insufficiency. The follow­
ing are associated with spinal stenosis: age greater 
than 65 years, absence of pain when seated, wide­
based gait, and production of thigh pain with sus­
tained lumbar extension of 30 s.9 Arteriography, 
and CT, or MRI may be needed to differentiate 
the cause of pain exacerbated by ambulation. 

• Waddell's nonorganic physical signs10 can be used 
for challenging cases. These include perceived ten­
derness to superficial skin rolling, low back pain 
exacerbated by axial loading of the head, low back 
pain elicited by whole-body rotation, lack of pain 
with seated SLR but pain with a low angle of 
SLR, weakness or sensory loss in a nonanatomic 
distribution, and overreaction with pain be­
haviors. 

EME RGENCY DEPARTMENT CARE 
AND DISPOSITION 

• Care of patients with significant spinal trauma is 
discussed in Chap. 1 58 .  

• Patients with a progressive neurologic deficit or 
with myelopathy should be admitted for an expe­
dient workup. Some causes of extrinsic pain, such 
as epidural abscess or neoplastic spinal cord com­
pression, must be diagnosed and treated quickly 
to preserve optimal neurologic function. 

• Most patients can be managed as outpatients with 
conservative therapy, including NSAIDs, relative 
rest, cold and heat applications, and other support­
ive measures. Bed rest is reserved only for severe 
pain and should not exceed 2 days. Short-term 
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opioid treatment may be warranted for supple­
mental pain relief. Referral for follow-up evalua­
tion and care is critical.6 

• Close outpatient follow-up should be offered to 
monitor for appearance or progression of neuro­
logic deficits and to monitor the patient's progress. 
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1 76 SHOULDER PAIN 

Gary M. Gaddis 

EP IDEMIOLOGY 

• Rotator cuff impingement injury is the most com­
mon cause of intrinsic shoulder pain. This injury 
continuum ranges from subacromial bursitis, 
through rotator cuff tendinitis, to partial and full 
thickness rotator cuff tears. Patients <25 years 
are most susceptible to subacromial bursitis. Pa­
tients <40 years are unlikely to have rotator cuff 
tears. 
Adhesive capsulitis ("frozen shoulder") is 
most common in postmenopausal, diabetic women 
<70 years. It is only rarely associated with rotator 
cuff tears and is frequently associated with 
prior immobilization, trauma, or cervical disk 
disease. 

PATHOPHYSIOLOGY 

• The muscles of the rotator cuff (supraspinatus, 
infraspinatus, teres minor, and subscapularis) are 
dynamic stabilizers of the glenohumeral joint and 
provide much of the power for shoulder move­
ment. The muscles must function within the 
coracoacromial arch, between the humeral head 
and the coracoid, acromion, and acromioclavicu­
lar ligament. They also function beneath the del­
toid muscle and subacromial bursa. The rotator 
cuff is therefore prone to compression and im­
pingement. 

• The biceps tendon inserts on the glenoid labrum 
after passing between the subscapularis and supra­
spinatus tendons and assists with rotator cuff func­
tion. The long head of the biceps can become 
impinged due to its location. The tendon can be­
come subluxed or dislocated out of the bicipital 
groove of the humerus or can rupture . 

• Activities that cause repeated compression of 
these structures can cause impingement syn­
dromes. The supraspinatus muscle or its tendon is 
the most commonly injured rotator cuff structure. 

• Calcific tendinitis, associated with reversible cal­
cium hydroxyapatite deposition within one or 
more rotator cuff tendons, is most common in the 
supraspinatus tendon. 

• Adhesive capsulitis is associated with idiopathic 
fibrosis and scarring of the shoulder joint capsule. 



CLIN ICAL F EATU RES 

Calcific tendinitis causes pa in  with any motion 
of the shoulder. Osteoarthritis causes pain with 
activity and is relieved with rest. 

• Decreased range of motion, crepitus, weakness, 
or atrophy of shoulder muscles may accompany 
various causes of shoulder pain, especially the 
more severe impingement syndromes. 

• Neer's test involves compressing the rotator cuff 
and subacromial bursa as the examiner forcibly 
but smoothly fully abducts the straightened arm. 
Pain is associated with a positive test. 

• Hawkins' test involves inward rotation of an arm 
previously placed in 90° of abduction and 90° of 
elbow flexion. Inward rotation of the arm across 
the front of the body compresses the rotator cuff 
and bursa between the coracoacromial ligament 
and the humeral head. Pain is associated with a 
positive test. 

• Acute injuries to the rotator cuff generally involve 
acute traumatic forced hyperabduction or hyper­
extension of the shoulder. 

• Calcific tendinitis causes sudden onset of shoulder 
pain, usually at rest, and is exacerbated by any 
shoulder motion . It is usually worse at night and 
coincides with resorption of the calcium deposit. 
The pain generally is self-limited after two weeks. 
Some patients have calcific deposits on shoulder 
radiographs long before they develop shoulder 
pain, and over 60 percent with calcifications never 
develop pain. 

• Adhesive capsulitis often follows periods of immo­
bilization of the shoulder and causes diffuse ach­
ing, especially at n ight, and limited passive and 
active range of motion. Pain is reproduced at the 
limits of motion, but not by palpation . 

• Primary osteoarthritis is associated with degenera­
tive disease in other joints. 

DIAGNOSIS AND D I F F ERE NTIAL 

• Subacromial bursitis usually occurs before age 
25 and is commonly associated with positive im­
pingement tests and tenderness at the lateral 
proximal humerus or in the subacromial space. 
Rotator cuff tendinitis is more common between 
ages 25 to 40 and involves signs of impingement, 
along with tenderness of the rotator cuff, and, 
often, demonstrable rotator cuff muscular weak­
ness. 

• Rotator cuff tears are more common after age 40. 
Tears may be partial or full thickness. Only about 
10 percent are due to acute trauma. Commonly 
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associated findings are muscular weakness, espe­
cially with abduction and external rotation, cuff 
tenderness, muscular atrophy, and impingement 
signs. Crepitus suggests more chronic injury. 

• Osteoarthritis is often present in multiple joints, 
but is especially likely in a previously injured 
shoulder. 

• Adhesive capsulitis is characterized by a general­
ized decreased range of motion, often after a pe­
riod of immobilization. 

• Radiographs are rarely diagnostic, but help detect 
abnormal calcifications with calcific bursitis, osteo­
phytes or other arthritic changes, or subtle gleno­
humeral dislocations, which can be mistaken for 
adhesive capsulitis. 

• Extrinsic causes of shoulder pain should be consid­
ered in the differential, and these include acute 
cardiac, pulmonary, aortic, and abdominal pathol­
ogy. Also cervical spine radiculopathy, brachia! 
plexus disorders, Pancoast's tumor, and axillary 
artery thrombosis must be considered in the evalu­
ation of shoulder pain. 

EMERGENCY DEPARTMENT CARE 
AND DISPOSITION 

• Reduction of pain and inflammation are the goals 
of emergency department care. This usually in­
volves nonsteroidal anti-inflammatory drugs, "rel­
ative rest," and immobilization. Relative rest 
means avoidance of painful activities. 

• A potential complication of local steroid injection 
(e.g. , triamcinolone 20 to 40 mg) is tendon rupture. 
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For further reading in Emergency Medicine: A Com­
prehensive Study Guide, 5th ed. ,  see Chap. 275 , 
"Shoulder Pain," by D .  Monte Hunter. 

J 77 ACUTE DISORDERS OF 
THE JOINTS 

Lance H. Hoffman 

SEPTIC ARTHRITIS 

• Bacterial infection of the joint space presents as 
a monarticular arthritis that can destroy the joint 
in a few hours to days. The patient may lack fever, 
chills, and malaise. 

• While an elevated erythrocyte sedimentation rate 
is insensitive for septic arthritis in adults, it is 90 
percent sensitive in children and infants with sep­
tic arthritis . 1 .2 The white blood cell count lacks 
sensitivity and specificity in both adults and chil­
dren with septic arthritis. 

• Synovial fluid analysis usually reveals cloudy fluid 
with leukocytes >50,000 and cultures that are pos­
itive more than 50 percent of the time. 

• Septic arthritis requires admission to the hospital 
for parenteral antibiotics, generally a combination 
of nafcillin and a third-generation cephalosporin, 
and orthopedic consultation for possible surgical 
drainage. 

GONOCOCCAL ARTHRITIS 

• Gonococcal arthritis is the most common cause 
of septic arthritis in adolescents and young adults 
and usually presents with fever, chills, and migra­
tory arthralgias or tenosynovitis preceding a mon­
arthritis.3 

• Vesiculopustular lesions may be present distal to 
the involved joint. 

• Synovial fluid cultures are often negative. How­
ever, cultures of the posterior pharynx, urethra, 
cervix, and rectum may increase the yield of isolat­
ing the organism.3 

TRAUMATIC HEMARTHROSIS 

• Hemarthrosis has a high association with intraarti­
cular fracture and ligamentous injury. 

• The synovial fluid aspirate may show fat droplets 
if an intraarticular fracture is present. 

• Spontaneous hemarthrosis should prompt an in­
vestigation for a coagulopathy. 

CRYSTAL-INDUCED SYNOVITIS 

• Gout-uric acid crystal deposition-is the most 
common cause of inflammatory joint disease in 
men over the age of 40 years and typically affects 
the great toe, tarsal joints, or knee.4 

• Up to 30 percent of patients with acute gout will 
have normal serum uric acid levels making this 
test of little utility in diagnosing gout.4 

• Pseudogout-calcium pyrophosphate crystal de­
position-typically affects the knee, wrist, ankle, 
or elbow. 

• Synovial fluid analysis will reveal negative bire­
fringent needle-shaped uric acid crystals in gout 
and weakly positive birefringent rhomboid cal­
cium pyrophosphate crystals in pseudogout. 

• Acute treatment is with indomethacin 50 mg PO 
tid for 3 to 5 days, adrenocorticotropic hormone 
40 U intramuscularly ( IM) ,  or colchicine 0.6 mg 
PO q h until efficacy ensues or the patient experi­
ences intolerable gastrointestinal side effects. 

OSTEOARTHRITIS 

• Osteoarthritis is a chronic, oftentimes symmetric, 
arthritis lacking constitutional symptoms, which is 
caused by destruction of the articular, hyaline car­
tilage. 

• Radiographs may show joint space narrowing, 
sclerosis, or osteophyte formation. 

• Acute pain is treated with nonsteroidal anti­
inflammatory drugs (NSAIDs) and resting the af­
fected joint. 

LYME ARTHRITIS 

• Lyme arthritis is the result of a tick b ite that 
infects the host with the spirochete Borrelia 
burgdorferi. 

• Lyme arthritis manifests as a monarticular or sym­
metric oligoarticular arthritis, primarily affecting 
the large joints, with alternating periods of exacer­
bation and complete remission. 

• Synovial fluid cultures are usually positive. 
• Treatment of Lyme arthritis consists of 3 to 4 



weeks of doxycycline, penicillin, amoxicillin, or 
erythromycin. 

ACUTE RHEUMATIC FEVER 

• Acute rheumatic fever is the result of an untreated 
group A ,B-hemolytic streptococcus infection that 
causes an immune-mediated m igratory polyarthri­
tis 3 to 4 weeks after the infection ensued. 

• Diagnosis of acute rheumatic fever requires the 
presence of two major criteria (e.g. , carditis, ar­
thritis, chorea, erythema marginatum, and subcu­
taneous nodules) or one major and two minor 
criteria (e.g., fever, arthralgia, h istory of rheumatic 
fever, and elevated acute phase reactants) .  

• Treatment should include analgesics and penicillin 
or erythromycin. 

REITER'S SYNDROME 

• Reiter's syndrome is a seronegative spondy­
loarthropathy that manifests as an acute, asym­
metric oligoarthritis with a predilection for the 
lower extremities that was preceded 2 to 6 weeks 
earlier by an infectious i l lness, usually urethritis 
or enteritis. 

• The classic triad of urethritis, conjunctivitis, and 
arthritis is not mandatory for diagnosis. 

• Nonsteroidal anti-inflammatory drugs should be 
used for the symptomatic treatment of joint pain. 

ANKYLOSING SPONDYLITIS 

• Ankylosing spondylitis is a seronegative spondy­
loarthropathy primarily affecting the spine and 
pelvis, which is characterized by morning stiffness, 
fatigue, and weakness. 

• Ankylosing spondylitis is associated with HLA­
B27 antigen positivity. 

• Classic radiographic findings include sacroiliitis 
and squaring of the vertebral bodies (e.g. ,  bam­
boo spine). 

• Joint pain should be treated symptomatically 
with NSAIDs. 

RHEUMATOID ARTHRITIS 

• Rheumatoid arthritis is a chronic, symmetric, 
polyarticular synovial joint disease, pathologically 
characterized by synovial pannus formation . This 
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disease is also associated with morning stiffness, 
depression, fatigue, and myalgias. 

• The atlantoaxial joint may be involved in the 
disease process resulting in joint instability and 
the possibility of neurologic injury with minor 
trauma. 

• Acute exacerbations of joint pain are treated with 
immobilization of the affected joint, NSAIDs, and 
corticosteroids. 

VIRAL ARTHRITIS 

• Common viral illnesses including rubella, hepatitis 
B, enteroviruses, adenoviruses, mumps, and Ep­
stein-Barr virus can cause an acute, symmetric, 
polyarticular, immune-mediated arthritis . 

• Treatment is supportive with NSAIDs. 

BURSITIS 

• Bursitis is an inflammatory process involving any 
bursae. It can be caused by infection, trauma, 
rheumatologic disorders, or crystal deposition or 
be idiopathic. 

• Commonly affected bursae include the prepatellar 
bursa (e .g . ,  carpet layer's knee) and the olecranon 
bursa (e .g . ,  student's elbow) . 

• Septic and aseptic bursitis cannot reliably be dif­
ferentiated by physical exam alone so aspiration 
of bursa! fluid is required for cell count and differ­
ential, gram stain, and culture.5-8 

• Treatment entails resting the affected joint, a com­
pressive dressing, analgesics, and antistaphylococ­
cal antibiotics (e.g. ,  amoxicillin clavulonate, 
dicloxacillin ,  or cephalexin) for 10 to 14 days if 
there is evidence of infection. 
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J 78 MUSCULOSKELETAL 
DISORDERS IN ADULTS 

Michael P. Kefer 

RHEUMATIC EMERGENCIES 
ASSOCIATED WITH RISK OF DEATH 

RESPI RATORY SYSTEM 

• Death may result from airway obstruction, respi­
ratory muscle failure, or pulmonary tissue 
involvement. 

• Relapsing polychondritis begins with abrupt onset 
of pain, redness, and swelling of the ears or nose. 
The tracheobronchial cartilage is involved in ap­
proximately 50 percent of cases and manifests as 
hoarseness and throat tenderness. Repeated at­
tacks can lead to airway collapse. Patients should 
receive high-dose steroids and be admitted for ob­
servation. 

• Rheumatoid arthritis ( RA) may involve the crico­
arytenoid joints causing dysphonia, hoarseness, or 
stridor. The joints may fix in a closed position 
mandating emergency tracheostomy. 

• Dermatomyositis and polymyositis involving the 
respiratory muscles may lead to respiratory 
failure . 

• Pulmonary hemorrhage occurs in Goodpasture's 
disease, systemic lupus erythematosus (SLE),  
Wegener's granulomatosis, and other vasculitic 
conditions. 

• Pulmonary fibrosis occurs in ankylosing spondyli­
tis and scleroderma. 

• Pleural effusion occurs in RA and SLE. 

HEART 

• Pericarditis occurs in RA and SLE. 
• Myocardial infarction occurs in Kawasaki's dis­

ease and polyarteritis nodosa. 
• Pancarditis occurs in acute rheumatic fever. 
• Valvular heart disease occurs in ankylosing spon­

dylitis, relapsing polychondritis, and rheumatic fe­
ver. Involvement may extend into the conduc­
tion system. 

ADRENAL GLANDS 

• Glucocorticoids are commonly used for treatment 
of many rheumatic conditions. Any acute stress 
may result in adrenal insufficiency when the de­
mand for glucocorticoids exceeds the supply. 
Stress-dose steroid therapy is indicated. 

RHEUMATIC PRESENTATIONS 
ASSOCIATED WITH RISK 
OF MORBIDITY 

CERVICAL SP INE AN D SPI NAL CORD 

• Rheumatoid arthritis may result in ligamentous 
destruction of the transverse ligament of C2 caus­
ing symptoms of spinal cord compression. 

• Ankylosing spondylitis may result in cervical spine 
inflexibility that predisposes to injury out of pro­
portion to the mechanism. 

• Anterior spinal artery syndrome may result from 
rheumatologic conditions that cause vasculitis, 
aortic dissection, or thromboembolism. 

EYE 

• Temporal arteritis should be considered in any 
patient >50 years who presents with new onset 
headache, visual changes, or j aw claudication. 
Laboratory evaluation reveals an elevated eryth­
rocyte sedimentation rate (>50 mm/h),  anemia, 
and elevated alkaline phosphatase. High-dose ste­
roid therapy should be initiated immediately. 
Temporal artery biopsy for definitive diagnosis 
should be obtained within the next 7 days to be ac­
curate. 



CHAPTER 1 79 • INFECTIOUS AND NONINFECTIOUS INFLAMMATORY CONDITIONS OF THE HAND 535 

• Dry eyes are a common manifestation of Sjo­
gren 's syndrome. 

• Episcleritis occurs in RA. It  is a self-limited, pain­
less injection of the episcleral vessels. 

• Scleritis also occurs in RA. It  presents with 
marked ocular tenderness and a purple discolor­
ation to the eye. The high risk of visual loss and 
scleral rupture mandate high-dose steroid therapy 
and emergent ophthalmologic consult. 

HYPERTENSION 

• Hypertension may result from any rheumatoloo'ic 
condition that affects the kidneys directly, as 

b
in 

SLE, or indirectly, secondary to nephrotoxic drugs 
used to treat the underlying condition. 

K IDNEY 

• Renal insult may be due to either the primary 
disease process, the drugs used to treat the disease, 
or both. 

• Nephritis may result from SLE or Wegener's gran­
ulomatosis. 

• Nephrotic syndrome may result from SLE and 
predisposes to renal vein thrombosis. 

• Renal insufficiency may result from prostaglandin 
inhibition by nonsteroidal anti-inflammatory 
drugs or from rhabdomyolysis associated with ad­
vanced myositis. 
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1 79 INFECTIOUS AND 
NONINFECTIOUS 
INFLAMMATORY 
CONDITIONS OF THE HAND 

Mark E. Hoffmann 

INFECTIOUS HAND CONDITIONS 

EP I DEMIOLOGY 

• 1!"- history of chronic illness or immunodeficiency 
mcreases the risk of hand infection by atypical 
pathogens. 1 .2 

PATHOPHYSIOLOGY 

• Three mechanisms are responsible for hand infec­
tions: superficial injury with extension, penetrat­
ing injury with deep seeding, and, rarely, hematog­
enous spread.3 

• Hand infections spread along fascial planes and 
into adjacent compartments. 

• The bacterial etiology of hand infections depends 
on the source of the offending inoculum. Staphylo­
coccus and Streptococcus species, which colonize 
the skin, are the most common agents of infection.4 

• Intravenous drug abusers typically present with 
an abscess or deep space infection secondary to 
Staphylococcus aureus by direct needle inocula­
tion or by hematogenous spread from endocar­
ditis.3 

• Paronychia and felons are polymicrobial (mostly 
anaerobes) caused by local trauma and contami­
nation with saliva related to chewing on the fin­
gernails. 

• Animal bites are related to the oral flora of the 
offender. Cat bites are associated with Pasteurella 
multocida and human bites with Eikenella cor­
rodens. 

CL IN ICAL F EATURES 

• Cellulitis presents as  a superficial infection with 
localized warmth, erythema, and edema. The as­
sessment of deeper structures by inspection, pal­
pation, and function testing is required to exclude 
the more serious deep space infections. 

• The diagnosis of pyogenic flexor tenosynovitis is 
based on the following four criteria: ( 1 )  pain with 
passive extension, (2) tenderness over the flexor 
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tendon sheath, (3) a flexed position of the involved 
digit, and ( 4) symmetric swelling of the finger. 

• Deep web space infections occur after penetrating 
injury and present with dorsal and volar swelling. 

• Deep midpalmar space infections occur from 
spread of a flexor tenosynovitis or a penetrating 
wound to the palm. The infection involves the 
radial or ulnar bursa of the hand. 

• Closed-fist injury is essentially a human bite 
wound to the metacarpophalangeal (MCP) joint 
of the hand sustained by striking another human 
on the teeth with a closed fist. Initial positioning 
of the hand (clenched fist/flexion of the MCP) 
during the examination is essential for identifying 
extensor tendon injuries. Infection rates are ex­
tremely high. 

• Paronychia is a localized infection of the lateral 
nail fold. In advanced stages, a purulent fluid col­
lection may be visualized beneath the nail .  

• Felon is an infection of the pulp space of the fin­
gertip. Pain results from distention by a purulent 
fluid collection within the fibrous septa of the fin­
ger pad. 

• Herpetic whitlow is a viral infection of the finger­
tip involving intracutaneous vesicles. It presents 
in a similar fashion to a felon. 

DIAGNOSIS AND DI F FERENTIAL 

• Hand infections may have some overlap in specific 
entities. However, with a thorough history and a 
careful examination (inspection, palpation, senso­
rimotor testing, and a range-of-motion evalua­
tion), specific entities may be delineated. Nonin­
fectious hand conditions, including occult 
fractures, should be included in the differential. 

EMERGENCY DEPARTMENT CARE 
AN D DISPOSITION 

• Treatment of cellulitis consists of antibiotics (first­
generation cephalosporin or antistaphylococcal 
penicillin) ,  splinting in the position of function, 
elevation, and 24-h close follow-up care .5 Vanco­
mycin should be administered to patients who are 
IV drug abusers. 

• Flexor tenosynovitis is a surgical emergency. 
Treatment consists of IV antibiotics (/3-lactamase 
inhibitor or first-generation cephalosporin and a 
penicill in), splinting, elevation, and orthopedic 
consult. Ceftriaxone should be administered if 
Neisseria gonorrhoeae is suspected. 

• Deep space infections are treated with IV antibiot-

ics (/3-lactamase inhibitor or first-generation ceph­
alosporin and a penici l l in) , splinting, elevation, 
and orthopedic consult. Patients should be ad­
mitted. 

• Closed-fist injuries are treated with IV antib iotics 
(/3-lactamase inhibitor or first-generation cephalo­
sporin and a penicillin), copious irrigation, splint­
ing, elevation, and orthopedic consult for admis­
sion. Radiographs should be obtained to 
exclude fractures. 

• Treatment of paronychia consists of incision and 
drainage with a no. 1 1  blade. After digital block, 
a lateral incision in the same plane as the nai l  
(scalpel flush to the nail) may be  made for a small 
paronychia. A direct incision over the greatest 
area of fluctuance also may be made. Partial nail 
removal may be required. Antibiotics ( first-gener­
ation cephalosporin or antistaphylococcal penicil­
l in), warm soaks, elevation, immobilization, and 
close follow-up are indicated.6 

• Treatment of felon also consists of incision and 
drainage with a no. 11 blade after a digital block. 
A unilateral longitudinal approach j ust volar to 
the neurovascular bundle is most commonly used. 
The incision begins 5 mm distal to the distal inter­
phalangeal crease and extends up to the fingertip. 
Antibiotics (first-generation cephalosporin or 
antistaphylococcal penicil l in), a sterile packing 
with a cover dressing, splinting, elevation, and 
close follow-up should be arranged. 

• Treatment of herpetic whitlow consists of protec­
tion with a dry dressing (to prevent autoinocula­
tion and transmission) ,  immobilization, and eleva­
tion. Antiviral agents such as acyclovir may 
shorten the duration.7 

NONINFECTIOUS HAND 
CONDITIONS 

PA THOPHYSIOLOGY 

• Tendonitis and tenosynovitis are inflammatory 
states involving the flexor or extensor tendons of 
the hand; overuse and repetitive motion are usu­
ally involved. 

• Trigger finger is a tenosynovitis in the flexor 
sheath of a digit with catching due to stenosis and 
fibrosis in the vicinity of the Al pulley. 

• De Quervain's tenosynovitis is a common in­
flammatory condition associated with overuse of 
the thumb (extensor pollicis brevis and abductor 
pollicis longus tendons) .  

• Carpal tunnel syndrome is a peripheral mononeu­
ropathy that involves entrapment of the median 



nerve in the carpal canal. Direct trauma, overuse, 
pregnancy, and congestive heart failure may cause 
swelling below the transverse carpal ligament that 
roofs the canal, resulting in the compression and 
partial compromise of the median nerve. 

• Dupuytren's contracture is a poorly understood 
disorder resulting in fibrous changes of the subcu­
taneous tissues of the palm and volar aspects of 
the fingers. 

C LI N ICAL FEATURES 

• Tendonitis and tenosynovitis present with pain 
and swelling over the tendons. Palpation produces 
tenderness and active/passive movements result 
in worsened pain. 

• Patients with a trigger finger may describe a sensa­
tion of locking or binding of the tendon after 
ftexion. A painful snap may be experienced with 
unlocking. 

• De Quervain's tenosynovitis usually presents with 
pain along the radial aspect of the wrist, which 
extends into the forearm. Finkelstein's test (pain 
e licited with passive stretch of the tendons by plac­
ing the thumb within the palm of the hand in 
conjunction with ulnar deviation) confirms the di­
agnosis. 

• Carpal tunnel syndrome presents with pain and 
numbness of the palm in the distribution of the 
median nerve . Tinel's sign ( dysesthesia produced 
by tapping over the volar aspect of the wrist) and 
Phalen's sign (paresthesia produced with maximal 
ftexion at the wrist for 1 min) are supportive of 
the diagnosis .  

• Dupuytren's contracture presents with firm longi­
tudinal thickening and nodularity of the superficial 
tissues, which limit hand function and range of 
motion. Palpation of the distal palmar crease at 
the ring or small finger may identify nodules. The 
patient will usually have the classic flexion con­
tracture. 

DIAGNOSIS AN D D I F FERENTIAL 

• Most conditions are diagnosed clinically. When 
the suspicion of infectious etiology is high, antibi­
otic therapy and consultation should follow. 

EMERGENCY DEPARTMENT CARE 
AND DISPOSITION 

• Tendonitis and tenosynovitis are treated with im­
mobilization and nonsteroidal anti-inflammatory 
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drugs (NSAIDs). Physicians may consider in­
jecting triamcinolone 40 mg/mL mixed with 0.5% 
bupivacaine into the synovial sheath . 

• Trigger finger is treated with steroid injections in 
the early stages, but surgical treatment is defin­
itive. 

• De Quervain's tenosynovitis is treated with 
NSAIDs and a thumb spica splint. Steroid injec­
tions may relieve the discomfort. 

• Emergency care of carpal tunnel syndrome con­
sists of a wrist splint and NSAIDs. Unresolving 
cases will require referral for elective surgery. 

• Treatment of a Dupuytren 's contracture requires 
referral to a hand surgeon. 
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J 80 SOFf TISSUE PROBLEMS OF 
THE FOOT 

Mark B. Rogers 

TINEA PEDIS 

• The most common form of tinea pedis is interdigi­
tal, usually a fissure between the fourth and 
fifth digits. 

• The web space is often white, macerated, and 
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soggy owing to the presence of polymicrobial or­
ganisms ( dermatophytes and bacteria) .  The le­
sions may be pruritic and painful. 

• Other forms can affect the entire plantar surface, 
with scaling, erythema, and fissures. 

• Topical imidazole antifungals (e .g . ,  miconazole, 
econazole, ketoconazole, oxiconazole, sulcona­
zole, and tioconazole) are the agents of choice 
and should be applied for 2 to 3 weeks. 

• Alternatively, topical terbinafine or butenafine 
can be applied for 1 to 2 weeks. 

• Oral antifungal therapy (e.g., itraconazole, fluco­
nazole, and terbinafine) for 1 to 2 weeks can be 
used. 1 .2 

ONYCHOMYCOSIS 

• Dermatophyte fungi from surrounding skin cause 
the nail to appear opaque, discolored, and hyper­
keratotic. 

• High-risk patients include the elderly, diabetics, 
and immunocompromised. 

• Oral antifungal agents (itraconazole, terbinafine, 
and fluconazole) are first-line treatment because 
topical agents are poorly absorbed. 

• Treatment can be continuous (daily for 12 weeks) 
or, preferably, given as "pulse dosing" (daily for 
1 week per month for 3 to 4 months) . 

• Adjunctive therapy may include surgical or chemi­
cal debridement of the nai l  matrix.3.4 

ONYCHOCRYPTOSIS (INGROWN 
TOENAIL) 

• Onychocryptosis occurs when part of the nail plate 
penetrates the nail sulcus, usually involving the 
medial or lateral toenail of the great toe. 

• Patients with diabetes, arterial insufficiency, cellu­
litis, or necrosis are at risk for toe amputation. 

• If infection is not present, elevation with a wisp 
of cotton between the nail plate and skin, daily 
foot soaks, and avoidance of pressure may be suf­
ficient therapy. 

• If granulation tissue or infection is present, partial 
removal of the nail and debridement are indicated 
with a wound check in 24 to 48 h .  

BURSITIS 

• Noninflammatory bursae are pressure-induced le­
sions over bony prominences.5 

• Inflammatory bursae are due to gout, syphilis, or 
rheumatoid arthritis. 

• Suppurative bursae are due to pyogenic organ­
isms, usually from adjacent wounds. Nafci l l in or 
oxacillin is the therapy of choice. 

• Diagnosis and treatment depend on analysis of 
the aspirated bursa! fluid. Fluid should be sent for 
cell count, crystal analysis, Gram stain, culture, 
and protein, glucose, and lactate levels. 

PLANTAR F ASCIITIS 

• Plantar fasciitis is usually caused by overuse or 
arises in those unaccustomed to activity. 

• Patients have point tenderness over the antero­
medial calcaneus, which is worse on arising and 
after activity. 

• Plantar fasciitis is usually self limited; the treat­
ment includes rest, ice, and nonsteroidal anti­
inflammatory drugs (NSAIDs) .  Severe cases may 
require a short leg walking cast and podiatric re­
ferral.6 

GANGLIONS 

• A ganglion is a benign synovial cyst attached to 
a joint capsule or tendon sheath. 

• The ganglion is often located at the anterolateral 
ankle. A firm, usually nontender cystic lesion is 
seen on exam. 

• Treatment includes aspiration and injection of glu­
cocorticoids; however, most ganglions require sur­
gical excision.7 

TENDON LESIONS 

• Tenosynovitis or tendonitis usually arise from 
overuse. Treatment includes rest, ice, and 
NSAIDs. Tendon lesions should require orthope­
dic consultation due to their high complication 
rate. 

• Rupture of the Achilles tendon pre sen ts with pain, 
a palpable defect in the area of the tendon, inabil­
ity to stand on tiptoe, and absence of plantar 
flexion with squeezing of the calf (Thompson's 
sign) .  Treatment is surgical in the young and im­
mobilization in equinus in older patients. 

• Rupture of the anterior tibialis tendon, which is 
rare, results in a palpable defect and mild foot 
drop. 

• Rupture of the posterior tibialis tendon occurs 
after the fourth decade and is usually chronic and 



insidious. Findings include a flattened arch, a pal­
pable defect, and inability to stand on tiptoe. 

• Rupture of the flexor hallucis longus tendon pres­
ents with loss of plantar flexion of the great toe 
and must be surgically repaired in athletes. 

• Disruption of the peroneal retinaculum occurs 
with a direct blow during dorsiflexion, causing pain 
and clicking behind the lateral malleolus as the 
tendon subluxes. Treatment is surgery.8 

IMMERSION FOOT (TRENCH FOOT) 

• Immersion foot results from prolonged exposure 
to a moist, nonfreezing ( <65°F or <15°C), occlu­
sive environment. It is classically seen in military 
recruits and the homeless. 
The foot initially becomes pale, pulseless, anesthe­
tic, and immobile but not frozen. With rewarming, 
one sees hyperemia (lasting up to weeks) with 
severe burning pain and return of sensation. 
Edema, bullae, and hyperhidrosis may develop. 
Treatment is admission for bed rest, leg elevation, 
and air-drying. Normally, antibiotics are not indi­
cated.9 

FOOT ULCERS 

• Ischemic ulcers are due to vascular compromise 
of larger vessels. The examination shows a cool 
foot, dependent rubor; pallor on elevation; 
atrophic, shiny skin; and diminished pulses. Treat­
ment is vascular surgery. 10 

• Neuropathic ulcers are pressure ulcers due to poor 
sensation. The ulcers are well demarcated with 
surrounding callus-like material. The foot (in the 
absence of severe vascular disease) is normal ex­
cept with regard to sensation. Treatment is relief 
of pressure and referral to a podiatrist. 

• Diabetics may have both ischemic and neuro­
pathic ulcers . 1 1 

• Infected ulcers require debridement, pressure re­
lief via bed rest or total contact casting, and broad­
spectrum IV antibiotics (e.g. , ampicillin/sulbac­
tam) .  Cultures of the drainage fluid and radio-
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graphs should be obtained. Vascular surgery con­
sultation and admission are often warranted. 

• Palpation of bone in an infected ulcer strongly 
correlates with osteomyelitis . 12 
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PSYCHOSOCIAL DISORDERS 

181 CLINICAL FEATURES OF 
BEHAVIORAL DISORDERS 

Lance H. Hoffman 

DEMENTIA 

• Dementia is a pervasive disturbance in cognitive 
function, usually of gradual onset, that affects 
memory, abstract thinking, judgment, and person­
ality. 

• The first and second most common causes are 
Alzheimer's disease and multi-infarct dementia, 
respectively. 

• Common causes of potentially reversible demen­
tia include metabolic and endocrine disorders, 
polypharmacy, and depression. 

DELIRIUM 

• Delirium is an impairment of cognitive function 
characterized by difficulty maintaining attention 
and alertness (e.g. , "clouding of consciousness") 
and sensory misperceptions. 

• The onset of delirium tends to be acute and follow 
a course of fluctuating severity. 

• Common causes of delirium are infections, elec­
trolyte imbalances, toxic ingestions, and head in­
JUnes. 

INTOXICATION 

• Intoxication is an impairment of j udgment, per­
ception, attention, emotional control, or psycho-

motor activity resulting from the ingestion of an 
exogenous substance. 

WITHDRAWAL 

• Withdrawal is a substance-specific syndrome that 
occurs following cessation or reduction in use of 
a substance of abuse. 

SCIDZOPHRENIA 

• Schizophrenia is a psychotic disorder character­
ized by functional deterioration; hallucinations 
(usually auditory), delusions, disorganized speech, 
or catatonic behavior for at least one month; and 
the absence of a mood disorder. 

• Schizophrenia is the most common psychotic dis­
order and usually begins in late adolescence or 
early adulthood. 

BRIEF PSYCHOTIC DISORDER 

• A brief psychotic disorder is a psychosis of less 
than 4 weeks duration that begins acutely follow­
ing a traumatic life experience. 

DELU�ONAL DIBORDER 

• Delusional disorder is characterized by the grad­
ual development of persistent, nonbizarre delu­
sions that do not impair daily functioning. 

• Delusional disorder tends to begin in middle or 
late adulthood. 
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MAJOR DEPRESSION 

• Major depression is a mood disorder that impairs 
functioning and is more common in women char­
acterized by a persistent dysphoric mood and an­
hedonia of greater than 2 weeks duration. 

• Additional symptoms experienced in major de­
pression include feelings of self-reproach, feelings 
of hopelessness and worthlessness, loss of appe­
tite, sleep disturbances, fatigue, and an inability 
to concentrate. 

• Recurrent thoughts of death or suicide are 
common. 

DYSTHYMIC DISORDER 

• Dysthymic disorder is a chronic, less severe form 
of depression that does not impair daily function­
ing. It is characterized by a depressed mood that 
is present more days than not for at least 2 years. 

BIPOLAR DISORDER 

• Bipolar disorder is a mood disorder characterized 
by the episodic occurrence of mania with more 
frequent episodes of depression. 

• Patients experiencing a manic episode are elated, 
energetic, and expansive, but may rapidly become 
argumentative or hostile if their goals are blocked 
or not achieved. 

• Signs of mania include a decreased need for sleep, 
increased activity, pressured speech, and racing 
thoughts. 

PANIC DISORDER 

• Individuals with panic disorder experience recur­
rent episodes of intense anxiety accompanied by 
autonomic signs including palpitations, tachycar­
dia, dyspnea, chest tightness, dizziness, diaphore­
sis, and tremulousness. 1  

• Panic attacks generally peak i n  approximately 1 0  
min and last n o  more than 1 h .  

• Panic disorder is more common in women and 
tends to manifest in late adolescence to the 
mid-30s. 1  

• Domestic violence, sexual abuse, or sexual assault 
are sometimes the source of the panic attacks. 

• Effective treatment modalities include cognitive­
behavioral therapy and pharmacotherapy with se­
lective serotonin reuptake inhibitors, tricyclic anti-

depressants, monoamine oxidase inhibitors, or 
benzodi azepi n es. 2 

GENERALIZED ANXIETY DISORDER 

• Individuals with generalized anxiety disorder ex­
perience chronic anxiety without discrete panic at­
tacks. 

• Symptoms include apprehensive worrying, muscle 
tension, insomnia, irritability, restlessness, and 
distractibility; and these must be present for 
more than 6 months in order to make the 
diagnosis. 

SIMPLE PHOBIA 

• A simple phobia is characterized by intense fear, 
recognized by the individual as being irrational 
and excessive, that is invoked by a specific stimulus 
(e.g. ,  heights, insects, or enclosed spaces) . 

CONVERSION DISORDER 

• Conversion disorder is a diagnosis of exclusion 
that involves a psychologically produced uncon­
scious loss of physical function in response to a 
recent psychological stressor. 

• Serious organic conditions are developed later in 
25 to 50 percent of individuals with conversion dis­
order.3.4 

• Physical disorders with nonspecific symptoms such 
as systemic lupus erythematosus, multiple sclero­
sis, polymyositis, Lyme disease, and drug toxicity 
should be considered. 

• Patients should be reassured that no serious medi­
cal condition is present and that their symptoms 
will resolve. 

SOMATIZATION DISORDER 

• Somatization disorder is characterized by the pres­
ence of symptoms involving multiple organ sys­
tems that do not have an identifiable organic eti­
ology. 

• Somatization disorder tends to affect women more 
than men and often begins in late adolescence and 
early adulthood. 

• These patients may have a history of having had 
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multiple invasive procedures that yielded nor­
mal results. 

HYPOCHONDRIASIS 

• Hypochondriasis is a preoccupation with the fear 
that an organic medical illness exists despite nor­
mal results of an appropriate medical evaluation 
and reassurance to the contrary. 

PSYCHOGENIC AMNESIA 

• Psychogenic amnesia is the temporary loss of 
memory for important personal information that 
cannot be attributed to an organic etiology. I t  
often occurs in  response to a recent psychologi­
cal stressor. 

PSYCHOGENIC FUGUE 

• Psychogenic fugue is psychogenic amnesia accom­
panied by the individual assuming a new identity 
in a different geographic location from his or 
her home. 
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182 ASSESSMENT AND 
STABILIZATION OF 
BEHAVIORAL DISORDERS 

James Hassen, Jr. 

ACUTE BEHAVIORAL DISORDERS 

CLIN ICAL FEATU RES 

• The emergency department (ED) psychiatric as­
�essment needs to determine if the patient: (a) 
is stable or unstable, (b) has a serious medical 
condition that is causing the abnormal behavior, 
( c) has a primarily psychiatric or functional cause 
for the change in behavior, ( d) requires a psychiat­
ric consultation, and ( e) should be forcibly de­
tained for evaluation. 

• The emergency physician's goal is to distinguish 
organic from functional  disorders. 

• The medical-psychiatric history and physical ex­
amination are the most effective tools in the evalu­
ation of behavioral disorder. 

• Third-party accounts from family, friends, or co­
workers are often the only source for obtaining 
historical information. 

• History that should be obtained include: (a) re­
view of systems, (b) description of previous level 
of functioning, ( c) previous psychiatric i l lness and 
treatment, ( d) history of medications and sub­
stance abuse, (e) exposure to toxins, and (f) stres­
sors in the patient's life. 

• The sudden onset of major change in behavior or 
mood usually results from an organic cause. 

• A sudden change in behavior, especially in a pa­
tient over the age of 40, is a potentially important 
indicator of a new and correctable process. 

• Mental status examination should include assess­
ment of affect, orientation, language, memory, 
thought context, judgment, and perceptual abnor­
malities. 

• Impaired language performance, including diffi­
culty with speech, reading, writing, and word find­
ing, commonly indicates a neurologic disorder. 

• Patients with organic disease often have difficulty 
spelling backward or performing serial calcula­
tions. 

• Visual hallucinations favor organic etioloaies b ' 
while auditory hallucinations favor functional eti-
ologies. 

• The inability for a patient to fill in the numbers 
and hands to form the face of a clock (clock face 
test) indicates organic disease. 
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• Physical examination should include the evalua­
tion of abnormal vital signs and the search for 
signs of trauma. 

DIAGNOSIS AN D D I F FERENTIAL 

• Laboratory tests that should be considered include 
fingerstick serum glucose, urine and serum drug 
screens, pregnancy test, electrolytes, computed to­
mography scan of head, and cerebrospinal fluid 
analysis. 

• Life-threatening disorders that must be ruled out 
in patients with acute changes in behavior include 
central nervous system (CNS) infections, intoxica­
tions, alcohol withdrawal, hypoglycemia, hyper­
tensive encephalopathy, hypoxia, intracranial 
hemorrhage, unintentional poisoning, closed cra­
n ial trauma, seizure, and acute organ system 
failure. 

• Bradycardia may indicate hypothyroidism, Stoke­
Adams syndrome, e levated intracranial pressure, 
or cbolinergic poisoning. 

• Tachycardia may indicate hyperthyroidism, infec­
tion, heart fai lure , pulmonary embolism, alcohol 
withdrawal, anticholinergic toxicity, or sympatho­
mimetic poisoning. 

• Fever may indicate thyroid storm, vasculitis, alco­
hol withdrawal, sedative hypnotic withdrawal, or 
systemic infection. 

• Hypothermia may indicate sepsis, hypoendo­
crine status, CNS dysfunction, or alcohol intoxi­
cation. 

• Hypotension may indicate shock, Addison's dis­
ease, hypothyroidism, or medication side effect. 

• Hypertension may indicate hypertensive encepha­
lopathy or stimulant abuse. 

• Tachypnea may indicate metabolic acidosis, pul­
monary embolism, cardiac failure, or systemic in­
fection. 

EMERGENCY DEPARTMENT CARE 
AN D DISPOSITION 

• Situations that require emergency stabi l ization in­
volve patients stating that they are potentially or 
actually violent, suicidal, or developing rapidly 
progressive medical conditions causing dis­
turbed behavior. 

• Physical restraints may be needed to protect pa­
tients from harming themselves and others. 

• Chemical restraint is indicated when behavior is 
dangerous despite physical restraints. 

• Lorazepam is the agent of choice for control of 
agitated patients. 

• Haloperidol and droperido1 are most effective 
when agitation has psychiatric features. 

• Decision to release patients from physical re­
straints should be made jointly by medical and 
nursing personnel on the basis of patients' be­
haviors. 

SUICIDE 

• The annual rate of suicide in the United States is 
1 percent and accounts for 3 1 ,000 deaths. 

• Those who complete suicide are more l ikely to be 
older, male, living alone, physically il l ,  depressed, 
schizophrenic, have a history of substance abuse, 
or have prior suicide attempts. 

• Drug overdose accounts for the overwhelming 
majority of all suicide attempts. 

EMERGENCY DEPARTMENT CARE 
AN D DISPOSITION 

• High-risk patients (those who display hope­
lessness, depression, and clear suicide intent) re­
quire immediate psychiatric hospitalization. 

• Moderate-risk patients (those who display posi­
tive response to initial intervention and favorable 
social support) may be treated urgently in the 
outpatient setting. 

• Low-risk patients (those who display suicide 
threats or minor attempts during an external cri­
sis) may be managed on an outpatient basis once 
immediate follow-up has been arranged. 

• Strict criteria must be followed before discharg­
ing a child or adolescent patient with suicidal 
ideation or behavior from the ED. These include 
the following: (a) the patient must not be immi­
nently suicidal; (b) the patient must be medically 
stable; (c) the patient and parents agree to return 
to the ED if suicidal intent recurs; ( d) the patient 
must not be intoxicated, delirious, or demented; 
( e) the patient must not have access to potentially 
lethal means for self-harm; (f) treatment of un­
derlying psychiatric diagnoses has been arranged; 
(g) acute precipitants to the crisis have been 
addressed and attempts have been made to re­
solve them; (h) the physician believes that the 
patient and family will follow through with treat-
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ment recommendations; and ( i )  the patient's 
caregivers and social supports are in agreement 
with the discharge plans. 
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ABUSE AND ASSAULT 

183 CHILD AND ELDERLY 
ABUSE 

Craig E. Krausz 

CHILD ABUSE 

EP I DEMIOLOGY 

• Abused children 8 to 1 1  years of age frequently 
state that their abuse has been ongoing for 
years. The assailant is known in 90 percent of 
cases. 1 

• Two-thirds of victims of physical abuse are under 
the age of 3 years, and one-third of victims are 
under the age of 6 months. 

CLIN ICAL F EATU RES 

• Abuse in infancy can result in the failure-to-thrive 
(FTT) syndrome; these children often present to 
the emergency department (ED) for other com­
mon problems, such as diaper rash or gastroen­
teritis. 

• Physical manifestations of FTT include poor phys­
ical care and hygiene, little subcutaneous tissue, 
protruding ribs, loose skin over buttocks, and in­
creased muscle tone.2 

• The behavioral characteristics of FTT in these 
children include a wide-eyed and wary appear­
ance, purposeful aversion to eye contact, irritabil­
ity or fussiness, and assumption of a "straphang­
er's position,"  with arms flexed at the elbows and 
extended over the shoulders.3 

• Psychosocial dwarfs are children over the age of 

2 to 3 years who have suffered neglect and present 
with the triad of short stature, a bizarre, voracious 
appetite, and a disturbed home situation. They 
are frequently hyperactive and have delayed or 
unintelligible speech.4 

• In Munchausen's syndrome by proxy (MSBP), a 
parent induces or fabricates an illness in a child 
in order to secure for h imself or herself prolonged 
contact with health care providers.5 

• The most common complaints in MSBP are bleed­
ing, seizures, altered mental status, apnea, diar­
rhea, vomiting, fever, rash, or multiple organ 
involvement; the patient's problems may be in­
duced by forced administration of warfarin or 
ipecac.6 

• Clinical features of sexual abuse are varied and 
many children present for genitourinary com­
plaints such as vaginal discharge, vaginal bleeding, 
dysuria, urinary tract infections, or urethral dis­
charge. Behavioral disturbances may include ex­
cessive masturbation, genital fondling or other 
sexually oriented or provocative behavior, enco­
presis, and regression.7 

• Shaken-baby syndrome is caused by vigorous 
shaking or thrusting down onto a firm surface.9 

• Clinical features suggestive of physical abuse in­
clude: 
1 .  Bruises, which may be observed over multiple 

areas, especially the low back, buttocks, thighs, 
ear pinna, cheeks, neck, ankles, wrists, corners 
of mouth, and lips. 

2 .  Handprints or marks of blunt objects.8 
3 .  Lacerations of the frenulum or the oral mucosa, 

which may be due to forced feeding. Trauma 
to the genital area in toddlers may be due to 
"punishment" during toilet training. 

4. Immersion burns have a "glove-and-stocking" 
appearance, with sharply demarcated margins. 
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5. Small , circumferential, scab-covered lOJUnes 
are suggestive of cigarette burns. 

6. Bruising around eyes, ears, and cheeks as well 
as swelling of the scalp. 

7 .  Retinal hemorrhages, which are associated 
with intracranial hemorrhage . 

DIAGNOSIS AN D D I F FERENTIAL 

• Histories that are conflicting, inconsistent, or 
changing with the nature or extent of injuries raise 
the suspicion of abuse. 

• Any serious injury in children <5 years of age 
should be viewed with suspicion. 

• Physicians must have a high level of suspicion for 
abuse with any anogenital complaints. 

• Weight, length, and head circumference should be 
measured on FTT infants. Weight is affected more 
then length. 10 Weight gain during the hospitaliza­
tion is the hallmark of environmental FTT. 

• In MSBP, a parent (the mother 98 percent of the 
time) encourages more diagnostic tests and is un­
characteristically happy with a positive result. In 
addition, the patient will often present as a medi­
cally perplexing case and move from hospital to 
hospital .  

• The diagnosis o f  sexual abuse can be  confirmed 
by a careful genital and perianal exam. However, 
since the hymen varies based on age, measure­
ments of the hymen are not reliable. 1 1 - 1 3 Hymeneal 
notch (concavities or clefts) at the 6 o'clock posi­
tion is associated with penetrating trauma. 1 4· 1 5 

• Children with suspected abuse should be evalu­
ated with a complete blood cell count, coagulation 
studies, and a skeletal survey. 

• Rarely, pathologic conditions such as leukemia, 
aplastic anemia, or osteogenesis imperfecta may 
mimic child abuse. 

• Fractures indicative of inflicted injury include spi­
ral fractures of long bones, metaphyseal chip frac­
tures, multiple fractures at different stages of heal­
ing, fractures at unusual sites, and repeated 
fractures to the same site. 

. • The absence of physical examination findings does 
not preclude abuse. 

• Abused children are frequently very compliant 
and submissive and do not resist painful proce­
dures. 

EMERGENCY DEPARTMENT CARE 
AND DISPOSITION 

• A full social services assessment should be ob­
tained. 

Infants with FTT and MSBP should be admitted. 
• Medical care should be directed at physical find­

ings and the nature of the injuries. 
• Every state is required to report suspected child 

abuse cases. Failure to report can result in misde­
meanor charges and fine or imprisonment. 

• The final disposition of the child is  dependent 
upon a court hearing. 

ABUSE IN THE ELDERLY 
AND IMP AIRED 

EPIDEMIOLOGY 

• Elder abuse affects 3 to 4 percent of the elderly 
population. 1 6-20 

CLIN ICAL FEATU RES 

• The elder typically lives with the abuser, who is 
often dependent upon the elder for housing, fi­
nancial support, and emotional support. Abuse 
can come when the caregiver is overwhelmed, 
frustrated, or resentful with the responsibil ities 
involved in caring for a less than fully indepen­
dent elder. 

• The elder patient's cooperation may be difficult 
to obtain secondary to embarrassment, fear of 
abandonment, fear of retaliation, or fear of nurs­
ing home placement. 

• Historical details that should be obtained in e lder 
abuse include caregiver characteristics, family -his­
tory of violence, patient isolation, caregiver and 
elder l iving together, recent stressful l ife events, 
elder characteristics and needs, and symptoms of 
victimization. 

DIAGNOSIS AND DIAGNOSIS 

• Indicators of potential elder abuse are that ( 1 )  
elder i s  fearful o f  his or her companion; (2) there 
are conflicting accounts of the injury; (3) there is 
an absence of assistance from the caregiver; ( 4) 
the caregiver displays an attitude of indifference 
or anger toward the patient; (5) the caregiver is 
overly concerned with the costs; and (6) the care­
giver opposes a private interaction between the 
patient and physician. 

• The physical examination should note any signs 
of poor personal hygiene, inappropriate or soiled 
clothing, dehydration, malnutrition, worsening de-



cubitus ulcers, abrasions, burns, bruises, or sexu­
ally transmitted disease. 

• Bruises on the upper arms bilaterally are consis­
tent with shaking. Bruises on the inside part of 
arms and thighs are suggestive of intentional 
mJury. 

EMERGENCY DEPARTMENT CARE 
AND D ISPOSITION 

• Elder abuse should be considered in the differen­
tial diagnosis when a patient with frequent falls, 
dementia, dehydration or malnutrition is being 
evaluated. 

• Intervention to prevent further abuse should in­
volve consultation with social services and adult 
protective services. 

• Admission is based upon the eider's medical prob­
lems or in order to protect the patient from the 
abuser. 
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184 SEXUAL ASSAULT 

Craig E. Krausz 

EP I DEMIOLOGY 

• Sexual assault accounts for S percent of all vio­
lent crimes. 1  

• One i n  S women will b e  raped during their life­
time,1 and 12 percent of adolescent women have 
experienced some form of sexual abuse or as­
sault.2·3 

• Male sexual assault has a 2 to 4 percent incidence 
of reported cases.4•5 

CLIN ICAL F EATURES 

• A history must be  obtained the  purpose of  which 
is to tactfully obtain data regarding the assault. 
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Essential historical points include the following: 
Who? (whether the assailant was known and the 
number of attackers); What happened? (injuries, 
penetration, ejaculation, foreign object, condom) ;  
When? (time of  assault); Where? (vaginal, oral, or 
rectal penetration) ; Whether the patient douched, 
showered, or changed clothing smce the 
attack) .3•6-8 

• The medical history should include the last men­
strual period, birth control method used, last con­
sensual intercourse, allergies and prior medical 
history, and prior sexual assault.3·6-8 

• The physical examination should note bruises, lac­
erations, or other signs of trauma. Fifty percent 
of rape survivors have injuries outside the geni­
tal region.3·6-8 

• Toluidine blue can aid in detecting subtle vulvar 
lacerations and appears as a linear blue stain.3 

DIAGNOSIS AN D D I F FERENTIAL 

• Rape is not a medical diagnosis but a legal deter­
mination . It requires 3 elements: any degree of 
carnal knowledge; nonconsent (unless a minor, 
intoxicated, or mentally incompetent) ;  compul­
sion or fear of great harm.3•4•6-8 

• Informed consent is required prior to evidence 
collection.3•7•8 

• Wood's lamp may reveal semen. Saliva, fingernail 
scrapings, hair samples, and blood samples should 
be collected. Vaginal swabs should be obtained, 
along with chlamydia and gonorrhea cultures. If 
indicated by history, rectal or buccal swabs for 
sperm should be collected. 

• Courts have historically placed a high significance 
on presence of sperm.9-1 1  Two to 3 h is the average 
time for loss of sperm motility, and nonmotile 
sperm may persist in vagina and rectum for 24 h .  
Seminal fluid i s  destroyed in the mouth within 
hours.6•8 

• Additional forensic tests may include acid phos­
phatase, glycoprotein p30 and genetic typing 
(ABO antigens, peptidase A, phosphoglucomu­
tase, and DNA).3·8 

EMERGENCY DEPARTMENT CARE 
AN D DISPOSITION 

• Care of the rape victim includes management of 
any injuries, tetanus prophylaxis, counseling, and 
pregnancy and sexually transmitted disease pro­
phylaxis. 

• Pregnancy prophylaxis must be initiated within 72 

h after the assault. Ovral (norgestrel plus tethinyl 
estradiol) 2 tablets initially and then 2 tablets 1 2  
h later i s  recommended. 12- 14 A negative pregnancy 
test must be documented prior to pregnancy pro­
phylaxis. 

• Sexually transmitted disease prophylaxis should 
be given for all sexual assault victims using the 
current Centers for Disease Control guidelines 
for gonorrhea, chlamydia, and trichomonas. 15 A 
baseline VDRL should be obtained. 

• Counseling, testing, and prophylaxis for hepatitis 
B and HIV should be performed. The risk of con­
tracting HIV is 0.008 to 0.032 infections per epi­
sode in unprotected anal intercourse and is 0.005 
to 0.0015 infections per episode in unprotected 
vaginal intercourse. When prescribing post-expo­
sure prophylaxis, clinicians must consider the like­
lihood of HIV exposure and the risks and benefits 
of anti-viral therapy. 1 6  
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J 85 PRINCIPLES OF EMERGENCY 
DEPARTMENT USE OF 
COMPUTED TOMOGRAPHY 
AND MAGNETIC 
RESONANCE IMAGING 

Craig E. Krausz 

COMPUTED TOMOGRAPHY 

• Spiral computed tomography (CT), a recent tech­
nologic advance, al lows for continuous data collec­
tion in a spiral fashion. 

• Spiral CT greatly decreases errors secondary to 
movement or breathing. 

• The major advantages of spiral CT over conven­
tional scanning are ( 1 )  rapid data acquisition, (2) 
less contrast material needed, (3) images that can 
be retrospectively reconstructed, ( 4) reduction in 
respiratory and cardiac motion artifacts, and (5) 
ability to produce high-quality three-dimensional 
and multiplanar reconstructions. 

• The major disadvantages of spiral CT are ( 1 )  
weight limitation (patients may not weigh more 
than 350 lb), (2) injection of contrast material must 
be timed precisely, and (3) children and uncooper­
ative adults need sedation. 1  

GENERAL USES AND LIMITATIONS 

• CT i s  the imaging study of  choice for the evalua­
tion of intracranial hemorrhage and lesions; in­
traabdominal pathology including the retroperito-

neum; bony fractures of the face, cervical spine, 
and pelvis; and disorders of the mediastinum.2 

• Spiral CT has become a primary imaging modality 
for evaluating appendicitis and ureteral calculi.3 

• Areas that are poorly imaged with CT include the 
pituitary fossa and the posterior intracranial fossa. 
CT is not sensitive in differentiating the spinal 
cord or nerve roots from cerebrospinal fluid (CSF) 
unless contrast has been injected into the CSF 
space. 

TH E USE OF CONTRAST 

• Contrast can be given orally, intravenously, rec­
tally or intrathecally. 

• Oral contrast ensures adequate contrast opacifi­
cation and distention of the bowel, which en­
hances the appearance of the bowel wall. 

• Water-soluble iodinated contrast should be used 
in trauma patients in order to avoid extravasation 
of barium agents. 

• The administration of oral contrast takes approxi­
mately 2 h in a patient with a normal transit time 
if the entire bowel must be opacified. 

MAGNETIC RESONANCE IMAGING 

BASIC PR INCI PLES OF MRI  

• Magnetic resonance imaging (MRI) has the fol­
lowing advantages over other imaging modalities: 
( 1 )  it does not use ionized radiation; (2) it pro­
duces variable-thickness, two-dimensional slices 
in any orientation through the body part of inter-

553 
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est; and (3) it provides better contrast resolution 
and tissue discrimination than are achievable with 
plain radiographs and ultrasound.45 

SAFETY AND CONSIDERATIONS 

In a few cases, the large magnetic field can be a 
health hazard to the patient, necessitating the use 
of alternative diagnostic methods. 
• Internal cardiac pacemakers may be converted to 

an abnormal asynchronous mode. 
• Certain cerebral aneurysm clips may be affected, 

causing damage to the brain .  
• Small steel slivers in the eyes of metal workers 

may enter the retina and cause damage. 
• Life-support equipment may be affected. 
• Cochlear implants can be damaged. 
• Implantible cardiac defibrillators, neurostimula­

tors, and bone growth stimulators may mal­
function. 

• The presence of a prosthetic heart valve is a rela­
tive contraindication . 

• A complete MRI scan can take 30 to 60 min, which 
requires suspension of all motion. 
Some patients are claustrophobic and have diffi­
culty with the exam. 

APPLICATIONS OF MRI 

• MRI of the brain and spinal cord provides superior 
images in diagnostic quality compared to CT. 

• MRI has a major role in imaging the musculoskel­
etal system .6 However, it is not indicated for 
acute fractures. 

• MRI is preferred in the diagnosis of rotator cuff 
tears of the shoulder, internal derangement of the 
knee, tendon or soft tissue injury of the small 
joints, soft tissue injury of the spine, and posttrau­
matic avascular necrosis of any bone. 

• MRI aids in the evaluation of sequelae of soft 
tissue musculoskeletal trauma, such as muscle 
tears, hematomas, and edema.7·8 

• MRI is extremely sensitive in detecting metastatic 
disease in bone. 

MRI SCAN N I NG IN TH E 
EMERGENT SETI ING 

• Three areas where MRI scanning is  the procedure 
of choice include evaluation of ( 1 )  suspected spi-

nal cord compression, (2) radiographically occult  
femoral intertrochanteric and neck fractures, and 
(3) the pituitary fossa and the posterior intracra­
nial fossa.9 

• Potential future indications for emergent M RI 
scanning include (1 ) aortic dissection, where M RI 
is superior to a contrast CT or transesophageal 
ultrasound in delineating an intimal flap;  (2) 
evaluation of pulmonary embolism; and (3) pedi­
atric fractures when there may be significant 
injury to unossified cartilage around open 
growth plates. 
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186 PRINCIPLES OF EMERGENCY 
DEPARTMENT 
ULTRASONOGRAPHY 

Craig E. Krausz 

FUNDAMENTALS 

• A perfect reflector of ultrasound waves appears 
white and is referred to as hyperechoic. 

• A perfect transmitter of ultrasound waves appears 
dark and is referred to as anechoic. 

• Orientation of the ultrasound image is as follows: 
( 1 )  the skin-transducer interface is at the top of 
the image and (2) the marker on the transducer 
always points to the left side of the screen as 
viewed from the front. 

PRIMARY INDICATIONS FOR 
EMERGENCY DEPARTMENT 
ULTRASONOGRAPHY 

ABDOMI NAL AORTIC AN EURYSM 

• Ultrasound is as accurate as computed tomogra­
phy (CT) in measuring the diameter of an abdomi­
nal aortic aneurysm. 

• An ultrasound examination that images the aorta 
from the diaphragm to its distal bifurcation is ex­
tremely accurate in the evaluation for an abdomi­
nal aortic aneurysm. Any diameter greater than 
3 cm is abnormal. Transverse images measured 
horizontally from outside wall to outside wall are 
the most reliable in accurately determining the 
true size of the aorta. 

• The indications for performing ultrasonography 
of the aorta in the emergency department (ED) 
include hypotensive patients or elderly patients 
with unexplained back, flank, or abdominal pain. 

RENAL COLIC 

• The renal sinus appears as an echogenic stripe 
within the kidney and includes the collecting sys­
tem. The renal cortex occupies the periphery of 
the kidney and has an echogenicity similar to that 
of the liver or spleen. 

• Obstruction of urine outflow from a calculus will 
result in hydronephrosis, which appears as an an-

echoic fluid collection within the renal sinus. Hy­
dronephrosis can be graded from mild, with mini­
mal separation of the sinus echoes, to severe, 
manifest by extensive separation of the central 
echoes. 

• To evaluate for hydronephrosis, both longitudinal 
and transverse images should be obtained of 
both kidneys. 

• Renal cysts are thin-walled, round, anechoic struc­
tures that are typically located at the periphery of 
the kidney. 

• Ureteral calculi are identified by ultrasound in 
only 19 percent of patients with documented 
stones. 1  Hydronephrosis is identified in 73 percent 
of patients with ureteral calcul i .  The calculus caus­
ing the obstruction most often lodges at the ureter­
ovesicular j unction, the ureteropelvic junction, or 
the pelvic brim. 

GALLBLADDER DISEASE 

• Ultrasound is the modality of choice in evaluating 
biliary disease.2 

• Gallstones appear as bright, echogenic foci within 
the gallbladder and move with position. 

• A sonographic Murphy's sign is positive when the 
point of maximal tenderness to transducer pres­
sure is directly over the sonographically located 
gallbladder. A positive sonographic Murphy's sign 
in the presence of cholelithiasis is reported to have 
a 92 percent positive predictive value for symp­
tomatic gallbladder disease. 

• Gallbladder wall thickening, defined as proximal 
gallbladder wall thickness greater than 3 mm, oc­
curs in 50 to 75 percent of patients with acute 
cholecystitis. Other ultrasound findings suggestive 
of bil iary disease include gallbl adder sludge and 
pericholecystic fluid. 

FOCUSED ABDOMI NAL SONOGRAPHY 
FOR TRAUMA 

• The focused abdominal sonography for trauma 
(FAST) examination has an accuracy rate similar 
to that of diagnostic peritoneal lavage (DPL) for 
the detection of hemoperitoneum. The FAST ex­
amination has a sensitivity of 85 to 95 percent and 
a specificity of 96 to 100 percent; it has replaced 
DPL in many trauma centers.3·4 

• The standard views on FAST examination4 in­
clude ( 1 )  the subxiphoid view for the evaluation 
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of pericardia !  fluid; (2) Morison's pouch, the po­
tential space between the right kidney and the 
liver; (3) splenorenal recess, the potential space 
between the left kidney and the spleen; and ( 4) 
the pouch of Douglas and rectovesicular space. In  
addition, the upper abdominal views are capable 
of evaluating the patient for hemothorax.5 

• Hemodynamical ly unstable blunt trauma patients 
with a positive FAST examination for free intra­
peritoneal fluid should be taken to the operating 
room for exploratory laparotomy. 

• The advantages of the FAST examination are that 
it is rapid, portable, accurate, repeatable, noninva­
sive, and inexpensive. 

EVALUATION OF F I RST-TRIMESTER 
PREGNANCY 

• In the ED, ultrasound detection of an intrauterine 
pregnancy greatly reduces the possibility of ec­
topic pregnancy. The incidence of heterotopic 
pregnancy (concurrent intrauterine and ectopic 
pregnancies) is less than 1 in 30,000.6 

• When ED patients present with abdominal pain, 
adnexal mass, and vaginal bleeding, the incidence 
of ectopic pregnancy is greater than 10 percent. 

• The current recommendation is that all first-tri­
mester pregnant patients presenting to the ED 
with any abdominal or pelvic pain, vaginal bleed­
ing, or risk factors for ectopic pregnancy should 
have an ultrasound evaluation. 

• Pelvic ultrasound by emergency physicians has 
been shown to decrease the length of stay in 
the ED.7 

• The earliest sonographic finding of a pregnancy 
is the gestational sac. This appears as a round or 
oval anechoic area within the uterus. True gesta­
tional sacs have two concentric echogenic rings 
surrounding the gestational sac (double decidual 
sign) .  

• Endovaginal scanning can detect a gestational sac 
as early as 4.5 weeks after the last menstrual pe­
riod (LMP), while transabdominal scanning can 
detect a gestational sac at 5.5 to 6 weeks after 
the LMP. An intrauterine pregnancy should be 
detectable on endovaginal scanning if the ,B-HCG 
is greater than 2000 MIU /mL (termed the discrim­
inatory zone) .8 

• Patients with a ,B-HCG greater than the discrimi­
natory zone who do not have evidence of an intra­
uterine pregnancy on ultrasound are at high risk 
for an ectopic pregnancy; immediate obstetric con­
sultation is indicated. 

CARDIAC U LTRASONOGRAPHY 

• The major applications for ED cardiac ultrasonog­
raphy are in the evaluation of pulseless electrical 
activity, cardiac trauma, and pericardia! tampon­
ade. Key sonographic findings are pericardia! fluid 
collections and myocardial wall activity. 
Pericardia! effusions appear as echo-free areas 
within the pericardia! sac. A small pericardia! effu­
sion ( <100 mL) will occupy a dependent position, 
while a larger effusion (>300 mL) will present 
both anteriorly and posteriorly. Sonographic lo­
calization of the pericardia! sac is the best ap­
proach for a pericardiocentesis. 

MISCELLANEOUS EMERGENCY 
DEPARTMENT APPLICATIONS 

• Compression ultrasound has been used by emer­
gency physicians to diagnose deep venous throm­
bosis (DVT) in ED patients.9 Compression ultra­
sound has a sensitivity and specificity of 95 percent 
in venographically proven DVT of the proximal 
leg. 

• Ultrasound may guide the emergency physician 
in performing thoracentesis for small pleural effu­
sions. 

• Ultrasound may assist physicians in identifying 
small foreign bodies in soft tissue. 10 

• Ultrasound use in the placement of central venous 
catheters decreases failure rates and complica­
tions . 1 1  
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J 87 EMERGENCY MEDICAL 
SERVICES 

Lance H. Hoffman 

GENERAL CONSIDERATIONS 

• The National Highway Safety Act of 1 966 author­
ized the United States Department of Transporta­
tion to fund ambulances, communications, and 
training programs for prehospital medical ser­
vices. 1 

• On-line medical control is the direct medical com­
munication of personnel from the hospital to the 
field personnel. 

• Off-line medical control allows field personnel to 
function independently through the use of treat­
ment protocols, quality assurance, and continu­
ing education. 

• Challenges faced by rural emergency medical sys­
tems include long distances, search and rescue, 
and the diminished likelihood of system activation 
secondary to the emergency inciting event not be­
ing witnessed.2 

AIR MEDICAL TRANSPORT 

• Air medical transport is warranted when patient 
care is dependent on time and distance considera­
tions. Traumatic cardiac arrest does not warrant 
air medical transport since its use does not im­
prove survival of these patients.3 

• Advantages of air medical transport include faster 
transport (e.g. , 125 to 175 mi/h) ,  a lack of consider­
ation for traffic or road conditions, and al lowing 

local, and otherwise busy, emergency medical ser­
vices to remain operational. 

• Disadvantages of air medical transport include in­
creases in weather sensitivity, expense, mainte­
nance, continuing education for the crew and dif­
ficulty with in-flight patient assessment. 

NEONATAL AND PEDIATRIC 
TRANSPORT 

• Pediatric cases consist of 5 to 10 percent of an 
emergency medical system's volume, with trauma, 
respiratory emergencies, and seizures the most 
common complaints.4 

• The ambient temperature has a profound effect 
on neonates and small children secondary to a 
large surface-to-body mass ratio, increased water 
vapor skin permeability, and a paucity of subcuta­
neous tissue. 

DISASTER MEDICAL SERVICES 

• The World Health Organization defines a disaster 
as a sudden ecological phenomenon of sufficient 
magnitude to require external assistance.5 

• An external disaster is an event that occurs physi­
cally outside of the hospital. An internal disast.er 
is an event that occurs physically within the hospi­
tal.6 Both may coexist as in the case of a tor­
nado that damages a hospital and the sur­
rounding area. 

• The Joint Commission on the Accreditation of 
Healthcare Organizations (JCAHO) requires that 
hospitals have a prearranged disaster plan and 
documentation of plan rehearsal twice yearly.7 
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JCAHO also requires provisions for the emer­
gency treatment and decontamination of radioac­
tively or chemically contaminated patients.8•9 

• Key elements of a hospital's disaster plan include 
activation, assessment of hospital capacity, estab­
lishing a command center, communications, sup­
plies, administrative and treatment areas, and 
training and dril ls .  

TRIAGE 

• Triage is the prioritization of care based on injury 
or illness severity, prognosis, and resource avail­
ability. Triage care should only consist of manual 
airway management and external hemorrhage 
control. 

• Patients designated as "red" are given first priority 
for definitive treatment. These patients have life­
threatening shock or hypoxia, but survival is likely 
with immediate care. 

• Patients designated as "yellow" are given second 
priority for definitive treatment. These patients 
have systemic manifestations of their injuries, but 
will l ikely endure a 45 to 60 min delay to defini­
tive treatment. 

• Patients designated as "green" are given third pri­
ority for definitive treatment. These patients have 
only localized injuries that can wait several hours 
before receiving definitive care. 

• Patients designated as "black" are considered 
dead in that their injuries are so severe that they 
have a poor chance of survival regardless of the 
level of care provided. 
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NEGLIGENCE AND MEDICAL 
MALPRACTICE 

• Negligence is defined as the failure to do some­
thing that a reasonable person, guided by those 
ordinary considerations that normally regulate hu­
man affairs, would do, or the doing of something 
that a reasonable and prudent person would not 
d0. 1 

• The four components of negligence are duty, 
breach of duty, damages, and causation. The plain­
tiff (injured or complaining party) must prove that 
all four elements existed in order to find the defen­
dant guilty of negligence .2 

• Duty is considered a contract created by formation 
of a physician-patient relationship whereby the 
physician must act in accordance with "standards 
of care" to protect the patient from unreasonable 
risk.2 In general, by contract with the hospital, 
emergency physicians (EPs) have a duty to see all 



patients who present themselves to the emergency 
department to be seen. 

• The standard of care is that which a similarly 
trained "reasonable and prudent physician" 
would exercise under similar circumstances.2 The 
emergency physician is not required to exercise 
the highest degree of skill and care possible but 
must use the degree of skill and care ordinarily 
exercised by physicians within the same 
specialty. 

• Breach of duty occurs if  the physician with an 
established duty fails to act in accordance with 
these standards of care by commission or omission 
of a certain act.2 Emergency physicians are held 
to a national standard of care for a specialist in 
emergency medicine. 

• Damages encompass any actual loss, injury, or 
deterioration sustained by the plaintiff due to the 
breach of duty.2 A plaintiff must prove that the 
damage occurred because of the physician's negli­
gence. 

• Legal causation theoretically consists of two 
branches: causation in fact and foreseeabil ity.2 
Causation in fact means that "an event A is the 
cause of another event B, if and only if B would 
not have occurred when and as it did but for event 
A." The concept of foreseeability is fulfilled if the 
patient's damages must be the foreseeable result 
of the defendant's substandard practice as com­
pared with the standard of the reasonable physi­
cian. A bad result without proof of violation 
of the standard of care does not constitute negli­
gence. 

CONSENT 

• Informed consent is considered ideal-the patient 
knows and understands the risks, benefits and con­
sequences of accepting or refusing treatment.3 
Specific informed consent should be sought and 
obtained by the emergency physician whenever 
an invasive, risky, or complicated treatment or 
procedure is proposed. Examples include non­
emergent thoracentesis, tube thoracostomies, 
paracentesis, and incision and drainage of a com­
plex abscess.4 

• Elements of informed consent include the follow­
ing: ( 1 )  a concise statement of the patient's medi­
cal condition or problem; (2) an understandable 
statement of the nature and purpose of the pro­
posed test, treatment, or procedure; (3) a descrip­
tion of the risks, consequences, and benefits of 
the proposed test, treatment, or procedure; ( 4) a 
statement regarding any viable alternatives to the 
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test, treatment, or procedure; and (5) a statement 
regarding the patient's prognosis if the proposed 
test, treatment, or procedure is not given.4 

• Express consent entails an awareness of the pro­
posed care and an overt agreement (e.g. , in oral 
or written form) to proceed. An example would 
be the patient who comes to the emergency de­
partment, requests assistance for a problem, and 
signs a registration form authorizing evaluation 
and treatment of the problem.4 

• Implied consent is invoked if  an emergency exists 
and the patient is incompetent (e.g. ,  a minor or 
someone with an altered mental status) . Simple 
procedures such as minor wound suturing, phle­
botomy, injections, and peripheral IVs are allowed 
under express or implied consent.4 An exception 
to this is testing for human immunodeficiency vi­
rus (HIV), which requires written informed 
consent .5 

• Emergency consent bypasses normal consent stan­
dards due to the rapid need to treat a clinically 
ill patient. Implied consent is inferred by the pa­
tient's actions but without specific agreement. 
Emergency consent covers actions such as emer­
gent intubation or placement of central lines in a 
critical patient when there is no other access.4 

• Failure to obtain appropriate consent can leave 
the emergency physician vulnerable to a legal ac­
tion based on battery (intentional, unauthorized 
touching) .4 

MI NORS AN D CONSENT 

• The law always implies consent for treatment of 
a child in the event of an emergency. Parental 
consent is not needed; i t  is implied.6 

• All states without a general consent statute for 
minors have provisions that specifically permit the 
physician to treat any minor for venereal disease.6 

• Most states have treatment statutes for minors 
(usually 16 years or older) that enable them to 
consent for medical care. Many states also specifi­
cally permit treatment of minors for drug or alco­
hol problems, pregnancy, and psychiatric condi­
tions.6 

• "Mature minor" statutes vary from state to state 
but allow a minor (usually between 14 to 18 years 
of age) to give informed consent when he or she 
understands the risks and benefits of a treatment. 
This generally applies to treatments that do not 
pose a serious risk .6 

• A parent with sole custody of a child has the legal 
right to provide consent for medical treatment. 
This permission should be obtained prior to treat-
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ment whenever possible. On a practical basis, 
however, if a medical necessity exists and a delay 
could be deleterious, the EP may need to assume 
that a parent in possession of a child has the au­
thority to provide consent.6 

REFUSAL OF CONSENT AND PAT IE NTS 
LEAVING AGAI NST MEDICAL ADVICE 

• On general principle, adult patients may ethically 
and legally refuse treatment totally or in part.7 

• A patient need not have a global decision-making 
ability to refuse treatment but rather enough for 
a given situation-that is, a relative decision-mak­
ing capacity. Clinical circumstances require the 
use of the term capacity, whereas competence is a 
legal term, which can only be determined by a 
court ruling. 

• Multiple components are required for a decision­
making capacity. These include understanding the 
options, awareness of the consequences of each 
option, and appreciation of the costs and benefits 
of the options in relation to relatively stable values 
and preferences.8·9 

• Informed refusal should be carefully documented 
on the chart of a patient who leaves against medi­
cal advice (AMA). 10 The following five issues can 
be problematic and should be addressed in the 
chart: 
1 .  Capacity: Document the patient's mental sta­

tus. Ideally, a patient should be awake and 
alert, able to carry on a reasonable conversa­
tion, and should possess the mental ability to 
discuss the problem and act in his or her own in­
terest. 

2. Discussion: Use and document clear terms that 
a layperson can understand; avoid euphemisms 
and technical jargon. If death is a possibility, 
say so. 

3 .  Offer of alternative treatment: Document 
whether a lternative treatments are available 
and are offered. 

4. Family involvement: Document efforts to in­
volve family or friends in the decision process. 
If the patient forbids family involvement, docu­
ment this accordingly. 

5 .  Patient's signature: The physician is not legally 
protected if the patient signs a standard AMA 
form devoid of the other four elements. How­
ever, if a patient refuses to sign after an appro­
priate informed discussion, simply document 
the refusal to sign. 

RESUSCITATION AND " DO NOT 
RESUSCITATE" ORDERS 

• Current standards suggest that when the possibil­
ity exists that the brain is viable and there are no 
compelling medical or legal reasons to act other­
wise, resuscitation should be initiated . 1 1  

• The current medical standard used to  terminate 
resuscitations should be brain death or cardiovas­
cular unresponsiveness. This principle is well 
founded in the standard references and well sup­
ported ethical ly . 12 

• Medically and ethically, it is important to remem­
ber that there is no obligation to deliver treatment 
that is futile. 1 3 When a person with a terminal 
i l lness is expected to die within a few hours or 
days, further aggressive diagnostic or therapeutic 
care would not benefit the patient and would be 
considered medical ly futile (and thus an ethical 
reason to withhold or cease resuscitation) . 14 

• It is prudent to stabilize the patient first and then 
seek further clarification of his wishes, either from 
the patient directly or with the family or physician. 
Appropriate, ethical reasons to withhold or cease 
resuscitation include irreversible cessation of car­
diac function, brain death, competent patient re­
fusal, or an advance directive such as "Do not 
resuscitate" (DNR). 15 

• Even with a valid DNR order, conditions such 
as pain, infection, dehydration, and respiratory 
difficulty should be addressed. A patient with a 
DNR deserves respectful and compassionate care, 
which can maximize comfort and possibly improve 
the remaining quality of life . 1 5  

PHYSIC IAN TELEPHONE ADVICE 

• Even brief, seemingly straightforward advice is 
potentially a high-risk action when given over the 
telephone. A legally binding relationship (duty­
the first element of a negligence tort) is established 
once advice is given. 10 Since one cannot see the 
patient and further information may not be forth­
coming, an accurate assessment truly cannot be 
made . 10 

• It is acceptable, however, to give basic first aid 
advice if one includes a rejoinder to come immedi­
ately to the emergency department. 10 

• Medical facilities with formal telephone advice 
programs should use specific guidelines, track out­
comes, provide close follow-up, and complete the 
calls with a patient reminder to come to the emer­
gency department. 1 0  



COMPREHENSIVE OMNIBUS 
BUDGET RECONCILIATION ACT 
(COBRA) 

• In 1986 Congress enacted the Comprehensive 
Omnibus Budget Reconciliation Act (COBRA) 
to combat widespread patient-dumping practices. 
The Emergency Medical Treatment and Active 
Labor Act (EMTALA) is the section of COBRA 
that applies to emergency departments. 16•17 

• According to COBRA regulations, a medically 
unstable patient can be transferred to another fa­
cility only if the transferring physician certifies 
that the transfer is medically necessary and the 
receiving facility agrees to accept the patient. 1 7  

• A patient with an i llness or injury who presents 
to an emergency department (whose hospital has 
a Medicare contract) must receive a medical 
screening examination regardless of the ability to 
pay or of insurance coverage. 1 7  

• Next, the patient must be stabilized prior to trans­
fer to another facility. 1 7 

• The patient must understand the risks and benefits 
and sign informed consent for the transfer. 17 

MEDICAL ETHICS 

• There are five basic principles that should guide 
ethical decision making in medical practice.18• 1 9 

• Veracity is telling the truth. I t  forms the basis of 
maintaining an open health care provider-patient 
relationship and of keeping promises. 

• Patient autonomy is  based upon a person's right 
and freedom to make an informed choice about 
what will and will not be done; it also acknowl­
edges the patient's right to privacy. 

• Beneficence is the principle of doing good; it in­
volves promoting the well-being of others and re­
sponding to those in need. 

• Nonmaleficence is the principle of "do no harm," 
which obliges the physician (or other health care 
provider) to protect others from danger, pain, and 
suffering. This concept stems from the Hippocratic 
oath as well as from other ancient medical tradi­
tions. 

• Justice involves fairness, respect for human equal­
ity, and the equitable al location of scarce re­
sources. 
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Boutonniere deformity, 507 
Bradydysrhythmias, mechanisms of, 13-14 
Brain abscess 

clinical features, 446 

diagnosis and differential, 446 
emergency department care and disposition, 446 
epidemiology, 446 
pathophysiology, 446 

Breast surgery complications, 173 
Breech presentation, 205 
Bretylium, 27-28 
Brief psychotic disorder, 541 
Bronchiolitis 

clinical features, 237 
diagnosis and differential, 237 
emergency department care and disposition, 237 
epidemiology, 236-237 
pathophysiology, 237 

Bronchitis 
clinical features, 120 
diagnosis and differential, 1 20 
emergency department care and disposition, 120 
epidemiology, 120 
pathophysiology, 120 

Brown recluse spider, 365 
Brugia malayi, 295 
Bullous diseases, 450-451 
Bullous impetigo, 259 
Bupropion, toxicology of, 318 
Burns 

chemical 
clinical features, 379-380 
emergency department care and disposition, 

380 
epidemiology, 379 
ocular, 452 
pathophysiology, 379 

thermal 
clinical features, 377-378, 377/-378/ 
diagnosis and differential, 378 
emergency department care and disposition, 

378-379, 379t 
epidemiology, 377 
pathophysiology, 377 

Bursitis, 533, 538 
Buspirone, toxicology of, 323 
Buttock trauma. See entry under Trauma 
Button battery ingestion, 138-139 

c 
Calcium channel blockers, 28-29 

toxicology of, 340-34 1 
Candida! intertrigo, 468-469 
CAP (community-acquired pneumonia), 1 17-1 18 
Carbamates, toxicology of, 349 
Carbonic anhydrase inhibitors, toxicology of, 342 
Carbon monoxide. See entry under Toxicology 
Cardiac tamponade, nontraumatic 

clinical features, 100 
diagnosis and differential, 100 
emergency department care and disposition, 1 00 
pathophysiology, 100 

Cardiac transplantation. See Transplant patients 



Cardiogenic shock 
clinical features, 49-50 
diagnosis and differential, 50 
emergency department care and disposition, 50 
epidemiology, 49 
pathopysiology, 49 

Cardiomyopathies 
dilated cardiomyopathy (DCM) 

clinical features, 97 
diagnosis and differential, 97 
emergency department care and disposition, 97-98 
pathophysiology, 97 

dysrhythmogenic right ventricular cardiomyopathy, 
99 

hypertrophic cardiomyopathy 
clinical features, 98 
diagnosis and differential, 98 
emergency department care and disposition, 98 
pathophysiology, 98 

overview, 97 
restrictive cardiomyopathy 

clinical features, 98 
diagnosis and differential, 98 
emergency department treatment and disposition, 

98-99 
overview, 98 

Cardiovascular diseases 
aortic dissection and aneurysms. See Aortic 

dissection and aneurysms 
cardiomyopathies. See Cardiomyopathies 
chest pain and ischemic equivalents 

clinical features, 83 
diagnosis and differential, 83-84, 84t-85t 
emergency department care and disposition, 

84-85 
epidemiology, 83 
pathophysiology, 83, 84f 

heart failure and pulmonary edema. See Heart 
failure and pulmonary edema 

hypertensive emergencies. See Hypertensive 
emergencies 

myocardial ischemia and infarction. See Myocardial 
ischemia and infarction 

myocarditis. See Myocarditis 
nontraumatic peripheral vascular disorders 

deep venous thrombosis. See Deep venous 
thrombosis 

pericardia! disease. See Pericardia! disease 
pulmonary embolism. See Pulmonary embolism 
syncope. See Syncope 
valvular heart disease and endocarditis. See Valvular 

heart disease and endocarditis 
Cardiovascular pharmacology 

adenosine, 29 
class I antidysrhythmic agents 

lidocaine, 25 
procainamide, 25 

class I I  antidysrhythmic agents (beta blockers) 
esmolol, 25-26 
labetalol, 26 

propranolol, 25 
class III  antiarrhythmic agents 

amiodarone, 26-27 
bretylium, 27-28 

class IV antidysrhythmic agents 
diltiazem, 29 
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class IV antidysrhythmic agents (calcium channel 
blockers) 

overview, 28 
verapamil, 28-29 

magnesium, 29 
overview, 25, 26t-28t 
vasoactive drugs (vasoactive and inotropic agents), 

29-30 
atropine, 30 

vasodilator agents 
nitroglycerin, 30 

Carpal tunnel syndrome, 437 
Cat bites 

clinical features, 79 
emergency department care and disposition, 79 
epidemiology, 79 

Caterpillars, 367 
Cat-scratch disease 

clinical features, 79-80 
diagnosis, 80 
emergency department care and disposition, 80 

Caustic ingestions. See entry under Toxicology 
Cellulitis 

clinical features, 303 
diagnosis and differential, 303 
emergency department care and disposition, 303 
infants and children 

clinical features, 228 
diagnosis and differential, 228 
emergency department care, 228 
epidemiology, 227 
overview, 227 
pathophysiology, 227-228 
periorbital/orbital. See Periorbital/orbital cellulitis 

in children 
pathophysiology, 303 

Centrally acting antihypertensives, toxicology of, 342 
Central retinal artery occlusion, 453 
Central retinal vein occlusion, 453 
Certification exam, 1 ,  2t, 3 
Cervical, thoracic, and lumbar pain syndromes 

clinical features, 528, 528t-529t 
diagnosis and differential, 528-529 
emergency department care and disposition, 

529-530 
epidemiology, 527 
pathophysiology, 527-528 

Cervical spine, rheumatic emergencies, 534 
Cestodes (tapeworms) , 296 
Chalzion (internal hordeolum), 449 
Chancroid, 278t, 280 
Cheek lacerations, 69, 69f 
Chemical burns. See Burns, chemical 
Chest pain. See entry under Cardiovascular diseases 
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Chest wall injuries 
clinical features, diagnosis, and differential, 490-491 
emergency department care and disposition, 491 , 

49lt 
Chicken pox, 262, 262/ 
Chiggers, 366 
Child abuse, 216 

clinical features, 547-548 
diagnosis and differential, 548 
emergency department care and disposition, 548 
epidemiology, 547 
fractures associated with, 264-265 

Children. See also Adolescents; Infants; Neonates 
abdominal emergencies. See Abdominal 

emergencies, pediatric 
abuse of. See Child abuse 
altered mental status. See Altered mental status in 

children 
asthma. See Asthma in children 
avascular necrosis syndromes, 267-268 
bacteremia. See Bacteremia in infants and children 
bronchiolitis. See Bronchiolitis 
cellulitis. See "infants and children" under Cellulitis 
congestive heart failure, 21 9-220, 2l9t 
conjunctivitis. See Conjunctivitis 
consent, 561-562 
cyanosis, 2 19-220 
diabetes. See Diabetes mellitus and diabetic 

ketoacidosis in children 
enteroviruses, 260-261 
epiglottitis, 257 
exanthems. See Exanthems, pediatric 
fever. See Fever in infants and children 
fluid and electrolyte disorders. See Fluid and 

electrolyte disorders in infants and children 
foreign body aspiration, 257-258 
gait disturbances, 431 ,  43lt  
head injury, 240 
heart disease. See Heart disease, pediatric 
hernia. See Hernia in adults and children 
hypoglycemia. See "children" under Hypoglycemia 
infectious mononucleosis, 261 
meningitis. See "infants and children" under 

Meningitis 
musculoskeletal disorders. See Musculoskeletal 

disorders in children 
otitis. See Otitis 
peritonsillar abscess. See Peritonsillar abscess, 

children and adolescents 
pharyngitis. See Pharyngitis 
pneumonia. See Pneumonia, children 
priapism, 271 
rashes. See Exanthems, pediatric 
resuscitation. See Resuscitation of children and 

neonates 
rheumatologic problems. See Rheumatologic 

problems, pediatric 
seizures and status epilepticus. See Seizures and 

status epilepticus in infants and children 
sepsis. See Sepsis in infants and children 

sickle cell anemia. See Sickle cell anemia in children 
sinusitis. See Sinusitis, children 
skin and soft tissue infections. See "infants and 

children" under Cellulitis; Conjunctivitis; 
Periorbital/orbital cellulitis in children; Sinusitis, 
children 

stridor. See Stridor in infants and children 
syncope and sudden death. See Syncope and sudden 

death in children and adolescents 
transport, pediatric, 559 
trauma. See Trauma, pediatric 
upper respiratory emergencies. See Upper 

respiratory emergencies in infants and children 
urinary tract infections. See Urinary tract infections, 

pediatric 
vaginal bleeding and pelvic pain in prepubertal 

children 
clinical features, 194-1 95 
diagnosis and differential, 195 
emergency department care and disposition, 195 
epidemiology, 194 
pathophysiology, 194 

vomiting and diarrhea. See Vomiting and diarrhea, 
infants and children 

Chlamydia) infections, 277, 278t 
Chloral hydrate, toxicology of, 323 
Chlorinated hydrocarbons, toxicology of, 349-350 
Cholecystitis and biliary colic 

clinical features, 168 
diagnosis and differential, 168 
emergency department care and disposition, 1 68-1 69 
epidemiology, 167 
pathophysiology, 1 67-168 

Chondromalacia patellae, 519  
Chronic obstructive pulmonary disease (COPD) .  See 

Asthma and chronic obstructive pulmonary disease 
Chronic pain 

clinical features, 59, 60t 
definition of, 59 
emergency department care and disposition, 59, 60t 
epidemiology, 59 
pathophysiology, 59 

Cirrhosis. See Alcoholic liver disease and cirrhosis 
Clavicular fractures, 512  

infants and children, 265 
Clonorchis sinensis (liver fluke), 295 
Closure removal, 81 ,  8lt  
COBRA (Comprehensive Omnibus Budget 

Reconciliation Act), 563 
Cocaine 

ingestion, 139 
toxicology of, 329-331 

Coin ingestion, 138 
Colitis. See Pseudomembranous colitis; Ulcerative 

colitis 
Colorado tick fever, 300 
Coma 

clinical features, 429 
definition, 428 
diagnosis and differential, 429, 429t 



Coma (Continued) 
emergency department care and disposition, 430, 

430t 
pathophysiology, 428-429 

Community-acquired pneumonia (CAP), 1 1 7-118  
Compartment syndromes 

clinical features, 523, 524t 
diagnosis and differential, 523 
emergency department care and disposition, 524 
pathophysiology, 523 

Comprehensive Omnibus Budget Reconciliation Act 
(COBRA), 563 

Computed tomography, emergency department use of 
general uses and limitations, 553 
overview, 553 
use of contrast, 553 

Conduction disturbances 
atrioventricular block, overview of, 22 
second-degree Mobitz I (Wenckebach) 

atrioventricular block 
clinical features, 22, 22f 
emergency department care and disposition, 22-23 

second-degree Mobitz I I  atrioventricular block 
clinical features, 23, 23f 
emergency department care and disposition, 23 

third-degree (complete) atrioventricular block 
clinical features, 23-24, 23f 
emergency department care and disposition, 24 

Congestive heart failure, pediatric, 219-220, 219t 
Conjunctiva! foreign bodies, 451 
Conjunctivitis 

clinical features, 226, 449-450 
diagnosis and differential, 226, 449-450 
emergency department care and disposition, 226, 

449-450 
epidemiology, 226, 449-450 
pathophysiology, 226, 449-450 

Conscious sedation. See Acute pain management and 
conscious sedation 

Consent 
minors and, 561 -562 
overview, 561 
patients leaving against medical advice, 562 
physician telephone advice, 562 
refusal of, 562 
resuscitation and do not resuscitate (DNR) orders, 

562 
Constipation 

clinical features, 160 
diagnosis and differential diagnosis, 160, l60t 
emergency department care and disposition, 160-16 1  
epidemiology, 160 
neonates, 217-218  
pathophysiology, 160 

Constrictive pericarditis. See entry under Pericardia! 
disease 

Contact dermatitis, 467-468 
Contrast, use of, 553 
Conversion disorder, 542 
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COPD. See Asthma and chronic obstructive pulmonary 
disease 

Coral cuts, 370 
Coral snakes, 369 
Cord prolapse, 205 
Corneal abrasion, 450-45 1 
Corneal foreign bodies, 45 1 
Corneal ulcer, 450 
Crohn's disease 

clinical features, 147 
diagnosis and differential, 147 
emergency department care and disposition, 147 
epidemiology, 146 
overview, 146 
pathophysiology, 147 

Cryoprecipitate, 408-409 
Cryptitis 

clinical features, 153 
diagnosis and differential, 153 
emergency department care and disposition, 153 
epidemiology, 152 
pathophysiology, 153 

Cryptosporidium paruum, 296 
Crystal-induced synovitis, 532 
CT. See Computed tomography, emergency 

department use of 
Cuff cellulitis, 210-2 1 1  
Cutaneous abscesses 

clinical features and emergency department care, 304 
pathophysiology, 304 

Cutaneous manifestations of AIDS, 285 
Cyanide. See entry under Toxicology 
Cyanoacrylate glue removal from eye, 452 
Cyanosis 

D 

clinical features, 1 16-1 17 
diagnosis and differential, 1 17, l l  7t 
emergency department care and disposition, 1 17 
pathophysiology, 1 16 
pediatric, 218-220 

DCM (dilated cardiomyopathy). See entry under 
Cardiomyopathies 

Deep peroneal nerve entrapment, 438 
Deep venous thrombosis (DVT) 

antithrombotic therapy, 413 
clinical features, 1 09-1 1 0, l09t 
diagnosis and differential, 1 10 
emergency department care and disposition, 1 10-1 1 1  
overview, 109 
pathophysiology, 1 09, l09t 

Defibrillation and cardioversion 
children and neonates, 33-34 

Delirium, 541 
clinical features, 426 
diagnosis and differential, 426-427 
emergency department care and disposition, 427 
epidemiology, 426 
overview, 426, 427t 
pathophysiology, 426 
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Delivery, emergency 
complications of 

breech presentation, 205 
cord prolapse, 205 
shoulder dystocia, 205 

description, 204-205 
evaluating the pregnant patient, 203-204 

placental abruption, 204 
placenta previa, 204 

postpartum care, 205 
Delusional disorder, 541 
Dementia, 541 

clinical features, 428 
diagnosis and differential, 428, 428t 
emergency care and disposition, 428 
epidemiology, 427 
overview, 427, 427t 
pathophysiology, 428 

DEMENTIA mnemonic, 428 
Dental emergencies. See Oral and dental emergencies 
Depression, 542 
Dermal toxins, 357-358 
Dermatologic emergencies. See Skin, disorders of 
Dermatomyositis, 437 
Diabetes mellitus and diabetic ketoacidosis in children 

clinical features, 246 
diagnosis and differential, 246-247 
emergency department care and disposition, 247-248 
epidemiology, 246 
pathophysiology, 246, 247f 

Diabetes mellitus in pregnant patients, 200 
Diabetic ketoacidosis 

children. See Diabetes mellitus and diabetic 
ketoacidosis in children 

clinical features, 388 
diagnosis and differential, 388-389, 389t 
emergency department care and disposition, 389 
epidemjoJogy, 388 
pathophysiology, 388 

Diagnostic peritoneal lavage (DPL), 497-498 
Dialysis patients, emergencies in 

cardiac arrhythmias and cardiac arrest, 179 
epidemiology, 1 78 
gastrointestinal disorders, 1 79 
hypotension, 179 
neurologic complications, 179 
overview, 1 78 
pathophysiology, 178-179 
peritoneal dialysis, problems specific to, 1 79-1 80 
uremic pericarditis, 1 79 
vascular access, problems related to, 1 80 

Diaphragmatic injuries, 492-493, 497 
Diarrhea. See Vomiting and diarrhea 
Digitalis glycosides, toxicology of, 338-339, 339t 
Digit dislocations, 507 
Dilated cardiomyopathy (DCM). See entry under 

Cardiomyopathies 
Diltiazem, 29 
Disaster medical services, 559-560 
Dislocations. See Fractures and dislocations 

Disseminated intravascular coagulation, bleeding in, 
401-402, 4021 

Diverticulitis 
clinical features, 150 
diagnosis and differential, 1 50 
emergency department care and disposition, 

150-151  
epidemiology, 150  
overview, 1 50 
pathophysiology, 150 

Dizziness. See Vertigo and dizziness 
Dog bites 

clinical features, 78-79 
emergency department care and disposition, 79 

Domestic violence. See Abuse and assault 
Do not resuscitate (DNR) orders, 562 
DPL (diagnostic peritoneal lavage) ,  497-498 
Dracunculus medinensis (fireworm), 295 
Dressings, 80-81 
Drowning. See Near drowning 
Drug-seeking behavior, managing patients with 

clinical features, 61  
diagnosis and differential, 61  
emergency department care and disposition, 61  
epidemiology, 61 
overview, 59,  61 
pregnant patients, 202t, 203 

Drugs of abuse, toxicology of, 327-33 1 ,  330t 
DVT. See Deep venous thrombosis 
Dysbarism 

clinical features, 374-375 
diagnosis and differential, 375 
emergency department care and disposition, 375 
pathophysiology, 374 

Dyshemoglobinemias 
methemoglobinemia, 358-360 
sulfhemoglobinemia, 358-360 

Dysphagia, 135-1 37 
Dyspnea 

clinical features, 1 1 3  
diagnosis and differential, 1 13 
emergency department care and disposition, 1 13 
pathophysiology, 1 13 ,  1 1 41 

Dysrhythmia management 
children and neonates, 33 
conduction disturbances. See Conduction 

disturbances 
dialysis patients, 1 79 
mechanisms of bradydysrhythmias, 13-14  
mechanisms of  tachydysrhythmias, 12-13 ,  1 3f 
normal cardiac conducting system, 1 1  
normal electrocardiogram, 1 1-12, llf-1 2f 
preexcitation syndromes 

clinical features, 24, 24f 
emergency department care and disposition, 

24-25 
pregnant patients, 200-201 
preterminal rhythms 

asystole (cardiac standstil l) ,  24 
pulseless electrical activity, 24 



Dysrhythmia management (Continued) 
supraventricular dysrhythmias. See Supraventricular 

dysrhythmias 
ventricular dysrhythmias. See Ventricular 

dysrhythmias 
Dysthymic disorder, 542 

E 
Ear emergencies. See Otologic emergencies 
Ectopic pregnancy (EP) 

clinical features, 196 
diagnosis and differential, 196-197 
emergency department care and disposition, 197 
epidemiology, 1 96 
pathophysiology, 196 

Ehrlichiosis, 299-300 
Elbow injuries. See Forearm and elbow injuries 
Elderly population 

abuse of 
clinical features, 548 
diagnosis and differential, 548-549 
emergency department care and disposition, 549 
epidemiology, 548 

trauma. See Trauma, geriatric 
Electrical and lightning injuries 

clinical features, 381 
diagnosis and differential, 381 
emergency department care and disposition, 381 -382 
epidemiology, 380 
pathophysiology, 380-381 

Electrocardiogram 
dysthythmias. See Dysrhythmia management 
normal, 1 1 -12 ,  l lf-l2f 

Electrolyte disorders 
hypercalcemia 

clinical features, 39-40 
diagnosis and differential, 40 
emergency department care and disposition, 40 
overview, 39 

hyperkalemja 
clinical features, 38 
diagnosis and differential, 38, 38t 
emergency department care and disposition, 39 

hypermagnesemia 
clinical fi ndings, 40 
diagnosis and differential, 40 
emergency department care and disposition, 40 

h yperna tremia 
clinical features, 37 
diagnosis and differential, 37, 37t 
emergency department care and disposition, 37 

hypocalcemia 
clinical features, 39 
diagnosis and differential, 39 
emergency department care and disposition, 39 

hypokalemia 
clinical features, 37 
diagnosis and differential, 38, 38t 
emergency department care and disposition, 38 

hypomagnesemia 
clinical findings, 40 
diagnosis and differential, 40 
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emergency department care and disposition, 40 
hyponatremia 

clinical findings, 36 
diagnosis and differential, 36, 36t 
emergency department care and disposition, 

36-37 
overview, 35-36 

Emergency medical services 
air medical transport, 559 
disaster medical services, 559-560 
general considerations, 559 
neonatal and pediatric transport, 559 
triage, 560 

Emergency Medical Treatment and Active Labor Act 
(EMTALA), 563 

Emergency medicine administration 
Comprehensive Omnibus Budget Reconciliation Act 

(COBRA), 563 
consent. See Consent 
medical ethics, 563 
negligence and medical malpractice, 560-561 

Emergency medicine board exams. See entries under 
Test preparation 

Emergency wound management 
complications, 1 72 
evaluating and preparing wounds 

clinical features, 63-64, 64t 
emergency department care, 64 
epidemiology, 63 
pathophysiology, 63 

extremities and joints. See Extremities and joints, 
lacerations of 

face and scalp lacerations. See Face and scalp 
lacerations 

fingertip and nail injuries. See Fingertip and nail 
ll1J uries 

postrepair wound care 
antibiotic prophylaxis, 8 1  
closure removal, 8 1 ,  8 l t  
dressing changes, 80-81 
dressings, 80 
pain control, 8 1  
patient instructions, 81 
rechecks, 81 

puncture wounds and animal bites. See Bites, stings, 
and scratches; Puncture wounds 

soft tissue foreign bodies 
clinical features, 75 
diagnosis and differential, 75-76 
emergency department care and disposition, 76 
epidemiology, 75 
pathophysiology, 75 

wound closure methods 
clinical features, 65 
suturing techniques, 65-66 

EMT ALA (Emergency Medical Treatment and Active 
Labor Act),  563 
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Encephalitis 
clinical features, 445 
diagnosis and differential, 445 
emergency department care and disposition, 445-446 
epidemiology, 445 
pathophysiology, 445 

Endocarditis. See Valvular heart disease and 
endocarditis 

Endocrine emergencies 
adrenal insufficiency and adrenal crisis. See Adrenal 

insufficiency and adrenal crisis 
alcoholic ketoacidosis. See Alcoholic ketoacidosis 
diabetic emergencies. See Diabetic ketoacidosis; 

Hyperosmolar hyperglycemic nonketotic 
syndrome; Hypoglycemia 

thyroid disease emergencies. See Thyroid disease 
emergencies 

Entamoeba histolytica, 296 
Enterobius vermicularis (pinworm), 294 
Enteroviruses in children, 260-261 
Entrapment neuropathjes 

carpal tunnel syndrome, 437 
deep peroneal nerve entrapment, 438 
meralgia paresthetica, 438 
ulnar nerve entrapment, 437 

Environmental injuries 
bites and stings. See Bites, stings, and scratches 
burns, thermal and chemical. See Burns 
dysbarism. See Dysbarism 
electrical and Lightning injuries. See Electrical and 

lightning injuries 
frostbite and hypothermia. See Frostbite and 

hypothermia 
heat emergencies. See Heat emergencies 
high altitude medical problems 

clinical features, 372, 373t 
diagnosis and differential, 372 
epidemiology, 371 -372 
field and emergency department care and 

disposition, 373 
pathophysiology, 372 

near drowning. See Near drowning 
poisoning. See Toxicology 
radiation injuries. See Radiation injuries 
trauma and envenomation from marine fauna 

clinical features, 370-371 
emergency department care and disposition, 37 1 
epidemiology, 370 

EP. See Ectopic pregnancy 
Epicondylitis, 5 10 
Epididymitis, 1 83-1 84 
Epiglottitis, 461 

in children, 257 
Episcleritis, 454 
Epistaxis, 457 
Erysipelas, 260 

clinical features, 303 
diagnosis and differential, 303 
emergency department care and disposition, 303-304 
pathophysiology, 303 

Erythema infectiosum, 261  
Erythema multiforme, 465 
Erythema nodosum, 262 
Esmolol, 25-26 
Esophageal emergencies, 496 

clinical features, 136 
diagnosis and differential, 1 36-137 
emergency department care and disposition, 1 37 
epidemiology, 1 35  
pathophysiology, 1 35- 136 

Ethanol, toxicology of, 324-325 
Ethchlorvynol, toxicology of, 323 
Ethics, 563 
Ethylene glycol, toxicology of, 327-328 
Exanthems, pediatric 

bacterial infections 
bullous impetigo, 259 
erysipelas, 260 
impetigo contagiosum, 259, 259/ 
mycoplasma infections, 260 
scarlet fever, 260 
staphylococcal scalded-skin syndrome, 260 

overview, 259 
unclear etiology 

erythema nodosum, 262 
Kawasaki disease, 262-263 
pityriasis rosea, 263 

viral infections 
enteroviruses, 260-261 
erythema infectiosum, 261 
infectious mononucleosis, 261 
measles, 261 
roseola infantum, 262 
rubella, 26 1 -262 
varicella (chicken pox), 262, 262/ 

Exfoliative dermatitis, 465 
Exogenous anticoagulants and antiplatelet agents 

antithrombotic agents 
fibrinolytic agents, 412 
oral anticoagulants, 412 
parenteral anticoagulants, 412  
platelet activation blocker, 412  
platelet aggregation blockers, 4 1 2  

complications o f  antithrombotic therapy, 413 
indications for antithrombotic therapy 

acute myocardial infarction, 41 2-4 1 3, 413t  
deep venous thrombosis and pulmonary embolism, 

4 1 3  
ischemic stroke, 4 1 3  

overview, 41 1 
External hordeolum (stye) ,  449 
Extremities, penetrating trauma to 

clinical features, 503 
diagnosis and differential, 503-504 
emergency department care and disposition, 504 
epidemiology, 503 
pathophysiology, 503 

Extremities and joints, lacerations of 
clinical features, 71 -72, 72/, 731 
diagnosis and differential, 72-73 



Extremities and joints, lacerations of (Continued) 
emergency department care and disposition, 73-74, 

73f 
epidemiology, 71  
pathophysiology, 71  

Eye, ear, nose, throat, and oral emergencies 
Ludwig's angina, 456 
masticator space abscess, 456 
nasal emergencies. See Nasal emergencies and 

sinusitis 
neck and upper airway disorders. See Neck and 

upper airway disorders 
ocular emergencies. See Ocular emergencies 
oral and dental emergencies. See Oral and dental 

emergencies 
otologic emergencies. See Otologic emergencies 
salivary gland problems 

sialoadenitis, 456 
sialolithiasis, 457 

Eyelid lacerations, 68 

F 
Face and scalp lacerations 

cheeks and face, 69, 69f 
ear, 69, 69f 
epidemiology, 66 
eyelids, 68, 451 
lips, 68-69, 68f 
nose, 68 
pathophysiology, 66 
scalp and forehead 

anatomy, 66-67, 67f 
evaluation, 67 
repair of forehead lacerations, 67-68, 67f 
repair of scalp lacerations, 67 
wound preparation, 67 

Facial emergencies. See also Eye, ear, nose, throat, and 
oral emergencies 

facial pain. See Headache and facial pain 
Ludwig's angina, 456 
masticator space abscess, 456 

Failure-to-thrive (FIT) syndrome, 547-548 
Fasciola hepatica (liver fluke), 295 
Fasciolopsis buski (intestinal fluke), 295 
FAST (focused abdominal sonography for trauma), 

555-556 
Feeding difficulties, neonates, 217 
Femoral fractures, 516-51 7  
Fever i n  AIDS patients, 285-286 
Fever in infants and children 

clinical features, 213 
diagnosis and differential 

infants 3 to 24 months, 214 
infants up to 3 months, 213-214 
neonates up to 28 days, 216  
older febrile children, 214 

emergency department care and disposition, 214-215 
epidemiology, 213 
febrile seizures, 239-240 

pathophysiology, 213 
Fibrinolytic agents, 412 
Fibular fractures, 519 
Filariae, 295 
Fingertip and nail injuries 

clinical features, 70 
diagnosis and differential, 70 
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emergency department care and disposition, 70-71  
epidemiology, 70 
pathophysiology, 70, 70f 

Fireworm, 295 
Fissure in ano 

clinical features, 153 
diagnosis and differential, 153 
emergency department care and disposition, 153 
epidemiology, 1 53 
pathophysiology, 1 53 

Fistula in ano 
clinical features, 155 
diagnosis and differential, 155 
emergency department care and disposition, 155 
epidemiology, 155 
pathophysiology, 155 

Flank trauma. See entry under Trauma 
Fleas, 366-367 
Fluid and electrolyte disorders in infants and children 

clinical features, 35, 254-255, 254t 
diagnosis and differential, 255 
emergency department care and disposition, 36, 255 
epidemiology, 253 
overview, 253 
pathophysiology, 253-254 

Fluid disorders, 35-36 
Flukes, 295-296 
Focused abdominal sonography for trauma (FAST), 

555-556 
Food impaction, 138 
Foot 

injuries 
forefoot, 522 
hindfoot, 521 -522 
midfoot, 522 
phalangeal , 522 
puncture wounds, 522-523 

soft tissue problems 
bursitis, 538 
foot ulcers, 539 
ganglions, 538 
immersion foot (trench foot), 539 
onychocryptosis (ingrown toenail) ,  538 
onychomycosis, 538 
plantar fasciitis, 538 
tendon lesions, 538-539 
tinea pedis, 537-538 

Forearm and elbow injuries 
biceps rupture, 510 
elbow dislocation, 509 
elbow fractures, 509 
humeral condyle fractures, 510  
lateral epicondylitis, 510 
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Forearm and elbow injuries (Continued) 
medial epicondylitis, 510 
neuroanatomy of  forearm and hand, 5 1 1  
olecranon fractures, 5 1 0  
radius and ulna fractures, 510-5 1 1  
subluxation o f  radial head ("nursemaid's elbow"), 

265-266, 5 1 1  
supracondylar fractures, 509 
triceps rupture, 510 

Forefoot injuries, 522 
Foreign bodies 

aspiration in infants and children 
clinical features, 257-258 
emergency department care and disposition, 258 

conjunctiva!, 451 
corneal, 451 
ear, 456 
nasal, 457 
rectal. See Rectal foreign bodies 
soft tissue. See entry under Emergency wound 

management 
swallowed. See Foreign bodies, swallowed 
urethra, 185 

Foreign bodies, swallowed 
clinical features, 138 
diagnosis and differential, 138 
emergency department care and disposition 

button battery ingestion, 138-1 39 
cocaine ingestion, 1 39 
coin ingestion, 138 
food impaction, 138 
foreign body retrieval, 139 
sharp object ingestion, 139 

epidemiology, 137 
pathophysiology, 137-138 

Fosphenytoin,  toxicology of. See "phenytoin and 
fosphenytoin" entry under Toxicology 

Fractures and dislocations 
ankle injuries. See Ankle injuries 
children. See Musculoskeletal disorders in children 
compartment syndromes. See Compartment 

syndromes 
early management 

clinical features, 505-506 
emergency department care and disposition, 506 
pathophysiology, 505 

foot injuries. See Foot injuries 
forearm and elbow injuries. See Forearm and elbow 

injuries 
hand and wrist injuries. See Hand and wrist injuries 
knee injuries. See Knee injuries 
leg injuries 

fibular fractures, 519 
tibial shaft fractures, 519  

nose, 457 
pelvic, hip, and femur injuries. See Pelvic, hip, and 

femur injuries 
rhabdomyolysis. See Rhabdomyolysis 
shoulder and humerus. See Shoulder and humerus 

injuries 

Fresh-frozen plasma, 408 
Frostbite and hypothermia 

clinical features, 361 -362 
diagnosis and differential, 362 
emergency department care and disposition, 362 
epidemiology, 361 
pathophysiology, 361 

FTT (failure-to-thrive) syndrome, 547-548 

G 
GABHS (group A beta-hemolytic streptococcus) 

pharyngitis, 223-224, 224t 
Gait disturbances 

clinical features, 431 
diagnosis and differential, 431-432 
emergency department care and disposition, 432 
pathophysiology, 431 ,  431 t  

Gallstones. See Cholecystitis and biliary colic 
Gamekeeper's thumb, 507 
Gamma-hydroxybutyrate, toxicology of, 323 
Ganglionic blockers, toxicology of, 342 
Ganglions, 538 
Gas gangrene 

clinical features, 302 
diagnosis and differential, 302 
emergency department care and disposition, 

302-303 
pathophysiology, 302 

Gastritis. See Peptic ulcer disease and gastritis 
Gastroesophageal reflux disease (GERD), 135-136 
Gastrointestinal emergencies 

acute abdominal pain. See Abdominal pain, acute 
AIDS complication, 285 
anorectal disorders. See Anorectal disorders 
appendicitis. See Appendicitis 
cholecystitis and biliary colic. See Cholecystitis and 

biliary colic 
constipation. See Constipation 
dialysis patients, 179 
esophageal emergencies. See Esophageal 

emergencies 
gastrointestinal bleeding 

clinical features, 134 
diagnosis and differential, 1 34 
emergency department care and disposition, 

1 34-135 
epidemiology, 133-134 
pathophysiology, 134 

gastrointestinal surgery complications, 1 73-174 
general and urologic surgery, complications of. See 

Surgery, general and urologic, complications of 
hepatic disorders and hepatic failure. See Hepatic 

disorders and hepatic failure 
hernia. See Hernia in adults and children 
ileitis, colitis, and diverticulitis. See Crohn's disease; 

Diverticulitis; Pseudomembranous colitis; 
Ulcerative colitis 

intestinal obstruction. See Intestinal obstruction 
jaundice. See Jaundice 



Gastrointestinal emergencies (Continued) 
neonates, 217-218 
pancreatitis. See Pancreatitis 
peptic ulcer disease and gastritis. See Peptic ulcer 

disease and gastritis 
swallowed foreign bodies. See Foreign bodies, 

swallowed 
vomiting and diarrhea. See Vomiting and diarrhea 

Generalized anxiety disorder, 542 
Genital warts, 278-279 
Genitourinary disorders. See Renal and genitourinary 

disorders 
GERD (gastroesophageal reflux disease), 

135-1 36 
Geriatric trauma. See Trauma, geriatric 
Giant cell arteritis, 453 
Giardia lamblia, 296 
Gila monsters, 369 
Glasgow Coma Scale, 480, 480t 
Glaucoma, 452-453 
Glenohumeral joint dislocation, 512  
Gluthethimide, toxicology of, 323 
Gonococcal infections, 277-277, 278t, 532 
Gout, 532 
Graves' disease, 391-392 
Greenstick fractures, 264 
Guillain-Barre syndrome, 436-437 
Gynecology and obstetrics 

comorbid diseases in pregnancy 
asthma, 201 
diabetes, 200 
diagnostic imaging, 203 
domestic violence, 203 
drug use, 202t, 203 
dysrhythmias, 200-201 
HIV infection, 202-203 
hyperthyroidism, 200 
inflammatory bowel disease, 201 
migraine, 201 
seizure disorders, 201 -202 
sickle cell disease, 201 
substance abuse, 203 
thromboembolism, 201 
urinary tract infections, 201 

ectopic pregnancy. See Ectopic pregnancy 
emergency delivery. See Delivery, emergency 
gynecologic procedures, complications of 

assisted reproductive technology, 2 1 1  
cuff cellulitis, 2 1 0-21 1 
hysteroscopy, 2 1 0  
induced abortion, 2 1 1  
laparoscopy, 2 10 
overview, 210 
postconization bleeding, 2 1 1  
vesicovaginal fistulas, 2 1 1  

pelvic inflammatory disease. See Pelvic inflammatory 
disease 

pregnancy and postpartum period, emergencies 
during. See Pregnancy and postpartum period, 
emergencies during 

H 
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vaginal bleeding and pelvic pain in nonpregnant 
patients. See Vaginal bleeding and pelvic pain in 
nonpregnant patients 

vulvovaginitis. See Vulvovaginitis 

Hallucinogens, toxicology of, 330t, 331 
Hand 

infectious conditions 
clinical features, 535-536 
diagnosis and differential, 536 
emergency department care and disposition, 536 
epidemiology, 535 
pathophysiology, 535 

injuries. See Hand and wrist injuries 
noninfectious conditions 

clinical features, 537 
diagnosis and differential, 537 
emergency department care and disposition, 537 
pathophysiology, 536-537 

Hand and wrist injuries 
anatomy and examination, 506-507 
boutonniere deformity, 507 
digit dislocations, 507 
gamekeeper's thumb, 507 
mallet finger, 507 
metacarpal fracture, 507-508 
phalanx fracture, 507 
wrist dislocation, 508 
wrist fractures, 508 

Hantavirus, 300 
Hazardous materials exposure 

biologic weapons, 358 
dermal toxins, 357-358 
emergency department care and disposition, 357 
epidemiology, 356-357 
inhaled toxins, 357 
neurotoxins, 357 
ocular exposures, 358 

Headache and facial pain 
clinical features, 4 1 9-421 ,  420t 
diagnosis and differential, 421 -422, 42l t  
emergency department care and disposition, 422, 

422t 
epidemiology, 419, 420t 
pathophysiology, 41 9 

Head injury 
children, 240 
clinical features, 480-481 ,  480t 
diagnosis and differential, 481 
emergency department care and disposition, 481-482 
epidemiology, 479 
pathophysiology, 480 

Hearing loss, 454-455 
Heart 

blunt injuries 
clinical features, diagnosis, and differential, 

493-494 
penetrating injuries 
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Heart, penetrating injuries (Continued) 
clinical features, diagnosis, and differential, 493 
emergency department care and disposition, 493 

rheumatic emergencies, 534 
Heart disease, pediatric 

clinical features 
children with known congenital heart disease, 

220 
congestive heart failure, 220 
cyanotic heart disease, 219-220 

diagnosis and differential, 220 
emergency department management and care, 220 
epidemiology, 219 
overview, 2 1 9  
pathophysiology 

congestive heart failure, 2 1 9, 2 1 9t 
cyanosis and shock, 2 1 9  

Heart failure and pulmonary edema 
clinical features, 90 
diagnosis and differential, 90 
emergency department care and disposition, 90-91 
epidemiology, 89 
pathophysiology, 89-90 

Heat emergencies 
clinical features, 363 
diagnosis and differential, 363-364 
emergency department care and disposition, 364 
epidemiology, 363 
pathophysiology, 363 

Heavy metals, toxicology of, 355-356 
Helicobacter pylori, 1 39-140 
Helminths. See Parasitic infections 
Hematologic emergencies 

acquired bleeding disorders 
bleeding due to circulating anticoagulants, 402 
bleeding due to heparin use or thrombolytic 

therapy, 400 
bleeding due to platelet abnormalities, 400 
bleeding due to warfarin use or vitamin K 

deficiency, 400 
bleeding in disseminated intravascular coagulation, 

401 -402, 402t 
bleeding in liver disease, 400-401 
bleeding in renal disease, 401 

blood transfusions and component therapy 
albumin, 409 
antithrombin I I I ,  409 
blood administration, 411  
cryoprecipitate, 408-409 
delayed transfusion reactions, 4 1 0  
emergency transfusions, 41 1 
fresh-frozen plasma, 408 
immediate transfusion reactions and complications, 

409, 410t 
immunoglobulins, 409 
massive transfusion, 4 1 1 
packed red blood cells, 408 
platelets, 408 
specific factor replacement therapy, 409, 409t 
whole blood, 407-408 

evaluation of anemia and the bleeding patient 

clinical features, 397 
diagnosis and differential, 397, 398t-399t 
emergency department care and disposition, 

397-398 
pathophysiology, 397, 398t 

exogenous anticoagulants and antiplatelet agents. See 
Exogenous anticoagulants and antiplatelet 
agents 

hemolytic anemias. See Hemolytic anemias 
hemophil ias. See Hemophilias 
hemorrhage secondary to dental extraction and 

surgery, 460 
von Willebrand's disease. See Von Willebrand's 

disease 
Hematuria. See Urinary tract i nfections and hematuria 
Hemolytic anemias 

acquired 
clinical features, 406 
diagnosis and differential, 406, 407t 
emergency department care and disposition, 407 
epidemiology, 406 
pathophysiology, 406, 406t 

hereditary 
clinical features, 405 
diagnosis and differential, 405-406 
emergency department care and disposition, 406 
epidemiology, 405 
pathophysiology, 405 

Hemophilias 
clinical features, 403 
diagnosis and differential, 403 
emergency department care and disposition, 403-404 
epidemiology, 403 
pathophysiology, 403 

Hemoptysis 
clinical features, 125 
diagnosis and differential, 125 
emergency department care and disposition, 

1 25- 1 26 
epidemiology, 125 
pathophysiology, 1 25 

Hemorrhoids 
clinical features, 1 52 
diagnosis and differential, 1 52 
emergency department care and disposition, 1 52, 

1 52f 
epidemiology, 1 5 1  
pathophysiology, 1 5 1 -1 52, 1 52f 

Henoch-Schonlein purpura, 268 
Heparin, 400 
Hepatic disorders and hepatic failure 

alcoholic liver disease and cirrhosis 
clinical features, 165 
diagnosis and differential, 165-166 
emergency department care and disposition, 

166-167 
pathophysiology, 1 65 

hepatitis 
clinical features, 1 63-164 
diagnosis and differential, 164 



Hepatic disorders and hepatic failure, hepatitis 
(Continued) 
emergency department care and disposition, 

1 64- 165 
epidemiology, 163 
pathophysiology, 1 63 

Hepatitis 
clinical features, 163-164 
diagnosis and differential, 1 64 
emergency department care and disposition, 164-165 
epidemiology, 163 
pathophysiology, 163 

Herbicides, 350, 35 l t  
Hernia in adults and children 

clinical features, 146 
definition, 145 
diagnosis and differential, 146 
emergency department care and disposition, 146 
epidemiology, 145, 145/ 
pathophysiology, 145-1 46 

Herpes simplex infection, 278t, 279-280, 450 
clinical features, 306 
diagnosis and differential, 306 
emergency department care and disposition, 306-307 
epidemiology, 306 
pathophysiology, 306 

Herpes zoster (shingles) 
clinical features, 307 
emergency department care and disposition, 307 
pathophysiology, 307 

Herpes zoster ophthalmicus (HZO), 307, 450 
High altitude problems. See entry under 

Environmental injuries 
High-pressure injection of liquid, 78 
Hindfoot injuries, 521 -522 
Hip. See also Pelvic, hip, and femur injuries 

dislocations, 516  
fractures, 51 5-516 

H IV infection and AIDS 
clinical features 

constitutional symptoms and febrile illnesses, 
285-286 

cutaneous manifestations, 285 
gastrointestinal complications, 285 
neurologic complications, 285 
ophthalmologic manifestations, 286 
overview, 283-284, 283t-284t 
pregnant patients, 202-203 
pulmonary complications, 284-285, 284t 
stages of HIV infection, 283t 

diagnosis and differential, 286 
emergency department care and disposition, 

286-287, 286t 
epidemiology, 283 
pathophysiology, 283 
peripheral neurologic disease, 438-439 

Hookworm, 294-295 
Hordeolum, 449 
Human bites 

clinical features, 78 
emergency department care and disposition, 78 
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epidemiology, 78 
Humerus injuries. See Shoulder and humerus injuries 
Hydrocarbons, toxicology of. See entry under 

Toxicology 
H ypercalcemia 

clinical features, 39-40 
diagnosis and differential, 40 
emergency department care and disposition, 40 
of malignancy, 416 
overview, 39 

Hypercapnia 
clinical features, 1 1 5  
diagnosis and differential, 1 15 ,  1 15t 
emergency department care and disposition, 1 15 
pathophysiology, 1 15 

Hyperkalemia 
clinical features, 38 
diagnosis and differential, 38, 38t 
emergency department care and disposition, 39 

Hypermagnesemia 
clinical findings, 40 
diagnosis and differential, 40 
emergency department care and disposition, 40 

Hypernatremia 
clinical features, 37 
diagnosis and differential, 37, 37t 
emergency department care and disposition, 37 

Hyperosmolar hyperglycemic nonketotic syndrome 
clinical features, 389 
diagnosis and differential, 389 
emergency department care and disposition, 

389-390 
epidemiology, 389 

Hypertensive emergencies 
clinical features, 1 04 
diagnosis and differential, 105 
emergency department care and disposition, 105-106 
epidemiology, 104 
pathophysiology, 104 
pregnant patients, 199 
rheumatic emergencies, 535 

Hyperthyroidism, 391 , 3921 
pregnant patients, 200 

Hypertrophic cardiomyopathy. See entry under 
Cardiomyopathies 

Hyperviscosity syndrome, 417 
Hyphema, 451 -452 
Hypocalcemia 

clinical features, 39 
diagnosis and differential, 39 
emergency department care and disposition, 39 

Hypochondriasis, 543 
Hypoglycemia 

children 
diagnosis and differential, 248-249, 249t 
emergency department care and disposition, 249 
epidemiology, 248 
pathophysiology, 248 

clinical features, 387 
diagnosis and differential, 387 
emergency department care and disposition, 387-388 
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Hypoglycemia (Continued) 
epidemiology, 387 
pathophysiology, 387 

Hypokalemia 
clinical features, 37 
diagnosis and differential, 38, 38t 
emergency department care and disposition, 38 

H ypomagnesemia 
clinical findings, 40 
diagnosis and differential, 40 
emergency department care and disposition, 40 

Hyponatremia 
clinical findings, 36 
diagnosis and differential, 36, 36t 
emergency department care and disposition, 36-37 

Hypotensive patient. See entry under Shock 
Hypothermia. See Frostbite and hypothermia 
Hypothyroidism 

clinical features, 393 
pathophysiolocy, 393 

Hypoxia 
clinical features, 1 14 
diagnosis and differential, 1 1 4  
emergency department care and disposition, 1 15 
pathophysiology, 1 14 

Hysteroscopy, complications of, 210 
HZO (herpes zoster ophthalmicus), 307, 450 

I 
Idiopathic hypertrophic subaortic stenosis, 94 
Ileitis. See Crohn's disease 
Imaging 

CT. See Computed tomography, emergency 
department use of 

MRI. See Magnetic resonance imaging, emergency 
department use of 

ultrasonography, emergency department use of. See 
Ultrasonography, emergency department use of 

Immersion foot, 539 
Immunoglobulins, 409 
Immunology. See Infectious diseases and immunology 
Impaired population, abuse of, 548-549 
Impetigo contagiosum, 259, 259f 
Induced abortion, 21 1 
Induction agents, 8t 
Infants. See also Children; Neonates 

bacteremia. See Bacteremia in infants and children 
cellulitis. See "infants and children" under Cellulitis 
conjunctivitis. See Conjunctivitis 
fever. See Fever in infants and children 
fluid and electrolyte disorders. See Fluid and 

electrolyte disorders in infants and children 
foreign body aspiration, 257-258 
meningitis. See "infants and children" under 

Meningitis 
spasms, 240 
stridor. See Stridor in infants and children 

Infectious diseases and immunology 

HIV infection and AIDS. See HIV infection and 
AIDS 

infections from animals. See also Bites, stings, and 
scratches 

anthrax, 300-301 
Colorado tick fever, 300 
ehrlichiosis, 299-300 
Hantavirus, 300 
Lyme disease, 297-298 
overview, 297 
plague, 301 
Rocky Mountain spotted fever, 298 
tick paralysis, 298-299 
tularemia, 299 

malaria. See Malaria 
parasitic infections. See Parasitic infections 
postpartum period, 200 
rabies. See Rabies 
sexually transmitted diseases. See Sexually 

transmitted diseases 
soft tissue infections 

cellulitis .  See Cellulitis 
cutaneous abscesses. See Cutaneous abscesses 
erysipelas. See Erysipelas 
gas gangrene.  See Gas gangrene 
sporotrichosis. See Sporotrichosis 

tetanus. See Tetanus 
toxic shock syndrome. See Toxic shock syndrome 
transplant patients. See Transplant patients 
viral infections. See Viral infections 

Infectious mononucleosis in children, 261 
Infective endocarditis. See Valvular heart disease and 

endocarditis 
Inflammatory bowel disease, pregnant patients, 201 
Influenza A and B 

clinical features, 306 
diagnosis and differential, 306 
emergency department care and disposition, 306 
epidemiology, 305 
pathophysiology, 305-306 

Inhaled toxins, 357 
Injection injuries, 78 
Insecticides, 349-350, 35lt  
Internal hordeolum (chalzion), 449 
Intestinal fluke, 295 
Intestinal nematodes, 294-295 
Intestinal obstruction 

clinical features, 143-144 
complication of surgery, 1 73 
diagnosis and differential, 144, 144/ 
emergency department care and disposition, 

144 
epidemiology, 143, 1431 
pathophysiology, 143 

Intoxication, 541 
In-Training exam, 3 
Intubation. See Advanced airway support 
Iridocyclitis, traumatic, 451 
Iridodialysis, 451 
Iritis, 451 ,  454 



Iron, toxicology of. See entry under Toxicology 
Isopropanol, toxicology of, 325-326 

J 
Jaundice 

clinical features, 162 
diagnosis and differential, 162 
emergency department care and disposition, 1 63 
neonates, 218 
pathophysiology, 161-162, 162t 

Joints 
acute rheumatic fever, 533 
ankylosing spondylitis, 533 
bursitis, 533 
crystal-induced synovitis, 532 
gonococcal arthritis, 532 
lacerations. See Extremities and joints, lacerations of 
Lyme arthritis, 532-533 
osteoarthritis, 532 
Reiter's syndrome, 533 
rheumatoid arthritis, 533 
septic arthritis, 532 
traumatic hemarthrosis, 532 
viral arthritis, 533 

Junctional rhythms 
clinical features, 1 8, 18f 
emergency department care and disposition, 1 8- 19  

Juvenile rheumatoid arthritis, 269 

K 
Kawasaki disease, 262-263 
Ketamine, 57 
Kidney 

rheumatic emergencies, 535 
Kissing bug, 367 
Knee injuries 

L 

chondromalacia patellae, 5 1 9  
femoral condyle fractures, 5 17  
knee dislocation, 518  
Iigamentous injuries, 5 18  
meniscal injuries, 5 18  
Ottawa knee rules, 5 17  
patellar dislocation, 5 19  
patellar fractures, 5 1 7  
patellar tendonitis, 5 19  
patellar tendon rupture, 5 1 9  
quadriceps tendon rupture, 5 19  
radiographic evaluation, 5 17  
tibial plateau fractures, 5 18  
tibial spine and tuberosity fractures, 518  

Labetalol, 26 
Lacerations 

extremities and joints. See Extremities and joints, 
lacerations of 

eyelid, 451 
face and scalp. See Face and scalp lacerations 
oral, 460 

Laparoscopy, complications of, 210 
Large bowel obstruction (LBO),  143-144 
Laryngeal trauma, 462-463 
Laryngotracheobronchitis 

clinical features, 257 
diagnosis, 257 

Lateral sinus thrombosis ( LST) , 455-456 
Lead, toxicology of, 355 
Legg-Calve-Perthes disease, 267 
Leg injuries 

fibular fractures, 5 19  
tibial shaft fractures, 5 1 9  

Leishmaniasis, 296 
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LGV (Iymphogranuloma venereum), 278t, 280 
Lice, 367 
Lid lacerations, 68, 45 1 
Lidocaine, 25 
Ligamentous disorders. See Muscular, ligamentous, and 

rheumatic disorders 
Lightning injury. See Electrical and lightning injuries 
Lips, lacerations of, 68-69, 68f 
Lithium, toxicology of, 320 
Liver fluke, 295 
Liver transplantation. See Transplant patients 
Loa loa (African eye worm),  295 
Local and regional anesthesia, 57-58 
Loop diuretics, toxicology of, 342 
LST ( lateral sinus thrombosis), 455-456 
Ludwig's angina, 456 
Lumbar pain syndromes. See Cervical, thoracic, and 

lumbar pain syndromes 
Lumbar plexopathy, 438 
Lung fluke, 295 
Lung injuries 

clinical features, diagnosis, and differential, 
491 -492 

emergency department care and disposition, 492 
Lung transplantation. See Transplant patients 
Lyme arthritis, 532-533 
Lyme disease, 297-298, 439 
Lymphogranuloma venereum (LGV), 2781, 280 

M 
Magnesium, 29 
Magnetic resonance imaging, emergency department 

use of 
applications, 554 
basic principles, 553-554 
safety considerations, 554 

Maintenance fluids, 35-36 
Major depression, 542 
Malaria 

clinical features, 291 -292 
diagnosis and differential, 292 
emergency department care and disposition, 

292-293, 2931 
epidemiology, 291 
overview, 291 
pathophysiology, 291  
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Male genital problems 
penis, 184-185 
scrotum, 184 
testes 

epididymitis, 183-184 
testicular torsion, 1 83 

urethra 
foreign bodies, 185 
stricture, 185 

urinary retention, 185-186 
Malignancy, emergency complications of. See 

Oncologic emergencies 
Malignant pericardia! effusion, 415 
Mallet finger, 507 
Malpractice, 560-561 
MAOls (monoamine oxidase inhibitors), toxicology of, 

319 
Marine fauna, trauma and envenomation from, 

370-371 
Masticator space abscess, 456 
Mastitis, 200 
Mastoiditis, 455-456 
Maxillofacial trauma 

clinical features, 485, 485/ 
diagnosis and differential, 485-486 
emergency department care and disposition, 486 
epidemiology, 484 
pathophysiology, 484-485 
specific fractures, 486 

Measles, 261 
Meconium aspiration, prevention of, 34 
Medical ethics, 563 
Medical malpractice, 560-561 
Meningitis 

clinical features, 443-444 
diagnosis and differential, 444, 444t 
emergency department care and disposition, 444-445 
epidemiology, 443 
infants and children 

clinical features, 232 
diagnosis and differential, 232 
emergency department care and disposition, 232 
epidemiology, 231 
pathophysiology, 231 -232 

pathophysiology, 443 
Meniscal injuries, 518 
Meprobamate, toxicology of, 323 
Meralgia paresthetica, 438 
Mercury, toxicology of, 356 
Metabolic acidosis 

clinical presentation, 41 
diagnosis and differential, 42, 42t 
emergency department care and disposition, 42, 42t 
overview, 41 

Metabolic alkalosis 
clinical presentation, 43 
emergency department care and disposition, 43 
overview, 42-43 

Metacarpal fracture, 507-508 
Methanol, toxicology of, 326-327 

Methaqualone, toxicology of, 323 
Methoglobinemia, 358-360 
Midfoot injuries, 522 
Migraine in pregnant patients, 201 
Miosis, traumatic, 451 
Mirtazapine, toxicology of, 318 
Mitra! incompetence 

clinical features, 92 
pathophysiology, 91 -92 

Mitra! stenosis 
clinical features, 91 
pathophysiology, 91  

Mitra! valve prolapse 
clinical features, 92-93 
pathophysiology, 92 

Mobitz I and II atrioventricular block. See Conduction 
disturbances 

Monoamine oxidase inhibitors (MAOis), toxicology of, 
319 

MS. See Multiple sclerosis 
MUDPILES acronym, 42, 389, 389t, 391 
Multifocal atrial tachycardia 

clinical features, 15 ,  16/ 
emergency department care and disposition, 15-16 

Multiple sclerosis (MS) 
clinical features, 440-441 
diagnosis and differential, 441 
emergency department care and disposition, 441 
epidemiology, 440 
pathophysiology, 440 

Munchausen's syndrome by proxy, 547-548 
Muscular, ligamentous, and rheumatic disorders. See 

also Musculoskeletal disorders in adults; 
Musculoskeletal disorders in children 

cervical, thoracic, and lumbar pain syndromes 
clinical features, 528, 528t-529t 
diagnosis and differential, 528-529 
emergency department care and disposition, 

529-530 
epidemiology, 527 
pathophysiology, 527-528 

foot, soft tissue problems of. See Foot, soft tissue 
problems 

hand. See Hand 
joints, acute disorders of. See Joints 
musculoskeletal disorders in  adults. See 

Musculoskeletal disorders in  adults 
shoulder pain. See Shoulder pain 

Musculoskeletal disorders in adults. See also Muscular, 
ligamentous, and rheumatic disorders 

rheumatic emergencies associated with risk of death 
adrenal glands, 534 
heart, 534 
respiratory system, 534 

rheumatic presentations associated with risk of 
morbidity 

cervical spine and spinal cord, 534 
eye, 534-535 
hypertension, 535 
kidney, 535 



Musculoskeletal disorders in children 
avascular necrosis syndromes 

Legg-Calve-Perthes disease, 267 
Osgood-Schlatter disease, 267-268 

child abuse, fractures associated with, 264-265 
childhood patterns of injury 

greenstick fractures, 264 
overview, 263, 263/ 
plastic deformities, 264 
torus fractures, 264 
type I physeal fracture, 263-264 
type II physeal fracture, 264 
type I I I  physeal fracture, 264 
type IV physeal fracture, 264 
type V physeal fracture, 264 

orthopedic problems 
acute suppurative arthritis, 266-267, 267t 
clavicular fracture, 265 
radial head subluxation ("nursemaid's elbow"), 

265-266, 5 1 1  
slipped capital femoral epiphysis (SCFE), 266 
supracondylar fractures, 265 
transient tenosynovitis of the hip, 266 

pathophysiology, 263 
rheumatologic problems 

acute rheumatic fever, 268 
Henoch-Schbnlein purpura, 268 
juvenile rheumatoid arthritis, 269 
poststreptococcal reactive arthritis, 268 

Mushrooms, toxicology of. See entry under Toxicology 
Myasthenia gravis 

clinical features, 441 
diagnosis and differential, 441 
emergency department care and disposition, 441 -442 
epidemiology, 441 
pathophysiology, 44 1 

Mycoplasma infections in children, 260 
Mydriasis, traumatic, 451 
Myelopathies, 527 
Myocardial ischemia and infarction 

antithrombotic therapy, 412-4 1 3, 41 3t 
clinical features, 87 
diagnosis and differential, 87-88, 871 
emergency department care and disposition, 88-89, 

88t 
epidemiology, 87 
pathophysiology, 87 

Myocarditis 
clinical features, 99 
diagnosis and differential, 99 
emergency department care and disposition, 99 
pathophysiology, 99 

Myopathies 
dermatomyositis, 437 
polymyositis, 437 

Myxedema coma 
clinical features, 393 
diagnosis and differential, 393 
emergency department care and disposition, 393 

N 
Naegleria fowleri, 296 
Nail injuries. See Fingertip and nail injuries 
Nasal emergencies and sinusitis 

epistaxis, 457 
foreign bodies, 457 
nasal fractures, 457 
nasal lacerations, 68 
sinusitis, 457-458 

Nasotracheal intubation, 9 
Near drowning 

clinical features, 376 
diagnosis and differential, 376 
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emergency department care and disposition, 376 
epidemiology, 375-376 
pathophysiology, 376 

Necator americanus (hookworm),  294-295 
Neck and upper airway disorders 

acute upper airway obstruction, 414-415, 462 
epiglottitis, 461 
laryngeal trauma, 462-463 
parapharyngeal abscess, 462 
peritonsillar abscess, 461 
pharyngitis, 460-461 
retropharyngeal abscess, 461 -462 

Neck trauma 
clinical features, 487-488, 487t 
diagnosis and differential, 488-489 
emergency department care and disposition, 488f, 

489 
epidemiology, 487 
pathophysiology, 487, 4871 

Needle-stick injuries, 77-78 
Nefazodone, toxicology of, 3 1 8  
Negligence and medical malpractice, 560-561 
Nematodes, 294-295 
Neonates. See also Children; Infants 

abuse of, 2 1 6  
apnea and periodic breathing, 2 1 8  
crying, irritatiliby, and lethargy (inconsolability), 216,  

2161 
cyanosis and blue spells, 2 1 8  
feeding difficulties, 2 1 7  
fever and sepsis, 2 1 6-21 7, 2161 
gastrointestinal symptoms, 217  

abdominal distention, 217  
constipation, 217-218 
diarrhea, 217  
feeding difficulties, 217 
regurgitation, 2 1 7  
surgical lesions, 2 1 7  
vomiting, 2 1 7  

intestinal colic, 216 
jaundice, 218 
noisy breathing and stridor, 218 
normal vegetative functions, 215-216 
oral thrush, 218 
resuscitation. See Resuscitation of children and 

neonates 
seizures, 240 
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Neonates (Continued) 
sudden infant death syndrome, 218 
transport, 559 

Neurogenic shock 
clinical features, 51  
emergency department care and disposition, 51  
epidemiology, 50 
pathophysiology, 50 

Neurology 
acute peripheral neurologic legions 

Bell's palsy, 439 
HIV-associated peripheral neurologic disease, 

438-439 
Lyme disease, 439 
plexopathies, 438 

acute peripheral neurologic lesions 
acute peripheral neuropathies. See Acute 

intermittent porphyria; Guillain-Barre 
syndrome 

disorders of the neuromuscular junction, 436 
entrapment neuropathies. See Entrapment 

neuropathies 
myopathies. See Myopathies 

AIDS and HIV complications, 285, 438-439 
altered mental status. See Delirium; Dementia 
brain abscess. See Brain abscess 
chronic neurologic disorders 

amyotrophic lateral sclerosis. See Amyotrophic 
lateral sclerosis 

multiple sclerosis. See Multiple sclerosis 
myasthenia gravis. See Myasthenia gravis 
Parkinson's disease. See Parkinson's disease 
poliomyelitis and postpolio syndrome. See 

Poliomyelitis and postpolio syndrome 
coma. See Coma 
encephalitis. See Encephalitis 
gait disturbances. See Gait disturbances 
headache and facial pain. See Headache and facial 

pain 
meningitis. See Meningitis 
seizures and status epilepticus. See Seizures and 

status epilepticus in adults; Seizures and status 
epilepticus in infants and children 

stroke syndromes. See Stroke syndromes 
vertigo and dizziness. See Vertigo and dizziness 

Neurotoxins, 357 
Neutropenia, 417-418 
Nightstick fracture, 510 
Nitroglycerin ,  30 
Nitrous oxide, 57 
Noisy breathing and stridor, neonates, 218 
Nondepolarizing neuromuscular relaxants, 9 ,  9t 
Nonsteroidal anti-inflammatory drugs (NSAIDs), 

toxicology of, 335-336 
"Nursemaid's elbow," 265-266, 5 1 1  

0 
Obstetrics. See Gynecology and obstetrics 
Obstruction, intestinal. See Intestinal obstruction 

Occlusive arterial disease 
clinical features, 1 1 1  
diagnosis and differential, 1 1 1  
emergency department care and disposition, 1 1 1- 1 1 2  
epidemiology, 1 1 1  
pathophysiology, 1 1 1  

Ocular emergencies 
episcleritis, 454 
eyelid lacerations, 68 
infections 

chalzion (internal hordeolum), 449 
conjunctivitis, 449-450 
corneal ulcer, 450 
herpes simplex virus (HSY), 450 
herpes zoster ophthalmicus (HZO), 450 
orbital cellulitis (postseptal cellulitis ), 450 
periorbital cellulitis (preseptal cellulitis), 450 
stye (external hordeolum), 449 

painful acute visual reduction 
acute angle closure glaucoma, 452-453 
optic neuritis, 453 

painless acute visual reduction 
central retinal artery occlusion, 453 
central retinal vein occlusion, 453 
giant cell arteritis (temporal arteritis), 453 

retinal injury, 453 
rheumatic emergencies, 534-535 
trauma 

chemical ocular trauma, 358, 452 
conjunctiva! foreign bodies, 451 
corneal abrasion, 450-451 
corneal foreign bodies, 451 
cyanoacrylate glue removal, 452 
hyphema, 451-452 
iridodialysis, 451 
lid lacerations, 451 
orbital blowout fractures, 452 
penetrating ocular trauma and ruptured globe, 452 
subconjunctival hemorrhage, 451 
traumatic iritis and iridocyclitis, 451 
traumatic miosis and mydriasis, 451 
ultraviolet keratitis ("welder's flash") ,  452 

uveitis and iritis, 454 
vitreous hemorrhage, 454 

Olecranon fractures, 510  
Onchocerca volvulus, 295 
Oncologic emergencies 

hypercalcemia of malignancy 
clinical features, 416 
diagnosis and differential, 416 
emergency department care and disposition, 416 
epidemiology, 416 
pathophysiology, 416 

hyperviscosity syndrome 
clinical features, 417 
diagnosis and differential, 417 
emergency department care and disposition, 417 
epidemiology, 417 
pathophysiology, 417 

malignant pericardia! effusion 



Oncologic emergencies, malignant pericardia! effusion 
(Continued) 
clinical features, 415  
diagnosis and differential, 4 1 5  
emergency department care and disposition, 4 1 5  
epidemiology, 41 5 
pathophysiology, 415  

neutropenia and infection 
clinical features, 417 
diagnosis and differential, 418 
emergency department care and disposition, 418  
pathophysiology, 417  

spinal cord compression 
clinical features, 414  
diagnosis and  differential, 414  
emergency department care and disposition, 414 
epidemiology, 41 4 
pathophysiology, 414 

superior vena cava syndrome 
clinical features, 415 
diagnosis and differential, 415 
emergency department care and disposition, 416 
epidemiology, 4 1 5  
pathophysiology, 4 1 5  

syndrome o f  inappropriate antidiuretic hormone 
(SIADH) 

clinical features, 417  
diagnosis and differential, 417  
emergency department care and disposition, 417  
epidemiology, 4 1 6-41 7  
pathophysiology, 4 1 7  

tumor lysis syndrome 
clinical features, 416  
emergency department care and disposition, 416 
epidemiology, 41 6 
pathophysiology, 4 1 6  

upper airway obstruction 
clinical features, 414  
diagnosis and differential, 4 1 5  
emergency care and disposition, 4 1 5  
epidemiology, 414  
pathophysiology, 414  

Onychocryptosis, 538 
Onychomycosis, 538 
Ophthalmologic manifestations of AIDS, 286 
Opiates, 56 
Opioids, toxicology of, 328-329 
Optic neuritis, 453 
Oral and dental emergencies 

hemorrhage secondary to dental extraction and 
surgery, 460 

lesions of the tongue, 459 
oral pain, 458 
oral thrush (neonates), 2 1 8  
orofacial injuries 

dental fractures, 459 
oral lacerations, 460 
subluxed, intruded, and avulsed teeth, 459-460 

soft tissue lesions of the oral cavity, 458-459 
Orbital blowout fractures, 452 

Orbital cellulitis, 450 
Organophosphates, toxicology of, 349 
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Orofacial injuries. See Oral and dental emergencies 
Osgood-Schlatter disease, 267-268 
Osmotic agents, toxicology of, 342 
Osteoarthritis, 532 
Otitis externa, 455 

clinical features, 223 
diagnosis and differential, 223 
emergency department care and disposition, 223 
epidemiology, 222-223 
pathophysiology, 223 

Otitis media, 455 
clinical features, 221  
diagnosis and differential, 221 
emergency department care and disposition, 

221 -222, 222t 
epidemiology, 221 
overview, 221 
pathophysiology, 221 

Otitis media with effusion (OME) 
clinical features, 222 
diagnosis and differential, 222 
emergency department care and disposition, 222 
overview, 222 

Otologic emergencies 
foreign bodies, 456 
hearing loss, 454-455 
lacerations, 69, 69/ 
mastoiditis and lateral sinus thrombosis, 455-456 
otitis externa, 455 
otitis media, 455 
tinnitus, 454 
trauma, 456 
tympanic membrane perforations, 456 

Ottawa ankle rules, 520, 521f 
Ottawa knee rules, 517  

p 
Packed red blood cells, 408 
PACs. See Premature atrial contractions 
Pain 

abdominal, acute. See Abdominal pain, acute 
acute. See Acute pain management and conscious 

sedation 
cervical, thoracic, and lumbar pain syndromes. See 

Cervical, thoracic, and lumbar pain syndromes 
chronic. See Chronic pain 
emergency wound management, 81 
headache and facial pain. See Headache and facial 

pam 
oral, 458 
pelvic. See Vaginal bleeding and pelvic pain in 

nonpregnant patients 
sickle cell anemia in children, 270 

Pancrea ti tis 
clinical features, 1 70, 1 701 
diagnosis and differential, 170-171 ,  1 70t 
emergency department care and disposition, 1 7 1  
epidemiology, 1 69-170, 1 691 
pathophysiology, 1 70 
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Panic disorder, 542 
Paragonimus westerman (lung fluke), 295 
Parapharyngeal abscess, 462 
Parasitic infections 

clinical features, 294, 294t 
helminths 

blood and tissue nematodes (filariae ) ,  295 
cestodes (tapeworms), 296 
intestinal nematodes, 294-295 
trematodes (flukes), 295-296 

protozoa 
amebas, 296-297 

Parkinson's disease 
clinical features, 442 
diagnosis and differential, 442 
emergency department care and disposition, 442 
epidemiology, 442 

Patellar injuries. See entries under Knee injuries 
PE. See Pulmonary embolism 
Pediatrics. See Adolescents; Children; Infants; 

Neonates 
Pelvic, hip, and femur injuries 

acetabular fractures, 515  
femoral shaft fractures, 516  
hip dislocations, 516  
hip fractures, 515-516 
pelvic fractures 

clinical features, 513  
diagnosis and differential, 513-514, 514t 
emergency department care and disposition, 514 
epidemiology, 513  

stable fractures involving a single pelvic bone, 
514-515 

stable pelvic avulsion fractures, 514 
Pelvic inflammatory disease (PID) 

clinical features, 208 
diagnosis and differential, 208-209, 209t 
emergency department care, 209, 209t 
epidemiology, 208 
pathophysiology, 208 

Penis, 1 84-185 
Peptic ulcer disease and gastritis 

clinical features, 140 
diagnosis and differential, 140 
emergency department care and disposition, 140 
epidemiology, 139 
pathophysiology, 139 

Pericardia) disease 
acute pericarditis 

clinical features, 99 
diagnosis and differential, 99-1 00 
emergency department care and disposition, 1 00 
pathophysiology, 99 

constrictive pericarditis 
clinical features, 1 00 
diagnosis and differential , 101  
emergency department care and disposition, 101  
pathophysiology, 100 

nontraumatic cardiac tamponade 
clinical features, 100 

diagnosis and differential, 1 00 
emergency department care and disposition, 100 
pathophysiology, 100 

Pericardia! injury, 494 
Periorbital cellulitis, 450 
Periorbital/orbital cellulitis in children 

clinical features, 228 
diagnosis and differential, 228-229 
emergency department care, 229 
epidemiology, 228 
overview, 228 
pathophysiology, 228 

Peripheral neurologic lesions, acute. See entry under 
Neurology 

Peripheral neuropathies, acute 
acute intermittent porphyria, 437 
Guillain-Barre syndrome, 436-437 

Peripheral vasodilators, toxicology of, 342 
Peritoneal dialysis, 1 79-180. See also D ialysis patients, 

emergencies in 
Peritonsillar abscess, 461 

children and adolescents 
clinical features, 258 
diagnosis and differential, 258 
emergency department care and disposition, 258 

Pesticides. See entry under Toxicology 
Phalangeal injuries, 522 
Phalanx fracture, 507 
Pharyngitis, 460-461 

clinical features, 223 
diagnosis and differential, 224 
emergency department care and disposition, 224, 

224t 
epidemiology, 223 
pathophysiology, 223 

Phenytoin, toxicology of. See entry under Toxicology 
Photosensitivity, 467 
Physeal fractures, 263-264 
Pilonidal sinus 

clinical features, 154 
emergency department care and disposition, 1 54 
epidemiology, 154 
pathophysiology, 1 54 

Pinworm, 294 
Pitcher's elbow, 510  
Pityriasis rosea, 263 
Placental abruption, 204 
Placenta previa, 198, 204 
Plague, 301 
Plantar fasciitis, 538 
Plants, toxicology of. See entry under Toxicology 
Platelet activation blocker, 412 
Platelet aggregation blockers, 412 
Platelets, 408 
Plexopathies, 438 
Pneumocystis carinii, 296 
Pneumonia 

children 
clinical features, 233-234 
diagnosis and differential, 234-235, 234t 



Pneumonia, children (Continued) 
emergency department care and disposition, 234t, 

235 
epidemiology, 233 
pathophysiology, 233 

clinical features, 1 1 8 
diagnosis and differential, 1 1 8, l l9t 
emergency department care and disposition, 

1 19-120, l l9t 
epidemiology, 1 17-118 
pathophysiology, 1 1 8 

Pneumothorax 
clinical features, 124 
diagnosis and differential, 124 
emergency department care and disposition, 124 
epidemiology, 1 23-124 
pathophysiology, 124 

Poisoning. See Toxicology 
Poliomyelitis and postpolio syndrome 

clinical features, 442 
diagnosis and differential, 442-443 
emergency department care and disposition, 443 
epidemiology, 442 

Polymyositis, 437 
Porphyria ,  437 
Postpericardiotomy syndrome, 494 
Postseptal cellulitis, 450 
Poststreptococcal reactive arthritis, 268 
Potassium-sparing diuretics, toxicology of, 342 
Preeclampsia, 199 
Preexcitation syndromes 

clinical features, 24, 24f 
emergency department care and disposition, 

24-25 
Pregnancy and postpartum period, emergencies during. 

See also Gynecology and obstetrics 
abuse, 203 
comorbid diseases. See Gynecology and obstetrics, 

comorbid diseases in pregnancy 
drug use, 202t 
ectopic pregnancy. See Ectopic pregnancy 
first half of pregnancy 

nausea and vomiting of pregnancy, 1 98 
vaginal bleeding, 198 

hypertension, preeclampsia, and related disorders, 
199 

overview, 197-198 
postpartum period 

amniotic fluid embolism, 200 
hemorrhage, 199 
infection, 200 
mastitis, 200 
overview, 1 99 

second half of pregnancy 
abruptio placentae, 198 
placenta previa, 1 98 
premature rupture of membranes (PROM), 

198-199 
preterm labor, 199 
vaginal bleeding, 1 98 

trauma. See Trauma in pregnancy 
Premature atrial contractions (PACs) 

clinical features, 1 5 ,  l 5f 
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emergency department care and disposition, 15 
Premature rupture of membranes (PROM), 

198-199 
Premature ventricular contractions (PVCs) 

clinical features, 1 9, 20f 
emergency department care and disposition, 19  

Preseptal cellulitis, 450 
Preterminal rhythms 

asystole (cardiac standstill), 24 
pulseless electrical activity, 24 

Preterm labor, 199 
Priapism in children, 271 
Procainamide, 25 
PROM (premature rupture of membranes), 198- 199 
Propranolol, 25 
Protozoa, 296-297 
Pruritus ani 

clinical features, 1 56 
emergency department care and disposition, 156 
epidemiology, 156 

Pseudomembranous colitis 
clinical features, 1 49 
diagnosis and differential, 1 49 
emergency department care and disposition, 149 
epidemiology, 149 
overview, 149 
pathophysiology, 1 49 

Psychogenic amnesia, 543 
Psychogenic fugue, 543 
Psychopharmacologic agents, toxicology of. See entry 

under Toxicology 
Psychosocial disorders 

assessment and stabilization 
acute behavioral disorders, 543-544 
suicide, 544-545 

clinical features 
bipolar disorder, 542 
brief psychotic disorder, 541 
conversion disorder, 542 
delirium, 541 
delusional disorder, 541 
dementia, 541 
dysthymic disorder, 542 
generalized anxiety disorder, 542 
hypochondriasis, 543 
intoxication, 541 
major depression, 542 
panic disorder, 542 
psychogenic amnesia, 543 
psychogenic fugue, 543 
schizophrenia, 541 
simple phobia, 542 
somatization disorder, 542-543 
withdrawal, 541 

Pulmonary complications of AIDS, 284-285, 284t 
Pulmonary edema. See Heart failure and pulmonary 

edema 
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Pulmonary embolism (PE) 
antithrombotic therapy, 413 
clinical features, 102 
diagnosis and differential, 1 02-103 
emergency department care, 103 
epidemiology, 101-102 
pathophysiology, 1 02 

Pulmonary emergencies 
asthma and chronic obstructive pulmonary disease. 

See Asthma and chronic obstructive pulmonary 
disease 

bronchitis. See Bronchitis 
embolism. See Pulmonary embolism 
hemoptysis. See Hemoptysis 
pneumonia. See Pneumonia 
pneumothorax. See Pneumothorax 
respiratory distress. See Cyanosis; Dyspnea; 

Hypercapnia; Hypoxia; Wheezes 
tuberculosis. See Tuberculosis 

Pulseless electrical activity, 24 
Puncture wounds 

clinical features, 77 
emergency department care and disposition, 77 
high-pressure injection of liquid, 78 
needle-stick injuries, 77-78 
pathophysiology, 77 

Puss caterpillar, 367 
PVCs. See Premature ventricular contractions 
Pyrethins, toxicology of, 350 

R 
Rabbit skinner's disease (tularemia), 299 
Rabies 

clinical features, 289 
diagnosis and differential, 289 
emergency department care and disposition, 290 
epidemiology, 288-289 
pathophysiology, 289 

Radial head subluxation ("nursemaid's elbow"), 
265-266, 5 1 1  

Radiation injuries 
clinical features, 383, 383t 
diagnosis and differential, 383 
emergency department care and disposition, 

383-384, 384t 
epidemiology, 382 
pathophysiology, 382-383 

Radiculopathies, 527 
Radius and ulna fractures, 5 10-5 1 1  
Rape 

clinical features, 549-550 
diagnosis and differential, 550 
emergency department care and disposition, 550 
epidemiology, 549 

Rapid-sequence intubation (RSI) ,  7-9 
Ratlesnakes. See entry under Bites, stings, and 

scratches 
Recertification exam, 1-3 
Rectal foreign bodies 

clinical features, 156 
diagnosis and differential, 156 
emergency department care and disposition, 1 56 

Rectal prolapse/procidentia 
clinical features, 155 
diagnosis and differential, 155 
emergency department care and disposition, 155 
epidemiology, 155 
pathophysiology, 155 

Regional and local anesthesia, 57-58 
Regurgitation, neonates, 217 
Reiter's syndrome, 533 
Renal and genitourinary disorders 

acute renal failure (ARF) 
clinical features, 1 75-176 
diagnosis and differential, 1 76-177 
emergency department care and disposition, 

1 77-178 
overview, 1 75 
pathophysiology, 175-176 

dialysis patients, emergencies in. See Dialysis 
patients, emergencies in 

genitourinary complications of surgery, 1 72 
genitourinary trauma 

clinical features, 501 
diagnosis and differential, 501 -502, 502t 
emergency department care and disposition, 502 
epidemiology, 500-501 
pathophysiology, 501 

male genital problems. See Male genital problems 
renal colic 

clinical features, 187 
diagnosis and differential, 187 
emergency department care and disposition, 

187-188 
epidemiology, 1 86 
pathophysiology, 186-187 

urinary catheters, complications of 
nondefiating retention balloon, 1 88-189 
nondraining catheter, 188 
overview, 1 88 

urinary stents, complications of, 1 89 
UTI versus stent migration/malfunction, 189 

urinary tract infections and hematuria. See Urinary 
tract infections and hematuria 

Renal transplantation. See Transplant patients 
Respiratory acidosis 

clinical presentation, 43 
emergency department care and disposition, 43 

Respiratory alkalosis 
clinical presentation, 43 
emergency department care and disposition, 44 

Respiratory complications of surgery, 1 72 
Respiratory distress. See Cyanosis; Dyspnea; 

Hypercapnia; Hypoxia; Wheezes 
Restrictive cardiomyopathy. See entry under 

Cardiomyopathies 
Resuscitation and do not resuscitate (DNR) orders, 

562 



Resuscitation of children and neonates. See also 
Resuscitative problems and techniques 

emergency department care and disposition 
defibrillation and cardioversion, 33-34 
drugs, 33 
dysrhythmias, 33 
fluids, 33 
rapid sequence induction, 32 
securing the airway, 31-32 
vascular access, 32-33 

epidemiology, 30 
neonatal resuscitation, 34 

prevention of meconium aspiration, 34 
pathophysiology, 30-31,  3 l t  

Resuscitative problems and techniques 
acid-base problems. See Acid-base problems 
advanced airway support. See Advanced airway 

support 
children and neonates. See Resuscitation of children 

and neonates 
dysrhythmia management and cardiovascular 

pharmacology. See Cardiovascular 
pharmacology; Dysrhythmia management 

electrolyte disorders. See Electrolyte disorders 
fluids 

maintenance fluids, 35-36 
overview, 35 
volume status, clinical assessment of, 35 

Retinal injury, 453 
Retroperitoneal injuries, 497 
Retropharyngeal abscess, 461-462 

infants and children 
clinical features, 258 
diagnosis and differential, 258 
emergency department care, 258 

Rhabdomyolysis 
clinical features, 525 
diagnosis and differential, 525 
emergency department care and disposition, 525-526 
pathophysiology, 525 

Rheumatic emergencies and disorders. See Muscular, 
ligamentous, and rheumatic disorders 

Rheumatic fever, 268, 533 
Rheumatoid arthritis, 533 
Rheumatologic problems, pediatric 

acute rheumatic fever, 268 
Henoch-Schonlein purpura, 268 
juvenile rheumatoid arthritis, 269 
poststreptococcal reactive arthritis, 268 

Right-sided valvular heart disease 
clinical features, 94 
pathophysiology, 94 

Rocky Mountain spotted fever, 298 
Rodenticides, 350-351 ,  351t  
Roseola infantum, 262 
RSI (rapid-sequence intubation), 7-9 
Rubella, 261 -262 
Rumack-Matthew nomogram, 334-335, 334f 
Ruptured globe, 452 

s 
Salicylates, toxicology of, 331-333 
Salivary gland problems, 456-457 
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Salter-Harris classification of physeal injuries, 263f 
SBO (small bowel obstruction), 143-144 
Scabies mite, 366 
Scalp lacerations. See Face and scalp lacerations 
Scarlet fever, 260 
SCFE (slipped capital femoral epiphysis) in children, 

266 
Schistosomal dermatitis, 296 
Schistosoma mansoni, S. japonicum, S. haematobium 

(blood flukes), 295-296 
Schizophrenia, 541 
SCIWORA mnemonic, 473-474 
Scorpions, 366 
Scrotum, 184 
Sedation . See Acute pain management and conscious 

sedation; Analgesia, anesthesia, and sedation 
Sedative-hypnotics, toxicology of, 282-286 
Seizures and status epilepticus in adults 

clinical features, 435 
diagnosis and differential, 435 
emergency department care and disposition, 

435-436 
epidemiology, 434 
pathophysiology, 434 
pregnant patients, 201-202 

Seizures and status epilepticus in infants and children 
clinical features, 238 
diagnosis and differential, 238-239, 239t 
emergency department care and disposition 

febrile seizures, 239-240 
first seizure, 239 
head trauma and seizures, 240 
infantile spasms, 240 
neonatal seizures, 240 
overview, 239 
status epilepticus, 240 

epidemiology, 238 
overview, 238 
pathophysiology, 238 

Selective serotonin reuptake inhibitors (SSRis), 
toxicology of, 3 1 8-31 9  

Sepsis i n  infants and children 
clinical features, 230-231 
diagnosis and differential, 231 
emergency department care and disposition, 231 ,  

23l t  
epidemiology, 230 
neonates, 216-217, 2 16t 
pathophysiology, 230, 230t 

Septic arthritis, 532 
Septic shock 

clinical features, 47 
diagnosis and differential, 48 
emergency department care and disposition, 48 
epidemiology, 47 
pathophysiology, 47 

Serotonin syndrome, 319 
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Sexual assault 
clinical features, 549-550 
diagnosis and differential, 550 
emergency department care and disposition, 550 
epidemiology, 549 

Sexually transmitted diseases 
chancroid, 278t, 280 
chlamydia! infections, 277, 278t 
genital warts, 278-279 
gonococcal infections, 277-278, 278t 
herpes simplex infections, 278t, 279-280 
lymphogranuloma venereum (LGV), 278t, 280 
overview, 277, 278t 
syphilis, 278t, 279 
Trichomonas infection, 278, 278t 

Sharks, 370 
Sharp object ingestion, 139 
Shingles. See Herpes zoster 
Shock 

anaphylaxis and acute allergic reactions. See 
Anaphylaxis and acute allergic reactions 

cardiogenic shock. See Cardiogenic shock 
hypotensive patient 

clinical features, 45 
diagnosis and differential, 46 
dialysis patients, 1 79 
emergency department care and disposition, 46 
epidemiology, 45 
pathophysiology, 45 

neurogenic shock. See Neurogenic shock 
s�tic ilio�. Su S�tic ilio� 

Shoulder and humerus injuries 
acromioclavicular injuries, 512  
clavicle fractures, 512  
glenohumeral joint dislocation, 512 
humerus fractures, 512-51 3  
sternoclavicular dislocation, 512  

Shoulder dystocia, 205 
Shoulder pain 

clinical features, 531 
diagnosis and differential, 531 
emergency department care and disposition, 531 
epidemiology, 530 
pathophysiology, 530 

SIADH (syndrome of inappropriate antidiuretic 
hormone), 416-417 

Sialoadenitis, 456 
Sialolithiasis, 457 
Sickle cell anemia in children 

acute central nervous system events 
clinical features, 271 
diagnosis and differential, 271 
emergency department care and disposition, 

271 
acute chest syndrome 

clinical features, 270 
diagnosis and differential, 270-271 
emergency department care and disposition, 

271 
overview, 270 

epidemiology, 57 
hematologic crises 

acute sequestration crises, 271-272 
aplastic episodes, 272 
hemolytic crises, 272 

infections 
clinical features, 272 
diagnosis and differential, 272 
emergency department care and disposition, 

272-273 
overview, 269 
pain crises 

clinical features, 270 
diagnosis and differential, 270 
emergency department care and disposition, 270 

pathophysiology, 269-270 
priapism, 271 
vasoocclusive crises, 270 

Simple phobia, 542 
Sinus bradycardia 

clinical features, 14, 14f 
emergency department care and disposition, 14  

Sinus dysrhythmia, 14 ,  14f 
Sinusitis, 457-458 

children 
clinical features, 227 
diagnosis and differential, 227 
emergency department care and disposition, 

227 
epidemiology, 227 
overview, 226 
pathophysiology, 227 

Sinus tachycardia, 14, 15f 
Skin, disorders of 

alopecia, 468 
candidal intertrigo, 468-469 
contact dermatitis, 467-468 
dermatologic emergencies 

bullous diseases, 466-467 
erythema multiforme, 465 
exfoliative dermatitis, 465 
toxic epidermal necrolysis (TEN), 465-466 
toxic infectious erythemas, 466 

photosensitivity, 467 
tinea infections, 468 

Slipped capital femoral epiphysis (SCFE) in children, 
266 

Small bowel obstruction (SBO), 143-144 
Snakebite, 367-369 

sea snakes, 370-371 
Soft tissue 

foot. See Foot, soft tissue problems 
foreign bodies. See entry under Emergency wound 

management 
oral cavity lesions, 458-459 

Somatization disorder, 542-543 
Spiders, 365-366 
Spinal cord 

compression, 414 
rheumatic emergencies, 534 



Spinal injuries 
clinical features, 483 
diagnosis and differential, 483-484 
emergency department care and disposition, 484 
epidemiology, 482 
pathophysiology, 482 

Spiral computed tomography (CT), 553 
Sporotrichosis 

clinical features, 305 
diagnosis and differential, 305 
emergency department care and disposition, 305 
pathology, 304 

SSRis (selective serotonin reuptake inhibitors) ,  
toxicology of, 318-3 1 9  

Staphylococcal scalded-skin syndrome, 260 
Status epilepticus. See Seizures and status epilepticus in 

adults; Seizures and status epilepticus in infants 
and children 

Sternoclavicular dislocation, 5 1 2  
Stimulants, toxicology of, 329-331 
Streptococcal toxic shock syndrome (STSS), 466 

clinical features, 282, 282t 
diagnosis and differential, 282 
emergency department care and disposition, 282 
epidemjology, 282 
pathophysiology, 282 

Stridor in infants and children 
clinical features, 256 
diagnosis and differential, 256-257 
epidemiology, 256 
neonates, 218 
pathophysiology, 256 

Stroke syndromes 
clinical features, 423, 424t 
diagnosis and differential, 424, 424t 
emergency department care and disposition, 

424-425, 425t 
epidemiology, 423 
pathophysiology, 423 

Strongyloides stercoralis, 295 
STSS. See Streptococcal toxic shock syndrome 
Study techniques. See Test preparation 
Stye (external hordeolum) ,  449 
Subconjunctival hemorrhage, 451 
Substance abuse, 327-331 ,  330t 

pregnant patients, 203 
Succinylcholine, 8, 9t 
Sudden infant death syndrome, 218  
Suicide, 544-545 
Sulfhemoglobinemia, 358-360 
Superior vena cava syndrome, 41 5-4 1 6  
Supracondylar fractures, 509 

children, 265 
Supraventricular dysrhythmias 

atrial fibrillation 
clinical features, 16- 17 ,  1 7/ 
emergency department care and disposition, 1 7  

atrial flutter 
clinical features, 1 6, 1 6f 
emergency department care and disposition, 16  
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junctional rhythms 
clinical features, 18, 18/ 
emergency department care and disposition, 1 8-19  

multifocal atrial tachycardia (MFAT) 
clinical features, 15, 16/ 
emergency department care and disposition, 15-16 

premature atrial contractions (PACs) 
clinical features, 15, 15/ 
emergency department care and disposition, 1 5  

sinus bradycardia 
clinical features, 14, 1 4/ 
emergency department care and disposition, 14 

sinus dysrhythmia, 14,  14/ 
sinus tachycardia, 14 ,  15/ 
supraventricular tachycardia (SVT) 

clinical features, 17- 1 8, 1 7/-18[, 33 
emergency department care and disposition, 1 8, 33 

Surgery, general and urologic, complications of 
breast surgery complications, 1 73 
clinical features 

drug therapy complications, 1 72 
genitourinary complications, 1 72 
overview, 1 71-172 
respiratory complications, 172 
vascular complications, 172 
wound complications, 1 72 

diagnosis and differential, 1 72 
emergency department care and disposition, 172-173 
gastrointestinal surgery complications 

intestinal obstruction, 1 73 
nonobstructive complications, 173-174 

overview, 171  
urologic surgery complications, 1 74 

Suturing techniques, 65-69, 67f-69f 
Swallowed foreign bodies. See Foreign bodies, 

swallowed 
Syncope 

children and adolescents. See Syncope and sudden 
death in children and adolescents 

clinical features, 86 
diagnosis and differential, 86 
emergency department care and disposition, 86 
epidemiology, 85 
pathophysiology, 85 

Syncope and sudden death in children and adolescents 
clinical featuers, 252, 252t 
diagnosis and differential, 252-253 
emergency department care and disposition, 253 
epidemiology, 251 
pathophysiology, 251 

Syndrome of inappropriate antidiuretic hormone 
(SIADH), 416-417 

Syphilis, 278t, 279 

T 
Tachydysrhythmias, mechanisms of, 12-13, 13/ 
Tapeworm, 296 
TB. See Tuberculosis 
TBI (traumatic brain injury) .  See Head injury 
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Teeth. See Oral and dental emergencies 
Temporal arteritis, 453 
TEN (toxic epidermal necrolysis),  465-466 
Tennis elbow, 510 
Testes 

epididymitis, 1 83-184 
testicular torsion, 1 83 

Test preparation 
American Board of Emergency Medicine (ABEM) 

exams 
Certification exam, 1 ,  2t 
In-Training exam, 3 
overview, 1 
Recertification exam, 1 -3 

American B oard of Osteopathic Emergency 
Medicine (ABOEM) exams 

Certification exam, 3 
overview, 1 

test-taking techniques 
preparation immediately before test, 4 
study techniques, 3-4 
taking test, 4-5 

Tetanus 
clinical features, 288 
diagnosis and differential, 288 
emergency department care and disposition, 288, 

289t 
epidemiology, 287 
pathophysiology, 287 

Thermal burns. See B urns, thermal 
Thiazides, toxicology of, 342 
Thoracic duct injuries, 496 
Thoracic pain syndromes. See Cervical, thoracic, and 

lumbar pain syndromes 
Thoracic trauma 

blunt injury to the heart 
clinical features, diagnosis, and differential, 

493-494 
blunt trauma to great vessels of the chest 

clinical features, diagnosis, and differential, 
495-496, 495t 

emergency department care and disposition, 496 
chest wall injuries 

clinical features, diagnosis, and differential, 
490-491 

emergency department care and disposition, 491 ,  
49l t  

diaphragmatic injury, 492-493 
epidemiology, 490 
esophageal and thoracic duct injuries, 496 
general principles and conditions, 490, 490t 
lung injuries 

clinical features, diagnosis, and differential, 
491-492 

emergency department care and disposition, 492 
pathophysiology, 490 
penetrating injury to the heart 

clinical features, diagnosis, and differential, 493 
emergency department care and disposition, 493 

penetrating trauma to great vessels of the chest 

clinical features, diagnosis, and differential, 494 
emergency department care and disposition, 

494-495 
pericardia! injury, 494 
postpericardiotomy syndrome, 494 
tracheobronchial injury, 492 

Thrombolytic therapy 
bleeding due to, 400 
indications and contraindications, 88, 88t 
pregnant patients, 201 

Thyroid disease emergencies 
hyperthyroidism 

clinical features, 391 , 392t 
hypothyroidism 

clinical features, 393 
pathophysiology, 393 

myxedema coma 
clinical features, 393 
diagnosis and differential, 393 
emergency department care and disposition, 393 

normal thyroid state, 391 
thyroid storm 

clinical features, 392 
diagnosis and differential, 392 
emergency department care and disposition, 

392-393 
pathophysiology, 392 

Tibial fractures, 518-519  
Tick paralysis, 298-299 
Tinea infections, 468 
Tinea pedis, 537-538 
Tinnitus, 454 
Tongue lesions, 459 
Torsades de pointes 

clinical features, 2 1 ,  2lf 
emergency department care and disposition, 21  

Torus fractures, 264 
Toxic epidermal necrolysis (TEN), 465-466 
Toxic infectious erythemas, 466 
Toxicology 

alcohols 
ethanol, 324-325 
ethylene glycol, 327-328 
isopropanol, 325-326 
methanol, 326-327 

analgesics 
acetaminophen, 333-335, 334f 
nonsteroidal anti-inflammatory drugs (NSAIDs), 

335-336 
salicylates, 331-333 

anticholinergic toxicity 
clinical features, 317  
diagnosis and differential, 317  
emergency department care and  disposition, 

317-318 
epidemiology, 317  
pathophysiology, 317  

carbon monoxide 
clinical features, 352, 352t 
diagnosis and differential, 352-353 



Toxicology, carbon monoxide (Continued) 
emergency department care and disposition, 353, 

353t 
epidemiology, 352 
pathophysiolocy, 352 

cardiac medications 
antihypertensives, 341 -342, 341t 
beta-blockers, 339-340 
calcium channel blockers, 340-341 
digitalis glycosides, 338-339, 339t 

caustic ingestions 
clinical features, 348 
diagnosis and differential, 348 
emergency department care and disposition, 

348-349 
epidemiology, 347-348 
pathophysiology, 348 

cyanide 
clinical features, 354 
diagnosis and differential, 354 
emergency department care and disposition, 354, 

354t 
epidemiology, 353 
pathophysiology, 353 

drugs of abuse 
hallucinogens, 330t, 331 
opioids, 328-329 
stimulants, cocaine, and amphetamines, 329-331 

dyshemoglobinemias 
methemoglobinemia, 358-360 
sulfhemoglobinemia, 360 

general management of poisoned patients 
clinical features, 315 ,  3 16t 
diagnosis and differential, 315  
emergency department care and disposition, 

315-316, 3 1 6t 
epidemiology, 315  
pathophysiology, 315  

hazardous materials exposure. See Hazardous 
materials exposure 

heavy metals 
arsenic, 355-356 
lead, 355 
mercury, 356 

hydrocarbons and volatile substances 
clinical features, 346-347 
diagnosis and differential, 347 
emergency department care and disposition, 347 
epidemiology, 346 
pathophysiology, 346 

iron 
clinical features, 344-345 
diagnosis and differential, 345 
emergency department care and disposition, 

345-346 
pathophysiology, 344 

pesticides 
epidemiology, 349 
herbicides, 350, 35l t  
insecticides, 349-350, 351t  

rodenticides, 350-351 ,  35 l t  
phenytoin and fosphenytoin 

clinical features, 343-344 
diagnosis and differential, 344 
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emergency department care and disposition, 344 
epidemiology, 343 
pathophysiology, 343 

plants and mushrooms 
clinical features, 385-386, 385t 
diagnosis and differential, 386 
emergency department care and disposition, 386 
epidemiology, 384 
pathophysiology, 384-385 

psychopharmacologic agents 
antipsychotics, 3 1 9-320 
bupropion, 318  
lithium, 320 
mirtazapine, 3 1 8  
monoamine oxidase inhibitors (MAOis), 319 
nefazodone, 3 1 8  
selective serotonin reuptake inhibitors (SSRis), 

318-3 1 9  
serotonin syndrome, 3 1 9  
trazodone, 318  
tricyclic antidepressants, 318  
venlafaxine, 319  

sedative-hypnotics 
barbiturates, 320-322 
benzodiazepines, 322 
nonbenzodiazepines, 322-324 

xanthines 
clinical features, 337 
diagnosis and differential, 337 
emergency department care and disposition, 

337-338 
epidemiology, 337 
pathophysiology, 337 

Toxic shock syndrome (TSS),  466. See also 
Streptococcal toxic shock syndrome 

clinical features, 281 
diagnosis and differential, 281 , 281t 
emergency department care and disposition, 

281-282 
epidemiology, 280 
pathophysiology, 280-281 

Toxoplasma gondii, 296-297 
Tracheal intubation 

emergency department care and disposition, 7-9, 
8t-9t 

overview, 7 
Tracheobronchial injury, 492 
Transfusions. See entry under Hematologic 

emergencies 
Transient tenosynovitis of the hip in children, 266 
Transplant patients 

cardiac transplantation 
clinical features, 3 1 0  
emergency department care and disposition, 

310-3 1 1  
overview, 3 10 
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Transplant patients (Continued) 
complications of immunosuppressive agents, 

309-310, 310t 
liver transplant 

clinical features, 312 
emergency department care and disposition, 312 

lung transplantation 
clinical features, 3 1 1  
emergency department care and disposition, 3 1 1  

overview, 308 
posttransplant infectious complications, 308-309, 

308t 
renal transplant 

cljnical features, 3 1 1 -312  
emergency department care and disposition, 312  

Trauma 
abdominal. See Abdominal trauma 
buttock, penetrating trauma to 

clinical features, 500 
diagnosis and differential, 500 
emergency department care and disposition, 

500 
epidemiology, 499 
pathophysiology, 499-500 

ear, 456 
extremities, penetrating trauma to. See Extremities, 

penetrating trauma to 
eye. See entry under Ocular emergencies 
flank, penetrating trauma to 

clinical features, 499 
diagnosis and differential, 499 
emergency department care and disposition, 

499 
epidemiology, 499 
pathophysiology, 499 

genitourinary. See Genitourinary trauma 
geriatric 

clinical features, 476 
diagnosis and differential, 476-477 
emergency department care and disposition, 477 
epidemiology, 476 
pathophysiology, 476 

head injury. See Head injury 
initial approach to trauma patient 

clinical features, 471 
diagnosis and differential, 471 -472 
emergency department care and disposition, 

472 
epidemiology, 471 

maxillofacial trauma. See Maxillofacial trauma 
neck. See Neck trauma 
pediatric 

clinical features, 473-474 
diagnosis and differential, 474 
emergency department care and disposition, 

474-475, 475t 
epidemiology, 473 
pathophysiology, 473 

in pregnancy 
clinical features, 478 

diagnosis and differential, 478 
emergency department care and disposition, 

478-479 
physiologic changes of pregnancy and 

pathophysiology, 477-478 
spinal injuries. See Spinal injuries 
thoracic. See Thoracic trauma 

Traumatic brain injury (TBI) .  See Head injury 
Traumatic hemarthrosis, 532 
Traumatic iritis and iridocyclitis, 451 
Traumatic miosis and mydriasis, 451 
Trazodone, toxicology of, 318  
Trematodes (flukes), 295-296 
Trench foot, 539 
Triage, 560 
Triceps rupture, 510 
Trichinella spiralis, 295 
Trichomonas infection, 278, 278t 
Trichuris trichiura (whipworm), 295 
Tricyclic antidepressants, toxicology of, 318  
Trypanosoma cruzi, 296 
TSS. See Toxic shock syndrome 
Tuberculosis (TB) 

clinical features, 1 2 1 -122 
diagnosis and differential, 122 
emergency department care and disposition, 

1 22-123, 123t 
epidemiology, 121  
pathophysiology, 121  

Tularemia, 299 
Tumor lysis syndrome, 416 
Tympanic membrane perforations, 456 

u 
Ulcerative colitis 

clinical features, 148 
diagnosis and differential, 148 
emergency department care and disposition, 

148-149 
epidemiology, 148 
overview, 148 
pathophysiology, 148 

Ulna and radius fractures, 510-5 1 1  
Ulnar nerve entrapment, 437 
Ultrasonography, emergency department use of 

fundamentals, 555 
primary indications 

abdominal aortic aneurysm, 555 
cardiac ultrasonography, 556 
evaluation of first-trimester pregnancy, 

556 
focused abdominal sonography for trauma, 

555-556 
gallbladder disease, 555 
miscellaneous applications, 556 
renal colic, 555 

Ultraviolet keratitis, 452 
Upper airway disorders. See Neck and upper airway 

disorders 



Upper respiratory emergencies in infants and children 
emergency department care, 257 
epiglottitis 

clinical features, 257 
diagnosis and differential, 257 
emergency department care, 257 

foreign-body aspiration 
clinical features, 257-258 
emergency department care and disposition, 258 

peritonsillar abscess 
clinical features, 258 
diagnosis and differential, 258 
emergency department care and disposition, 258 

retropharyngeal abscess 
clinical features, 258 
diagnosis and differential, 258 
emergency department care, 258 

stridor 
clinical features, 256 
diagnosis and differential, 256-257 
epidemiology, 256 
pathophysiology, 256 

viral croup (laryngotracheobronchitis) 
clinical features, 257 
diagnosis, 257 

Uremic pericarditis, 1 79 
Urethra 

foreign bodies, 185 
stricture, 185 

Urinary catheters, complications of, 188-189 
Urinary retention, 1 85-186 
Urinary stents, complications of, 189 
Urinary tract infections (UTis) and hematuria 

clinical features, 18 1  
diagnosis and  differential, 1 8 1 -182 
emergency department care and disposition, 182 
epidemiology, 180 
pathophysiology, 18 1 ,  18 l t  
pediatric 

clinical features, 274 
diagnosis and differential, 274 
emergency department care and disposition, 

274-275 
epidemiology, 273 
pathophysiology, 273-274 

pregnant patients, 201 
Urologic surgery complications, 1 74 
Used carp mnemonic, 42 
UTis. See Urinary tract infections and hematuria 
Uveitis, 454 

v 
Vaginal bleeding and pelvic pain in nonpregnant 

patients 
abnormal vaginal bleeding 

clinical features, 191 
diagnosis and differential, 19 1- 192 
emergency department care and disposition, 

1 92 

epidemiology, 19 1  
pathophysiology, 19 1 ,  1 92f 

pelvic pain 
clinical features, 1 93 
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diagnosis and differential, 1 93-194, 1 93t 
emergency department care and disposition, 1 94 
epidemiology, 1 92 
pathophysiology, 1 92-1 93 

prepubertal children 
clinical features, 1 94-1 95 
diagnosis and differential, 1 95 
emergency department care and disposition, 

1 95 
epidemiology, 1 94 
pathophysiology, 1 94 

Vaginal bleeding in pregnancy and postpartum period, 
198- 199 

Valvular heart disease and endocarditis 
aortic incompetence 

clinical features, 93 
pathophysiology, 93 

aortic stenosis 
clinical features, 93 
pathophysiology, 93 

diagnosis of valvular heart disease, 94 
emergency department care of symptomatic valvular 

heart disease, 94, 95t 
hypertrophic cardiomyopathy (idiopathic 

hypertrophic subaortic stenosis), 94 
infective endocarditis 

clinical features, 95-96 
diagnosis and differential, 96 
emergency department care and disposition, 96 
overview, 94-95 
pathophysiology, 95 

mitral incompetence 
clinical features, 92 
pathophysiology, 91 -92 

mitral stenosis 
clinical features 
pathophysiology, 91 

mitral valve prolapse 
clinical features, 92-93 
pathophysiology, 92 

overview, 91 , 92t 
right-sided valvular heart disease 

clinical features, 94 
pathophysiology, 94 

Varicella (chicken pox), 262, 262! 
Vascular access 

children and neonates, 32-33 
dialysis patients, problems related to, 180 

Vascular complications of surgery, 1 72 
Vasoactive drugs, 29-30 
Vasodilator agents, 30 
Venlafaxine, toxicology of, 3 1 9  
Ventricular dysrhythmias 

aberrant versus ventricular tachydysrhythmias 
clinical features, 1 9  
emergency department care and disposition, 1 9  
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Ventricular dysrhythmias (Continued) 
accelerated idioventricular rhythm 

clinical features, 1 9, 20/ 
emergency department care and disposition, 19  

premature ventricular contractions (PVCs) 
clinical features, 19, 20/ 
emergency department care and disposition, 19  

torsades de pointes 
clinical features, 2 1 ,  21/ 
emergency department care and disposition, 2 1  

ventricular fibrillation 
clinical features, 21 ,  22/ 
emergency department care and disposition, 22 

ventricular tachycardia 
clinical features, 20, 2 1/ 
emergency department care and disposition, 20-21 

Verapamil, 28-29 
Vertigo and dizziness 

clinical features, 432-433 
diagnosis and differential, 433 
emergency department care and disposition, 

433-434, 434t 
overview, 432 
pathophysiology, 432 

Vesicovaginal fistulas, 2 1 1  
Viral infections, 533 

common. See Herpes simplex infection; Herpes 
zoster; Influenza A and B 

pediatric 
exanthems. See entry under Exanthems, pediatric 
viral croup, 257 

viral arthritis, 533 
Vitreous hemorrhage, 454 
Volume status, clinical assessment of, 35 
Vomiting and diarrhea 

clinical features, 157-158 
diagnosis and differential, 158-159, l58t 
emergency department care and disposition, 159 
epidemiology, 156-157 
infants and children 

clinical features, 241 
diagnosis and differential, 242 
emergency department care and disposition, 

242-243 
epidemiology, 241 
neonates, 217 
pathophysiology, 241 , 242t 

neonates, 217 
pathophysiology, 157 

Von Willebrand's disease 
clinical features, 404 
diagnosis and differential, 404 
emergency care and disposition, 404 
epidemiology, 404 
pathophysiology, 404 

Vulvovaginitis 
clinical features, 207 
diagnosis and differential, 207 
emergency department care and disposition, 

207-208 
epidemiology, 206 
pathophysiology, 206 

w 
Warfarin, 400 
Wasp stings, 364-365 
"Welder's flash," 452 
Wenckebach atrioventricular block 

clinical features, 22, 22/ 
emergency department care and disposition, 22-23 

Wheezes 
clinical features, 1 16, l l 6t 
diagnosis and differential, 1 1 6  
emergency department care and disposition, 1 1 6  
pathophysiology, 1 15-1 1 6  

Whipworm, 295 
Whole blood, 407-408 
Withdrawal, 541 
Wolff-Parkinson-White (WPW) syndrome, 24, 29 
Wound management. See Emergency wound 

management 
Wrist injuries. See Hand and wrist injuries 
Wuchereria bancrofti, 295 

x 
Xanthines, toxicology of. See entry under Toxicology 

z 
Zolpidem, toxicology of, 323 
Zoonoses. See "infections from animals" under 

Infectious diseases and immunology 
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