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Preface

Emergency medicine is a tremendously challenging medical specialty. Fortunately,
this field is profoundly rewarding. It gives health care professionals the unique
opportunity to help individuals at their time of greatest need. Sometimes, simply
offering reassurance, kindness or compassion is all that we can do; the importance
of which should never be underestimated.

In emergency medicine, health care professionals assist individuals whose pain,
anxiety and stress levels are high. Often, our quick decisions and actions are life-
saving. Emergency medicine personnel continuously use their extraordinary skills,
knowledge and experience to “make things happen” and “get the job done,” in an
attempt to positively impact patients and their families, significant others, friends
and persons important to them.

In reality, physicians, nurses, mid-level providers, paramedics, residents and med-
ical students generally have time to look up information from various sources. Yet
emergency personnel have the responsibility to provide services not available to
individuals at that moment anywhere other than an emergency department. There-
fore, our purpose is even more vital.

Practitioners with the most experience often provide the best care, which sug-
gests that lifelong learning and learning from errors is crucial to medical practice
(perhaps why it is called “practice”). Educators of and mentors for residents, med-
ical students, nurses, mid-level providers, paramedics and support staff recognize
that the amount of knowledge one must possess is overwhelming. Often, knowing
how and where to obtain information at a moment’s notice is critical to successful
patient care outcomes. With Clinical Emergency Medicine Casebook, we attempt
to offer what we consider to be an essential yet underutilized strategy for learning:
a case-based approach from real patients and actual events. There is agreement in
medicine that patients teach us a great deal; this textbook will provide the opportu-
nity for significant learning to occur at one’s leisure. Using carefully selected cases
with key teaching points, each learning opportunity (case) illustrates important clin-
ical concepts that can expand even the most sophisticated learner’s knowledge base.

Our goal is not to offer a definitive encyclopedia of emergency medicine (if such a
book were possible). Rather, we have produced a unique textbook that gives readers
the chance to intelligently work through cases, rehearsing the approach they might
take for a similar patient in their clinical setting, and what actions they might initiate
to render outstanding patient care. Each case is arranged by organ system or special
category and is included because of its educational value and interest to clinicians.
These cases are not exclusive to emergency medicine practice, even though each
occurred at a single high-volume, high-acuity emergency department. The variety

xi



xii Preface

of cases offered should assist health care professionals in diverse fields who wish to
improve their diagnostic and clinical skills. It is our hope that you, our colleagues,
will benefit from our efforts. Without question, future patients will benefit from your
efforts.

With great admiration and respect for our specialty and those active in its prac-
tice, we hope you enjoy Clinical Emergency Medicine Casebook.

Gus M. Garmel, M.D.
Joel T. Levis, M.D., Ph.D.
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Foreword

Sir William Osler once said, “He who studies medicine without books sails an
uncharted sea, but he who studies medicine without patients does not go to sea
at all.” Osler championed the importance of providing clinical correlations to the
learning provided by books. In recent years, medical schools have come to recog-
nize the importance of clinical correlations. The majority of medical schools in the
United States have increased patient interactions for even first- and second-year
medical students. Education has become much more problem-based, using simu-
lated cases and case presentations. However, the authors and editors of textbooks
have been much slower to adapt to this change. The majority of medical textbooks,
including those in the specialty of emergency medicine, remain disease-oriented
rather than patient-oriented. In other words, readers are expected to improve
their practice of medicine by reading about diseases rather than by reading about
patients. As a result, most textbooks occupy prominent positions on dusty book-
shelves, rarely used, let alone read cover-to-cover. Fortunately, those of us who are
teachers and students of emergency medicine are in luck. Two outstanding educa-
tors have stepped forward to provide a text that will not be relegated to those dusty
bookshelves but will instead be relished and appreciated for its ability to help us
navigate those uncharted seas that Osler spoke of many years ago.

Drs. Gus Garmel and Joel Levis have been teaching emergency medicine for
many years. Both have proven track records of success in medical education.
Dr. Garmel has received several prestigious national teaching awards and schol-
arships and has published several important textbooks, many book chapters and
numerous articles. Dr. Levis has also been recognized among his peers for his schol-
arly activities, including teaching, authorship and research. These dedicated educa-
tors have already produced several successful academic collaborations. Congratula-
tions to them for having the insight to produce a novel textbook that allows readers
to study emergency medicine with the patient in mind.

Clinical Emergency Medicine Casebook presents the reader with real-life case
presentations that cover the entire spectrum of the specialty of emergency medicine.
These cases are presented in a succinct manner, with just enough information and
relevant visual clues that the patient seems to magically appear from within the
pages. The reader is then prompted for a diagnosis and, with a flip of the page,
the clinically oriented teaching begins. The authors provide a diagnosis, followed
by a concise discussion of the condition, including management plans and a set of
concluding “Key Teaching Points” that reinforce the essentials of the case. Their
detailed and thoughtful discussions frequently address myths, pitfalls and risk man-
agement pearls useful for readers at every level, from student through experienced
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xvi Foreword

practitioner. Following the discussion and teaching points is a brief set of references
and suggestions for further reading. The cases are organized in sections important
to clinical practice. Within each section, the randomness of case presentations sim-
ulates the randomness of actual emergency medicine practice, forcing readers to
remain focused and “stay on their toes.”

The quality of the cases selected is a particular strength of the text. Drs. Levis
and Garmel have chosen cases that practicing emergency physicians are likely to
see in a busy emergency department. Some cases are relatively common; for these,
the authors provide critical teaching points that are often not well known. They
have also included cases that are less commonly encountered in routine practice yet
are equally important because of their likelihood for morbidity or mortality. For
these cases, the authors focus on methods to minimize risk and improve patient
outcomes. Esoteric cases have been specifically excluded in favor of maximizing
practical teaching.

Another obvious strength of the book is the quality of the visuals throughout
the text. The electrocardiograms, radiographs, photos and illustrations are crisp and
unambiguous in their demonstration of important findings, a rare quality in most
medical texts. The text is therefore incredibly useful for gaining visual diagnosis
skills. Overall, students, residents, mid-level providers and experienced emergency
physicians will find this book useful for improving their clinical practice and practical
knowledge base.

Kudos to Drs. Levis and Garmel, who have written a special textbook. Clini-
cal Emergency Medicine Casebook represents a valuable addition to the emergency
medicine literature. Students and clinicians will find this unique book practical, easy
to read and downright enjoyable. My sincere hope is that this text will serve as
a model to other authors regarding the importance of bringing the patient to the
reader.

Amal Mattu, M.D., FAAEM, FACEP
Director, Emergency Medicine Residency
Co-Director, Emergency Medicine/Internal Medicine Combined

Residency
Associate Professor, Department of Emergency Medicine
University of Maryland School of Medicine
Coauthor, ECGs for the Emergency Physician, Volumes 1 and 2
Coeditor, Electrocardiography in Emergency Medicine
Coeditor, Emergency Medicine: Avoiding the Pitfalls and

Improving the Outcomes
Consulting Editor, Emergency Medicine Clinics of North America



PART I

HEENT (HEAD, EYES, EARS,

NOSE AND THROAT)





1

Sore throat in a 29-year-old male

HISTORY OF PRESENT ILLNESS

A 29-year-old male with a medical history significant for type
I diabetes presented to the ED complaining of a sore throat,
inability to swallow solids and fevers to 103◦F (39.4◦C) for two
days. He noted a hoarse voice and was able to tolerate only
small sips of liquids. He denied significant neck swelling or
stiffness, and was able to tolerate his secretions. He had immi-
grated to the United States from Mexico as a teenager, and his
immunization status was unknown.

PHYSICAL EXAM

GENERAL APPEARANCE: The patient was a well-developed,
nontoxic, moderately obese male who appeared slightly dehy-
drated, sitting upright and in no acute distress.

VITAL SIGNS

Temperature 103◦F (39.4◦C)
Pulse 100 beats/minute
Blood pressure 145/85 mmHg
Respirations 22 breaths/minute
Oxygen saturation 100% on room air

HEENT: Oropharynx was pink and moist, no erythema, exu-
dates, tonsillar or uvular swelling noted.

NECK: Supple, anterior cervical lymphadenopathy noted, ten-
derness to palpation over cricoid cartilage noted.

LUNGS: Clear to auscultation bilaterally.

CARDIOVASCULAR: Regular rate and rhythm without rubs,
murmurs or gallops.

ABDOMEN: Soft, nontender, nondistended.

EXTREMITIES: No clubbing, cyanosis or edema.

A peripheral intravenous line was placed and blood was
drawn and sent for laboratory testing. Laboratory tests were
significant for a leukocyte count of 24 K/μL (normal 3.5–
12.5 K/μL) with 92% neutrophils (normal 50–70%). A soft-
tissue lateral neck radiograph was obtained (Figure 1.1).

What is your diagnosis?

Figure 1.1 Soft-tissue lateral radiograph of the neck from a 29-year-
old male with sore throat and inability to swallow solids.
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4 HEENT

ANSWER

The diagnosis is epiglottitis. The soft-tissue lateral neck radio-
graph demonstrates swelling of the epiglottis (“thumbprint”
sign, Figure 1.2). The Ear, Nose and Throat (ENT) special-
ist was urgently consulted, and bedside nasopharyngoscopy
demonstrated a swollen, red epiglottis with 90% obstruction
of the upper airway. The patient received ceftriaxone 1 gm and
decadron 10 mg intravenously, normal saline 1 liter IV bolus,
and was admitted to the ICU for close monitoring and obser-
vation. The patient was discharged on hospital day #4 after his
symptoms had improved. Repeat nasopharyngoscopy demon-
strated significant improvement of the epiglottic swelling. He
was continued on cefpodoxime proxetil (VantinTM) orally for
ten days following discharge.

Epiglottitis in adults

Acute epiglottitis is a potentially life-threatening condi-
tion that results from inflammation of the supraglottic
structures.1,2 Commonly considered a pediatric disease, the
current incidence of epiglottitis in adults is 1 to 2 cases
per 100,000, which is presently 2.5 times the incidence in
children.1 Epiglottitis occurs most frequently in men in the
fifth decade; the disease is more common in countries that do
not immunize against Haemophilus influenzae type B. Cur-
rently, the most common cause of epiglottitis is infection,
although sources such as crack cocaine use have also been
implicated.1 Common pathogens include H. influenzae (Hib),
β-hemolytic streptococci and viruses.

The clinical presentation of adult epiglottitis may differ sig-
nificantly from that of the classic drooling child seated in a
tripod position. The most common symptoms in adults are
sore throat, odynophagia and muffled voice.3 Sore throat is
the chief complaint in 75–94% of cases, whereas odynopha-
gia may be present in as many as 94% of cases.4 The pres-
ence of stridor significantly increases the need for emergent
airway intervention.5 Unlike children with epiglottitis, where
emergency airway management is essential, most cases of
adult epiglottitis do not require acute airway intervention due
to the greater diameter of the adult airway.

The leukocyte count is greater than 10,000 in 80% of
cases of adult epiglottitis. Soft-tissue lateral neck radiog-
raphy, which may show an enlarged, misshapen epiglottis
(“thumbprint” sign), has a sensitivity of 88% in establish-
ing the diagnosis.3 Patients who appear ill or are in extremis
should not leave the ED for radiographs, and airway manage-
ment in patients in extremis should be the first and foremost
responsibility. Direct laryngoscopy is the most accurate inves-
tigation to establish a diagnosis of epiglottitis.3 Management
focuses on two important aspects: close monitoring of the air-
way with intubation (if necessary) and treatment with intra-
venous antibiotics.6 Antibiotics should be directed against
Hib in every patient, regardless of immunization status. Cefo-
taxime, ceftriaxone or ampicillin/sulbactam are appropriate
choices. Steroids are commonly used in the management of

Figure 1.2 Soft-tissue lateral radiograph of the neck from a 29-year-
old male with epiglottitis, demonstrating “thumbprint” sign (arrow).

acute epiglottitis, although no randomized trials to date sup-
port this practice.6

KEY TEACHING POINTS

1. Acute epiglottitis is a potentially life-threatening condition
resulting from inflammation of the supraglottic structures,
with a current incidence of 1 to 2 cases per 100,000 adults
in the United States.

2. Sore throat is the chief complaint in 75–94% of cases of
adult epiglottitis, whereas odynophagia may be present in
as many as 94% of cases.

3. Soft-tissue lateral neck radiography, which may show an
enlarged, misshapen epiglottis (“thumbprint” sign), has a
sensitivity of 88% in establishing the diagnosis.

4. The definitive diagnosis is made through direct laryngo-
scopic visualization of an enlarged, inflamed epiglottis.

5. Treatment of epiglottitis includes intravenous antibiotics
and close airway monitoring in an ICU setting. Most clini-
cians treat acute cases with intravenous steroids.

REFERENCES
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Left eye pain and discharge in a 44-year-old male

HISTORY OF PRESENT ILLNESS

A 44-year-old male with no significant medical history pre-
sented to the ED with several days of worsening left eye pain,
discharge and decreased vision, as well as swelling and redness
to the eyelid and surrounding tissue. He did not wear contact
lenses or eyeglasses. The patient currently could not see from
his left eye. He denied fevers, headaches or recent trauma to
the eye, although he did report a foreign body sensation to
the eye several days prior to the onset of these symptoms. He
denied experiencing similar symptoms in the past.

PHYSICAL EXAMINATION

GENERAL APPEARANCE: The patient appeared to be in no acute
discomfort.

VITAL SIGNS

Temperature 98.1◦F (36.7◦C)
Pulse 75 beats/minute
Blood pressure 135/85 mmHg
Respirations 22 breaths/minute
Oxygen saturation 100% on room air

EYES: The visual acuity of the right eye was 20/40; the right
pupil was round and reactive to light. No vision or light per-
ception was elicited from the left eye. The left upper and lower
eyelids were swollen and erythematous. A thick yellow-green
discharge exuded from the left orbit; the pupil could not be
examined secondary to the thickness and adherence of the
exudates. The left eye was proptotic (Figure 2.1).

What is your diagnosis?

Figure 2.1 A 44-year-old male with several days of swelling, redness
and exudate of his left eye.
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6 HEENT

ANSWER

The diagnosis is endophthalmitis and orbital cellulitis of the
left eye. A CT scan of the orbits revealed a markedly proptotic
left ocular globe, as well as a markedly distended left anterior
chamber with mild posterior displacement of the hyperdense
lens (Figure 2.2). The CT also demonstrated enhancing infil-
trate of the preseptal and periorbital soft tissues associated
with the left orbit, consistent with orbital cellulitis. It was sur-
mised that the patient had recently incurred a penetrating
injury to the globe, which resulted in endophthalmitis with
extension to orbital cellulitis.

The patient was started on intravenous antibiotics (ceftri-
axone 1 gm q12 h and vancomycin 1 gm q12 h), as well as
antibiotic eye drops (cefazolin and tobramycin, one drop each
q1 h) and aggressive lubrication of the eye. He was admitted
to the medical service with close ophthalmology involvement.
By hospital day #10, no improvement in the patient’s symp-
toms occurred despite aggressive antibiotic therapy, and the
decision was made to surgically enucleate the left eye.

Periorbital cellulitis, orbital cellulitis and endophthalmitis

Periorbital cellulitis (also called preseptal cellulitis) is an infec-
tion that occurs anterior to the orbital septum. The orbital sep-
tum is a layer of fibrous tissue arising from the periosteum
of the skull and continues into the eyelids. Because this layer
provides an effective barrier against the spread of infection
from the preseptal tissues into the orbit, periorbital celluli-
tis does not progress to orbital cellulitis.1 Periorbital tissue
may become infected either by trauma or due to primary bac-
teremia, which is especially common in young children at high
risk for pneumococcal bacteremia.1

Orbital cellulitis is post-septal, with involvement of the
orbit itself. It is most commonly the result of a complication
of ethmoid sinusitis, which accounts for more than 90% of
all cases.2 Orbital cellulitis can also be caused by the direct
extension of infection from the globe, eyelids, ocular adnexae
and other periocular tissues, in addition to the sinuses. Orbital
cellulitis is more common in children but can also occur in
adults.3 Along with eyelid edema and erythema seen in peri-
orbital cellulitis, patients with orbital cellulitis have proptosis,
chemosis (edema of the bulbar conjunctiva), impairment of
and pain with extraocular movements, and decreased extraoc-
ular movements.1–4 The presence of fever, systemic signs, and
toxicity is variable in patients with orbital cellulitis.4 Bacterial
causes of orbital cellulitis are most commonly Streptococcus
species, Staph aureus and Haemophilus influenzae Type B.2

Pseudomonas, Klebsiella, Eikenella and Enterococcus are less
common culprits. Polymicrobial infections with aerobic and
anaerobic bacteria are more common in patients 16 years or
older.2

Endophthalmitis is a serious intraocular inflammatory dis-
order resulting from infection of the vitreous cavity.5 Ex-
ogenous endophthalmitis occurs when infecting organisms
gain entry into the eye by direct inoculation, such as from

Figure 2.2 CT of the orbits of a 44-year-old male demonstrating
a markedly proptotic left ocular globe (dark arrow), as well as a
markedly distended left anterior chamber with mild posterior dis-
placement of the hyperdense lens (white arrow).

intraocular surgery, penetrating trauma, or contiguous spread
from adjacent tissues. Endogenous endophthalmitis occurs
when infectious agents are hematogenously disseminated into
the eye from a distant focus of infection.6 Progressive vitri-
tis is a hallmark of any form of endophthalmitis. Histologi-
cally, there is massive infiltration of the vitreous cavity with
inflammatory cells, primarily neutrophils.5 In most instances,
vitreous infiltration is accompanied by progressive intraoc-
ular inflammation associated with loss of vision, pain, and
hypopyon. Further progression may lead to panophthalmi-
tis, corneal infiltration and perforation, orbital cellulitis, and
phthisis bulbi (atrophy and degeneration of a blind eye).5

Decreased vision and permanent loss of vision are common
complications of endophthalmitis. Patients may require enu-
cleation to eliminate a blind and painful eye. The most impor-
tant laboratory studies are Gram stain and culture of the aque-
ous and vitreous humor.6

Diagnostic testing for orbital cellulitis starts with contrast-
enhanced CT imaging of the orbits.3 Findings on CT indicating
orbital cellulitis include any of the following: proptosis, inflam-
mation of the ocular muscles, subperiosteal abscess or frank
orbital abscess.1 Ipsilateral (or bilateral) sinusitis should also
be evident (except in cases where orbital cellulitis is caused
by extension of endophthalmitis). Sinus disease is important
in the pathogenesis of orbital cellulitis but not of periorbital
cellulitis.1 Purulent material from the nose should be col-
lected with cotton or calcium alginate swabs and submitted for
Gram stain and culture on aerobic and anaerobic media; any
material obtained from the sinuses or directly from an orbital
abscess should be assessed in the same manner.2
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Uncomplicated post-traumatic periorbital cellulitis can
generally be treated with oral antimicrobials directed against
Gram-positive bacteria (e.g., cephalexin, dicloxacillin or
clindamycin).1 The patient with orbital cellulitis should be
promptly hospitalized for treatment, with ophthalmology and
infectious disease consultations. Historically, the presence of
subperiosteal or intraorbital abscess was an indication for
surgical drainage in addition to antibiotic therapy; however,
medical management alone is successful in many cases.2 Intra-
venous broad-spectrum antibiotics (e.g., second- and third-
generation cephalosporins or ampicillin/sulbactam) should
be started immediately until antibiotics can be tailored to
pathogens identified on culture.2,3 Typically, intravenous
antibiotic therapy should be continued for 1 to 2 weeks, fol-
lowed by oral antibiotics for an additional 2 to 3 weeks.1–3

Treatment of traumatic endophthalmitis includes admis-
sion to the hospital with ophthalmologic consultation, intra-
venous antibiotics (including vancomycin and an aminoglyco-
side or third-generation cephalosporin) and topical fortified
antibiotics.6 Intravitreal antibiotics should be administered
by an ophthalmologist, with consideration for pars plana
vitrectomy.5,6 Tetanus immunization is necessary if immuniza-
tion is not current.

KEY TEACHING POINTS

1. Clinical signs and symptoms of orbital cellulitis include
eyelid edema and erythema, proptosis, chemosis, pain with
extraocular movements and ophthalmoplegia.

2. The diagnostic test of choice for orbital cellulitis is a
contrast-enhanced CT scan of the orbits, demonstrating
proptosis, inflammation of the ocular muscles, and sub-
periosteal or orbital abscess.

3. Treatment of orbital cellulitis includes administration of
broad-spectrum intravenous antibiotics with close ophthal-
mology involvement.

4. Endophthalmitis, a serious intraocular inflammatory dis-
order resulting from infection of the vitreous cavity, may
progress to orbital cellulitis.

5. Treatment of traumatic endophthalmitis includes hospital
admission and administration of intravenous, topical and
intravitreal antibiotics.

REFERENCES

[1] Givner LB. Periorbital versus orbital cellulitis. Pediatr Infect
Dis J 2002;21:1157–8.

[2] Harrington JN. Cellulitis, orbital. eMedicine Web site. Avail-
able at http://www.emedicine.com/oph/topic205.htm. Acces-
sed June 21, 2008.

[3] Pasternak A, Irish B. Ophthalmologic infections in primary
care. Clin Fam Pract 2004;6:19–33.

[4] Wald ER. Periorbital and orbital infections. Infect Dis Clin
N Am 2007;21:393–408.

[5] Lemley CA, Han DP. Endophthalmitis: a review of current
evaluation and management. Retina 2007;27:662–80.

[6] Peters JR, Egan DJ. Endophthalmitis. eMedicine Web
site. Available at http://www.emedicine.com/emerg/topic880.
htm. Accessed June 21, 2008.





3

Sudden, monocular vision loss in a 62-year-old female

HISTORY OF PRESENT ILLNESS

A 62-year-old female with no significant medical history pre-
sented to the ED complaining of seeing “floaters” and flash-
ing lights in her right eye associated with loss of vision in the
right inferolateral visual field (affecting only her right eye) for
the past three days. She did not wear eyeglasses or contact
lenses, and denied pain, redness or discharge from the eye.
She denied trauma to the eye or headaches.

PHYSICAL EXAMINATION

GENERAL APPEARANCE: The patient appeared well developed
and in no acute discomfort.

VITAL SIGNS

Temperature 98.6◦F (37◦C)
Pulse 80 beats/minute
Blood pressure 135/85 mmHg
Respirations 20 breaths/minute
Oxygen saturation 100% on room air
Visual acuity OD 20/100

OS 20/20
OU 20/40

EYES: PERRL, EOMI and no afferent pupillary defect. Lids,
lashes and lacrimal glands normal, no conjunctival or scleral
injections, no ocular discharge. The cornea was clear, without
edema, fluorescein uptake or cloudiness. No cell or flare on
slit lamp examination. Right inferolateral visual field deficit
affecting the right eye only. Retinal examination of both undi-
lated eyes was normal. Intraocular pressures were 12 mmHg
OD and 16 mmHg OS, respectively.

A linear, 10-MHz ultrasound probe was gently placed over
the closed right eye using a small amount of water-soluble gel
(Figure 3.1).

What is your diagnosis?

Figure 3.1 Ultrasound image of the right eye from a 62-year-old
female with 3 days of floaters and an inferolateral visual field deficit
of the right eye.

9
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ANSWER

The diagnosis is retinal detachment. The ultrasound image
demonstrates an inferolateral detachment of the retina
(arrow, Figure 3.2). The ophthalmologist was urgently con-
sulted, and confirmed the presence of retinal detachment
upon dilated retinal examination of the right eye. The patient
underwent microsurgical repair of the retinal detachment,
regaining normal vision of her right eye.

Retinal detachment

Retinal detachment (RD) involves separation of the retina
from the underlying retinal epithelium (Figure 3.3). It affects
approximately 2 in 10,000 people per year.1 Risk factors
for the development of RD include increasing age, previ-
ous cataract surgery, focal retinal atrophy, myopia, trauma,
diabetic retinopathy, family history of RD, uveitis, and
prematurity.1 Patients complain of new floaters, squiggly lines
or cobwebs that appear abruptly, associated with visual field
loss.2 Over time, the patient may report a shadow in the
peripheral visual field, which, if ignored, may spread to involve
the entire visual field in a matter of days.3 Vision loss may be
filmy, cloudy, irregular or curtain-like.

Examination of the eyes should begin with an assessment
of the visual acuity. The external eye examination should
include inspection for any signs of trauma and confrontational
visual field testing; the latter can assist in isolating the loca-
tion of the RD.3 Pupillary reaction should be checked, and
a slit lamp biomicroscopy performed. Intraocular pressures
should be measured in both eyes, as hypotony of more than
4–5 mmHg less than the unaffected eye is common in RD.3

Finally, a funduscopic examination with ophthalmoscopy is
required. This examination may not reveal the RD, particu-
larly in an undilated eye, as the detachment may be at the
periphery of the retina where the retina is the thinnest.2

Patients with new onset visual loss can be rapidly assessed
for RD using bedside ultrasound, readily performed by

Figure 3.2 Ultrasound image of right eye from a 62-year-old female
demonstrating inferolateral retinal detachment (arrow).

Figure 3.3 Retinal detachment.

emergency physicians.4–8 The diagnosis of retinal detach-
ment can be made using almost any ultrasonographic probe,
although a linear probe such as the 7.5- to 10-MHz probe is
preferred. The patient is asked to look straight ahead with
closed, but not clenched, eyelids. The probe is placed perpen-
dicular to the orbit, using conduction gel and minimal pres-
sure to obtain the image.5 Care should be taken to avoid plac-
ing excessive pressure on the globe while performing the scan,
particularly if there is concern for globe rupture (in the setting
of trauma).

RD requires urgent consultation with an ophthalmologist.
Surgical repair of retinal detachments, typically performed
by a retinal specialist, has a high success rate.1 More inva-
sive therapies, such as scleral buckling and posterior vitrec-
tomy, have success rates of nearly 90%, whereas less invasive
therapies, such as pneumatic retinopexy, may be performed
in an office setting in select cases. If the repair is technically
successful, visual acuity is often restored to predetachment
levels.1

KEY TEACHING POINTS

1. Retinal detachment (RD) involves separation of the retina
from the underlying retinal epithelium, and affects approx-
imately 2 in 10,000 people per year.

2. RD is an ophthalmologic emergency, requiring urgent oph-
thalmology consultation.

3. Patients with RD complain of new floaters, squiggly lines
or cobwebs that appear abruptly, associated with visual
field loss.

4. Key components of the ocular examination include visual
acuity testing, gross and slit lamp inspection of both eyes,
visual field confrontation and extraocular movement as-
sessment, pupillary response to light and accommodation,
testing of intraocular pressures, and fundoscopic examina-
tion (best performed on a dilated eye).

5. Bedside ultrasound is a useful and readily available tool for
making the diagnosis of RD in the emergency department.
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Syncope and monocular vision loss in
a 76-year-old female

HISTORY OF PRESENT ILLNESS

A 76-year-old female with a medical history significant for
hypertension, hypothyroidism, hyperlipidemia and chronic
renal insufficiency presented to the ED after fainting while
shopping. She reported feeling lightheaded and dizzy while
walking in a grocery store, at which time she experienced a
brief loss of consciousness. She fell to the floor, bystanders
called emergency services but she quickly regained conscious-
ness. She denied head trauma or neck pain after the fall. She
also denied chest pain but had been experiencing some short-
ness of breath with exertion over the past several weeks, as
well as low back pain and bilateral thigh pain worse in the
morning. She also noted gradually worsening vision in her
right eye over the past week, increasing redness to that eye,
and a mild, right-sided headache; her vision prior to this had
been normal. Upon presentation to the ED, she could per-
ceive light and vague shapes with the right eye. Her med-
ications included metoprolol, hydrochlorothiazide, Cozaar,
levothyroxine, lovastatin and ibuprofen 400 mg orally twice
daily for low back pain. She denied tobacco use, drank alcohol
occasionally, lived alone and drove a car for transportation.

PHYSICAL EXAMINATION

GENERAL APPEARANCE: The patient appeared well hydrated
and well nourished, and in no acute discomfort.

VITAL SIGNS

Temperature 98◦F (36.6◦C)
Pulse 54 beats/minute
Blood pressure 138/53 mmHg
Respirations 22 breaths/minute
Oxygen saturation 98% on room air
Visual acuity OS 20/50

OD light perception and hand
motion only (unable to count
fingers)

HEENT: Atraumatic, normocephalic, PERRL, EOMI, no
afferent pupillary defect. Sclera of the right eye red and
injected, no discharge. Tenderness to palpation over right
forehead. No facial lesions or asymmetry noted.

NECK: Supple, no jugular venous distension.

Figure 4.1 Noncontrast CT of the brain from a 76-year-old female
with syncope and monocular vision loss.

CARDIOVASCULAR: Bradycardic rate, regular rhythm without
rubs, murmurs or gallops.

LUNGS: Clear to auscultation bilaterally.

ABDOMEN: Soft, nontender, nondistended.

RECTAL: Normal tone, brown stool, hemoccult negative.

EXTREMITIES: No clubbing, cyanosis or edema.

NEUROLOGIC: Visual acuity deficit of right eye (cranial nerve
II) as described; remaining neurologic examination nonfocal.

A peripheral intravenous line was placed and blood was
drawn and sent for laboratory testing. A 12-lead ECG demon-
strated sinus bradycardia, rate 56, without the presence of ST-
T wave changes. A noncontrast CT of the brain was obtained
(Figure 4.1). Laboratory tests were significant for a leuko-
cyte count of 12.6 K/μL (normal 3.5–12.5 K/μL) with 81%
neutrophils (normal 50–70%), hematocrit of 27% (normal
34–46%), creatinine of 1.7 mg/dL (normal < 1.1 mg/dL), ery-
throcyte sedimentation rate (ESR) of 120 mm/hr (normal
0–20 mm/hr) and C-reactive protein (CRP) of 18.2 mg/dL
(normal < 0.9 mg/dL). The electrolytes, glucose and troponin
I were within normal limits, and a urinalysis did not show signs
of infection.

What is your diagnosis?
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ANSWER

The diagnosis is temporal arteritis and normochromic, normo-
cytic anemia. The CT scan of her brain was normal. Her syn-
cope was attributed to her anemia. The patient was admit-
ted to the medicine service and transfused with two units
of packed red blood cells. Her post-transfusion hematocrit
improved to 33%. Ophthalmology was urgently consulted and
the patient was started on oral prednisone 50 mg per day,
with the first dose given in the ED. She was discharged on
hospital day #2 without visual improvement of the right eye.
She underwent an outpatient temporal artery biopsy two days
later, which confirmed the diagnosis of temporal arteritis. The
patient’s oral prednisone dose was increased to 80 mg daily
at that time. By six weeks, her CRP had normalized and the
ESR had decreased to 56 mm/hr; minimal improvement in her
right eye’s vision was noted, whereas no visual changes had
occurred in the left eye. A gradual taper of prednisone was
done over three months. Over this period, her vision slowly
improved but not completely back to her baseline.

Temporal arteritis

Temporal arteritis, also called giant-cell arteritis (GCA), is a
granulomatous arteritis of the aorta and its major branches
with a predilection to affect the extracranial branches of the
carotid artery.1 Although it can be seen in a variety of popu-
lations, there is an epidemiologic predilection for people of
Northern European decent and those living at higher lati-
tudes.2 Women are twice as likely to be affected as men. Cases
are rare before 50 years of age; the incidence increases with
age, peaking in the eighth decade.2 The incidence of temporal
arteritis is 15 to 25 per 100,000 in adults over 50 years of age
in the United States, and peaks at 1100 per 100,000 persons at
85 years of age.2

In giant-cell arteritis, transmural inflammation of the arter-
ies induces luminal occlusion through intimal hyperplasia.3

Clinical symptoms reflect end-organ ischemia. Branches of the
external and internal carotid arteries are particularly suscep-
tible. Their involvement leads to the classic manifestations of
blindness, headache, scalp tenderness and jaw claudication.3

Systemic symptoms (fatigue, malaise, anorexia, fever) are
present in about half of patients.4 A headache is probably the
most frequent symptom, occurring in two-thirds of patients.2,4

The pain is frequently severe and tends to be located over
the temporal or occipital areas; however, it may be less well-
defined. Scalp tenderness is usually confined to the temporal
and, less commonly, occipital arteries, but may be diffuse. On
physical examination, the frontal or parietal branches of the
superficial temporal arteries may be thickened, nodular, ten-
der or occasionally erythematous.4 Pulses may be decreased
or absent. Nearly half of patients suffer jaw claudication. In
rare cases, vascular narrowing may lead to infarction of the
scalp or tongue.4

Unilateral or bilateral blindness (resulting from arteritis of
the intraorbital posterior ciliary and central retinal arteries) is

the most common dreaded complication if temporal arteritis is
left untreated or inadequately treated. This complication may
be seen in up to half of patients.5 Affected patients typically
report partially-obscured vision (“a shade covering one eye”),
which may progress to total blindness.4 If untreated, the other
eye is likely to become affected within 1 to 2 weeks. Once
established, visual impairment is usually permanent. Blurring,
diplopia or amaurosis fugax occurs in 65% of patients before
the development of permanent visual loss.2 The progression
to permanent visual loss occurs an average of 8.5 days after
these early findings.2

The ESR is a well-known marker for inflammatory con-
ditions, including GCA. Most patients with GCA have an
ESR greater than 50 mm/hr.2 Although GCA studies have not
established a well-defined normal ESR, past studies have sug-
gested a normal value of (age/2) for men and (age + 10)/2
for women.2,6 A 2002 meta-analysis found that only 4% of
patients with biopsy-proven GCA had normal ESRs.6 As a
nonspecific marker of inflammation, an ESR greater than 50
has a reported specificity of 48%.2 The CRP level has been
found to be a more sensitive indicator of disease than the ESR
both at diagnosis and during relapse.4 One small study found
that a CRP greater than 6 mg/dL occurred in 49 of 55 cases of
GCA.7 There is conflicting literature on the accuracy of CRP
or ESR to diagnose and follow GCA, with some authors favor-
ing CRP and others favoring ESR.2 Following both may be
helpful.

The presence of normocytic, normochromic anemia is
another helpful finding. Although pooled data have shown
only 44% sensitivity for positive biopsy, anemia can be helpful
when evaluating disease activity.8 Studies have shown a nega-
tive correlation between the presence of anemia and the like-
lihood to progress to ischemic complications, such as perma-
nent vision loss.2

Temporal artery biopsy confirms GCA in 50–80% of cases,
demonstrating a panmural mononuclear cell infiltration that
can be granulomatous with histiocytes and giant cells.1 To
increase yield, the length of the biopsy specimen should be
at least 3–5 cm and sampled at multiple levels.1 Biopsy does
not need to be performed urgently in the ED; it can be per-
formed as an outpatient.9 In patients suspected of having
GCA, treatment with steroids should be instituted immedi-
ately to preserve vision while a prompt temporal artery biopsy
is arranged.1 Although steroid therapy may affect biopsy
results, inflammatory changes usually persist for 2 to 4 weeks
after initiation of treatment.9

Steroids prevent visual complications in GCA, and bring
about rapid improvement in clinical symptoms.1 The opti-
mal initial dosage remains controversial, but most investiga-
tors support that prednisone be initiated at a dose of 40–
60 mg/day.1 Symptomatic improvement usually occurs within
the first 1 to 2 weeks following the initiation of prednisone,
accompanied by a reduction in ESR over the first month. The
duration of maintenance therapy with prednisone (following
a taper) may last for one year or more, depending upon the
patient’s response.9 Although thromboembolic occlusion is



Syncope and monocular vision loss in a 76-year-old female 15

not a likely mechanism in the development of GCA, ther-
apeutic benefit in its treatment has been reported with the
use of low-dose aspirin.3 Prevention of platelet aggregation
is potentially effective, even in patients with partial luminal
occlusion.

KEY TEACHING POINTS

1. Symptoms of temporal arteritis (also known as giant-cell
arteritis) may be nonspecific, including headache, scalp
tenderness, jaw claudication and gradual vision loss.

2. If left untreated, temporal arteritis can result in unilateral
or bilateral blindness.

3. The erythrocyte sedimentation rate (ESR) and C-reactive
protein (CRP) are the most useful laboratory tests in
diagnosing and following the clinical course of temporal
arteritis.

4. Temporal artery biopsy is the gold standard for the diagno-
sis of temporal arteritis.

5. Prednisone is the mainstay of treatment for temporal
arteritis, and should be started once the diagnosis of tem-
poral arteritis is considered, before a temporal artery
biopsy is performed or the results are known.
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Eye pain and blurred vision in an 89-year-old female

HISTORY OF PRESENT ILLNESS

An 89-year-old female with an ophthalmologic history signif-
icant for open angle glaucoma in both eyes, who had failed
medical management and had undergone trabeculectomy with
mitomycin C treatment to the left eye six months earlier, pre-
sented to the ED with several days of progressively worsening
vision, redness, pain, photophobia and discharge from her left
eye. She denied trauma or new eye drops and did not wear
contact lenses.

PHYSICAL EXAMINATION

GENERAL APPEARANCE: The patient was an elderly female in
no acute discomfort.

VITAL SIGNS

Temperature 98.6◦F (37◦C)
Pulse 88 beats/minute
Blood pressure 150/90 mmHg
Respirations 18 breaths/minute
Oxygen saturation 99% on room air

EYES: Visual acuity: 20/40 OD; finger counting at 5 feet OS.
PERRL, EOMI. Intraocular pressures measured 10 mmHg

OD and 18 mmHg OS, respectively.
Gross inspection of the left eye: redness and swelling

to lids, conjunctival injection, mucoid discharge, layering of
milky material to inferior portion of cornea (Figure 5.1).

What is your diagnosis?

Figure 5.1 Left eye of an 89-year-old female with progressively wors-
ening vision, redness, pain and photophobia.

17



18 HEENT

ANSWER

The diagnosis is endophthalmitis with hypopyon. Figure 5.1
demonstrates several of the findings of this condition: a red
eye with circumlimbal flush, a hypopyon (inflammatory cells
and exudates [pus] layered in the anterior chamber of the eye),
and purulent discharge on the lid margin and eyelashes. The
patient received gatifloxacin 0.3% eye drops to the left eye,
and her eye was subsequently dilated with tropicamide 1%
and phenylephrine 2.5% drops. The patient was taken to the
OR emergently by the ophthalmologist, where a vitrectomy
with intravitreal injection of antibiotics was performed. The
patient was discharged that same day to continue gatifloxacin
and prednisolone eye drops every hour while awake, with a
follow-up appointment with the ophthalmologist the follow-
ing day.

Endophthalmitis

Endophthalmitis is an infection involving the deep struc-
tures of the eye, namely the anterior, posterior and vitre-
ous chambers.1 Noninfectious (sterile) endophthalmitis may
result from various causes, such as retained native lens mate-
rial after an operation or from toxic agents.2 The two classi-
fications of endophthalmitis are endogenous and exogenous.
Endogenous endophthalmitis results from the hematogenous
spread of organisms from a distant source of infection (e.g.,
endocarditis).2 Exogenous endophthalmitis results from direct
inoculation of the eye as a complication of ocular surgery, for-
eign bodies, or blunt or penetrating trauma.1,2

Acute postoperative endophthalmitis refers to infectious
endophthalmitis that occurs shortly after ocular surgery. Most
patients present within 1 to 2 weeks of surgery, often within
a few days. Initial symptoms are often rapidly progressive,
including pain, redness, ocular discharge and blurring.3 Com-
mon signs include decreased visual acuity, lid swelling, con-
junctival and corneal edema, anterior chamber cells and fib-
rin, hypopyon, vitreous inflammation, retinitis, and blunting
of the red reflex.3 Common pathogens of endophthalmitis are
Staphylococcus, Streptococcus and Bacillus1. Endophthalmitis
caused by H. influenza has been documented, occurring from
6 days up to 18 months after invasive eye surgery.4

Treatment with empiric antibiotics must be prompt
because endophthalmitis can result in a poor visual outcome
if not treated aggressively.4 Emergent consultation with an
ophthalmologist is necessary once this diagnosis is enter-
tained. Endophthalmitis is an ophthalmologic emergency, as
the patient is in danger of losing his or her vision.2 Emergency
treatment should begin with a dose of broad-spectrum intra-
venous antibiotics. Intravitreal antimicrobial therapy remains
the mainstay of treatment.3 The majority of patients require
intravitreal injections, vitreous tap, subconjunctival steroids or
vitrectomy to prevent loss of the eye.4

KEY TEACHING POINTS

1. Endophthalmitis is an ophthalmologic emergency requir-
ing a high index of suspicion and prompt consultation with
an ophthalmologist.

2. Initial symptoms of endophthalmitis include pain, redness,
ocular discharge and blurring of vision.

3. Common signs include decreased visual acuity, lid swelling,
conjunctival and corneal edema, anterior chamber cells
and fibrin, hypopyon, vitreous inflammation, retinitis, and
blunting of the red reflex.

4. Intravitreal antimicrobial therapy remains the mainstay of
treatment for infectious endophthalmitis; the majority of
patients require intravitreal injections, vitreous tap, sub-
conjunctival steroids or vitrectomy to prevent loss of the
eye.
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Palpitations and chest heaviness
in a 26-year-old female

HISTORY OF PRESENT ILLNESS

A 26-year-old female with no significant medical history pre-
sented to the ED complaining of two hours of palpitations,
mild chest pressure and general body weakness. She denied
shortness of breath, nausea, sweating or leg swelling. She
denied drugs, alcohol or tobacco use, as well as pregnancy.

PHYSICAL EXAMINATION

GENERAL APPEARANCE: The patient was well nourished and
well hydrated, appeared tired but easily arousable.

VITAL SIGNS

Temperature 97.2◦F (36.2◦C)
Pulse 142 beats/minute
Blood pressure 123/70 mmHg
Respirations 20 breaths/minute
Oxygen saturation 100% on room air

HEENT: Unremarkable.

Figure 6.1 12-lead ECG from a 26-year-old female with palpitations and chest pressure.

NECK: Supple, no jugular venous distension.

CARDIOVASCULAR: Tachycardic rate, regular rhythm, no rubs,
murmurs or gallops.

LUNGS: Clear to auscultation bilaterally.

ABDOMEN: Soft, nontender, nondistended.

EXTREMITIES: No clubbing, cyanosis or edema; radial pulses
were rapid and weak.

NEUROLOGIC: Nonfocal.

The patient was placed on the cardiac monitor, a peripheral
intravenous line was placed and a 12-lead ECG was obtained
(Figure 6.1).

What is your diagnosis?
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ANSWER

The diagnosis is idiopathic fascicular ventricular tachycardia
(IFVT). The ECG in Figure 6.1 shows a tachycardia with-
out obvious P waves, widened QRS complexes with a regu-
lar rhythm and rate of 142, and a right bundle branch block
pattern with a left anterior fascicular block. The patient was
initially given adenosine IV without any affect on the rate
or rhythm. The patient was then given IV diltiazem, which
caused a slowing of the ventricular rate. A repeat ECG
(Figure 6.2) was obtained, which demonstrated P waves inde-
pendent of QRS complexes. This finding is consistent with
AV dissociation and ventricular tachycardia arising in the
His-Purkinje system. Shortly thereafter, her rhythm sponta-
neously converted to normal sinus rhythm (Figure 6.3). A bed-
side echocardiogram performed in the ED after cardioversion
demonstrated normal left ventricular function with an ejection
fraction of 55%. The patient was admitted to the telemetry
unit for continued monitoring overnight, and was started on
flecainide and metoprolol orally. She was discharged from the
hospital the following day in normal sinus rhythm with normal
vital signs, with close follow up in the cardiology clinic.

Idiopathic fascicular ventricular tachycardia

Idiopathic monomorphic ventricular tachycardia (VT) can be
subdivided into three distinct subgroups: fascicular, adenosine-
sensitive, and automatic (propranolol-sensitive) VT.1 Idiopa-
thic fascicular ventricular tachycardia (IFVT) is characterized
by a relatively narrow QRS complex and a right bundle branch
block pattern.2 The QRS axis depends on which fascicle is

Figure 6.2 12-lead ECG from a 26-year-old female with palpitations after treatment with IV diltiazem
(arrows on lead II identify P waves).

involved in re-entry. Left axis deviation is noted with left pos-
terior fascicular tachycardia; right axis deviation is present
with left anterior fascicular tachycardia. IFVT shows a typical
rSR′ morphology in lead V1.3 This type of idiopathic ventric-
ular tachycardia is also known as intrafascicular tachycardia,
verapamil-sensitive VT, or Belhassen tachycardia.3

Fascicular tachycardia is typically seen in individuals with-
out structural heart disease, usually occurring in patients 15–
40 years old. It occurs more frequently in men than women.1–3

Patients tend to present with paroxysmal sustained tachycar-
dia; initiation of tachycardia may occur with exercise. Ter-
mination usually requires administration of an intravenous
antiarrhythmic medication.3 Sometimes the tachycardia can
be incessant, resulting in tachycardia-induced cardiomyopa-
thy. Symptoms may range from none to palpitations, short-
ness of breath, fatigue or dizziness; syncope or sudden death
is extremely rare in these patients.3

Intravenous verapamil is effective in terminating the
IFVT;1–3 in 1981, Belhassen et al. were among the first to report
termination or suppression of IFVT by the calcium-channel
blocker, verapamil.4 However, the efficacy of oral verapamil
in preventing tachycardia relapse is variable.2 Calcium-chan-
nel blockers should be used with extreme caution, especially
if a wide-complex tachycardia is present or the diagnosis of
IFVT is in question. In these cases, an adenosine trial should
occur first. Although fascicular tachycardias do not generally
respond to adenosine, termination of VT originating from
the left anterior fascicle by intravenous adenosine has been
documented.1 Radiofrequency catheter ablation procedures
have demonstrated a 90% success rate for the treatment of
fascicular tachycardia with minimal complications.3
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Figure 6.3 12-lead ECG from a 26-year-old female with palpitations demonstrating normal sinus rhythm.

KEY TEACHING POINTS

1. Idiopathic fascicular ventricular tachycardia (IFVT) is an
important cardiac dysrhythmia with specific electrocardio-
graphic features (a relative narrow QRS complex and a
right bundle branch block pattern) and therapeutic options
(verapamil, diltiazem or adenosine).

2. IFVT usually occurs in young patients from 15–40 years of
age without structural heart disease.

3. Symptoms of IFVT range from none to palpitations, short-
ness of breath, fatigue or dizziness. Syncope or sudden
death is extremely rare in these patients.

4. Intravenous verapamil is effective in terminating IFVT,
whereas catheter ablation procedures demonstrate a 90%
success rate for the long-term suppression of these dys-
rhythmias.

5. Caution should be taken in using calcium-channel blockers
as first-line treatment for any wide-complex tachycardia,

including ventricular tachycardia. Despite being the treat-
ment for IFVT, adenosine is a safer first-line agent.
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Chest pain in a 26-year-old male

HISTORY OF PRESENT ILLNESS

A 26-year-old male with no significant medical history pre-
sented to the ED complaining of several hours of subster-
nal chest pain after using cocaine daily for the preceding six
days. His last cocaine use was 24 hours prior to presentation.
He described the chest pain as central, pressure-like, constant
and nonradiating. He also reported associated palpitations,
shortness of breath and diaphoresis, as well as several days of
insomnia and anorexia. He had been drinking tequila for the
past 24 hours in an effort to “calm himself down.”

PHYSICAL EXAMINATION

GENERAL APPEARANCE: The patient appeared well developed
and well nourished, anxious and diaphoretic, and in no acute
discomfort.

VITAL SIGNS

Temperature 99.1◦F (37.3◦C)
Pulse 132 beats/minute
Blood pressure 150/92 mmHg
Respirations 24 breaths/minute
Oxygen saturation 98% on room air

Figure 7.1 12-lead ECG from a 26-year-old male with several hours of chest pain.

HEENT: PERRL, EOMI, dry mucous membranes.

NECK: Supple, no jugular venous distension.

CARDIOVASCULAR: Tachycardic rate, regular rhythm without
rubs, murmurs or gallops.

LUNGS: Clear to auscultation bilaterally.

ABDOMEN: Soft, nontender, nondistended.

EXTREMITIES: No clubbing, cyanosis or edema, brisk radial
and dorsalis pedis pulses.

SKIN: Warm and moist, no rashes.

NEUROLOGIC: Nonfocal.

The patient was placed on the cardiac monitor, a peripheral
intravenous line was placed and blood was drawn and sent for
laboratory testing. A 12-lead ECG was obtained (Figure 7.1).

What is your diagnosis?

25



26 Cardiovascular

ANSWER

The diagnosis is cocaine-associated chest pain. The ECG
(Figure 7.1) demonstrates sinus tachycardia, rate 142, with
nonspecific ST-T wave changes. The patient received a total
of 3 liters normal saline IV infusion, three 1-mg doses of
lorazepam IV, aspirin 162 mg orally, and was observed for
eight hours in the ED. His chest pain resolved with intra-
venous fluids and lorazepam. Laboratory tests revealed an ini-
tial troponin I less than 0.02 ng/mL (normal 0.00–0.09 ng/mL),
CK 120 U/L (normal 38–174 U/L), creatinine of 1.36 mg/dL
(normal 0.8–1.5 mg/dL) and hematocrit of 52% (normal 39–
51%), with the remainder of laboratory tests within normal
limits. A repeat troponin I obtained four hours following
the first was also normal (< 0.02 ng/mL). On discharge, the
patient was symptom-free with a pulse of 90 beats/minute and
a blood pressure of 126/80 mmHg. The patient was instructed
to avoid cocaine and was scheduled for an outpatient ECG
treadmill, which subsequently did not demonstrate any evi-
dence of exercise-induced ischemia.

Cocaine-associated chest pain

In two separate studies of patients presenting to the ED
with cocaine-associated chest pain, the incidence of acute
myocardial infarction (AMI) in these patients was found
to be 6%.1,2 Several mechanisms have been proposed for
the manner in which cocaine causes cardiac ischemia and
infarction in individuals who use cocaine. These mechanisms
include coronary vasoconstriction, increased platelet aggre-
gation, thrombus formation leading to MI, myocardial toxic-
ity and increased cardiac demand for oxygen resulting from
adrenergic stimulation.3 In addition, chronic cocaine users
may be prone to premature atherosclerosis of their coronary
arteries.

The initial stabilization and nonpharmacological treatment
of patients with cocaine-associated chest pain is similar to that
of patients with typical angina or MI resulting from atheroscle-
rotic coronary artery disease (CAD): bed rest, oxygen, car-
diac monitor and IV. Patients whose chest pain may be
caused by ischemia should receive aspirin if there are no con-
traindications (e.g., known allergy or suspected subarachnoid
hemorrhage).4 Benzodiazepines (diazepam or lorazepam)
should be administered, particularly in the agitated patient
and in those with hyperdynamic vital signs (common with
recent cocaine use).3 Benzodiazepines have been demon-
strated to reduce the heart rate and systemic arterial pres-
sure in cocaine-intoxicated patients. Beta-blockers are contra-
indicated in the setting of cocaine-associated myocardial
ischemia.3–5 Cocaine decreases left coronary artery diameter
and coronary sinus blood flow while increasing coronary
vascular resistance, effects that are exacerbated by beta-
adrenergic blockade. These effects presumably occur through
unopposed alpha-adrenergic stimulation.

Nitroglycerin has been shown to alleviate cocaine-induced
vasoconstriction in patients with CAD.6 Furthermore, the
early use of lorazepam in combination with nitroglycerin
seems to be more efficacious than nitroglycerin alone in reliev-
ing chest pain associated with cocaine use.7 Patients who con-
tinue to have chest pain despite the administration of oxygen,
benzodiazepines, aspirin and nitroglycerin may be treated
with low-dose IV phentolamine (1 mg).4 Phentolamine has
been shown to reverse cocaine-induced coronary artery vaso-
constriction in humans.

A prospective study has attempted to validate the use
of 9- to 12-hour observation periods in low- to moderate-
risk patients who experience cocaine-associated chest pain.8

Patients with normal troponin I levels, no evidence of new
ischemic changes on ECG and no cardiovascular complica-
tions (AMI, dysrhythmias or recurrent symptoms) were dis-
charged from the observation unit. During the 30-day follow-
up period, none of the 302 patients in the cohort died from a
cardiovascular event, and only 4 patients with detailed follow-
up had a MI (1.6%); all four nonfatal MIs occurred in patients
who continued to use cocaine. These results suggest that an
observation period of 9–12 hours for low- to moderate-risk
patients presenting with cocaine-associated chest pain appears
to be safe, and that continued use of cocaine may result in
a small percentage of nonfatal MIs in low- to moderate-risk
individuals.

KEY TEACHING POINTS

1. The rate of AMI in patients presenting to an ED
with cocaine-associated chest pain is approximately 6%,
although the overall prevalence is likely to be lower as
not all individuals seek medical attention or admit to using
cocaine.

2. Benzodiazepines should be given, particularly to an agi-
tated patient or one with hyperdynamic vital signs.

3. The early use of lorazepam in combination with nitroglyc-
erin seems to be more efficacious than nitroglycerin alone
in relieving chest pain associated with cocaine use.

4. Beta-blockers are contraindicated in the setting of cocaine-
associated chest pain or myocardial ischemia.

5. An observation period of 9–12 hours for low- to moderate-
risk patients presenting with cocaine-associated chest pain
appears to be safe; continued use of cocaine may result in a
small percentage of nonfatal MIs in low- to moderate-risk
individuals.
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Palpitations in a 36-year-old male

HISTORY OF PRESENT ILLNESS

A 36-year-old male with no significant medical history pre-
sented to the ED complaining of 30 minutes of palpitations,
described as a rapid, irregular heart beat. The patient reported
mild shortness of breath and fatigue but denied chest pain,
nausea or sweating. He described several similar episodes
in the past, which had always resolved spontaneously within
two hours. Earlier that day, the patient had exercised stren-
uously and did not drink much water afterward. He denied
tobacco, intravenous drugs, cocaine or methamphetamine use,
and drank alcohol only occasionally.

PHYSICAL EXAMINATION

GENERAL APPEARANCE: The patient appeared well nourished,
well developed and in no acute distress.

VITAL SIGNS

Temperature 97◦F (36.1◦C)
Pulse 125 beats/minute
Blood pressure 147/80 mmHg
Respirations 18 breaths/minute
Oxygen saturation 100% on room air

Figure 8.1 12-lead ECG from a 36-year-old male with palpitations.

HEENT: Unremarkable.

NECK: Supple, no jugular venous distension.

CARDIOVASCULAR: Tachycardic rate with an irregularly irreg-
ular rhythm; no rubs, murmurs or gallops.

LUNGS: Clear to auscultation bilaterally.

ABDOMEN: Soft, nontender, nondistended.

EXTREMITIES: No clubbing, cyanosis or edema.

NEUROLOGIC: Nonfocal.

The patient was placed on the cardiac monitor and a 12-lead
ECG was obtained (Figure 8.1). A peripheral intravenous line
was placed, blood was drawn and sent for laboratory test-
ing, and intravenous fluids (normal saline 2-liter bolus) were
administered. Laboratory tests, including a complete blood
count, electrolyte panel, creatinine, glucose and troponin I,
were within normal limits. A portable chest radiograph was
normal.

What is your diagnosis?
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ANSWER

The diagnosis is rapid atrial fibrillation. The ECG (Fig-
ure 8.1) demonstrates atrial fibrillation with a rapid ventric-
ular response of approximately 131 beats/minute. Two 10-mg
IV doses of diltiazem were given for rate control. After three
hours, the patient stated his symptoms had resolved, and a
repeat ECG was obtained (Figure 8.2).

The repeat ECG demonstrated normal sinus rhythm, rate
of 81 beats/minute, without acute ST-T wave changes. The
patient was discharged from the ED, started on atenolol with
close follow up in the cardiology clinic.

Atrial fibrillation

Electrocardiographically, atrial fibrillation is characterized by
the presence of rapid, irregular fibrillatory waves that vary in
size, shape and timing.1 This set of findings is usually associ-
ated with an irregular ventricular response, although regular-
ization may occur in patients with complete heart block, an
accelerated junctional or idiopathic rhythm, or a ventricular-
paced rhythm. Atrial fibrillation is the most common dys-
rhythmia that requires treatment, with an estimated preva-
lence in the United States of 2.3 million patients in 2001.2

This prevalence increases with age – atrial fibrillation occurs
in 3.8% of people 60 years of age and older and in 9.0% of
those over 80 years.2

The most devastating consequence of atrial fibrillation is
stroke, due to thromboembolism typically emanating from the
left atrial appendage. The rate of stroke varies but may range
from 5.0–9.6% per year among patients at high risk taking

Figure 8.2 12-lead ECG of a 36-year-old male following two doses of diltiazem and resolution of palpitations.

aspirin (but not warfarin).2 Patients with paroxysmal atrial fib-
rillation (i.e., self-terminating) and persistent atrial fibrillation
(i.e., lasting more than seven days or requiring cardioversion)
appear to have a risk of stroke that is similar to that of patients
with permanent atrial fibrillation.3 Atrial fibrillation is associ-
ated with an increase in the relative risk of death ranging from
1.3 to 2.6, independent of other risk factors.1,4

In most cases, atrial fibrillation is associated with cardio-
vascular disease (i.e., hypertension, coronary artery disease,
cardiomyopathy, and valvular disease). In some cases, atrial
fibrillation results from another supraventricular tachycardia
(e.g., Wolff-Parkinson-White syndrome). Other predisposing
conditions include excessive alcohol intake, hyperthyroidism,
and pulmonary disorders, including pulmonary embolism.2

“Lone” atrial fibrillation (i.e., occurring in the absence of
a cardiac or other explanation) is common, particularly in
patients with paroxysmal atrial fibrillation – up to 45% of such
patients have no underlying cardiac disease.2

Patients with atrial fibrillation may have palpitations, dysp-
nea, fatigue, lightheadedness or syncope. These symptoms are
usually related to the elevated heart rate, and in most patients
can be mitigated with the use of pharmacologic therapy.1,2

The patient’s history and physical examination should focus
on the potential causes of atrial fibrillation. The “minimum
evaluation” recommended at diagnosis should include a 12-
lead ECG, chest radiograph, transthoracic echocardiography,
and serologic tests of thyroid function.2,5

Patients presenting in rapid atrial fibrillation with sig-
nificant hemodynamic instability or with signs and symp-
toms of ongoing cardiac ischemia should be emergently car-
dioverted using synchronized, electrical cardioversion (after
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careful assessment of the airway, breathing and circula-
tion). In patients who are hemodynamically stable and with-
out ischemia, rate control is the first priority. A number
of pharmacologic agents are available to control the heart
rate and rhythm. First-line therapy for rate control includes
intravenous β-adrenergic blockers (e.g., metoprolol IV) or
calcium-channel blockers (e.g., diltiazem IV). Digoxin is use-
ful in combination with other agents, or when β-adrenergic
blocking agents and calcium-channel blockers are not well
tolerated.6 Current guidelines recommend a target ventricu-
lar rate during atrial fibrillation of 60–80 beats/minute at rest
and 90–115 beats per minute during exercise.2,5

A number of agents may maintain sinus rhythm (e.g., β-
adrenergic blockers, amiodarone, procainamide, flecainide,
sotalol).2 The use of β-adrenergic blocking agents may be
effective in adrenergically-mediated and paroxysmal atrial fib-
rillation. With the exception of β-adrenergic blocking agents,
most antiarrhythmic drugs carry a risk of serious adverse
effects. Antiarrhythmic therapy should be chosen on the basis
of the patient’s underlying cardiac condition.2

Spontaneous conversion to sinus rhythm within 24 hours
after the onset of atrial fibrillation is common, occurring in
up to two-thirds of patients.1 Once the duration of atrial
fibrillation exceeds 24 hours, the likelihood of conversion
decreases. Synchronized, direct-current cardioversion or early
drug therapy to restore sinus rhythm should be considered
in patients in whom the dysrhythmia has lasted less than
48 hours or who take long-term warfarin therapy. In many
patients, the precise time of onset of atrial fibrillation cannot
be determined accurately. In these circumstances, it is recom-
mended to administer anticoagulation therapy to the patient
before attempting cardioversion. There are two alternative
approaches: outpatient systemic anticoagulation with warfarin
to achieve an international normalized ratio of 2.0–3.0 for
at least three weeks, followed by cardioversion or cardiover-
sion guided by transesophageal echocardiography. Regardless
of which of these approaches is taken, anticoagulation ther-
apy is mandatory for a minimum of three to four weeks after
cardioversion.1

KEY TEACHING POINTS

1. Electrocardiographically, atrial fibrillation is characterized
by the presence of rapid, irregular fibrillatory waves that
vary in size, shape and timing.

2. The most devastating consequence of atrial fibrillation is
stroke due to thromboembolism; the rate of stroke may
range from 5.0–9.6% per year among patients at high risk
not taking warfarin.

3. Patients presenting in rapid atrial fibrillation with signif-
icant hemodynamic instability or with signs and symp-
toms of acute cardiac ischemia should be emergently car-
dioverted using synchronized, electrical cardioversion.

4. Rate control with pharmacologic agents (e.g., beta- or
calcium-channel blockers) is the primary goal in hemody-
namically stable patients presenting in rapid atrial fibrilla-
tion.

5. Spontaneous conversion to sinus rhythm within 24 hours
after the onset of atrial fibrillation is common, occurring in
up to two-thirds of patients.
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Chest pressure for two days in a 37-year-old male

HISTORY OF PRESENT ILLNESS

A 37-year-old male with a medical history significant for
Becker’s muscular dystrophy, cardiomyopathy and congestive
heart failure presented to the ED with two days of chest pres-
sure. He reported the pressure as constant, rated at a level of
3 (on a scale of 0 to 10), and described the pressure as slightly
worsening on deep inspiration. He described increased short-
ness of breath with exertion and a cough productive of clear
sputum but denied fevers, chills, nausea, lightheadedness or
sweating.

PHYSICAL EXAMINATION

GENERAL APPEARANCE: The patient was a pale, obese male
who appeared in no acute discomfort.

VITAL SIGNS

Temperature 97.5◦F (36.4◦C)
Pulse 118 beats/minute
Blood pressure 102/72 mmHg
Respirations 18 breaths/minute
Oxygen saturation 96% on room air

HEENT: Unremarkable.

NECK: Supple, mild jugular venous distension noted.

CARDIOVASCULAR: Distant heart sounds, audible S1 and S2,
unable to assess for rubs, murmurs or gallops.

LUNGS: Rales at the lung bases bilaterally, no rhonchi or
wheezes.

ABDOMEN: Soft, nontender, nondistended.

EXTREMITIES: Trace lower extremity edema bilaterally to mid-
anterior shin.

NEUROLOGIC: Nonfocal.

The patient was placed on the cardiac monitor, a peripheral
intravenous line was placed and blood was drawn and sent for
laboratory testing. A 12-lead ECG (Figure 9.1) and a portable
chest radiograph were obtained (Figure 9.2, panel A). Labo-
ratory tests were significant for a leukocyte count of 18 K/μL
(normal 3.5–12.5 K/μL) with 90% neutrophils (normal 50–
70%), hematocrit of 31% (normal 39–51%), creatinine of
1.5 mg/dL (normal < 1.3 mg/dL) and a positive D-dimer. The
troponin I was within normal limits. A bedside echocardio-
gram was obtained (Figure 9.3).

What is your diagnosis?

33



Figure 9.1 12-lead ECG from 37-year-old male with chest pressure for two days.

BA

Figure 9.2 Portable chest radiograph from a 37-year-old male with chest pressure for two days (panel A);
comparison with a portable chest radiograph obtained from the same patient five days earlier (panel B).

Figure 9.3 Echocardiogram from a 37-year-old male with chest pres-
sure for two days (arrow, right ventricle).
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ANSWER

The diagnosis is pericardial effusion with cardiac tamponade.
The ECG demonstrates low voltage and poor R wave progres-
sion (Figure 9.1), whereas the chest radiograph shows marked
cardiomegaly compared with a portable chest radiograph five
days previously during a chest pain evaluation (Figure 9.2,
panels A and B). The bedside echocardiogram demonstrates
a moderate circumferential pericardial effusion with signs of
tamponade (evidence of right atrial collapse, Figure 9.3). The
patient was taken to the OR and underwent a pericardial
window procedure using video-assisted thoracoscopic surgery
(VATS) performed by the cardiothoracic surgeon to relieve
the tamponade and drain the pericardial effusion. Seven hun-
dred milliliters of straw-colored fluid was removed during
VATS; bacterial and fungal cultures of the pericardial fluid
returned negative. The etiology of the pericardial fluid and
resulting tamponade was determined to be viral.

Cardiac tamponade

Cardiac tamponade is the result of compression of the
myocardium by the contents of the pericardium. This com-
pression is generally caused by fluid but in rare cases may be
caused by gas, pus, blood, or a combination of materials.1 Car-
diac tamponade is a continuum reflecting the amount of fluid
(or other material), its rate of accumulation, and the condition
of the heart. The three stages necessary for cardiac tamponade
to develop include fluid filling the recesses of the parietal peri-
cardium, fluid accumulating faster than the rate of the pari-
etal pericardium’s ability to stretch, and fluid accumulating
faster than the body’s ability to increase blood volume to
support right ventricle filling pressures.1 The final result of
these processes is increased pericardial pressure, which causes
decreased cardiac compliance and decreased blood flow into
the heart, which leads to decreased cardiac output. The most
important factor in the development of tamponade is the rate
of fluid accumulation.1 The main pathophysiologic derange-
ment of cardiac tamponade is reduced cardiac output.

In the United States, malignant disease is the most com-
mon cause of pericardial effusion with tamponade.2 Other
causes of pericardial effusions that may result in tampon-
ade include infection, connective tissue disease, heart failure,
valvular heart disease, myocardial infarction, uremia, cardiac
surgery, trauma and idiopathic.3 Although malignancy is the
most common etiology of pericardial effusion in developed
countries (including the United States), tuberculosis should
be considered in endemic areas. Acute pericardial tamponade
occurs in approximately 2% of penetrating chest trauma; this
condition is rarely seen in blunt trauma.2

Cardiac tamponade symptoms are usually nonspecific. The
patient may complain of chest pain, cough or dyspnea.1

The classic triad of cardiac tamponade described by Beck is
hypotension, distended neck veins, and muffled heart sounds.
These signs may be absent if tamponade develops quickly or
if the patient is hypovolemic.1 Initially, the heart responds to

tamponade by increasing the heart rate to maintain cardiac
output. This compensatory mechanism is maintained until late
in the course; decompensation may occur quickly.

In cardiac tamponade, the ECG classically shows decreas-
ing voltage or electrical alternans, although the latter is rare.1

Electrical alternans on the ECG is pathognomonic of cardiac
tamponade. It is characterized by alternating levels of ECG
voltage of the P waves, QRS complexes and T waves, the
result of the heart swinging in a large effusion. The chest
radiograph may demonstrate an enlarged cardiac silhouette
after as little as 200 mL of fluid accumulation.2 This enlarged
cardiac silhouette occurs in patients with slow fluid accu-
mulation, compared to a normal cardiac silhouette seen in
patients with rapid fluid accumulation and tamponade. Thus,
the chronicity of the effusion may be suggested by the pres-
ence or absence of an enlarged cardiac silhouette.2

Echocardiography is the diagnostic procedure of choice to
identify pericardial effusions and cardiac tamponade.3 In the
normal pericardium, there is approximately 30–50 mL of fluid
between the visceral and parietal pericardium.4 This amount
of fluid is usually not visible on ultrasound. The pericardium
should appear echogenic. If an effusion is present, an ane-
choic (dark) space will be evident between the pericardium
and the beating heart. With a large or rapidly developing peri-
cardial effusion, this anechoic space surrounding the heart
may be associated with diastolic collapse of the right atrium
or right ventricle.4 Right atrial collapse is virtually 100% sen-
sitive for cardiac tamponade but is less specific.3 Duration of
right atrial collapse exceeding one-third of the cardiac cycle
increases specificity without sacrificing sensitivity. Left atrial
collapse is seen in about 25% of patients and is specific for
cardiac tamponade.3 Left ventricular collapse is less common
due to the muscularity of the left ventricle’s wall.

Initial treatment of cardiac tamponade includes intra-
venous fluids to augment volume to the right ventricle, which
increases the filling pressure in an effort to overcome the pres-
sure of pericardial constriction.1 Pericardiocentesis, prefer-
ably ultrasound-guided, is the treatment of choice. Enough
fluid should be withdrawn to result in hemodynamic stability.
If tamponade recurs, pericardiocentesis may be repeated or a
drainage catheter can be left in the pericardial space.1 A peri-
cardiotomy may ultimately be necessary. Cardiac tamponade
often has a high mortality rate, depending on the severity and
nature of the underlying disease, the time course of onset, and
the rapidity of diagnosis and successful intervention.1

KEY TEACHING POINTS

1. Cardiac tamponade results from increased pericardial pres-
sure due to a rapidly accumulating pericardial effusion,
which causes decreased cardiac compliance and decreased
blood flow into the heart, in turn leading to decreased car-
diac output.

2. In the United States, malignancy is the most common
cause of pericardial effusion with tamponade; other causes
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include infection, connective tissue disease, heart failure,
valvular heart disease, myocardial infarction, uremia, car-
diac surgery, trauma and idiopathic.

3. The classic triad of cardiac tamponade (hypotension, dis-
tended neck veins, and muffled heart sounds) is seen in less
than 40% of patients with cardiac tamponade.

4. In cardiac tamponade, the ECG may show evidence of
low voltage or electrical alternans, whereas the chest radio-
graph may demonstrate an enlarged cardiac silhouette.

5. Echocardiography is the study of choice for diagnosing car-
diac tamponade; the treatment of cardiac tamponade is vol-
ume augmentation and pericardiocentesis.
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Low back pain and leg weakness in a 40-year-old male

HISTORY OF PRESENT ILLNESS

A 40-year-old male with a history of hypertension and med-
ication noncompliance presented to the ED complaining of
the sudden onset of low back pain associated with weakness
and numbness of his left leg. The pain occurred suddenly as
the patient was bending over to pick up his son. He described
his back pain as a “tearing” with radiation down his left leg,
and rated the pain at a level of 10 (on a scale of 0 to 10). The
patient denied abdominal or chest pain, shortness of breath,
fevers, or bowel or bladder incontinence. He reported some
nausea without vomiting. He denied any history of previous
back trauma or back problems. He had a history of hyperten-
sion for which he was prescribed medication but stopped it
some time ago. He denied tobacco or intravenous drug use,
and drank alcohol occasionally.

PHYSICAL EXAMINATION

GENERAL APPEARANCE: The patient was a well-developed
male in significant discomfort.

VITAL SIGNS

Temperature 97.7◦F (36.5◦C)
Pulse 59 beats/minute
Blood pressure 268/119 mmHg
Respirations 22 breaths/minute
Oxygen saturation 100% on room air

HEENT: Unremarkable.

NECK: Supple, no jugular venous distension.

CARDIOVASCULAR: Regular rate and rhythm without rubs,
murmurs or gallops.

LUNGS: Clear to auscultation bilaterally.

ABDOMEN: Soft, nontender, nondistended, no pulsatile
masses.

BACK: No thoracic or lumbar spine tenderness or erythema;
no costovertebral angle tenderness.

EXTREMITIES: Left leg was pale and cool; left femoral, dorsalis
pedis and posterior tibialis pulses were absent.

NEUROLOGIC: Notable for left lower extremity paralysis (left
leg strength 0/5 proximal and distal) with decreased sensation
over the entire left leg.

A peripheral intravenous line was placed, blood was drawn
and sent for laboratory testing. Laboratory tests were signif-
icant for a leukocyte count of 18.1 K/μL (normal 3.5–12.5
K/μL), creatinine of 1.4 mg/dL (normal < 1.3 mg/dL), potas-
sium of 2.8 mEq/L (normal 3.5–5.3 mEq/L), bicarbonate of
19 mEq/L (normal 22–30 mEq/L) and lactic acid of 4.2 mmol/L
(normal 0.7–2.1 mmol/L). A CT angiogram (CTA) of the
chest, abdomen and pelvis was obtained (Figures 10.1 and
10.2).

What is your diagnosis?
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Figure 10.1 CTA of chest and abdomen from a 40-year-old male with sudden onset of low back pain and left
leg paralysis (panels A–D represent superior to inferior transverse images).

Figure 10.2 Sagittal reconstruction image of CTA of chest, abdomen
and pelvis from a 40-year-old male with sudden onset low back pain
and left leg paralysis.
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ANSWER

The diagnosis is type B aortic dissection. The CTA demon-
strates a type B aortic dissection, beginning distal to the take-
off of the left subclavian artery, extending throughout the
thoracic aorta and into the left common iliac, left external iliac
and left femoral artery (Figures 10.1 and 10.2). An intimal flap
is also seen in the celiac axis, superior mesenteric artery and
left renal artery (Figure 10.1, panels C and D). Decreased per-
fusion of the left kidney is apparent compared to the right
kidney.

An esmolol and nitroprusside drip were started for blood
pressure control, and the patient was given DilaudidTM and
ZofranTM for pain and nausea control. The vascular surgery
service was consulted emergently. The patient was taken to
the OR where endovascular stents of the distal aorta and left
iliac artery were successfully placed, resulting in return of pal-
pable distal pulses in the left lower extremity (Figure 10.3).

Aortic dissection

Aortic dissection is a longitudinal cleavage of the aortic
media created by a dissecting column of blood.1,2 Acute
aortic dissection has been estimated to affect 14–20 mil-
lion individuals globally per year, with an incidence of
2.9 per 100,000 population per year.3 Dissections predomi-
nantly affect males (male/female ratio 5:1). Two-thirds involve
the ascending aorta (proximal), with a peak incidence for
proximal dissections being 50–60 years of age and 60–70 years
of age for distal dissections.3 Hypertension, the most common
risk factor associated with aortic dissection, is seen in most
patients. Aortic dissection is uncommon before age 40 except
in association with congenital heart disease, Ehlers-Danlos or
Marfan syndrome, giant cell arteritis and pregnancy. More
than 2000 cases of aortic dissection occur each year in the
United States; it is the most common acute illness of the
aorta.4 Common misdiagnoses include myocardial infarction,
atypical chest pain, congestive heart failure and gastrointesti-
nal bleeding.4

Anatomic classification is important for diagnosis and ther-
apy. The Stanford classification is based on the involvement of
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Figure 10.3 Intraoperative aortic angiogram from a 40-year-old male
with type B aortic dissection (panel A) demonstrating endovascular
placement of distal aortic stent (panel B).

Figure 10.4 Stanford classification for aortic dissections.

the ascending aorta (Figure 10.4). Type A dissections involve
the ascending aorta; type B dissections do not. Dissections that
involve the ascending aorta are much more lethal than those
limited to the distal aorta, and call for a different therapeu-
tic approach. In the International Registry of Acute Aortic
Dissection (IRAD), 62% of dissections are type A and 38%
are type B.1 Patients with distal dissections tend to be older,
heavy smokers with chronic lung disease, and more often have
generalized atherosclerosis and hypertension compared with
patients who have proximal aortic dissections.1

The classic presenting symptom of aortic dissection is
abrupt onset of chest pain. With distal dissections, the pain
is located in the back and is characterized as “tearing” in
half of cases. Two-thirds of these cases additionally present
with “sharp” pain, and approximately one-fifth present with
“migratory” pain. In almost half of cases, the pain primarily
involves or includes the abdominal area.3 Syncope is much
more commonly associated with dissections involving the
ascending aorta or retrograde arch. Paralysis is reported to
occur in 2–8% of patients with distal dissection, and hyper-
tension is much more common than hypotension (more than
70% versus more than 5%, respectively).3 Approximately
14% of patients who have dissections involving the distal aorta
present with femoral pulse deficits.3

Routine chest radiograph will be abnormal in 80–90%
of patients but the abnormalities are nonspecific and rarely
diagnostic.1 Mediastinal widening occurs in greater than 75%
of cases, and may occur in the ascending aorta, aortic arch or
the descending portion of the thoracic aorta; it may be diffi-
cult to differentiate from aortic tortuosity that is associated
with chronic hypertension. The “calcium sign” (defined as a
separation of the intimal calcium deposit from the outermost
portion of the aorta by more than 5 mm) is an uncommon
radiographic manifestation of aortic dissection. Up to 12% of
patients with aortic dissection have a normal chest radiograph;
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therefore, a plain chest radiograph is inadequate to rule out
aortic dissection.1

Imaging modalities to confirm aortic dissection include
aortography, CT scanning, MRI and echocardiography.1–5 CT
scanning is useful in hemodynamically-stable patients but has
potential limitations in patients with contrast allergy. MRI is
as accurate as CT but is limited to hemodynamically-stable
patients. Transesophageal echocardiography (TEE) is prefer-
able to transthoracic echocardiography (TTE) and is as accu-
rate as CT or MRI for detection of aortic dissection. Advan-
tages of TEE include its portability and that it does not require
contrast.

Opioids should be administered for pain control and to
decrease sympathetic tone in patients with acute aortic dis-
section. The two goals of medical management are to reduce
blood pressure and to decrease the rate of arterial pulse
increase (dP/dt) to diminish shearing forces. Sodium nitro-
prusside should be titrated to maintain the systolic blood
pressure at 100–120 mmHg or at the lowest level to main-
tain vital organ perfusion. Because nitroprusside increases the
heart rate and may also increase dP/dt, a beta-blocker must
be started before or in conjunction with sodium nitroprus-
side. Esmolol is an ultrashort-acting beta-blocker that is eas-
ily titrated. Esmolol is typically administered as a continu-
ous infusion of 50–300 μg/kg/min, with a 500 μg/kg loading
dose given over 1 minute before the infusion is begun or the
rate is increased.6 Labetalol has both alpha-blocking and beta-
blocking activity and can be used as monotherapy. A sug-
gested dose is an initial 20 mg IV bolus every 5 to 10 minutes,
incrementally increased to 80 mg until a target heart rate has
been reached or a total of 300 mg is given.1,2

Type A acute aortic dissections require prompt surgical
treatment. Definitive treatment of type B acute aortic dis-
sections is less clear. At most institutions, medical therapy
with aggressive antihypertensive agents and beta-blockers is
used in the ICU setting.7 Operative intervention for acute
type B dissections is reserved for life-threatening compli-
cations, such as progression of the dissection, rapid expan-
sion, end-organ ischemia caused by side-branch compromise,
ongoing pain, uncontrolled hypertension or rupture.7 Open
surgical interventions involve a combination of graft replace-
ment, closure of the open entry site or fenestration to cre-
ate a re-entry tear.7 Endovascular stent grafting in patients
with type B dissections has demonstrated promising short- and
mid-term results. Proposed advantages of this less-invasive
approach include shorter operative times, decreased need for
general anesthesia, lack of aortic cross-clamping, avoidance
of cardiopulmonary bypass, avoidance of major thoracic or
thoracoabdominal incisions, less pain, quicker recovery, and
shorter hospital and ICU stays.7 Endovascular stenting may
also play a role in patients with uncomplicated type B dis-
sections. A retrospective analysis of 80 patients with type
B aortic dissection treated endovascularly compared with

80 patients treated medically yielded a two-year survival rate
of 94.9% using the endovascular approach versus 67.5% in the
medically-treated group.8

KEY TEACHING POINTS

1. Acute aortic dissection is a true emergency requiring
prompt diagnosis and vascular surgery consultation.

2. Hypertension is the most common risk factor for aortic dis-
section.

3. Stanford type A dissections involve the ascending aorta,
whereas Stanford type B dissections do not.

4. Symptoms and signs of aortic dissection can include tear-
ing chest pain radiating to the back, back pain, limb pain,
weakness or numbness, syncope, pulse deficits, and hyper-
tension that is difficult to control or refractory to medical
management.

5. CTA is most useful in making the diagnosis of aortic dissec-
tion in stable patients. Other diagnostic modalities include
MRI, transesophageal echocardiography and conventional
aortography.

6. Immediate treatment of patients with aortic dissection
involves opioid analgesia and strict blood pressure control
with esmolol and sodium nitroprusside (or LabetalolTM as
a single agent).

7. Definitive treatment of type A dissection is surgical. Type
B dissection may be medically managed in uncompli-
cated cases, whereas complicated cases (progression of the
dissection, rapid expansion, end-organ ischemia, ongoing
pain, uncontrolled hypertension or rupture) require an
open surgical approach or endovascular repair.
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Acute chest pain in a 42-year-old male

HISTORY OF PRESENT ILLNESS

A 42-year-old male with a medical history significant for
hypertension and hyperlipidemia presented to the ED com-
plaining of substernal chest pain that started four hours prior
to presentation. The pain was located in the left upper chest
and was described as dull and constant. He rated his pain
at a level of 4 (on a scale of 0 to 10), with radiation to his
back. The pain was aggravated by movement and worsened
on deep inspiration. He denied any nausea, vomiting, sweat-
ing or shortness of breath, as well as recent cough or fevers.
He also denied recent long trips or leg swelling. The patient
had undergone an exercise treadmill test six months earlier,
which revealed no evidence of exercise-induced ischemia.

PHYSICAL EXAMINATION

GENERAL APPEARANCE: The patient appeared well developed,
well hydrated, and in no acute distress.

VITAL SIGNS

Temperature 97.6◦F (36.4◦C)
Pulse 56 beats/minute
Blood pressure 142/74 mmHg
Respirations 22 breaths/minute
Oxygen saturation 97% on room air

HEENT: Unremarkable.

NECK: Supple, no jugular venous distension.

CARDIOVASCULAR: Regular rate and rhythm without rubs,
murmurs or gallops.

LUNGS: Clear to auscultation bilaterally.

ABDOMEN: Soft, nontender, nondistended.

EXTREMITIES: No clubbing, cyanosis or edema.

NEUROLOGIC: Nonfocal.

A 12-lead ECG was obtained (Figure 11.1), and the patient
was placed on the cardiac monitor. A peripheral intravenous
line was placed, and blood was drawn and sent for labora-
tory testing. The patient received aspirin 162 mg orally and
morphine sulfate IV for his pain. A portable chest radiograph
was obtained (Figure 11.2). Laboratory results were signifi-
cant for a positive D-dimer; the remainder of the laboratory
tests (complete blood count, electrolytes, creatinine, glucose
and troponin I) were normal. A CT angiogram of the chest did
not demonstrate evidence of pulmonary embolism. A second
troponin I obtained eight hours after the onset of symptoms
was normal (<0.02 ng/mL).

The patient was discharged from the ED with the diagno-
sis of chest pain, not otherwise specified. The patient’s pain
had not completely resolved and progressively worsened after
discharged. The patient returned to the ED later that same
evening, a repeat ECG was obtained (Figure 11.3), and a
repeat troponin I obtained 13 hours after the onset of the pain
was normal.

What is your diagnosis?
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Figure 11.1 12-lead ECG from a 41-year-old male with left-sided chest pain for four hours.

Figure 11.2 Chest radiograph from a 41-year-old male with left-sided
chest pain for four hours.

Figure 11.3 12-lead ECG from a 41-year-old male 13 hours after the onset of left-sided chest pain.
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ANSWER

The diagnosis is acute pericarditis. The initial ECG obtained
demonstrates minimal ST-segment elevation in leads I, II, V4-
V6, with PR-segment elevation in lead aVR, findings consis-
tent with early pericarditis. The chest radiograph was evalu-
ated as low lung volumes without infiltrate or effusion. The
repeat ECG obtained 13 hours after the onset of symptoms
demonstrates diffuse ST-segment elevation, concave-upward
in appearance, PR depression in leads I, II, V3-V6, with PR-
segment elevation in lead aVR, indicative of acute pericardi-
tis. The patient received morphine sulfate IV in the ED and
was started on indomethacin 25 mg orally every eight hours at
discharge. On a follow-up visit with his primary care physician
four days later, the patient reported marked improvement in
his symptoms.

Acute pericarditis

Acute pericarditis, a diffuse inflammation of the pericardial
sac and superficial myocardium, has a number of underlying
causes. These include infection (primarily viral), immunologic
disorders, uremia, trauma, malignancy, cardiac ischemia and
acute myocardial infarction.1 In clinical practice using a tra-
ditional diagnostic approach, idiopathic and viral acute peri-
carditis is found in 80–90% of cases in immunocompetent
patients from developed countries.2 The incidence of peri-
carditis in postmortem studies ranges from 1–6%, whereas it
is diagnosed antemortem in only 0.1% of hospitalized patients
and in 5% of patients seen in EDs with chest pain without
myocardial infarction.3 The possible sequelae of pericarditis
include cardiac tamponade, recurrent pericarditis and pericar-
dial constriction.3

More than half of patients with pericarditis will present
complaining of chest pain that may radiate to the back, neck
or shoulders.4 If pain radiates to one or both trapezius muscle
ridges, it may be due to pericarditis because the phrenic nerve
(which innervates these muscles) traverses the pericardium.3

In contrast to acute coronary syndromes, pericardial pain typ-
ically worsens with inspiration and is improved while sitting up
and leaning forward. Approximately 25–40% of patients with
pericarditis will complain of dyspnea, and 17% of fever.4

The most common physical finding in patients with peri-
carditis is a pericardial friction rub, which occurs in approxi-
mately 50–85% of cases.3–5 A pericardial friction rub is best
heard at the lower sternal border or apex when the patient is
sitting forward on his or her hands and knees. Other findings
on physical exam may include fever (may reach 104◦F/40◦C),
cardiac dysrhythmias (e.g., premature atrial and ventricular
contractions), tachypnea and dyspnea.5 Individuals with asso-
ciated cardiac tamponade may show jugular venous disten-
sion, tachycardia, hypotension or pulsus paradoxus.

The 12-lead ECG in patients with acute pericarditis clas-
sically shows widespread upward concave ST-segment ele-
vation and PR-segment depression.3 In addition, lead aVR
on the ECG can demonstrate ST-segment depression and
PR-segment elevation.1 The ECG abnormalities evolve

through four classic stages.6 Stage I is characterized by
ST-segment elevation, prominent T waves and PR-segment
depression. Stage II is characterized by a normalization of
the initial abnormalities, namely resolution of the ST-segment
elevation. Stage III involves T wave inversion, usually in the
same distribution where ST-segment elevation was encoun-
tered. Finally, Stage IV is a normalization of all changes with
a return to the baseline ECG. Persistent ST-segment eleva-
tion and pathologic Q waves are not encountered in patients
with pericarditis – these ECG findings should suggest another
etiology.6

Although the white cell count, erythrocyte sedimentation
rate (ESR) and serum C-reactive protein (CRP) concentra-
tions usually are elevated in patients with acute pericarditis,
these tests provide little insight into the cause of the disease.3

Troponin levels are elevated in 35–50% of patients with peri-
carditis, a finding thought to be caused by epicardial inflam-
mation rather than myocyte necrosis.3,7 The magnitude of the
elevation in the serum troponin concentration appears to cor-
relate with the magnitude of the ST-segment elevation, and
the concentration usually returns to normal within one to two
weeks after diagnosis. An elevated troponin does not pre-
dict an adverse outcome, although a prolonged elevation (last-
ing longer than two weeks) suggests myocarditis, which has a
worse prognosis.3,7

The diagnostic test of choice for large effusions, cardiac
tamponade and constrictive pericarditis is two-dimensional
Doppler echocardiography.8 This imaging modality can
demonstrate moderate or large effusions. In cardiac tampon-
ade, Doppler examination may show the characteristic swing-
ing motion of the heart that gives rise to electrical alternans
on the ECG. Doppler studies are helpful in differentiating
pericarditis from restrictive cardiomyopathy.8 Transthoracic
echocardiography is generally not required in patients with
unequivocal evidence of pericarditis and no poor prognostic
indicators.3

Most patients with idiopathic pericarditis can be man-
aged conservatively, with a nonsteroidal anti-inflammatory
drug (NSAID) such as indomethacin, ibuprofen or aspirin.
These agents are believed to be equally effective.8 Colchicine
(administered at a dose of 0.6 mg twice daily) appears to
be effective alone or in combination with ibuprofen in treat-
ing acute pericarditis, although it has not been tested in ran-
domized trials; it is preferred in patients who have recurrent
pericarditis.3 Patients who do not respond to an NSAID may
need a short course of prednisone (5–10 mg per day for one to
two weeks).8 Rarely, patients do not respond to this therapy or
show evidence of recurrent pericarditis; these patients require
a prolonged corticosteroid course (i.e., several months).

Most patients with acute pericarditis have a brief and
benign course, and can be managed as an outpatient with
NSAIDs. Indicators of a poor prognosis in patients with peri-
carditis include temperature above 100.4◦F (38◦C), a sub-
acute onset, an immunosuppressed state, pericarditis associ-
ated with trauma, a history of oral anticoagulation therapy,
myopericarditis, a large pericardial effusion or cardiac
tamponade.3 Patients with one or more of these criteria are at
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increased risk for serious complications and should be admit-
ted to the hospital.

KEY TEACHING POINTS

1. Pain from pericarditis typically worsens on inspiration and
improves while sitting up and leaning forward.

2. The most common physical finding in patients with peri-
carditis is a pericardial friction rub, which occurs in approx-
imately 50–85% of cases.

3. The 12-lead ECG in acute pericarditis classically shows
widespread upward concave ST-segment elevation, PR-
segment depression and PR-segment elevation in lead
aVR.

4. Plasma troponin levels are elevated in 35–50% of patients
with pericarditis, a finding thought to be caused by epicar-
dial inflammation rather than myocyte necrosis.

5. The treatment of choice for idiopathic pericarditis is
NSAIDs.
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Rapid heart rate in a 47-year-old male

HISTORY OF PRESENT ILLNESS

A 47-year-old male with a medical history significant for dia-
betes, hypertension and chronic obstructive pulmonary dis-
ease (COPD) presented to the ED complaining of two hours
of palpitations and rapid heart rate associated with mild, sub-
sternal chest pain and shortness of breath. The patient denied
lightheadedness or dizziness and had not experienced simi-
lar episodes in the past. He reported that his symptoms had
started suddenly while at work.

PHYSICAL EXAMINATION

GENERAL APPEARANCE: The patient was a moderately obese
male, slightly diaphoretic but in no acute distress.

VITAL SIGNS

Temperature 98.0◦F (36.6◦C)
Pulse 198 beats/minute
Blood pressure 150/90 mmHg
Respirations 22 breaths/minute
Oxygen saturation 100% on room air

Figure 12.1 12-lead ECG from a 47-year-old male with rapid heart rate.

HEENT: Unremarkable.

NECK: Supple, no jugular venous distension.

CARDIOVASCULAR: Tachycardic rate, regular rhythm, unable
to assess for rubs, murmurs or gallops.

LUNGS: Clear to auscultation bilaterally.

ABDOMEN: Soft, nontender, nondistended.

EXTREMITIES: No clubbing, cyanosis or edema; brisk capillary
refill.

NEUROLOGIC: Nonfocal.

The patient was placed on the cardiac monitor, and a 12-lead
ECG was obtained (Figure 12.1). A peripheral intravenous
line was placed, and blood was drawn and sent for laboratory
testing.

What is your diagnosis?
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ANSWER

The diagnosis is supraventricular tachycardia (SVT). The
patient was given 6 mg adenosine IV rapidly while the 12-lead
ECG was continuously recording (Figure 12.2). The patient
converted to normal sinus rhythm, and a repeat ECG was
obtained (Figure 12.3). Laboratory tests revealed a normal
complete blood count, electrolytes, BUN, creatinine, glucose,
and troponin I. A second troponin I drawn eight hours after
the onset of symptoms was also within normal limits. The
patient remained in normal sinus rhythm and was discharged
from the ED without complications after several hours of
observation.

Supraventricular tachycardia

The term supraventricular tachycardia (SVT) refers to parox-
ysmal tachydysrhythmias that require atrial or atrioventricular
nodal tissue (or both) for their initiation and maintenance.1

The incidence of SVT is about 35 cases per 100,000 persons
per year; the prevalence is about 2.25 per 1000.1 SVT is often
recurrent, occasionally persistent, and a frequent cause of
visits to EDs and primary care physician offices. SVTs are
not usually associated with structural heart disease, although
there are exceptions (e.g., the presence of accessory pathways

Figure 12.2 12-lead ECG showing conversion of SVT to normal sinus rhythm after administration of 6 mg
adenosine IV rapid bolus (arrow indicates adenosine administration).

associated with hypertrophic cardiomyopathy or Ebstein’s
anomaly, atrial tachycardias in patients with congenital or
acquired heart disease). Re-entry dysrhythmias are usually
induced by premature atrial or ventricular ectopic beats. Pre-
cipitating factors such as hyperthyroidism, excessive intake
of caffeine, alcohol or recreational drugs increase the risk of
recurrence.1

Common symptoms of SVT include palpitations, anxiety,
lightheadedness, chest pain, pounding in the neck and chest,
and dyspnea; syncope is uncommon. SVTs have a sudden
onset and termination, in contrast to sinus tachycardias, which
accelerate and decelerate gradually. Physical examination
during episodes may reveal the “frog sign” – prominent jugu-
lar venous A waves due to atrial contraction against the closed
tricuspid valve.2 The usual presentation of SVT on ECG is
a narrow complex tachycardia (QRS interval less than 120
msec) with a rate of 140–280 beats/minute.3 In less than 10%
of cases, wide complex tachycardia is the manifestation of
SVT.1 After restoration of sinus rhythm, the 12-lead ECG
should be examined for the presence of delta waves, which
indicate an accessory pathway (bypass tract). If delta waves
are present, referral to a cardiologist should occur.

When a patient presents in SVT and is hemodynam-
ically stable, attempting a therapeutic/diagnostic maneuver
with vagal stimulation is reasonable.4 The maneuvers include
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Figure 12.3 12-lead ECG from a 47-year-old male presenting with SVT, obtained after conversion to normal
sinus rhythm.

carotid massage (in patients without carotid bruits or known
carotid artery disease), Valsalva maneuver, and application of
ice bag to the face (stimulates the diving reflex). These maneu-
vers increase vagal tone, thus slowing conduction through the
atrioventricular (AV) node.1,4,5 A continuous 12-lead ECG
recording of the episode should be obtained during vagal
maneuvers because the way in which the dysrhythmias resolve
may provide clues to their mechanism. In rare cases, episodes
of SVT are so poorly tolerated (e.g., result in hemodynamic
instability) that they require immediate electrical cardio-
version.

If the dysrhythmia is not terminated by vagal maneuvers,
adenosine (6 or 12 mg IV) will usually cause AV-nodal block,
either terminating the dysrhythmia or allowing visualization
of the underlying mechanism.5 Data from randomized trials
shows that SVT is terminated in 60–80% of patients treated
with 6 mg adenosine, and in 90–95% of those treated with
12 mg.6 In patients with atrial tachycardia, adenosine causes a
transient AV-nodal block or interrupts the tachycardia. ECG
monitoring is required during the administration of adeno-
sine, and resuscitation equipment should be available in the
event that the rare complications of bronchospasm or ventric-
ular fibrillation occur.7 Adenosine is contraindicated in heart
transplant recipients and should be used cautiously in patients
with severe obstructive lung disease.1

If SVT is refractory to adenosine or rapidly recurs, the
tachycardia can usually be terminated by the administration
of an intravenous calcium-channel blocker (e.g., diltiazem,
verapamil) or a beta-blocker (e.g., metoprolol).1 As a next
step, procainamide, ibutilide, propafenone or flecainide can be
given intravenously if the blood pressure is stable.8 Sequential

trials with different antidysrhythmic agents should occur only
after careful consideration of their possible negative hypoten-
sive, bradycardic and proarrhythmic effects. At any point,
electrical cardioversion is an alternative; this technique is gen-
erally considered in hemodynamically stable patients if AV-
nodal blocking agents fail.

In ambulatory patients with frequent episodes of SVT (two
or more per month), ECG recordings or event recorders may
be useful to document dysrhythmias in the outpatient set-
ting. In patients presenting with SVT, an outpatient echocar-
diogram should be considered to rule out structural heart
disease, even though this is uncommon. Because electrolyte
abnormalities and hyperthyroidism may contribute to SVT,
it is reasonable to check potassium and serum thyrotropin
levels; however, these tests generally have a low yield. SVT
presents infrequently as a wide complex tachycardia, in which
there is an associated bundle-branch block or conduction over
an accessory pathway. Wide QRS complex, regular tachycar-
dias should routinely be treated as ventricular tachycardia,
unless the diagnosis of SVT with aberrant conduction or SVT
with preexcitation is certain.1 Adenosine and other AV-nodal
blocking agents are generally ineffective and potentially dele-
terious in patients with ventricular tachycardia.

KEY TEACHING POINTS

1. SVT frequently occurs in young, healthy individuals and is
usually not associated with structural heart disease.

2. Common symptoms of SVT include palpitations, anxiety,
lightheadedness, chest pain, pounding in the neck and
chest, and dyspnea; syncope is uncommon.
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3. Hemodynamically unstable patients in SVT require imme-
diate electrical cardioversion.

4. Treatment for hemodynamically stable patients in SVT
should begin with vagal maneuvers, followed by intra-
venous adenosine, which has both diagnostic and therapeu-
tic value.

5. SVT infrequently presents as a wide complex tachycardia.
Wide QRS complex, regular tachycardias should routinely
be treated as ventricular tachycardia unless the diagnosis of
SVT with aberrancy or SVT with preexcitation is certain.
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Chest pain and syncope in a 48-year-old male

HISTORY OF PRESENT ILLNESS

A 48-year-old male with a medical history significant for
tobacco use was brought to the ED by paramedics after a syn-
copal episode. The patient reported substernal chest pressure
followed by the onset of lightheadedness, at which time he
experienced a transient loss of consciousness. Upon arousal
by his coworkers, he was still experiencing chest pressure and
lightheadedness. The patient was found to have a heart rate of
50 beats/minute with a blood pressure of 80/40 mmHg and was
transported to the ED code III. A peripheral intravenous line
was established en route, and aspirin 162 mg orally, atropine
1 mg and 500 mL normal saline IV were administered by the
paramedics without significant improvement in his blood pres-
sure or heart rate.

PHYSICAL EXAMINATION

GENERAL APPEARANCE: The patient appeared well developed
and well hydrated, spoke in full sentences, and was in moder-
ate distress.

VITAL SIGNS

Temperature 98.6◦F (37◦C)
Pulse 50 beats/minute

Blood pressure 80/40 mmHg
Respirations 22 breaths/minute
Oxygen saturation 99% on room air

HEENT: Unremarkable.

NECK: Supple, no jugular venous distension.

CARDIOVASCULAR: Bradycardic rate, regular rhythm, without
rubs, murmurs of gallops. Weak radial and dorsalis pedis
pulses.

LUNGS: Clear to auscultation bilaterally.

ABDOMEN: Soft, nontender, nondistended.

EXTREMITIES: No clubbing, cyanosis or edema.

NEUROLOGIC: Nonfocal

The patient was placed on the cardiac monitor, supplemental
oxygen was administered (2 liters by nasal cannula) and a 12-
lead ECG was obtained (Figure 13.1).

What is your diagnosis?
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Figure 13.1 12-lead ECG from a 48-year-old male with chest pain and hypotension following a syncopal
episode.
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ANSWER

The diagnosis is inferior wall myocardial infarction (MI)
with complete (third-degree) heart block. The 12-lead ECG
(Figure 13.1) demonstrates significant ST-segment elevation
in leads II, III and aVF, with reciprocal ST-segment depres-
sion in leads I and aVL, consistent with an inferior wall
myocardial infarction, as well as a junctional escape rhythm
(ventricular rate 50 beats/minute). Transcutaneous pacing
was initiated with improvement of the heart rate to 60
beats/minute and blood pressure to 110/70 mmHg. An inter-
ventional cardiologist was immediately notified, the patient
received eptifibatide and heparin IV and was urgently trans-
ported to the cardiac catheterization laboratory. Coronary
angiogram revealed a 100% occlusion of the proximal right
coronary artery (RCA) and moderate to severe disease of the
ostial and proximal left anterior descending (LAD) artery.
Successful percutaneous coronary intervention (PCI) with
aspiration thrombectomy and stent placement of the prox-
imal RCA occlusion occurred, along with temporary pace-
maker insertion. A repeat ECG obtained two hours following
admission demonstrated a normal sinus rhythm with resolu-
tion of acute ischemic changes (Figure 13.2). The patient was
discharged on hospital day #5 in good condition, with close
follow up in the cardiology clinic.

Inferior wall myocardial infarction and complete
heart block

In inferior wall ST-segment elevation myocardial infarction
(STEMI), the leads showing the greatest magnitude of

Figure 13.2 12-lead ECG from a 48-year-old male with chest pain and hypotension post-PCI.

ST-segment elevation, in descending order, are leads III, aVF
and II. A total of 80–90% of patients who have ST-segment
elevation in these inferior leads have an occlusion of the RCA;
however, an occlusion of the left circumflex coronary artery
(LCx) can produce a similar ECG pattern. In addition to ST-
segment elevation in the inferior leads (II, III and aVF), recip-
rocal ST-segment depression in lead aVL is seen in almost all
patients who have an acute inferior STEMI.1

Acute inferior wall STEMI is often complicated by high-
degree atrioventricular (AV) block, the incidence reported to
be 6–13%.2 Patients with complete heart block (CHB) are
significantly more likely to die during hospitalization than
patients without CHB (likely related to infarct size rather than
the presence of heart block).3,4 The heart block may be a grad-
ual delay of conduction or the abrupt onset of third-degree
heart block.4 Most patients will develop heart block within
24 hours of admission. The duration of CHB varies dramat-
ically from a few minutes to more than 10 days; permanent
pacemaker implantation is seldom required. Additionally, the
duration of hospitalization is significantly longer for patients
with CHB than those without CHB.3

Treatment of patients with inferior wall STEMI and CHB
involves immediate stabilization of the airway, breathing and
circulation (ABCs). Intravenous atropine (0.5–1.0 mg) may
be administered in hemodynamically unstable patients to
improve the heart rate and blood pressure. If unsuccessful,
temporary transcutaneous pacing should be initiated. Treat-
ment of STEMI includes oral aspirin, heparin, a glycopro-
tein IIb/IIIa inhibitor (such as eptifibatide, abciximab or
tirofiban) and emergent cardiac catheterization. If a car-
diac catheterization laboratory is not immediately available,
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fibrinolytic agents (thrombolytics) are recommended. Beta-
blockers (e.g., metoprolol) and nitrates should not be ad-
ministered to patients who are already bradycardic and hypo-
tensive.

The exact cause of heart block in inferior wall MI is unclear
but is likely due to ischemia without necrosis of the AV node.3

CHB in inferior MI usually involves the supra-Hisian AV
junction due to hypoperfusion of the AV-nodal artery (vir-
tually all inferior MIs have occlusion proximal to the AV-
nodal artery).1,3 An alternative hypothesis involves increased
vagal tone, called the Bezold-Jarisch reflex.3 This mechanism
does not explain the correlation of increased infarct size with
heart block or the cases of sudden CHB without sinus slow-
ing. Others have suggested that high levels of potassium and
adenosine near the conducting tissue after cardiac cell infarc-
tion might cause transient blocks.1,3

KEY TEACHING POINTS

1. In acute inferior wall MI, the leads showing the greatest
magnitude of ST-segment elevation, in descending order,
are leads III, aVF and II. Patients with ST-segment eleva-
tion in these inferior leads have an occlusion of the RCA
(80–90% of the time) or the LCx artery (10–20%).

2. Acute inferior wall myocardial infarction (MI) is compli-
cated by high-degree atrioventricular (AV) block in 6–13%
of cases.

3. Treatment of patients with inferior wall MI and CHB
involves stabilization of the ABCs, attempts to override the
block (IV atropine and transcutaneous pacing), and treat-
ment of the underlying cause (STEMI).

4. Medications that lower the heart rate or blood pres-
sure (e.g., metoprolol, nitroglycerin) should be used with
extreme caution (or not at all) in patients with inferior wall
MI and CHB.

5. The exact cause of heart block in inferior wall MI is unclear
but is likely due to ischemia without necrosis of the AV
node.
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Syncope and hypotension in a 54-year-old male

HISTORY OF PRESENT ILLNESS

A 54-year-old male with a medical history significant for dia-
betes, hypertension and atrial fibrillation on CoumadinTM pre-
sented to the ED following a syncopal episode while having
his blood drawn. He reported feeling lightheaded during the
procedure and lost consciousness for one minute while seated.
He denied chest pain, shortness of breath or palpitations prior
to the event, and awakened within one minute. He continued
to feel lightheaded so was brought to the ED in a wheelchair
and placed on the cardiac monitor.

PHYSICAL EXAMINATION

GENERAL APPEARANCE: The patient appeared well hydrated,
awake and alert, and in no acute distress.

VITAL SIGNS

Temperature 97.9◦F (36.6◦C)
Pulse 92 beats/minute
Blood pressure 100/60 mmHg
Respirations 22 breaths/minute
Oxygen saturation 97% on room air

HEENT: Unremarkable.

NECK: Supple, jugular venous distension present.

CARDIOVASCULAR: Distant heart sounds, regular rate and
rhythm, unable to assess for rubs, murmurs or gallops; periph-
eral pulses palpable and alternating between weak and strong.

LUNGS: Clear to auscultation bilaterally.

ABDOMEN: Soft, nontender, nondistended.

RECTAL: Normal tone, soft brown stool, hemoccult negative.

EXTREMITIES: No clubbing, cyanosis or edema.

NEUROLOGIC: Nonfocal.

A peripheral intravenous line was placed and blood was
drawn and sent for laboratory testing, which was significant for
a creatinine of 2.1 mg/dL (normal range <1.3 mg/dL), lactic
acid of 2.7 mmol/L (normal 0.7–2.1 mmol/L), and an Interna-
tional Normalized Ratio (INR) of 6.0 (therapeutic range 2.0–
3.0). A 12-lead ECG (Figure 14.1) and portable chest radio-
graph (Figure 14.2) were obtained.

What is your diagnosis?
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Figure 14.1 12-lead ECG from a 54-year-old male with syncope and hypotension.

Figure 14.2 Portable chest radiograph from a 54-year-old male with
syncope and hypotension.
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ANSWER

The diagnosis is cardiac tamponade secondary to pericardial
effusion (hemopericardium). The hemopericardium resulted
from a markedly elevated INR (6.0). The ECG demonstrates
low voltage throughout, whereas the chest radiograph shows
cardiomegaly. A bedside cardiac ultrasound was performed by
the emergency physician, which demonstrated a large pericar-
dial effusion (Figure 14.3). The patient was given a total of
1 liter normal saline IV, as well as vitamin K 10 mg subcu-
taneously and 4 units of fresh frozen plasma to reverse the
anticoagulation. A portable echocardiogram was performed,
which confirmed a pericardial effusion with signs of tampon-
ade including right ventricular collapse (Figure 14.4). Fol-
lowing reversal of the anticoagulation, a pericardiocentesis
performed under fluoroscopy by the cardiologist removed
1100 mL of blood from the pericardium, with immediate
improvement in the patient’s hemodynamics and symptoms.

Cardiac tamponade

Cardiac tamponade is a true emergency that occurs when fluid
accumulation within the pericardium causes pericardial pres-
sure to exceed cardiac chamber diastolic pressure. This con-
dition prevents cardiac filling.1 Three factors determine the
clinical presentation: the volume of fluid, the rate at which
the fluid accumulates, and pericardial compliance.1 If the fluid
accumulates rapidly or the pericardium is pathologically stiff,
relatively small amounts of fluid can result in marked eleva-
tions in intrapericardial pressure. Rapidly evolving hemoperi-
cardium (200–300 mL) is more likely to cause death from
cardiac tamponade than slowly evolving pericardial fluid accu-
mulation (500–2000 mL), the latter allowing for accommoda-
tion of greater volumes due to gradual distension of the peri-
cardial sac.2 The normal volume of pericardial fluid (30–50
mL) reflects a balance between production and reabsorption.2

Figure 14.3 Bedside cardiac ultrasound from a 54-year-old male with
syncope and hypotension, demonstrating large pericardial effusion
(vertical dashed line). LV = left ventricle, RV = right ventricle,
LA = left atrium.

Figure 14.4 Echocardiogram from a 54-year-old male with hemoperi-
cardium and cardiac tamponade (area between cursors = pericardial
effusion).

Symptoms of cardiac tamponade include dyspnea, tachyp-
nea and fatigue. Signs include tachycardia, jugular venous dis-
tension, a quiet precordium, hypotension, and pulsus para-
doxus (inspiratory drop in systolic blood pressure of 10%
or 10 mmHg).1,3 Although a pericardial rub typically disap-
pears when an effusion develops, a rub caused by pericardial-
pleural friction may still be heard (typically on inspiration).1

The elevated pericardial pressure resulting in elevated right
atrial and venous pressures causes a characteristic jugular
venous waveform lacking the Y descent. The changes result
from decreased right atrial emptying due to impaired ventric-
ular expansion and filling.1 The Kussmaul sign, a paradoxical
increase in jugular venous pulse with inspiration, can also be
seen but is not specific for tamponade (it may also be seen in
constrictive pericarditis, restrictive cardiomyopathy and right
ventricular infarction).3

Chest radiographs and ECGs are often unreliable for the
prompt diagnosis of cardiac tamponade because findings are
not specific and may not be present.4 Chest radiograph may
demonstrate an enlarged cardiac silhouette (observed in more
than 90% of cardiac tamponade cases) or a silhouette in
the shape of a water bottle, which suggests cardiomegaly.4

ECGs in cardiac tamponade may show low-amplitude QRS
complexes (signifying low voltage) and may depict electri-
cal alternans (caused by “swinging” of the oscillating heart
in the buoyant pericardial sac); this latter effect is seen in
10–20% of tamponade cases, most of which are neoplastic in
origin.4

Cardiac ultrasound is the primary diagnostic modality for
the initial detection of pericardial effusion. This can be done
at the bedside by emergency physicians.5,6 Pericardial fluid
first accumulates posterior to the heart when the patient
is examined in the supine position. Small amounts of fluid
can be present even in healthy individuals.5 As the effusion
increases, it extends laterally; with large effusions, the echo-
free (dark) space expands to surround the entire heart. When
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the ability of the pericardium to stretch is exceeded by rapid
or massive accumulation of fluid, any additional fluid causes
pressure within the pericardial sac to significantly increase.
When the increasing intrapericardial pressure exceeds the
intracardiac pressure, the positive transmural pressure gradi-
ent compresses the adjacent cardiac chamber or chambers.5

Right atrial inversion (during ventricular systole, while the
atrium is relaxed) is usually an early sign of compression, fol-
lowed by diastolic compression of the right ventricular outflow
tract. Right ventricular diastolic collapse generally requires a
greater pressure difference between the intrapericardial space
and the intracardiac chambers than does right atrial collapse.
Right ventricular collapse is therefore a more specific but less
sensitive indicator of hemodynamically significant pericardial
compression.5

There is no effective medical therapy for cardiac tampon-
ade, although intravenous fluids may be of temporary benefit
if the patient is hypovolemic.1 Inotropic agents are not bene-
ficial due to the intense endogenous adrenergic stimulation
already present. The heart rate and cardiac contractility are
generally already at a maximum when tamponade is present.1

If the patient is unstable, immediate relief of tamponade
by percutaneous subxiphoid needle aspiration is required. In
hemodynamically stable patients, echocardiography-guided
pericardiocentesis or pericardiocentesis performed under
fluoroscopy is the treatment of choice.1,3 A catheter is usually
left in the pericardial space to drain any recurrent effusion;
surgical drainage employing either a subxiphoid window or an
open thoracotomy is also an option.

Hong et al. described a case of a 70-year-old male on war-
farin for mitral valve replacement presenting to the ED with
cardiac tamponade.7 The patient’s INR was 7.5, and urgent
pericardiocentesis and pericardiotomy resulted in the drain-
age of 1300 mL of pericardial blood. Similar to this case,
our case demonstrates that overanticoagulation with warfarin
may contribute to the development of hemopericardium and
resulting tamponade.

KEY TEACHING POINTS

1. Cardiac tamponade is an emergency that occurs when
fluid accumulation within the pericardium causes pericar-
dial pressure to exceed cardiac chamber diastolic pressure,
which prevents cardiac filling.

2. Symptoms of tamponade include dyspnea, tachypnea, and
fatigue; signs include tachycardia, jugular venous disten-
sion, a quiet precordium, hypotension, and pulsus para-
doxus.

3. In patients with cardiac tamponade, the chest radiograph
may demonstrate cardiomegaly, whereas the ECG may
show low voltage or electrical alternans.

4. Cardiac ultrasound is the study of choice for diagnosing
pericardial effusion and cardiac tamponade.

5. Treatment of cardiac tamponade includes intravenous fluid
augmentation and pericardiocentesis to remove the effusion.
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Palpitations and shortness of breath in a 69-year-old male

HISTORY OF PRESENT ILLNESS

A 69-year-old male with a medical history significant for a
previous myocardial infarction, two-vessel coronary artery
bypass graft, diabetes, congestive heart failure and ischemic
cardiomyopathy (ejection fraction 40%) presented to the ED
by ambulance complaining of palpitations and shortness of
breath. The patient experienced a brief syncopal episode when
getting up from bed immediately before his wife called emer-
gency services. In the ED, the patient appeared awake, alert
and in no acute distress. His medications included aspirin,
felodipine, furosemide, insulin and Flomax R©. In the ED, the
patient denied chest pain or shortness of breath but reported
palpitations and feeling lightheaded.

PHYSICAL EXAMINATION

GENERAL APPEARANCE: The patient was an elderly-appearing
male lying supine on the gurney, awake, alert and in no acute
discomfort.

VITAL SIGNS

Temperature 98.1◦F (36.7◦C)
Pulse 180 beats/minute

Figure 15.1 12-lead ECG from a 69-year-old male with palpitations and shortness of breath.

Blood pressure 110/70 mmHg
Respirations 22 breaths/minute
Oxygen saturation 98% on room air

HEENT: Unremarkable.

NECK: Supple, no jugular venous distension.

CARDIOVASCULAR: Tachycardic, regular heart sounds, unable
to appreciate rubs, murmurs or gallops. Palpable and rapid
radial and dorsalis pedis pulses.

LUNGS: Clear to auscultation bilaterally.

ABDOMEN: Soft, nontender, nondistended.

RECTAL: Brown stool, hemoccult negative.

EXTREMITIES: No clubbing, cyanosis or edema.

NEUROLOGIC: Nonfocal.

A 12-lead ECG was obtained (Figure 15.1) and the patient was
placed on the cardiac monitor. A peripheral intravenous line was
placed, and blood was drawn and sent for laboratory testing.

What is your diagnosis?
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ANSWER

The ECG demonstrated a wide complex tachycardia (QRS
>150 msec, rate 174), consistent with ventricular tachycar-
dia. The patient was given amiodarone 150 mg intravenously
over 10 minutes, followed by the initiation of an amiodarone
IV drip at 1 mg/min. The patient converted to sinus rhythm
shortly after initiation of the amiodarone drip, with a repeat
ECG demonstrating first-degree AV block and ST-segment
depression in leads II, aVF, V5 and V6 (Figure 15.2). An initial
troponin I obtained on presentation was 0.05 ng/mL (normal
0.00–0.09 ng/mL). Because of the ST-segment depression note
on the repeat ECG, a heparin infusion was initiated. A repeat
troponin I obtained eight hours after presentation peaked at
5.2 ng/mL. The patient underwent placement of an internal
cardioverter-defibrillator (ICD) the following day.

Wide complex tachycardia

Tachycardias (rate greater than 100 beats/minute) can be
divided into two categories based on the width of the QRS
complexes: narrow complex (QRS duration ≤120 msec) or
wide complex (QRS duration >120 msec) tachycardias.1,2 If
the dysrhythmia has a narrow QRS complex, it is by defini-
tion a supraventricular tachycardia (SVT). These dysrhyth-
mias are often well tolerated by patients in good health. These
patients can be treated using vagal maneuvers, intravenous
adenosine or calcium-channel blockers, and discharged from
the ED to complete their evaluation as an outpatient if the
SVT converts to sinus rhythm with a controlled rate.1 If the
tachycardia has a wide QRS complex, it is either ventricular

Figure 15.2 12-lead ECG from a 69-year-old male with palpitations and shortness of breath following
treatment with IV amiodarone.

tachycardia (VT) or, less commonly, an SVT with aberrant
conduction. Other rare causes of wide complex tachycardia
(WCT) include medications (e.g., tricyclic antidepressants,
digitalis, lithium, cocaine, diphenhydramine), hyperkalemia,
post-cardiac arrest and WCTs with pre-excitation syndromes
(i.e., Wolff-Parkinson-White syndrome).2

In several large series concerned with the differential diag-
nosis of wide QRS tachycardias, the overwhelming majority of
cases are VT (up to 80%); the next largest group is SVT with
aberrancy, with other diagnoses contributing a small fraction
of cases.3 From a practical standpoint, it is clear that the major
differential diagnosis of WCT is between VT and SVT with
aberrancy. A frequently used diagnostic algorithm by Bru-
gada to identify VT on ECG incorporates many previously
published morphologic criteria in a step-wise algorithm. It has
been demonstrated to have good sensitivity and specificity in
the absence of pre-existing intraventricular conduction abnor-
malities (Table 15.1).4,5

With regard to distinguishing VT from SVT with aber-
rancy, most clinical situations of WCT will be VT in etiology
(more than 70% of the time). A corollary to this is if there
is doubt as to the etiology of the WCT, the safest approach
is to treat the rhythm as VT.3 Most patients who present
with VT have underlying heart disease. Individuals with pre-
vious myocardial infarction (MI) or known coronary artery
disease (CAD) are approximately four times more likely to
present with ventricular rather than supraventricular etiolo-
gies of their WCT.6

Patients in VT without a pulse require immediate defib-
rillation. If the patient has a pulse and is hemodynamically
unstable, synchronized cardioversion should be performed as
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TABLE 15.1 Diagnosis of wide QRS complex tachycardia

Step 1: Is there absence of an RS complex in all precordial leads V1 to V6?
If yes, then the rhythm is VT.
Step 2: Is the interval from the onset of the R wave to the nadir of the S wave greater than 100 msec (0.10 sec) in any

precordial leads?
If yes, then the rhythm is VT.
Step 3: Is there AV dissociation?
If yes, then the rhythm is VT.
Step 4: Are morphology criteria for VT present (Table 15.2)?
If yes, then the rhythm is VT.

From Stahmer SA, Cowan R, Emerg Med Clin North Amer 2006;24:11–40.

quickly as possible (consider sedation). The patient should
be supported using advanced cardiac life support (ACLS)
guidelines. In a stable patient with sustained, monomorphic
VT, pharmacologic therapy may augment cardioversion. In
the acute phase of treatment, the intravenous drug of choice is
amiodarone, particularly in patients with an impaired cardiac
ejection fraction.1,7 Amiodarone should be administered as a
150 mg IV bolus over 10 minutes, followed by an infusion at
1 mg/min for six hours, decreasing to 0.5 mg/min subsequently.
Other medications that can be used include procainamide,
which may be especially useful when atrial fibrillation with
pre-excitation is suspected. Once stabilized, all patients who
have VT should be admitted to the hospital for further evalu-
ation and treatment.

In elderly patients with VT, definitive therapy often man-
dates placement of an implantable cardioverter-defibrillator
(ICD). With a two-year mortality rate of 30% after MI, ICDs
are common in elderly patients. The MADIT and AVID trials
demonstrated that ICDs are superior to pharmacologic ther-
apy alone.7–9

TABLE 15.2 Morphology criteria for ventricular tachycardia

Right bundle type requires waveform from V1 and V6

V1 V6
Monophasic R wave Reversal of rsR’ R/S < 1

Left bundle type requires any of the below morphologies

V1 or V2 V6 (qR or QS)

R wave > 30 msec, 
Notched downstroke of S wave, 
Greater than 100 msec (0.1 sec) nadir S wave

From Stahmer SA, Cowan R, Emerg Med Clin North Amer 2006;24:
11–40.

KEY TEACHING POINTS

1. In greater than 70% of cases of wide complex QRS tachy-
cardia, the diagnosis will be ventricular tachycardia (VT);
therefore, when in doubt, treat as VT.

2. Amiodarone is the drug of choice for patients presenting
with stable VT, particularly in those with impaired ejection
fractions.

3. Pulseless VT mandates defibrillation; unstable patients
presenting with VT with a pulse require immediate elec-
trical cardioversion.

4. All patients presenting with VT should be admitted for fur-
ther evaluation and treatment.

5. Definitive therapy of VT or VF in selected patients (e.g.,
elderly, post-myocardial infarction, post-resuscitation from
near fatal ventricular dysrhythmias) involves placement of
an implantable cardioverter-defibrillator (ICD).
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Chest pain following emotional stress in a 70-year-old female

HISTORY OF PRESENT ILLNESS

A 70-year-old female with a medical history significant for
hypertension, hypercholesterolemia and paroxysmal atrial fib-
rillation presented to the ED complaining of chest pain for
several hours after being emotionally distressed over her hus-
band’s recent illness and hospitalization. She described her
pain as pressure-like, located centrally without radiation, and
rated it at a level of 8 (on a scale of 0 to 10). The pressure was
associated with diaphoresis but was not associated with short-
ness of breath or nausea. Her medications included Cozaar R©,
diltiazem, hydrochlorothiazide, warfarin and simvastatin. She
did not drink or smoke, and lived with her husband.

PHYSICAL EXAMINATION

GENERAL APPEARANCE: The patient appeared well nourished,
well hydrated, was tearful and in moderate discomfort.

VITAL SIGNS

Temperature 98◦F (36.6◦C)
Pulse 80 beats/minute
Blood pressure 160/90 mmHg
Respirations 20 breaths/minute
Oxygen saturation 100% on room air

HEENT: Unremarkable

NECK: Supple, no jugular venous distension.

CARDIOVASCULAR: Regular rate and rhythm without rubs,
murmurs or gallops.

LUNGS: Clear to auscultation bilaterally.

ABDOMEN: Soft, nontender, nondistended.

RECTAL: Normal tone, brown stool, hemoccult negative.

EXTREMITIES: No clubbing, cyanosis or edema.

NEUROLOGIC: Nonfocal.

The patient was placed on the cardiac monitor, a 12-lead ECG
was obtained (Figure 16.1) and compared to an ECG from
six months earlier (Figure 16.2). A peripheral intravenous line
was placed, blood was drawn and sent for laboratory testing,
and the patient was given aspirin, intravenous heparin and
eptifibatide (Integrilin R©). The initial troponin I returned ele-
vated at 4.2 ng/mL (normal 0.00–0.09 ng/mL). The patient was
taken emergently for coronary angiography, which demon-
strated normal coronary arteries as well as mild inferior
and anterior wall hypokinesis and apical left ventricular
ballooning.

What is your diagnosis?

61



62 Cardiovascular

Figure 16.1 12-lead ECG from a 70-year-old female with chest pressure for several hours.

Figure 16.2 12-lead ECG from a 70-year-old female six months prior to ED presentation.
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ANSWER

The diagnosis is Takotsubo cardiomyopathy (“broken heart
syndrome”) due to emotional stress and adrenergically medi-
ated myocardial injury. The ECG (Figure 16.1) demonstrates
ST-segment elevation in the anterolateral leads (V1–V6),
which were new compared to a prior ECG from this patient
(Figure 16.2). The patient was discharged on hospital day
#2 and instructed to continue her previous medications, and
begin aspirin and clopidogrel for one month. An echocardio-
gram performed one week after discharge demonstrated glob-
ally decreased left ventricular function, as well as wall motion
abnormalities of the inferior, apical and lateral walls.

Takotsubo cardiomyopathy

Takotsubo cardiomyopathy is a transient cardiomyopathy
characterized by marked apical hypokinesis and ballooning in
the absence of significant coronary artery disease.1 Takotsubo,
from tako (octopus) and tsubo (jar), is a Japanese term for a
round-bottomed, narrow-necked jar used to trap octopus in
Japan.1 Similar to this octopus jar, the heart’s appearance on
a left ventriculogram in Takotsubo cardiomyopathy appears
wide at the apex during end systole, with narrowing where
there is basilar hyperkinesis.1 Typically, patients with Takot-
subo cardiomyopathy present with symptoms consistent with
acute myocardial infarction, including chest pain, ST-segment
changes and positive cardiac enzymes following a exposure
to emotional stress.2 Receiving news of a sudden death, par-
ticipating in an argument, attending a funeral, observing an
armed robbery and even a surprise party have been docu-
mented as precipitating events occurring shortly before the
onset of cardiac symptoms.2

A striking preponderance of female patients with this syn-
drome (often postmenopausal) compared with male patients
(6:1) has been identified.3 The clinical background associated
with transient apical ballooning is remarkably similar in most
cases. The patient is typically a female in her seventh decade,
evaluated for the sudden onset of cardiac symptoms such as
dyspnea or chest pain.4 In most instances, these symptoms
occur close in time to an identified “trigger.” This precipi-
tating event is commonly, but not exclusively, an emotional
one but may also be an acute medical illness, such as a severe
asthmatic attack.4 The majority of patients exhibit chest pain
and ECG changes that suggest myocardial ischemia; however,
most do not develop Q waves.4 ECG presentations can be
quite variable: ST-segment elevations similar to those in ST-
segment elevation myocardial infarction (STEMI) are com-
mon but not the rule.3 Often, deep T-wave inversions follow
where the ST-segment elevations occurred in the acute setting
rather then the classic pattern of Q wave development. The
most common leads demonstrating ST-segment elevation are
leads V1–V3 and, occasionally, leads I and aVL.3 Myocardial
enzyme release is less than expected given the ECG findings
and wall motion abnormalities demonstrated.

On coronary angiography, patients do not show evidence
of obstructive coronary artery disease. In addition, repeat
echocardiography demonstrates complete resolution of left
ventricular (LV) dysfunction, usually within two to four
weeks, with a normal ejection fraction and no residual wall
motion abnormalities.2 Takotsubo cardiomyopathy is strongly
suggested by the following four key clinical criteria:

� a setting of acute emotional stress;
� symptoms and findings suggestive of acute coronary syn-

drome (ACS) with normal coronary arteries on angio-
graphy;

� echocardiographic demonstration of LV dysfunction with
preserved function at the base and akinesia of all other
segments; and

� restoration of normal LV function within several weeks of
symptom onset.2

The precise mechanism that causes this type of LV dysfunc-
tion is unknown. The most commonly discussed mechanism
for this condition is stress-induced catecholamine release.5

Studies have shown plasma catecholamine levels in patients
with Takotsubo cardiomyopathy to be 2–3 times greater than
those in patients with classic myocardial infarction, and 7–
34 times greater than published normal values.2,6 Elesber
et al. demonstrated that impaired myocardial perfusion due
to abnormal microvascular blood flow is frequently present
in patients with apical ballooning syndrome (ABS), and cor-
relates with the extent of myocardial injury, indicating that
microvascular dysfunction plays a pivotal role in the patho-
genesis of myocardial stunning in this syndrome.7 Fortunately,
the prognosis is favorable for patients with Takotsubo car-
diomyopathy who survive the initial heart failure episode
using general symptomatic and supportive measures; LV sys-
tolic function typically returns to normal within a few weeks.2

KEY TEACHING POINTS

1. Takotsubo cardiomyopathy is a transient cardiomyopathy
characterized by marked apical hypokinesis and ballooning
in the absence of significant coronary artery disease. How-
ever, it is a diagnosis of exclusion.

2. Patients with Takotsubo cardiomyopathy present with
symptoms of acute myocardial infarction (AMI), includ-
ing chest pain, ST-segment changes and positive cardiac
enzymes following exposure to acute emotional stress.

3. On coronary angiography, patients with Takotsubo car-
diomyopathy do not show evidence of obstructive coronary
artery disease.

4. Elevation of plasma catecholamine levels and abnormal
microvascular blood flow most likely play important roles
in the development of Takotsubo cardiomyopathy.

5. The prognosis is favorable for patients with Takotsubo car-
diomyopathy, with LV systolic function typically returning
to normal within a few weeks.
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General body weakness and slow heart rate in a 72-year-old male

HISTORY OF PRESENT ILLNESS

A 72-year-old male with a medical history significant for coro-
nary artery disease, hypertension, hyperlipidemia and dia-
betes presented to the ED complaining of two months of
gradually worsening fatigue and general body weakness. The
patient saw his primary care provider (PCP) one week earlier
and had his metoprolol dose reduced from 50 mg orally daily
to 25 mg orally daily secondary to fatigue and poor medica-
tion tolerance. One week prior to presentation, he discontin-
ued his metoprolol without resolution of his symptoms. On
the day of presentation to the ED, he noted a slow heart rate
when checking his radial pulse. He denied chest pain or short-
ness of breath, abdominal pain, nausea and vomiting but felt
lightheaded when standing.

PHYSICAL EXAMINATION

GENERAL APPEARANCE: The patient appeared well nourished,
well hydrated and in no acute distress.

VITAL SIGNS

Temperature 97.8◦F (36.5◦C)
Pulse 37 beats/minute

Blood pressure 150/90 mmHg
Respirations 20 breaths/minute
Oxygen saturation 98% on room air

HEENT: Unremarkable.

NECK: No jugular venous distension.

CARDIOVASCULAR: Bradycardic, regular rate without rubs,
murmurs or gallops.

LUNGS: Clear to auscultation bilaterally.

ABDOMEN: Soft, nontender, nondistended.

EXTREMITIES: No clubbing, cyanosis or edema.

NEUROLOGIC: Nonfocal.

The patient was placed on the cardiac monitor, a 12-lead ECG
was obtained (Figure 17.1), a peripheral intravenous line was
placed, and blood was drawn and sent for laboratory testing.

What is your diagnosis?
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Figure 17.1 12-lead ECG from a 72-year-old male with fatigue and general body weakness.
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ANSWER

The diagnosis is 2:1 atrioventricular block (one conducted
atrial complex for every nonconducted beat). Based upon this
ECG alone, it is impossible to determine whether the patient
has Mobitz Type I or Type II conduction. Laboratory tests
were normal (complete blood count, electrolytes, BUN, cre-
atinine, glucose, troponin I). The patient was admitted to
telemetry for monitoring. He continued to maintain a heart
rate in the 30s with a normal blood pressure and without symp-
toms. A cardiology consult was obtained, and the patient was
diagnosed with a high-grade second-degree atrioventricular
(AV) block. The patient underwent a permanent pacemaker
placement with resolution of the block and was discharged
feeling much improved on hospital day #4.

Atrioventricular (AV) blocks

In first-degree AV block, the PR interval is prolonged, with a
duration greater than 0.20 sec, and is constant without pro-
gressive change.1 The P wave has normal morphology and
precedes every QRS complex. The QRS complex usually has
a normal morphology and axis. Every atrial complex is con-
ducted to the ventricles. First-degree AV block can be a nor-
mal finding, especially in healthy young adults or athletes.2 It
may occur pathologically because of conduction disease in the
AV node or the His-Purkinje system, acute myocardial infarc-
tion (particularly inferior MI), myocarditis, electrolyte distur-
bances and the use of AV nodal-blocking agents.2

Second-degree AV block refers to a disorder of the car-
diac conduction system in which some atrial impulses are not
conducted to the ventricles.3 Electrocardiographically, some P
waves are not followed by a QRS complex. Second-degree AV
block is composed of two types: Mobitz I (Wenckebach) block
and Mobitz II. Mobitz I second-degree AV block is character-
ized by a progressive prolongation of the PR interval, which
results in a progressive shortening of the R–R interval. Ulti-
mately, the atrial impulse fails to conduct, a QRS complex is
not generated and there is no ventricular contraction. The PR
interval is the shortest in the first beat in the cycle, whereas the
R–R intervals between conducted beats are constant.3 Mobitz
I block is caused by conduction delay in the AV node (72% of
patients) or the His-Purkinje system (the remaining 28%).3

Mobitz II second-degree AV block is characterized by
an unexpected nonconducted atrial impulse.3 Thus, the PR
and R–R intervals between conducted beats are constant. In
Mobitz II block, the conduction delay occurs infranodally. The
QRS complex is likely to be wide, except in patients where
the delay is localized to the bundle of His. The usual pattern
of dropped beats in Mobitz II block ranges from two con-
ducted atrial complexes for every nonconducted beat (3:1), up

to combinations of 4:1 or 3:2 patterns.2 Mobitz Type II carries
a worse prognosis than Mobitz Type I, and may require per-
manent pacemaker placement if the patient is symptomatic.

When the ratio of AV conduction is 2:1, it is impossible to
determine whether the patient has Mobitz Type I or Type II
conduction. In this case, some authors recommend describing
the 2:1 conduction pattern without categorizing it as Type I or
Type II.2 Nonetheless, the physician should initially “assume
the worst” in situations of 2:1 conduction; that is, the block is
Mobitz II unless proven otherwise.1

Third-degree AV block (complete heart block) occurs
when no atrial impulses reach the ventricles.4 The atria and
ventricles thus function independently (i.e., there is AV disso-
ciation), and the atrial rate is faster than the ventricular rate
because the latter is an escape rhythm. The atrial impulses (P
waves) “march” out on the ECG, as do the ventricular depo-
larizations (QRS complexes), yet they are unrelated. Ven-
tricular escape rhythms are usually associated with a worse
prognosis and are more commonly caused by acquired (non-
congenital) conditions. It is possible that no escape rhythm is
generated, resulting in asystole.4

KEY TEACHING POINTS

1. First-degree AV block can be a normal finding, especially
in healthy young adults or athletes.

2. For second-degree AV blocks, Mobitz Type II carries a
worse prognosis than Mobitz Type I, and may require
permanent pacemaker placement if the patient is symp-
tomatic.

3. When the ratio of AV conduction is 2:1, it is impossible to
determine whether the patient has Mobitz Type I or Type
II conduction; assume that the block is Mobitz II unless
proven otherwise.

4. Third-degree AV block (complete heart block) occurs
when no impulses from the atria reach the ventricles,
resulting in AV dissociation. This requires permanent
pacemaker placement.
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Headache, neck pain and chest pain in a 73-year-old male

HISTORY OF PRESENT ILLNESS

A 73-year-old male with a medical history significant for
hypertension, coronary artery disease and prior myocardial
infarction presented to the ED complaining of a headache,
neck pain and chest pain for one hour. The patient was lean-
ing over his bathroom sink when he experienced the sudden
onset of a severe, bitemporal headache that quickly radiated
down his posterior neck and into his back, left chest and ster-
num. The patient described the pain as a heaviness and rated
it at a level of 8 (on a scale from 0 to 10). He reported asso-
ciated sweating and shortness of breath, but denied nausea or
vomiting, dizziness, focal weakness, numbness, visual changes
or slurred speech. He had taken three sublingual nitroglyc-
erin tablets prior to arrival without improvement in his symp-
toms, as well as 81 mg of aspirin. His medications included
aspirin, clonidine, lisinopril, lovastatin and bisoprolol/hydro-
chlorothiazide. He denied tobacco, alcohol or recreational
drug use. He was a practicing Jehovah’s Witness.

PHYSICAL EXAMINATION

GENERAL APPEARANCE: The patient appeared awake and alert,
and in mild discomfort.

VITAL SIGNS

Temperature 97.4◦F (36.3◦C)
Pulse 75 beats/minute
Blood pressure 189/73 mmHg
Respirations 20 breaths/minute
Oxygen saturation 98% on room air

HEENT: PERRL, EOMI.

CARDIOVASCULAR: Regular rate and rhythm with II/VI dias-
tolic murmur at the left upper sternal border, no rubs or gal-
lops.

LUNGS: Bilateral rales at the bases without wheezes or
rhonchi.

ABDOMEN: Soft, nontender, nondistended.

Figure 18.1 Portable chest radiograph of a 73-year-old male with
headache, neck pain and chest pain.

EXTREMITIES: 2+ pitting edema of bilateral lower extremities.
Strong and equal peripheral pulses in upper and lower extrem-
ities.

NEUROLOGIC: Nonfocal.

A peripheral intravenous line was placed, and blood was
drawn and sent for laboratory testing. An ECG was obtained
that demonstrated a normal sinus rhythm with a ventricular
rate of 82, multiple premature ventricular contractions, as well
as ST-segment depression in leads I, II and V4 through V6,
all new compared to a previous ECG obtained one year ear-
lier. Laboratory tests (complete blood count, chemistry panel
and troponin I) were all within normal limits. The patient
was given sublingual nitroglycerin for his chest pain, and a
portable chest radiograph was obtained (Figure 18.1).

What is your diagnosis?
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ANSWER

The diagnosis is aortic dissection, Stanford type A. The chest
radiograph demonstrated a widened mediastinum. A chest CT
with intravenous contrast was obtained, which demonstrated a
type A aortic dissection arising just above the level of the aor-
tic valve and involving the ascending, transverse and descend-
ing thoracic aorta, extending into the abdominal aorta, ter-
minating just above the iliac bifurcation (Figure 18.2). The
vascular surgeon was urgently consulted. An esmolol and
nitroprusside IV drip were begun for blood pressure control,
and the patient was taken urgently to the OR for definitive
surgical treatment of the dissection.

Aortic dissection

An aortic dissection refers to the separation of the layers of
the aortic wall (the intima, media and adventitia) with entry
of blood into the aortic media, creating a false lumen.1 The

A B

C D

Figure 18.2 CT of the chest, abdomen and pelvis demonstrating Stanford type A aortic dissection in a 73-year-
old male, with dissection from the aortic arch (panel A), extending into the ascending and descending aorta
(panels B and C, arrows) and into the abdominal aorta (panel D).

dissection usually originates from a tear in the aortic intima.
It can then propagate proximally or distally, leading to many
clinical features of dissection. Aortic dissections are classified
by the portion of the aorta involved. In the Stanford system,
type A dissections involve the ascending aorta, either alone or
with the descending aorta; type B dissections are confined to
the descending aorta (Figure 18.3).1 Dissections are also clas-
sified as acute (if present less than two weeks) or chronic (if
present longer than two weeks). The majority of thoracic aor-
tic dissections presenting to the ED are acute, presenting with
chest or back pain.

More than 2000 cases of thoracic aortic dissection (TAD)
occur annually in the United States.2 It is the most common
acute illness of the aorta. Most cases occur in patients 50–
70 years old, with males predominating. Ascending aortic dis-
section left untreated carries a 75% mortality rate within the
first two weeks alone; if the diagnosis remains unrecognized,
the mortality reaches 90% at one year.2,3 Estimated mortality
rates are 1–2% per hour for the first 24–48 hours.2
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Figure 18.3 Stanford classification for aortic dissections.

Risk factors for thoracic aortic dissection include hyper-
tension, advanced age, male gender, pregnancy, bicuspid aor-
tic valve, coarctation of the aorta, connective tissue diseases
such as Marfan’s syndrome and cocaine use.2 Ninety-five per-
cent of patients with TAD report pain; most often, the pain is
abrupt in onset, located in the anterior chest, posterior chest
or back.1–3 The pain may be described as ripping or tearing;
however, these terms are only used by 50% of patients.3 TAD
is associated with syncope in as many as 13% of patients; this
may be the sole presenting symptom in 3% of patients.

On physical examination, approximately 50% of patients
with TAD are hypertensive (SBP ≥150 mmHg), whereas 16%
are hypotensive or in shock.3 The diastolic murmur of aor-
tic insufficiency is present in less than one-third of patients,
whereas focal neurologic deficits suggestive of cerebrovascu-
lar accident are found in 5–17% of patients.3,4 Measurement
of the blood pressure in both arms and the thigh demonstrates
a systolic pressure differential of more than 20 mmHg in
20–40% of patients.1 Myocardial infarction is a relatively rare
complication of proximal aortic dissection, estimated to occur
in approximately 1–7% of all cases. ECGs obtained in such
cases may show ST-segment elevation or depression consis-
tent with infarction or ischemia.2,4

The chest radiograph is abnormal in 85–90% of patients.1

Mediastinal widening (more than 8 cm) is the most common
finding, occurring in 63% of type A dissections and 56% of
type B dissections.1 Other common CXR findings include sep-
aration of calcium (more than 5 mm) from the edge of the
aortic wall, a blurred aortic knob, a left pleuroapical cap, a
left pleural effusion, deviation of the paraspinous line, shift
and elevation of the right mainstem bronchus, and deviation
of the trachea or esophagus to the right.

Bushnell and Brown published an extensive review of the
literature examining the usefulness and accuracy of medi-
cal history, physical examination and chest radiograph for
detecting acute TAD.5 They concluded that pain of abrupt

onset, pulse deficits and neurologic deficits increase the like-
lihood of TAD, whereas a normal chest radiograph and the
absence of acute-onset pain appear to decrease its likelihood.
However, because the presentation of TAD is highly vari-
able, the diagnosis cannot be ruled out based on medical his-
tory, physical examination or plain radiography findings; fur-
ther diagnostic testing is required to confirm or rule out the
diagnosis.5

The strategy employed to confirm the diagnosis of TAD
depends on the resources available, the patient’s clinical con-
dition and one’s pretest suspicion. Unstable patients with a
high pretest probability must not leave the ED (except to
go to the operating room). In such patients, transesophageal
echocardiography (TEE) can be performed at the bedside by
a cardiologist. TEE is quick, portable, does not require expo-
sure to contrast, and can be performed in the ED.1 It is highly
accurate in experienced hands, with a sensitivity as high as
98% and a specificity reported between 63–96%.1 The main
disadvantage is its lack of universal availability.

Chest CT is fast, universally available, noninvasive, less
operator dependent and highly accurate, with a sensitivity of
94% and a specificity of 87–100%.1 Multidetector row CT
scanners have a sensitivity of 99% for detecting TAD.3 Addi-
tionally, CT provides information about other potential diag-
noses. Disadvantages of CT include the need for contrast dye
and the need to leave the ED. Aortography was the gold
standard for diagnosis of TAD but has been supplanted by
CT scanning and TEE. Aortography has a sensitivity of 87%
and a reported specificity of 75–94%.1 Disadvantages to aor-
tography are that it is invasive, time-consuming and exposes
patients to a high volume of contrast dye. Finally, MRI is an
extremely accurate diagnostic modality for the diagnosis of
TAD – its use will likely increase in the future.

The initial management of patients with TAD is aggres-
sive heart rate and blood pressure control. In hypertensive
patients, therapy begins with a short-acting, rapid-onset beta-
blocker, such as esmolol or metoprolol, with the goal of low-
ering the heart rate to a target of 60 beats/minute.1 Following
the initiation of beta-blocker therapy, a potent IV vasodilator
such as nitroprusside is added and titrated to a goal SBP of
100–120 mmHg. Monotherapy with IV labetalol is an excel-
lent alternative. Pain should be controlled with narcotics.
Hypotensive patients must be aggressively resuscitated with
normal saline; however, inotropic agents should be avoided
as they increase shear stress. Despite the presence of cardiac
ischemia in patients with TAD, anticoagulation and fibrino-
lytic therapy must be withheld as the consequences of such
therapy can be devastating.1

Further management of TAD is determined by the type of
dissection and complications. Proximal dissections are a sur-
gical emergency. Seventy-two percent of patients with type
A dissection are treated operatively, with an operative mor-
tality at experienced centers varying from 7–36%.1 Type B
dissections are usually managed nonoperatively. Indications
for surgery include propagation of the dissection, increas-
ing size of the hematoma, compromise of major branches
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of the aorta, impending rupture or bleeding into the pleur-
al cavity. Endovascular therapy with stent placement in some
centers is becoming increasingly popular for both type A
and B dissections in the appropriate setting. Given the high
morbidity and mortality and need for close monitoring, all
patients with aortic dissections must be managed in the
ICU.

KEY TEACHING POINTS

1. Ascending aortic dissection left untreated has a 75% mor-
tality rate within the first two weeks alone; if the diagnosis
remains unrecognized, the mortality reaches 90% at one
year.

2. Risk factors for TAD include hypertension, advanced age,
male gender, pregnancy, bicuspid aortic valve, coarctation
of the aorta, connective tissue diseases and cocaine use.

3. Because the presentation of TAD is highly variable, the
diagnosis cannot be ruled out based on medical history,
physical examination or plain radiography; further diag-
nostic testing is required with chest CT or TEE to confirm
or rule out the diagnosis.

4. The initial management patients with TAD is aggressive
heart rate and blood pressure control, whereas further
management of TAD is determined by the type of dis-
section and complications (surgery for type A dissections,
medical management for type B dissections).

5. Endovascular stent placement has become an option for
the treatment of aortic dissections in the appropriate
setting.
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Near syncope, tachycardia and chest pain in a 74-year-old female

HISTORY OF PRESENT ILLNESS

A 74-year-old female with a history of hyperlipidemia, hyper-
tension, and dyspnea of unclear etiology complained to her
husband of mild chest pressure and lightheadedness while
brushing her teeth. Her husband checked her blood pres-
sure and found it to be 74/50 mmHg with a heart rate of
110 beats/minute per automatic blood pressure cuff, so he
called emergency services. The patient had undergone a stress
thallium test six months prior to presentation, which showed
evidence of moderate to severe stress-induced myocardial
ischemia in the septum and inferior wall. A coronary artery
catheterization shortly afterward demonstrated a 45% ejec-
tion fraction with an area of focal basal inferior hypokinesis
but no obstructive coronary disease. Her prior ECG showed
a first-degree heart block with right bundle branch block and
left posterior fascicular blocks. Approximately one week prior
to presentation, the patient complained of being lightheaded,
which prompted reduction of her metoprolol in half to 12.5 mg
once daily.

Upon arrival to the patient’s residence, the paramedics
found the patient awake and in a wide complex tachycardia
at 200 beats/minute with a monomorphic, uniform and reg-
ular QRS morphology (Figure 19.1, panel A). The patient
was given intravenous lidocaine, which resulted in the rhythm
noted in Figure 19.1, panel B. The patient’s blood pressure
improved slightly to a systolic pressure of 100 mmHg. She was
transported code III to the ED, where she continued to com-
plain of mild lightheadedness but denied chest pain or short-
ness of breath.

PHYSICAL EXAMINATION

GENERAL APPEARANCE: The patient was awake and alert, and
in no acute distress.

VITAL SIGNS

Temperature 98.6◦F (37◦C)
Pulse 53 beats/minute
Blood pressure 100/60 mmHg
Respirations 22 breaths/minute
Oxygen saturation 99% on room air

HEENT: Unremarkable

NECK: Supple, no jugular venous distension.

CARDIOVASCULAR: Bradycardic rate, regular rhythm without
rubs, murmurs or gallops.

LUNGS: Clear to auscultation bilaterally.

ABDOMEN: Soft, nontender, nondistended.

EXTREMITIES: No clubbing, cyanosis or edema; weak periph-
eral pulses.

NEUROLOGIC: Nonfocal.

The patient was placed on the cardiac monitor, a peripheral
intravenous line was placed, and blood was drawn and sent
for laboratory testing. A 12-lead ECG revealed continuation
of the rhythm noted in Figure 19.1, panel B, without obvious
ST-T wave changes. Laboratory tests (including a complete
blood count, electrolytes, creatinine, glucose and troponin I)
were within normal limits.

What is your diagnosis?
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A

Figure 19.1 Rhythm strip of a 74-year-old female before (panel A) and after (panel B) administration of
pre-hospital IV lidocaine.
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ANSWER

The diagnosis is complete atrioventricular (AV) block (third-
degree heart block) following conversion from ventricular
tachycardia with lidocaine. Upon presentation to the ED, she
remained in third-degree heart block with what appeared to
be a junctional escape rhythm at 53 beats/minute. A tem-
porary jugular venous pacing wire was placed in the ED.
Despite adjustments to the pacemaker’s sensitivity, the pacer
spikes were falling on the T waves, at which time the pace-
maker was temporarily turned off while the pacemaker wire
was repositioned. Approximately three minutes later, the
patient lost consciousness and became pulseless. The resultant
rhythm shown in Figure 19.2 (panel D) is polymorphic ven-
tricular tachycardia consistent with torsades de pointes. The
patient was immediately defibrillated at 200 Joules (bipha-
sic), which restored her rhythm to second-degree heart block.
The patient regained consciousness and her pacemaker was
immediately turned back on with the rate set at 90 to over-
ride her intrinsic rhythm. The patient was admitted to the ICU
and ultimately underwent permanent internal cardioverter-
defibrillator (ICD) placement.

Trifascicular block, complete heart block and lidocaine

Intraventricular conduction abnormalities (IVCA) comprise
a group of abnormalities seen on the ECG that may confuse
clinicians and can conceal potentially lethal disease entities,
such as acute myocardial infarction (AMI).1 There are multi-
ple types of IVCAs, each with its unique clinical significance.
It is useful to categorize conduction abnormalities (blocks)
by the number of fascicles involved. Electrical conduction
from the bundle of His is relayed to the right bundle and
the anterior and posterior divisions of the left bundle.2 Uni-
fascicular blocks, such as right bundle branch block (RBBB),
left anterior fascicular block (LAFB) and left posterior fas-
cicular block (LPFB), are the result of a conduction distur-
bance in one fascicle. Bifascicular blocks, such as left bundle
branch block (LBBB), the combination of RBBB and LAFB,
or RBBB and LPFB, occur when two of the three fascicles
are involved. Trifascicular block denotes a block in all three
fascicles.1

Trifascicular block can present as a bifascicular block plus
a third-degree AV block. If the block in one of the fascicles
is incomplete, the ECG generally demonstrates a bifascicu-
lar block and a first- or second-degree AV block. If conduc-
tion in the dysfunctional fascicle also fails, complete heart
block ensues. Patients who have multifascicular block have
advanced conduction system disease that may progress to
complete heart block and sudden cardiac death. The cumu-
lative three-year rate of sudden death in patients who have
bifascicular block has been estimated to be 35% in patients
who have LBBB, 11% in patients who have RBBB and
LAFB, and 7% in patients who have RBBB and LPFB.1

Lidocaine blocks sodium channels, predominantly in the
open (or possibly inactivated) state. It has rapid onset and
offset, and does not affect normal sinus node automatic-
ity in usual doses. In Purkinje fibers in vitro, lidocaine
depresses normal as well as abnormal forms of automatic-
ity, as well as early and late after-depolarizations.3 It can
convert areas of unidirectional block into bidirectional block
during ischemia and prevent development of VF by prevent-
ing fragmentation of organized large wave fronts into hetero-
geneous wavelets. In vivo, lidocaine has minimal effect on
automaticity or conduction except in unusual circumstances.
Patients with pre-existing sinus node dysfunction, abnormal
His-Purkinje conduction, or junctional or ventricular escape
rhythms can develop depressed automaticity or conduction
following IV lidocaine.3 Occasional sinus node depression and
His-Purkinje block have been reported with its use.

In this patient, a previous ECG demonstrated an incom-
plete trifascicular block (bifascicular block with first-degree
AV block), placing her at increased risk to progress to third-
degree (complete) AV block. In addition, as the patient had
known disease of the His-Purkinje system, the use of lidocaine
to suppress ventricular tachycardia resulted in additional sup-
pression of conduction through this diseased system, result-
ing in complete heart block. Finally, it is possible that the
patient was experiencing AV nodal blockade during the week
prior to presentation when she described feeling lightheaded
to her doctor, at which time the dose of her beta-blocker was
reduced.

KEY TEACHING POINTS

1. Patients who have multifascicular block have advanced
conduction system disease that may progress to complete
heart block and sudden cardiac death.

2. All patients with third-degree heart block require admis-
sion to either a telemetry floor (if hemodynamically stable
and transcutaneous pacing achieves capture) or an inten-
sive care unit. The decision on telemetry versus intensive
care should be made in conjunction with the cardiologist,
based on hospital resources.

3. Patients with complete AV block and concomitant acute
MI, active myocardial ischemia, congestive heart failure,
wide complex escape rhythm or symptoms of hypoperfu-
sion may require early placement of a permanent pace-
maker, particularly if difficulty obtaining capture from an
external or transvenous pacemaker is encountered.4

4. Patients with pre-existing sinus node dysfunction, abnor-
mal His-Purkinje conduction, or junctional or ventricu-
lar escape rhythms can develop depressed automaticity or
conduction following IV lidocaine administration.



Figure 19.2 Continuous rhythm strip from a 74-year-old female after turning off temporary pacing wire (panel
A, third-degree AV block converting to wide complex QRS tachycardia; panel B, conversion to monomorphic
ventricular tachycardia (VT); panel C, monomorphic VT degenerating to torsades de pointes; panel D, torsades
de pointes).
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Chest pain for 12 hours in a 75-year-old female

HISTORY OF PRESENT ILLNESS

A 75-year-old female with a medical history significant for
hypertension presented to the ED complaining of substernal
chest pressure radiating to the left chest that started 12 hours
earlier. The pressure was constant, rated at a level of 7 (on
a scale of 0 to 10), and had not abated. The patient denied
associated nausea, vomiting, shortness of breath or diaphore-
sis, and had not experienced similar symptoms in the past. The
patient did not smoke or drink and denied a family history of
coronary artery disease. Her only medications were lisinopril
and atenolol.

PHYSICAL EXAMINATION

GENERAL APPEARANCE: The patient appeared well nourished,
well hydrated and in no acute distress.

VITAL SIGNS

Temperature 98.5◦F (36.9◦C)
Pulse 128 beats/minute
Blood pressure 139/70 mmHg
Respirations 18 breaths/minute
Oxygen saturation 98% on room air

HEENT: Unremarkable.

NECK: Supple, no jugular venous distension.

CARDIOVASCULAR: Tachycardic rate, regular rhythm without
rubs, murmurs or gallops.

LUNGS: Clear to auscultation bilaterally.

ABDOMEN: Soft, nontender, nondistended.

RECTAL: Brown stool, hemoccult negative.

EXTREMITIES: No clubbing, cyanosis or edema.

NEUROLOGIC: Nonfocal.

The patient was placed on the cardiac monitor, a stat 12-lead
ECG was obtained (Figure 20.1) and a peripheral intravenous
line was placed, with blood drawn and sent for laboratory
testing.

What is your diagnosis?
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Figure 20.1 12-lead ECG from a 75-year-old female with chest pain for 12 hours.
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ANSWER

The diagnosis is acute anterior myocardial infarction (MI).
The patient’s ECG showed sinus tachycardia, rate 128, with
ST-segment elevation in leads V1 to V4, with reciprocal ST-
segment depression in leads II, III and V6. The patient
received aspirin orally, sublingual nitroglycerin, intravenous
metoprolol, intravenous heparin and Integrilin (glycoprotein
IIb/IIIa inhibitor). The patient was taken for emergent per-
cutaneous transluminal coronary angioplasty (PTCA), which
revealed a 99% stenosis of her left anterior descending (LAD)
coronary artery. The LAD was stented and the patient was
admitted to the ICU, where she continued to improve with
resolution of her ST-segment elevations (Figure 20.2, ECG
obtained two weeks post-angioplasty).

Anterior myocardial infarction

In MI of the anterior wall, ST-segment elevation in leads V1,
V2 and V3 indicates occlusion of the left anterior descending
coronary artery.1 ST-segment elevation in these three leads
and in lead aVL in association with ST-segment depression of
more than 1 mm in lead aVF indicates proximal occlusion of
the LAD artery. In this case, the ST-segment vector is directed
upward, toward leads V1, aVL and aVR, and away from the
inferior leads. ST-segment elevation in leads V1, V2 and V3

without significant inferior ST-segment depression suggests
occlusion of the LAD artery after the origin of the first diago-
nal branch.

ST-segment elevation in leads V1, V2 and V3 with eleva-
tion in the inferior leads suggests occlusion of the LAD artery

Figure 20.2 12-lead ECG from a 75-year-old female two weeks following PTCA for an acute anterior MI,
demonstrating resolution of significant ST-segment elevation in anterior leads.

distal to the origin of the first diagonal branch in a vessel
that wraps around to supply the inferoapical region of the
left ventricle.1 New right bundle-branch block with a Q wave
preceding the R wave in lead V1 is a specific but insensitive
marker of proximal occlusion of the LAD artery in associa-
tion with anteroseptal MI.

Coronary artery disease is the leading cause of death in
the United States. In 2006, approximately 1.2 million Amer-
icans sustained a MI.2 Of these, one-quarter to one-third had
an ST-segment elevation MI (STEMI). Of all patients hav-
ing an MI, 25–35% will die before receiving medical atten-
tion, most often from ventricular fibrillation. For those who
reach a medical facility, the prognosis is considerably better
and has improved over the years: in-hospital mortality rates
fell from 11.2% in 1990 to 9.4% in 1999.2 Most of this decline is
due to decreasing mortality rates among patients with STEMI
as a consequence of improvements in initial therapy, includ-
ing fibrinolysis and primary percutaneous coronary interven-
tion (PCI). In an analysis by the National Registry of Myocar-
dial Infarction (NRMI), the rate of in-hospital mortality was
5.7% among those receiving reperfusion therapy, compared to
14.8% among those who were eligible for but did not receive
such therapy.2

In comparison with conservative medical management,
fibrinolytic therapy leads to improved left ventricular sys-
tolic function and survival in patients with MI associated
with either ST-segment elevation or left bundle-branch block
(LBBB).2 However, fibrinolytic therapy has several limita-
tions, including patients with contraindications to fibrinolysis
(27% in one report), failure of thrombolytic therapy to open
occluded vessels (15% of patients given thrombolytics) and
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reocclusion of the infarct-related artery within three months
after MI in patients receiving thrombolytic therapy (25% of
patients).2

Primary PCI consists of urgent balloon angioplasty (with or
without stenting) with platelet glycoprotein IIb/IIIa inhibitors
but not fibrinolytic therapy to open the infarct-related artery
during an acute STEMI. After identifying the site of recent
thrombotic occlusion on coronary angiography, a metal wire
is advanced past the thrombus over which a balloon catheter
(with or without a stent) is positioned at the site of the occlu-
sion and inflated, thereby mechanically restoring antegrade
flow. Primary PCI restores angiographically normal flow in
the previously occluded artery in more than 90% of patients,
whereas fibrinolytic therapy is reported to do so in only 50–
60% of such patients.2

In a meta-analysis of 23 randomized, controlled compar-
isons of PCI (involving 3872 patients) and fibrinolytic ther-
apy (3867 patients), the rate of death four to six weeks after
treatment was significantly lower among those who underwent
primary PCI (7% versus 9%).3 Rates of nonfatal reinfarction
and stroke were also significantly reduced. Most of these trials
were performed in high-volume interventional centers by
experienced operators with minimal delay after the patient’s
arrival. If primary PCI is performed at low-volume centers by
less-experienced operators with longer delays between arrival
and treatment, such superior outcomes may not be seen.

One of the indications for thrombolysis is ongoing symp-
toms for less than 12 hours. One nonsystematic review found
that the earlier thrombolytic treatment was given after the
onset of symptoms, the greater the absolute benefit of treat-
ment.4 For each hour of delay in thrombolytic treatment, the
absolute risk reduction (ARR) of death decreased by 0.16%
(ARR for death if given within 6 hours of symptoms = 3%;
ARR for death if given 7–12 hours after onset of symp-
toms = 2%).4 Too few people in the review received treatment
more than 12 hours after the onset of symptoms to determine
whether the benefits of thrombolytic treatment given after
12 hours would outweigh the risks.

Schomig and colleagues conducted a study to assess
whether an invasive strategy based on PCI with stent-
ing is associated with reduction of infarct size in patients
with acute STEMI presenting greater than 12 hours after
the symptom onset, compared to conventional conserva-
tive treatment strategy.5 Conducted from May 2001 to
December 2004, the study included 365 patients aged 18–
80 years without persistent heart attack symptoms admit-
ted with the diagnosis of acute STEMI between 12–48
hours from symptom onset. Patients were randomized to
receive either an invasive strategy (n = 182), based pre-
dominantly on coronary stenting plus intravenous abciximab
(a glycoprotein IIb/IIIa inhibitor), or conventional conserva-
tive treatment strategy (n = 183), which included an intra-

venous infusion of heparin. The researchers found that the
final left ventricular infarct size was significantly smaller in
patients assigned to the invasive group (median = 8%) ver-
sus those assigned to the conservative group (median =
13%).5 The average difference in final left ventricular infarct
size between the invasive and conservative groups was 5%.
The outcomes of death, recurrent MI or stroke at 30 days
occurred in 8 patients in the invasive group (4.4%) and 12
patients in the conservative group (6.6%), a 33% lower risk
of these outcomes for patients in the invasive group. The
researchers concluded that this finding increased the evidence
supporting the invasive strategy and deserves consideration
when current treatment guidelines for this category of patients
is reassessed.

KEY TEACHING POINTS

1. An ECG demonstrating ST-segment elevation in leads V1,
V2 and V3 is consistent with an anterior wall myocardial
infarction (MI) and indicates occlusion of the left anterior
descending (LAD) artery.

2. In comparison with conservative management, fibrinolytic
therapy leads to improved left ventricular systolic func-
tion and survival in patients with ST-segment eleva-
tion myocardial infarction (STEMI) or left bundle-branch
block (LBBB).

3. Primary percutaneous coronary intervention (PCI) re-
stores angiographically normal flow in previously occluded
artery in more than 90% of patients, whereas fibrinolytic
therapy does so only in 50–60% of such patients.

REFERENCES

[1] Zimetbaum PJ, Josephson ME. Current concepts: use of the
electrocardiogram in acute myocardial infarction. N Engl J
Med 2003;348:933–40.

[2] Keeley EC, Hillis LD. Primary PCI for myocardial infarction
with ST-segment elevation. N Engl J Med 2007;356:47–54.

[3] Keeley EC, Boura JA, Grines CL. Primary angioplasty ver-
sus intravenous thrombolytic therapy for acute myocardial
infarction: a quantitative review of 23 randomised trials.
Lancet 2003;361:13–20.

[4] Fibrinolytic Therapy Trialists’ (FTT) Collaborative Group.
Indications for fibrinolytic therapy in suspected acute
myocardial infarction: collaborative overview of early mor-
tality and major morbidity results of all randomized trials of
more than 1000 patients. Lancet 1994;343:311–22.

[5] Schömig A, Mehilli J, Antoniucci D, et al. Mechanical reper-
fusion in patients with acute myocardial infarction present-
ing more than 12 hours from symptom onset. A randomized
controlled trial. JAMA 2005;293:2865–72.



21

Shortness of breath and cough in an 80-year-old female

HISTORY OF PRESENT ILLNESS

An 80-year-old female with a medical history significant for
chronic obstructive pulmonary disease, hypertension, hyper-
lipidemia and chronic upper back pain presented to the ED
complaining of two weeks of increasing shortness of breath,
cough, wheezing and dyspnea on exertion. Her symptoms
had acutely worsened over the past two days, and were not
relieved with her ipratropium inhaler. She was seen by her
primary care provider nine days previously and started clar-
ithromycin for bronchitis. The patient denied fever or chills,
chest pain, leg swelling, focal weakness, numbness or tingling.
She reported chronic back pain, which had not worsened.

PHYSICAL EXAMINATION

GENERAL APPEARANCE: The patient was breathing rapidly,
appeared dyspneic and spoke only four- or five-word sen-
tences.

VITAL SIGNS

Temperature 98.3◦F (36.8◦C)
Pulse 95 beats/minute
Blood pressure 106/71 mmHg
Respirations 32 breaths/minute
Oxygen saturation 87% on room air

93% on 2 liters oxygen by
nasal canula

HEENT: PERRL, EOMI, oropharynx dry.

NECK: Supple, no jugular venous distension.

CARDIOVASCULAR: Distant heart sounds, regular rate and
rhythm without rubs, murmurs or gallops, palpable radial and
dorsalis pedis pulses bilaterally.

LUNGS: Diminished breath sounds throughout, diffuse wheez-
ing, scattered rhonchi, prolonged expiratory phase.

ABDOMEN: Soft, nontender, nondistended.

RECTAL: Normal tone, brown stool, hemoccult negative.

EXTREMITIES: No clubbing, cyanosis or edema.

NEUROLOGIC: Nonfocal.

A peripheral intravenous line was placed, blood was drawn
and sent for laboratory testing, and a 12-lead ECG and
portable chest radiograph were obtained (Figures 21.1 and
21.2, respectively). The patient received multiple bronchodila-
tor treatments (nebulized albuterol and ipratropium bromide)
and prednisone 60 mg orally with minimal improvement of
her symptoms. Laboratory tests revealed a leukocyte count of
12.7 K/μL (normal 3.5–12.5 K/μL) with 87% neutrophils
(normal 50–70%), hematocrit of 32% (normal 34–46%), brain
natriuretic peptide (BNP) of 384 pg/mL (normal <100 pg/
mL), D-dimer positive, troponin I less than 0.02 ng/mL (nor-
mal 0.00–0.09 ng/mL); the remainder of the patient’s labora-
tory tests (electrolytes, creatinine and glucose) were within
normal limits.

What is your diagnosis?

83



84 Cardiovascular

Figure 21.1 12-lead ECG from an 80-year-old female with cough and shortness of breath.

Figure 21.2 Portable chest radiograph from an 80-year-old female with cough and
shortness of breath.
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ANSWER

The diagnosis is Stanford type A aortic dissection. The ECG
demonstrates a regular sinus rhythm, rate 93, with diffuse
T-wave flattening. The portable chest radiograph shows a
left base infiltrate or effusion, as well as an interstitial radio-
pacity in the right lower lung zone, cardiomegaly, and medi-
astinal widening. A CT angiogram of the chest was obtained to
rule out pulmonary embolism (positive D-dimer), which sub-
sequently demonstrated an aortic dissection extending from
the aortic root into the ascending arch (Stanford type A),
as well as a small pericardial effusion and bilateral pleural
effusions (Figure 21.3). Dilatation of the ascending aorta was
noted to be 5 cm maximally; the dissection flap did not defini-
tively extend into the supra-arch vessels. The aortic arch cal-
iber was noted to be 3 cm. The patient was admitted to the
cardiothoracic surgery service for emergent repair of her aor-
tic dissection. Intraoperative diagnosis was subacute Stanford
type A aortic dissection with early cardiac tamponade.

Aortic dissection

Acute aortic dissection (AAD) is a cardiovascular emer-
gency that requires prompt diagnosis and treatment. AAD
usually occurs in the presence of hypertension. The condi-
tion arises as an intimal tear of the aorta; blood later dis-
sects into the aortic media to form a false and true lumen.1

Systemic hypertension is thought to be the most important
predisposing factor.2 Other acquired predisposing conditions
include direct trauma, iatrogenic retrograde dissection from
catheter-related aortic intimal injury and previous valvular,
coronary bypass or aortic surgery. Cocaine use also predis-
poses to aortic dissection by the sudden increase in aortic wall
stress created by catecholamine surge.2 An unexplained rela-
tionship may exist between aortic dissection and pregnancy,
with about half of all dissections in young women occurring

BA

Figure 21.3 Chest CT from an 80-year-old female demonstrating Stanford type A aortic dissection (arrow,
panel A) and dilated aortic arch (arrow, panel B).

during pregnancy. In younger patients, inherited conditions
such as Marfan syndrome, Ehlers-Danlos syndrome, bicuspid
aortic valve, coarctation of the aorta and Turner syndrome
predispose to AAD.2 Depending on the study population,
the incidence of AAD ranges from 5–30 cases per 1 million
population per year.3

Aortic dissections are classified by the portion of the aorta
involved. In the Stanford system, type A dissection involves
the ascending aorta, either alone or with the descending aorta.
Type B dissection is confined to the descending aorta.4 In the
DeBakey classification, type I dissection involves the entire
aorta, type II dissection involves only the ascending aorta, and
type III dissection involves only the descending aorta, spar-
ing the ascending aorta and the arch.2 Classification by site is
important because it carries both therapeutic and prognostic
significance. Dissections are also classified temporally as acute
(present less than two weeks) and chronic (present longer than
two weeks).4 The majority of aortic dissections are acute.

The classic description of pain in AAD is the instanta-
neous onset of chest pain that is maximal at its onset and
described as knife-like, ripping or tearing.3 This presenta-
tion is often the exception rather than the rule. Sharp, knife-
like or tearing pain is reported only in approximately 50%
of patients.3 Patients with dissections of the descending aorta
more commonly report back pain rather than chest pain;
patients with descending AADs are also more likely to report
radiation of pain to the hips and legs. More than one-third
of patients present with symptoms attributable to secondary
organ involvement (e.g., neurologic symptoms, syncope,
abdominal pain, gastrointestinal bleeding, dysphagia and
hoarseness).3

In patients presenting with symptoms concerning for
AAD, an ECG should be obtained to assess for cardiac
ischemia. Although normal in only 30% of aortic dissections,
there are no ECG findings pathognomonic for AAD.4 The
chest radiograph is abnormal in 85–90% of patients, with
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mediastinal widening larger than 8 cm being the most com-
mon finding (occurs in 63% of type A dissections and 56% of
type B dissections).4 At most centers, helical CT has become
the emergency imaging modality of choice, with diagnos-
tic accuracy in the detection of AAD approaching 100%.1,3

Although the sensitivity and specificity of MRI ranges from
95–100%, technical limitations (long study times, restricted
patient access, restricted monitoring) limit its use in the emer-
gent setting. Transesophageal echocardiography is an accept-
able modality for diagnosing AAD (its reported sensitivity
approaches 98%), particularly in unstable patients.1,3

The initial management of all patients with aortic dissec-
tion is medical, with aggressive heart rate and blood pressure
control. In hypertensive patients, therapy begins with a beta-
blocker (esmolol or metoprolol) with the goal of lowering the
heart rate to 60 beats/minute. This is followed by the addi-
tion of a potent IV vasodilator such as nitroprusside, which
is titrated to achieve a systolic pressure of 100–120 mmHg.4

Proximal dissections (Stanford type A) are a surgical emer-
gency, whereas type B dissections are usually managed non-
operatively.

von Kodolitsch et al. evaluated 250 patients in a prospec-
tive, observational study with acute chest pain, back pain or
both and clinical suspicion of AAD in an attempt to identify
independent predictors of AAD.5 Aortic pain with immedi-
ate onset, a tearing or ripping character or both; mediasti-
nal widening, aortic widening or both on chest radiography;
and pulse differentials, blood pressure differentials or both
(p < 0.001 for all) were identified as independent predictors
of AAD. Probability of aortic dissection was low with absence
of all three variables (7%), intermediate with isolated findings
of aortic pain or mediastinal widening (31% and 39%, respec-
tively), and high with isolated pulse or blood pressure differ-
entials or any combination of the three variables (≥83%). In
this study, 4% of all aortic dissections were assigned to the
low-probability group, 19% to the intermediate-probability
group, and 77% to the high probability group.

Park et al. evaluated the clinical characteristics and out-
comes of patients with painless AAD in a retrospective case
record study.6 Of 977 patients in the International Registry
of Acute Aortic Dissection (IRAAD) database from 1997 to
2001, 63 (6.4%) had painless AAD (group 1) and 914 (93.6%)
had painful AAD (group 2). Patients in group 1 were older
than those in group 2 (mean age 66 vs. 61 years). Type A dis-
section was more frequent in group 1 (74.6% vs. 60.9%). Syn-

cope (33.9% vs. 11.7%), congestive heart failure (19.7% vs.
3.9%), and stroke (11.3% vs. 4.7%) were more frequent pre-
senting signs in group 1. Diabetes (10.2% vs. 4.0%), aortic
aneurysm (29.5% vs. 13.1%), and prior cardiovascular surgery
(48.1% vs. 19.7%) were also more common in group 1. In-
hospital mortality was greater in group 1 (33.3% vs. 23.2%),
especially due to type B dissection (43.8% vs. 10.4%), and the
prevalence of aortic rupture was greater among patients with
type B dissection in group 1 (18.8% vs. 5.9%).

KEY TEACHING POINTS

1. Acute aortic dissection is a vascular emergency that arises
as an intimal tear of the aorta. Blood later dissects into the
aortic media to form a false and true lumen.

2. In the Stanford classification system, type A dissection
involves the ascending aorta, either alone or with the des-
cending aorta; type B dissection is confined to the descend-
ing aorta.

3. Sharp, knife-like or tearing pain is reported only in approx-
imately 50% of patients with AAD; other findings include
abnormal chest radiography and pulse or blood pressure
differentials between upper extremities.

4. Helical CT (in stable patients) and transesophageal echo-
cardiography (in unstable patients) are the imaging modal-
ities of choice for diagnosing aortic dissection.

5. Type A dissections are surgical emergencies, whereas type
B dissections are generally managed nonoperatively (med-
ical management with strict blood pressure control).
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Weakness, fatigue and shortness of breath in an 88-year-old male

HISTORY OF PRESENT ILLNESS

An 88-year-old male with a medical history significant for
diabetes, hyperlipidemia, chronic kidney disease and hypo-
thyroidism was brought to the ED by ambulance complaining
for two weeks of worsening shortness of breath, fatigue and
general body weakness. He denied chest pain, cough, fevers,
abdominal pain, lightheadedness or dizziness. The patient
reported a 10 lb (4.5 kg) weight gain over the last several
months, and had noted some swelling of both legs during this
period. The patient’s medications included metformin, tera-
zosin, lisinopril/hydrochlorothiazide, glipizide, levothyroxine
and lovastatin. The patient denied tobacco or alcohol use.

PHYSICAL EXAMINATION

GENERAL APPEARANCE: The patient was sitting upright in no
acute distress; he was noted to be slightly breathless while
speaking, unable to complete full sentences.

VITAL SIGNS

Temperature 98.5◦F (36.9◦C)
Pulse 38 beats/minute
Blood pressure 182/90 mmHg
Respirations 20 breaths/minute
Oxygen saturation 94% on room air

Figure 22.1 Rhythm strip from an 88-year-old male with weakness, fatigue and shortness of breath.

HEENT: Unremarkable.

NECK: No jugular venous distension.

CARDIOVASCULAR: Regular, bradycardic rate without rubs,
murmurs or gallops.

LUNGS: Bilateral rales at the bases without wheezes or
rhonchi.

ABDOMEN: Soft, nontender, nondistended.

EXTREMITIES: 2+ pitting edema bilaterally.

NEUROLOGIC: Nonfocal.

A rhythm strip obtained from the paramedics was reviewed
(Figure 22.1), and a 12-lead ECG was obtained (Figure 22.2).
Laboratory test results included a troponin I of 0.08 ng/mL
(normal 0.0–0.09 ng/mL), a brain natriuretic peptide (BNP)
level of 560 pg/mL (normal <100 pg/mL), a creatinine of
1.5 mg/dL (normal <1.3 mg/dL), and a potassium of 5.6 mEq/
L (normal 3.5–5.3 mEq/L). A chest radiograph was obtained
(Figure 22.3).

What is your diagnosis?
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Figure 22.2 12-lead ECG from an 88-year-old male with weakness, fatigue and shortness of breath.

Figure 22.3 Chest radiograph of an 88-year-old male with weakness,
fatigue and shortness of breath.
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ANSWER

The diagnosis is third-degree heart block with congestive
heart failure exacerbation. The rhythm strip and ECG show
complete atrioventricular (AV) dissociation, whereas the
chest radiograph demonstrates small bilateral pleural effu-
sions with minimal pulmonary vascular congestion. Pacer
pads were applied to the chest, and a cardiology consult was
obtained in the ED. The patient was admitted to the medicine
service for urgent placement of a permanent transvenous
pacemaker.

Third-degree atrioventricular block

In third-degree heart block, also known as complete heart
block, no atrial impulses reach the ventricle through the atrio-
ventricular (AV) conduction system.1,2 Therefore, the atria
and ventricles are controlled by different pacemaker sites
and function independently. The atrial pacemaker can be
either sinus or ectopic. The ventricular escape rhythm can
also have varying pacemaker sites, resulting in differing rates.
Rarely, the ventricular escape rhythm is absent and the patient
presents in asystole. More often, the site of escape is just below
the level of the AV block.

The atrial rate is usually greater than the ventricular rate
in patients with third-degree AV block. There is no meaning-
ful relationship between the P waves and the QRS complexes.
The P waves appear in a regular rhythm and “march” through
the rhythm strip at a specific rate.1,2 The QRS complexes
should appear in a regular fashion, and generally also “march”
through the rhythm strip. The duration of the QRS complex
and the ventricular rate depend on the site of the block. When
the ventricular escape rhythm is located near the His bun-
dle, the rate is greater than 40 beats/minute and the QRS
complexes tend to be narrow.1,3 When the site of escape is dis-
tal to the His bundle, the rate tends to be less than 40 beats/
minute and the QRS complexes tend to be wide.

Emergency management for patients in third-degree heart
block should include special attention to the ABCs (airway,
breathing and circulation), including supplemental oxygen,
initiation of an intravenous line, frequent monitoring of blood
pressure and continuous cardiac monitoring. AV-nodal block-
ing agents should be withheld, and transcutaneous pacing pads
should be applied and tested when needed.4 Patients in whom
capture cannot be obtained with a transcutaneous pacemaker
need urgent placement of a transvenous pacemaker, even if
the patient is asymptomatic. Hemodynamically stable patients
in whom transcutaneous pacing can be successfully performed
can go to a telemetry bed or ICU at the discretion of the

treating cardiologist. These patients, as with all patients in
third-degree heart block, require placement of a permanent
pacemaker.5

Hemodynamically unstable patients may be treated with
atropine. However, if the rhythm is a wide complex escape
rhythm, atropine is likely to be unsuccessful.4 In addition,
caution should be taken when administering atropine to a
patient with a suspected acute MI, as the resulting vago-
lysis may lead to unopposed sympathetic stimulation. This can
cause increased ventricular irritability and potentially dan-
gerous ventricular dysrhythmias. Similarly, isoproterenol may
accelerate a ventricular escape rhythm but has a low probabil-
ity for efficacy. Hemodynamically unstable patients for whom
timely cardiologic consultation is unavailable should undergo
temporary transvenous pacemaker insertion in the ED if tran-
scutaneous pacing or pharmacologic therapy are unsuccessful.

KEY TEACHING POINTS

1. In third-degree (complete) heart block, atrial impulses
do not reach the ventricles through the AV conduction
system.

2. Emergency management for patients in third-degree heart
block includes special attention to the ABCs.

3. Patients in whom capture cannot be obtained with a
transcutaneous pacemaker require urgent placement of
a transvenous pacemaker, even if the patient is asymp-
tomatic.

4. Hemodynamically unstable patients should be given
atropine, dopamine, or possibly isoproterenol to increase
the heart rate while a transcutaneous pacemaker is being
initiated for pacing.

5. If a transcutaneous pacemaker does not capture and
improve the hemodynamic status of unstable patients, a
transvenous pacemaker should be emergently inserted in
the ED.
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Sudden onset of back pain in a 91-year-old male

HISTORY OF PRESENT ILLNESS

A 91-year-old male with a medical history significant for
borderline hypertension presented to the ED complaining of
the sudden onset of severe back pain beginning one hour
prior to arrival. He described the pain as sharp and radiating
throughout his entire back, from his upper thoracic area to his
lumbar region. The patient denied chest pain, dyspnea, focal
weakness or numbness. He did not take any medications. The
patient was active, participating in many sports and had been a
Senior Olympic gold medalist in swimming. He did not smoke
or drink alcohol.

PHYSICAL EXAMINATION

GENERAL APPEARANCE: The patient was an athletic, well-
hydrated male who appeared to be in moderate discomfort.

VITAL SIGNS

Temperature 98.0◦F (36.6◦C)
Pulse 60 beats/minute
Blood pressure 220/110 mmHg
Respirations 22 breaths/minute
Oxygen saturation 98% on room air

HEENT: Unremarkable.

NECK: Supple, no jugular venous distension.

CARDIOVASCULAR: Regular rate and rhythm without rubs,
murmurs or gallops.

LUNGS: Bibasilar rales, no wheezes or rhonchi.

ABDOMEN: Soft, nontender, nondistended, without pulsatile
masses.

EXTREMITIES: No clubbing, cyanosis or edema; strong radial,
femoral and dorsalis pedis pulses bilaterally.

NEUROLOGIC: Nonfocal.

Figure 23.1 Chest radiograph of a 91-year-old male with sudden onset
of sharp back pain.

The patient was placed on the cardiac monitor, a peripheral
intravenous line was placed, and blood was drawn and sent
for laboratory testing. Laboratory tests (including a complete
blood count, electrolytes, creatinine, glucose and troponin I)
were all within normal limits. A 12-lead ECG demonstrated a
normal sinus rhythm, rate 55 beats/minute, without any acute
ST-T wave changes. A portable chest radiograph was obtained
(Figure 23.1).

What is your diagnosis?
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ANSWER

The diagnosis is a descending thoracic aortic intramural hema-
toma (Stanford type B). The chest radiograph demonstrates
a widened mediastinum. A CT angiogram of the chest and
abdomen was obtained, which demonstrated a hematoma of
the arch and descending portion of the thoracic aorta, extend-
ing into the abdominal aorta (Figure 23.2). No obvious dis-
section or intimal flap was identified. A nitroglycerin drip for
blood pressure control was started, which brought his blood
pressure down to 130/60, and the patient was admitted to the
ICU by cardiothoracic surgery for observation and close mon-
itoring. The patient was pain-free upon admission to the ICU.
He was discharged on hospital day #6 with continued medical
management of his thoracic aortic intramural hematoma.

Aortic intramural hematomas

Intramural hematoma (IMH) of the aorta constitute 10–
20% of acute aortic syndromes, with arterial hypertension
the most frequent predisposing factor.1 IMH is classified as

Figure 23.2 CT angiogram of the chest demonstrating IMH in the arch and descending thoracic aorta (arrows)
in a 91-year-old male with sudden onset of sharp back pain.

Stanford type A (involving the ascending aorta or ascending
and descending aorta) or Stanford type B (involving only the
descending aorta), analogous to aortic dissection.2 IMH of the
aorta is considered a variant of acute aortic dissection, with
hemorrhage within the wall of the aorta but lacking an intimal
tear or visible flap.2,3 This lack of an intimal tear suggests that
the bleeding within the aortic wall likely comes from tearing of
the small penetrating blood vessels (the vaso vasorum) of the
aortic wall. Because there are no tears in the aortic lining, this
localized hematoma has no Doppler flow seen on echocardio-
gram and no enhancement with contrast administration on CT
scan. However, in some cases IMH can rupture into the aortic
lumen, creating an aortic dissection. IMH can also progress
by rupturing outward into the adventitia or through the entire
aortic wall, leading to aortic rupture.3

Chest radiography is of limited value for diagnosing acute
aortic syndrome (aortic dissection, nondissecting aneurysm,
intramural hematoma). In one study, board-certified radio-
logists who were blinded to results from other diagnostic
procedures re-evaluated the admission chest radiograph for
patients admitted with aortic disease.4 They evaluated each
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radiograph for the presence or absence of seven radiographic
features of aortic disease: continuous or hump-like widening
of the aortic contour; widening of the mediastinal shadow;
tracheal shift to the right or distortion of the left mainstem
bronchus; displacement of intimal calcification greater than 6
mm into the aortic shadow; kinking or tortuosity of the aorta;
opacification of the pulmonary window between the aortic
knob and the left pulmonary artery; and blurring or double
density of the aortic contour. Chest radiography had a sensi-
tivity of 64% and a specificity of 86% for aortic disease. Sensi-
tivity was 67% for overt aortic dissection, 61% for nondissect-
ing aneurysm, and 63% for intramural hemorrhage or pene-
trating ulcer. Sensitivity was lower for pathology confined to
the proximal aorta (47%) than for disease involving distal aor-
tic segments (77%).4

On unenhanced chest CT, IMH is visible as a crescent
of high-attenuation material within the aortic wall.5 This rim
of high attenuation represents acute bleeding into the aortic
wall, occasionally involving the entire circumference of
the aorta. Features reported as predictors that IMH will
progress to overt dissection include the presence of penetrat-
ing atherosclerotic ulcer, greater maximum thickness of the
hematoma, flattening of the true lumen so that the short-axis
diameter is less than 75% of the long-axis diameter, involve-
ment of the ascending aorta, and the presence of either peri-
cardial or pleural effusions.5 MRI allows detection of the age
of the IMH, and may be useful to monitor IMH over time.

Emergency management of patients diagnosed with aortic
IMH involves strict blood pressure control, pain manage-
ment and urgent cardiothoracic surgery consultation. If
surgery is not urgently indicated, these patients should be
admitted to the ICU for close monitoring. Long-term manage-
ment for aortic IMHs is similar to that for aortic dissection:
surgical repair for type A hematomas and medical manage-
ment for type B hematomas.2 Although some authors have
recommended medical management for type A IMHs, von
Kodilitsch et al. found in a multicenter observational trial that
early mortality was 8% in patients with type A hematoma who

underwent prompt surgery versus 55% in those patients not
receiving surgery.6

KEY TEACHING POINTS

1. Intramural hematoma (IMH) of the aorta constitutes 10–
20% of acute aortic syndromes, with arterial hypertension
the most frequent predisposing factor.

2. In some cases, IMH can rupture into the aortic lumen, cre-
ating an aortic dissection.

3. The diagnostic test of choice for diagnosing IMH is
contrast-enhanced CT; MRI is useful to establish the age
of the hematoma and to monitor IMH over time.

4. Emergency treatment of IMH involves analgesia, strict
blood pressure control and urgent cardiothoracic surgical
consultation.

5. Management for aortic IMH is similar to that for aortic dis-
section: surgical repair for type A hematomas and medical
management for type B hematomas.
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Pleuritic chest pain in a 27-year-old male

HISTORY OF PRESENT ILLNESS

A 27-year-old male presented to the ED complaining of four
days of worsening right-sided chest pain, described as sharp
and worse on inspiration. The pain began suddenly four days
prior following a severe coughing spell. He also described
increased dyspnea but denied fevers, bloody sputum or recent
trauma.

PHYSICAL EXAMINATION

GENERAL APPEARANCE: The patient was a moderately obese
male in no acute distress, speaking full sentences.

VITAL SIGNS

Temperature 98.1◦F (36.1◦C)
Pulse 88 beats/minute
Blood pressure 120/80 mmHg
Respirations 24 breaths/minute
Oxygen saturation 96% on room air

HEENT: Unremarkable

NECK: Supple, no jugular venous distension, trachea midline.

CARDIOVASCULAR: Regular rate and rhythm without rubs,
murmurs or gallops.

LUNGS: Absent breath sounds in the right lung field, breath
sounds clear to auscultation in the left lung field.

ABDOMEN: Soft, nontender, nondistended.

EXTREMITIES: No clubbing, cyanosis or edema.

NEUROLOGIC: Nonfocal.

The patient was placed on a cardiac monitor, supplemental
oxygen by nasal canula was administered and a peripheral
intravenous line was placed. A chest radiograph was obtained
(Figure 24.1), which demonstrated a complete right-sided

Figure 24.1 Chest x-ray from a 27-year-old male with right-sided,
pleuritic chest pain, demonstrating complete right-sided pneumo-
thorax.

pneumothorax. A Thoravent R© (thoracic vent and Heimlich
valve) was placed in the right anterior chest, which resulted in
a large, rapid rush of air escaping the catheter. After approx-
imately 20 minutes, the patient described a “wave-like” sen-
sation running through his right chest and became acutely
dyspneic, tachypneic and diaphoretic, with oxygen saturations
dropping to 87% on 2 liters oxygen by nasal canula. A repeat
portable chest radiograph was obtained (Figure 24.2).

What is your diagnosis?
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ANSWER

The diagnosis is re-expansion pulmonary edema. The chest
radiograph in Figure 24.2 demonstrates complete re-
expansion of the collapsed right lung, with a fluffy opacity
in the right lung field consistent with pulmonary edema.
The patient was placed on high-flow oxygen by face mask,
received IV furosemide and was admitted to the telemetry
unit for observation and repeat chest radiograph the follow-
ing morning. The patient had good diuresis from the Lasix R©

with improvement in his respiratory symptoms; his repeat
chest radiograph demonstrated substantial clearing of the
pulmonary edema without evidence of residual pneumo-
thorax. He was discharged home much improved with the
Thoravent R© in place and instructions to follow up with thor-
acic surgery in five days. Repeat chest radiograph at that time
showed no evidence of pneumothorax, and the Thoravent R©

was removed.

Re-expansion pulmonary edema

Re-expansion pulmonary edema (RPE) may develop in cer-
tain patients whose lung has been rapidly re-inflated after a
period of collapse, such as from a pneumothorax or a pleural
effusion.1 Patients with RPE have various degrees of hypoxia
and hypotension. The reported incidence of RPE ranges from
1–14%.2 On rare occasions, the pulmonary edema is bilateral
and the patient requires intubation and mechanical ventila-
tion. Even more rarely, RPE can be fatal.

The risk factors for developing RPE include collapse of
the affected lung for more than three days, large pneumoth-
orax, negative pleural pressure suction of greater than 20 cm
H2O and rapid re-expansion.2 The pathogenesis of RPE
involves two main entities: alteration of capillary permeabil-
ity and increased hydrostatic pressure.3 Inflammatory medi-
ators, such as neutrophils, IL-8 and leukotrienes, may play a
role in the development of RPE. Similarly, re-oxygenation of
the collapsed hypoxic lung may contribute to RPE through
oxygen free-radical generation and leukocyte influx during re-
expansion or re-oxygenation of the collapsed lung.4

Patients with RPE typically have coughing spells or chest
tightness during or immediately after tube thoracostomy or
thoracentesis. The symptoms usually progress for 12–24 hours
and serial chest radiographs reveal progressive ipsilateral
pulmonary edema, which may progress to involve the contra-
lateral lung.1 If the patient does not die within the first 48
hours, recovery is usually complete. Treatment is primarily
supportive, with the administration of supplemental oxygen
and diuretics; intubation and mechanical ventilation may be
necessary.1,3

Measures to prevent development of RPE include slow
evacuation of the pneumothorax with intermittent clamping.2

An alternative to this may be simple repetitive aspiration of
less than 1000 mL air and the avoidance of negative pres-
sure suction. Routine supplemental oxygen and hydration

Figure 24.2 Chest x-ray from a 27-year-old male shortly after right
chest wall Thoravent R© placement for right-sided pneumothorax.

before chest tube thoracostomy should be performed for large
pneumothoraces.2 Finally, chest tube thoracostomy or thora-
centesis should be terminated if the patient develops tightness
of the chest or experiences coughing, as these symptoms may
indicate the development of RPE.1,3

KEY TEACHING POINTS

1. Re-expansion pulmonary edema (RPE) can occur in
patients whose lung has been rapidly re-inflated after a
period of collapse (usually more than 72 hours) secondary
to a pneumothorax or pleural effusion.

2. The risk factors for developing RPE include collapse of
the affected lung for more than three days, large pneumo-
thorax, negative pleural pressure suction of greater than
20 cm H2O and rapid lung re-expansion.

3. Patients with RPE typically have coughing spells or chest
tightness during or immediately after tube thoracostomy
or thoracentesis.

4. The symptoms of RPE usually progress for 12–24 hours;
serial chest radiographs reveal progressive ipsilateral pul-
monary edema, which may progress to involve the con-
tralateral lung.

5. Treatment of RPE is primarily supportive with the admin-
istration of supplemental oxygen and diuretics, and intuba-
tion and mechanical ventilation when necessary.
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Acute onset of shortness of breath in a 30-year-old female

HISTORY OF PRESENT ILLNESS

A 30-year-old female presented to the ED complaining of
acute onset shortness of breath and a sensation of her heart
pounding approximately five hours prior to presentation. The
patient was seen in the orthopedics clinic earlier in the day
for a right knee injury she sustained playing soccer two weeks
previously. Shortly after the injury, she was placed in a right
knee brace, which she had been wearing for the past two
weeks. The patient was discharged from the clinic with the
diagnosis of possible right anterior cruciate ligament tear, and
was instructed to continue wearing her brace until her sched-
uled return to the clinic one week following an outpatient
MRI.

The patient reported that upon leaving the orthopedic
clinic, she began to experience difficulty breathing, made
worse with exertion, as well as the sensation of her heart
pounding. She denied chest pain, recent cough, fevers or
abdominal pain. She did feel lightheaded, and experienced
nausea and vomited three times. She had noted significant
swelling to her right knee that had not dissipated since the
injury, as well as some swelling to her shin and calf. The
patient had no significant medical issues; her only medica-
tion was oral contraceptives. She drank alcohol and smoked
cigarettes on occasion, and denied any illicit drug use.

PHYSICAL EXAMINATION

GENERAL APPEARANCE: The patient appeared short of breath,
diaphoretic and somewhat anxious.

VITAL SIGNS

Temperature 97.4◦F (36.3◦C)
Pulse 120 beats/minute
Blood pressure 146/54 mmHg
Respirations 24 breaths/minute
Oxygen saturation 96% on room air

HEENT: Unremarkable.

NECK: Supple, no jugular venous distension.

CARDIOVASCULAR: Tachycardic rate, regular rhythm without
rubs, murmurs or gallops.

LUNGS: Clear to auscultation bilaterally without rales, rhonchi
or wheezes.

ABDOMEN: Soft, nontender, nondistended.

RECTAL: Normal tone, brown stool, hemoccult negative.

RIGHT LOWER EXTREMITY: Swelling and moderate effusion of
the knee, as well as mild swelling of the anterior shin and calf;
tenderness to the anterior knee just below patella, anterior
drawer sign noted, no popliteal mass. Dorsalis pedis pulse pal-
pable.

NEUROLOGIC: Nonfocal.

The patient was placed on the cardiac monitor, 2 liters oxy-
gen by nasal cannula was administered, a peripheral intra-
venous line was placed, and blood was drawn and sent for
laboratory testing. A 12-lead ECG (Figure 25.1) and portable
AP chest radiograph (Figure 25.2) were obtained. Labora-
tory tests revealed a troponin I of 2.15 ng/mL (normal 0.00–
0.09 ng/mL), leukocyte count of 16.3 K/μL (normal 3.5–
12.5 K/μL) with 88% neutrophils (normal 50–70%), and
hematocrit of 45%. The serum pregnancy test was negative,
the glucose returned at 193 mg/dL (normal 60–159 mg/dL) and
the remainder of the electrolytes and creatinine were within
normal limits.

Shortly after beginning the ED evaluation, the patient
began complaining of sharp, substernal chest pain, made
worse by deep inspiration. Her respiratory rate increased to
32 breaths/minute and her oxygen saturation declined to 92%
on 2 liters nasal cannula, at which time she was placed on a
100% non-rebreather mask. Approximately one and a half
hours after arrival in the ED, her blood pressure dropped to
88/54 mmHg despite receiving a 1-liter normal saline bolus
intravenously.

What is your diagnosis?
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Figure 25.1 12-lead ECG from a 30-year-old female with acute onset shortness of breath.

Figure 25.2 Anteroposterior chest radiograph from a 30-year-old
female with acute onset shortness of breath.
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ANSWER

The diagnosis is bilateral pulmonary emboli. The ECG in
Figure 25.1 demonstrates sinus tachycardia, rate 110 beats/
minute, with inverted T waves in leads III, aVF, V3 and V4.
The chest radiograph in Figure 25.2 is normal. A CT angio-
gram (CTA) of the chest was ordered along with the initial
laboratory tests as the patient was determined to be at high
risk for pulmonary embolism. The patient initially received
enoxaparin 1 mg/kg subcutaneously around the time her
blood pressure began to drop, and a second peripheral IV
was obtained. At the same time, as her blood pressure failed
to improve following a second liter NS bolus, a dopamine
infusion was started at 5 μg/kg/min, titrated to 10 μg/kg/min
with improvement of her blood pressure to 104/68 (pulse
112 beats/minute). Once the patient’s hemodynamic status
improved slightly, she was transported to the CT scanner with
a nurse, emergency physician and intubation equipment.

The resulting CTA demonstrated large bilateral pulmo-
nary emboli (Figure 25.3). Upon return from the CT scan-
ner, the intensivist was consulted and a decision was made
to discontinue the dopamine drip and begin Levophed R© at
2 μg/min, titrating to maintain systolic blood pressure at 90–
100 mmHg. An arterial blood gas obtained on a 100% non-
rebreather mask revealed a pH of 7.27 (normal 7.35–7.45),
pCO2 of 35 mmHg (normal 35–45 mmHg), pO2 of 60 mmHg
(normal 80–95 mmHg) and bicarbonate of 16.2 mmol/L (nor-
mal 23–28 mmol/L). A decision was made to administer
thrombolytics, and an infusion of tissue plasminogen activator
(t-PA) was given at 50 mg/hour IV over 2 hours (total 100 mg
t-PA). At the completion of the t-PA infusion, the patient’s
vital signs demonstrated a pulse of 79 beats/minute, blood
pressure of 110/76 and respirations of 26 breaths/minute,
with an oxygen saturation of 100% on 15 L oxygen by non-
rebreather mask. The Levophed R© drip was discontinued and
the patient was transferred to the ICU.
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Figure 25.3 CTA from a 30-year-old female with acute dyspnea, demonstrating large right (arrow, panel A)
and left (arrow, panel B) pulmonary emboli.

A repeat 12-lead ECG performed the following morning
in the ICU demonstrated resolution of the T-wave inversions
noted on the initial ECG (Figure 25.4). Doppler ultrasound of
the right leg on hospital day #2 revealed a noncompressible,
occlusive thrombus in the distal right superficial femoral vein
with extension into the popliteal vein.

Pulmonary embolism

INCIDENCE AND ETIOLOGY: Although the exact incidence of
pulmonary embolism (PE) is uncertain, it is estimated that
600,000 episodes occur each year in the United States, result-
ing in 100,000 to 200,000 deaths.1 When the diagnosis of PE
is confirmed and effective therapy is initiated, recurrence of
PE is rare and death is uncommon – with the exception of
patients who initially present with hemodynamic impairment,
among whom the mortality approaches 30%.1 The majority of
preventable deaths associated with PE can be ascribed to a
missed diagnosis rather than to a failure of existing therapies.

Most PEs arise from deep veins of the leg. Although deep
vein thrombosis (DVT) starts in calf veins, it has already prop-
agated above the knee in 87% of symptomatic patients before
the diagnosis is made.2 Thrombosis in the veins is triggered by
venostasis, hypercoagulability and vessel wall inflammation,
known as Virchow’s triad.2 All known clinical risk factors for
DVT and PE have their basis in one or more elements of this
triad. These risk factors include previous DVT or PE, recent
surgery, prolonged immobilization, inherited forms of hyper-
coagulability (e.g., antiphospholipid syndrome, Factor V Lei-
den deficiency), advanced age, malignancy, pregnancy, con-
gestive heart failure, use of contraceptives/hormone replace-
ment therapy, and long air (or land) travel.3,4

PE ranges from incidental, clinically unimportant throm-
boembolism to massive embolism with sudden death. As
thrombi form in the deep veins of the leg, pelvis or arms,
they may dislodge and embolize to the pulmonary arteries
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Figure 25.4 12-lead ECG obtained from a 30-year-old female following treatment with t-PA for bilateral
pulmonary emboli.

with potentially serious consequences.5 Pulmonary arterial
obstruction and the release by platelets of vasoactive agents
such as serotonin elevate pulmonary vascular resistance. The
resulting increase in alveolar dead space and redistribu-
tion of blood flow (which creates areas of decreased venti-
lation to perfusion) impair gas exchange; stimulation of
irritant receptors causes alveolar hyperventilation.2 Reflex
bronchoconstriction augments airway resistance. As right ven-
tricular afterload increases, tension rises in the right ventricu-
lar wall and may lead to dilatation, dysfunction and ischemia
of the right ventricle.2

SIGNS AND SYMPTOMS: Symptoms that should invoke suspi-
cion of PE include chest pain, shortness of breath, chest wall
tenderness, back pain, shoulder pain, upper abdominal pain,
syncope, hemoptysis, painful respirations, new onset wheez-
ing, any new cardiac dysrhythmia or other unexplained symp-
tom referable to the thorax.2 Apprehension or anxiety are also
common symptoms in patients with PE. The classic findings of
hemoptysis, dyspnea and chest pain are neither sensitive nor
specific for the diagnosis of PE; fewer than 20% of patients
with documented PE have this “classic triad.”3 Chest pain
from noninfarcting PE can be highly variable and vague; as
high as 30% of patients with definite PE deny any perception
of chest pain.6 Patients presenting with PE frequently com-
plain of dyspnea. Physical signs that should raise the clinical
suspicion of PE include tachypnea, tachycardia, rales, fever,
lower extremity edema, a cardiac murmur, S3 or S4, cyanosis,
hypotension and neck vein distention.2,3

Despite its shortcomings as a single diagnostic step, the
presence of hypoxemia (pulse oximetry less than 95% breath-
ing room air) that cannot be explained by a known disease
process increases the probability of PE.6 Conversely, lack of
hypoxemia can be used with other criteria to justify not pursu-
ing further evaluation for PE. Additionally, when PE is diag-
nosed the severity of hypoxemia represents a powerful inde-
pendent predictor of patient outcome.6

Wells et al. have published, refined and internally vali-
dated a clinical decision rule for pre-test probability of PE.7–10

Wells Criteria for pre-test probability of PE consist of seven
weighted criteria (Table 25.1). Summation of these point val-
ues can be trichotomized into low (less than 2 points), moder-
ate (2–6 points) or high (more than 6 points) pre-test probabil-
ities, with prevalences for PE of 2–4%, 19–21% and 50–67%,
respectively. Alternatively, a total score can be dichotomized

TABLE 25.1 Wells clinical prediction rule for pulmonary
embolism

Clinical feature Points

Clinical symptoms of DVT 3
Other diagnosis less likely than PE 3
Pulse >100 beats/minute 1.5
Immobilization or surgery within previous 4 weeks 1.5
Previous DVT or PE 1.5
Hemoptysis 1
Malignancy treated within past 6 months or palliative 1
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into a PE-unlikely (less than or equal to 4 points) or PE-likely
(more than 4 points) pre-test probabilities, with prevalences
for PE of 5–8% and 39–41%, respectively.7,8,10

DIAGNOSTIC TESTS: ECG, chest radiography and arterial
blood gas (ABG) analysis have limited roles in the evalua-
tion of PE. The primary utility of ECG is its ability to point
to an alternate diagnosis, such as acute coronary syndrome
or pericarditis.3 Sinus tachycardia is a common ECG finding
in patients with PE. The most frequent electrocardiographic
abnormality is T-wave inversion in the anterior leads, espe-
cially leads V1 to V4 (found in 68% of patients with PE).3,5

The classic finding of S1Q3T3 lacks sensitivity and specificity
(54% and 62%, respectively).3 New right-bundle branch block
or atrial fibrillation may be seen but is uncommon.5

Chest radiography seldom provides specific information,
but may be useful to suggest alternative diagnoses such as
pneumonia, congestive heart failure or pneumothorax.6 Uni-
lateral basilar atelectasis increases the probability of PE. If
symptoms have been present three days or more, pulmonary
infarction sometimes shows an apex-central, pleural-based,
wedge-shaped area of infiltrate (“Hampton’s hump”).6 Uni-
lateral lung oligemia (Westermark’s sign) is a rare radio-
graphic manifestation of a large PE. ABG analysis has a lim-
ited role in the evaluation of PE. The pO2 on ABG analysis
has a zero or even negative predictive value in a typical pop-
ulation of patients in whom PE is suspected.2 It is a relatively
invasive procedure that lacks the sensitivity or specificity to
rule in or out disease.3

The measurement of the degradation products of cross-
linked fibrin (D-dimer) circulating in plasma is a highly sensi-
tive but nonspecific screening test for suspected venous throm-
boembolism (VTE).1 Specificity is known to be low secondary
to false-positive results from numerous causes, such as trauma,
postoperative state, sepsis and myocardial infarction.3 It is
also less likely to be helpful in elderly patients or patients
with significant co-morbid disease. The role of D-dimer gen-
erally has been reserved for ruling out PE or VTE in low-risk
patients.3,5 Wells et al. found that patients with a low clinical
probability of VTE and a negative D-dimer assay could be dis-
charged safely without further workup for PE, with only 0.4%
found to have VTE on follow-up examination.11

Troponin I levels may be useful in predicting in-hospital
mortality in acute PE. La Vecchia et al. carried out a prospec-
tive clinical trial to assess the prevalence of cTnI positivity
at various cut-off concentrations, and to evaluate the impact
of increases on prognosis in a cohort of patients without
known coronary artery disease.12 Their data indicated that an
increased cTnI concentration is associated with increased dis-
ease severity. Increases were also associated with significantly
more extensive and proximal involvement of the pulmonary
vasculature as assessed by spiral CT; many of the clinical
parameters of these patients (oxygen saturation, blood pres-
sure, heart rate, echocardiographic right ventricular abnor-
malities and estimated pulmonary artery pressure elevations)

also suggested a more severe clinical profile. According to the
authors, these findings support a link between the degree of
troponin increase and the severity of clinical presentation.12

Most pulmonary emboli arise from the deep veins of the
legs. Ultrasonography is positive in 10–20% of patients with-
out leg symptoms or signs who undergo evaluation, and in
approximately 50% of patients with proven PE.1,13 Therefore,
the possibility of PE cannot be ruled out on the basis of neg-
ative ultrasonography.1 Moreover, positive ultrasonographic
findings in patients without symptoms or signs referable to the
legs should be interpreted with caution. Because ultrasono-
graphic studies may be falsely positive or may detect resid-
ual abnormalities related to previous VTE, only positive stud-
ies with appropriate clinical circumstances should serve as the
basis for initiating therapy.

Ventilation-perfusion (V/Q) scanning is a valuable tool in
diagnosing PE when the results are definitive.1 A normal V/Q
scan essentially rules out PE, and a high-probability scan for
PE is strongly associated with its presence. Whereas normal
results or results indicating a high probability of disease are
extremely helpful, nondiagnostic results are difficult to inter-
pret and much more common.5 Rarely does the ventilation
scanning clarify the interpretation of perfusion lung scans.
Furthermore, in the presence of a high index of clinical sus-
picion, results of lung scanning indicating a low probability
of PE may inadvertently steer clinicians away from the cor-
rect diagnosis. Such results should instead be interpreted as
nondiagnostic.5

Most hospitals now employ CT angiography (CTA) as the
primary method for evaluating PE.6 Images can be obtained
in a few seconds, so the time required for the test primarily
depends upon scanner availability, transport time and radio-
logist interpretation time. For the most part, the radiologist
indicates the test is positive or negative, similar to results
of conventional catheter-based pulmonary angiography.6 This
binary output makes CTA easier to interpret and integrate
into medical decision-making, compared with the “probabil-
ity” result of V/Q scanning. In the case of CTA, the legs can
also be scanned (CT venogram, or CTV), which allows eval-
uation for DVT. More recently, multidetector CTA-CTV has
been shown to have a higher diagnostic sensitivity than CTA
alone (90% vs. 83%, respectively), with a similar specificity
(95% vs. 96%, respectively).13

In hemodynamically unstable patients with large pulmo-
nary emboli, echocardiography (ECHO) is useful because it
is noninvasive, can be performed at the bedside, can assist
in the recognition and differentiation of PE and is capable of
assessing the severity of the PE and the patient’s response to
therapy.14 Although predominantly employed to characterize
the presence and the extent of right ventricular pressure over-
load, transthoracic ECHO (TTE) or transesophageal ECHO
(TEE) may detect emboli in transit or may provide alterna-
tive diagnoses, such as aortic dissection, pericardial disease,
hypovolemia, myocardial dysfunction or infarction, and valvu-
lar insufficiency. ECHO also may be helpful in identifying
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PE patients with a patent foramen ovale (PFO), which has
been associated with increased mortality, ischemic stroke and
a complicated course.14

Ryu et al. provide a diagnostic algorithm for suspected PE
that incorporates clinical suspicion, D-dimer level and radio-
logic testing.15,16 If the suspicion for PE is low, a normal D-
dimer level can exclude the diagnosis. If clinical suspicion is
moderate to high (or the D-dimer is positive), the authors sug-
gest CTA is an appropriate diagnostic approach. When con-
trast is contraindicated, V/Q scanning and sonography of the
lower extremities are options. Pulmonary angiography should
be considered if the results of the CTA are inadequate and the
suspicion for PE remains high.15,16

TREATMENT OF PULMONARY EMBOLISM: Traditionally, the
treatment of both PE and DVT had been anticoagulation with
unfractionated heparin and initiation of long-term oral anti-
coagulation with Vitamin K antagonists, such as warfarin.
However, data published over the last decade indicates
that treatment with low-molecular-weight heparin (LMWH)
is superior to treatment with unfractionated heparin.4,17,18

Treatment with Vitamin K antagonists should be initiated
concurrently with LMWH and continued until the Interna-
tional Normalized Ratio (INR) is stable (between 2.0 and
3.0).4 In patients who have severe chronic kidney disease,
LMWH should not be used because of its renal clearance and
the potential for bleeding complications. More recently, fon-
daparinux (Arixtra R©) has been approved for the treatment
of PE. Fondaparinux is a synthetic antithrombotic agent with
specific anti-factor Xa activity. Its pharmacologic properties
allow for a simple, fixed-dose, once daily regimen of subcu-
taneous injection without the need for monitoring.19 Fonda-
parinux has been shown to be at least as effective and safe as
intravenous unfractionated heparin in the treatment of hemo-
dynamically stable patients with PE.19 For hemodynamically
unstable patients with PE, thrombolytic therapy is uniformly
acknowledged as the treatment of choice.14

THROMBOLYSIS FOR MASSIVE PULMONARY EMBOLISM: The
principal criterion to characterize acute PE as massive is
systemic arterial hypotension.20 Despite anticoagulation, the
mortality rate doubles for submassive PE patients with pre-
served systemic arterial pressure and right ventricular dys-
function. The mortality rate is even greater in patients who
present with profound hypotension due to massive PE.20 Pri-
mary therapy with fibrinolysis or embolectomy is generally
considered for patients presenting with either massive or sub-
massive PE.21 The U.S. Food and Drug Administration has
approved t-PA (alteplase) 100 mg administered as a contin-
uous infusion over two hours for the fibrinolysis of massive
PE.21 Every patient being considered for fibrinolysis requires
meticulous screening for contraindications because the risk
of intracranial hemorrhage (ICH) may be as high as 3%.
Although fibrinolysis is generally considered to be a lifesav-
ing intervention in patients with massive PE, the extent of
the clinical benefit remains unclear.20 In a recent analysis of

the International Cooperative Pulmonary Embolism Registry
(ICOPER) data, fibrinolytics did not reduce the rate of mor-
tality or recurrent PE at 90 days.20 In submassive PE, the Man-
agement Strategies and Prognosis of Pulmonary Embolism-3
Trial (MAPPET-3) demonstrated a reduction in the need for
escalation of therapy among patients receiving alteplase.22

The management of patients with acute massive PE who
do not respond to fibrinolytic therapy remains unclear. In the
setting of PE, the recovery of right ventricular function is an
early marker of thrombolysis efficacy, as well as a predictor of
in-hospital course.23 Furthermore, residual pulmonary vascu-
lar obstruction (more than 30% at 10 days) after thrombolytic
therapy is associated with adverse outcomes and increased
long-term mortality.24 Meneveau et al. compared rescue sur-
gical embolectomy and repeat thrombolysis in patients who
did not respond to thrombolysis for massive PE.23 In 40 non-
responders, rescue surgical embolectomy led to a better in-
hospital course when compared with repeat thrombolysis in
patients with massive PE.23

KEY TEACHING POINTS

1. The classic findings of hemoptysis, dyspnea and chest pain
are neither sensitive nor specific for a diagnosis of PE;
fewer than 20% present with this “classic” triad.

2. Thirty percent of patients with definite PE deny any per-
ception of chest pain.

3. Wells Criteria for determining the pre-test probability of
PE are useful in stratifying patients into low, medium or
high-risk likelihoods of PE.

4. ECG, chest radiography and ABG analysis each have lim-
ited roles in the evaluation of PE.

5. D-dimer is a useful test to rule out PE in low-risk patients.
6. Most hospitals employ CTA as the primary method of

evaluation for PE, with multidetector CTA-CTV demon-
strating even greater sensitivity than conventional CTA for
diagnosing PE.

7. Stable patients with PE should be treated with either
low-molecular-weight heparin or fondaparinux (Arixtra R©)
while warfarin is initiated and reaching therapeutic levels.

8. Unstable patients with major pulmonary emboli should
be treated with thrombolytic therapy (t-PA, 100 mg intra-
venous infusion over two hours) and admitted to the ICU.
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Recurrent pneumonias in a 37-year-old male

HISTORY OF PRESENT ILLNESS

A 37-year-old male a with medical history significant for sleep
apnea and hydrocephalus (diagnosed as a child with place-
ment of a ventriculoatrial shunt) presented to the ED com-
plaining of nausea, vomiting, diarrhea and fevers for one day.
He denied chest pain, shortness of breath or cough. He was
initially seen in a medical clinic and received IV hydration
and promethazine with improvement of his symptoms. How-
ever, he remained tachycardic and his oxygen saturation on
room air was 93% while lying flat, improving to 97% on sitting
upright. He was transferred to the ED for further evaluation
and treatment.

PHYSICAL EXAMINATION

GENERAL APPEARANCE: The patient appeared well nourished,
well hydrated and in no acute respiratory distress.

VITAL SIGNS

Temperature 99◦F (37.2◦C)
Pulse 108 beats/minute
Blood pressure 110/70 mmHg
Respirations 26 breaths/minute
Oxygen saturation 96% on room air

HEENT: Unremarkable.

NECK: Supple, no jugular venous distension.

CARDIOVASCULAR: Tachycardic rate, regular rhythm without
rubs, murmurs or gallops.

LUNGS: Scattered rhonchi, no rales or wheezes.

ABDOMEN: Soft, nontender, nondistended.

EXTREMITIES: No clubbing, cyanosis or edema.

NEUROLOGIC: Nonfocal.

In the ED, the patient received an albuterol nebulizer treat-
ment, a 1-liter normal saline IV bolus and an additional
dose of promethazine. A chest radiograph was obtained (Fig-
ure 26.1). Following treatment, his heart rate improved to 95
beats/minute with oxygen saturation on room air improving to
97%. At time of ED discharge, he was able to tolerate fluids
and ambulate without problems. His presumptive discharge
diagnosis was acute gastroenteritis.

The patient returned to the ED 24 hours later with per-
sistent vomiting, shortness of breath, dry cough, fevers and
fatigue. A repeat chest radiograph demonstrated an opacifica-
tion at the right lung base as well as a small, right-sided pleu-
ral effusion (Figure 26.2). The patient was given IV antibiotics
(moxifloxacin) and admitted for pneumonia. His blood cul-
tures were negative during this hospitalization. The patient
was re-admitted to the hospital on two more occasions over
two consecutive months, with the diagnosis of unresolving ver-
sus recurrent pneumonias. During the second hospitalization,
his blood cultures grew out Serratia marcescens.

What is your diagnosis?
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BA

Figure 26.1 Posteroanterior (panel A) and lateral (panel B) chest radiograph from a 37-year-old male with
nausea, vomiting, diarrhea and fevers for one day.

A B

Figure 26.2 Posteroanterior (panel A) and lateral (panel B) chest radiograph from a 37-year-old male on
return to ED one day following his initial visit for presumed gastroenteritis, demonstrating a right lower lobe
infiltrate (arrows).
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ANSWER

The diagnosis is recurrent pneumonias resulting from septic
emboli and Serratia bacteremia arising from the fragmented
ventriculoatrial shunt catheter. A transthoracic echocardio-
gram was obtained that showed a linear density transversing
from the right atrium to the right ventricle across the tricus-
pid valve, likely the catheter (Figure 26.3). At the distal por-
tion of the linear density, a fluffy nodule consistent with either
possible thrombus or vegetation was seen. It was concluded
that the shunt catheter had dislodged from the original ven-
triculoatrial shunt and was likely the source of recurrent septic
emboli to the lungs. The patient was admitted to the thoracic
surgery service and underwent successful surgical removal of
the catheter tip from the right side of the heart, with subse-
quent resolution of his recurrent pneumonias.

Infections associated with ventriculoatrial shunts

The frequency of long-term prosthetic device infection varies
with the type of implant, as do mortality rates associated with
these devices. Mortality rates are particularly high when infec-
tion is associated with cardiovascular implants.1 Such pros-
theses allow organisms to adhere to their surface and, in
some cases, produce a biofilm. This biofilm is an extracellular
polysaccharide matrix that protects the bacteria via physio-
logic as well as mechanical factors.2 In general, rates of infec-
tion are greater after revision of a device than following pri-
mary device implantation procedures.1 Approximately 25,000
cerebrospinal fluid shunt operations are performed each year
in the United States, 18,000 of which are initial shunt place-
ments.1 Approximately 85% of individuals with cerebrospinal
fluid shunts undergo at least two shunt revisions. Ventriculo-
peritoneal (VP) shunts are the most common neurosurgical
shunts used, and are associated with less severe complications
than ventriculoatrial (VA) shunts.3

The incidence of VA shunt infection in recent years has
averaged less than 10%.4 Clinical manifestations of VA shunt
infection vary and depend on many factors, including the site
of shunt infection, whether or not the infection site is prox-
imal or distal, intraluminal or extraluminal, the virulence of
infecting pathogens, and the presence or absence of shunt
malfunction.4 Intraluminal infection can result in bacteremia
and sepsis; severe sepsis and septic shock are unusual. Right-
sided infective endocarditis and septic pulmonary emboli have
been described.4

Blood cultures are usually positive when an intralumi-
nal infection is present and are important in diagnosing a
VA shunt infection. The list of pathogens associated with
cerebrospinal fluid shunts includes (but is not limited to)
coagulase-negative staphylococci (e.g., S. aureus), Gram-
negative bacilli (e.g., E. coli, Proteus mirabilis, P. aerugi-
nosa, Klebsiella pneumoniae, H. influenzae), streptococci (e.g.,
group G and B), S. pneumoniae, and Propionibacterium
acnes.1 Imaging is an important tool used for the detection of

Figure 26.3 Transthoracic echocardiogram image demonstrating VA
catheter tip (arrow) extending into the right ventricle in a 37-year-old
male with recurrent pneumonias.

device-related infection. When suspecting endocarditis asso-
ciated with prosthetic valves, electrocardiac devices, or VA
shunts, transthoracic or transesophageal echocardiography
should be used, with the transesophageal technique yielding
greater sensitivity.1

As with other types of cardiovascular device-related infec-
tions, foreign body removal of the VA shunt with antimi-
crobial therapy is the preferred treatment option.4 Infected
ventricular shunts are surgically managed in two stages. The
infected shunt is removed and an external ventricular catheter
is inserted to drain cerebrospinal fluid and monitor intracra-
nial pressure.5 The external ventricular catheter is usually
replaced every 5–10 days to prevent ventriculitis, and sys-
temic antibiotics are administered for 10–14 days. Repeat
analysis of cerebrospinal fluid is performed to ensure steril-
ity before a new ventricular shunt is inserted, preferably on
the contralateral side, typically within two weeks of the initial
surgery.5

KEY TEACHING POINTS

1. Prosthetic indwelling device infections account for about
half of the two million cases of nosocomial infection that
occur in the United States each year.

2. Ventriculoperitoneal (VP) shunts are the most common
neurosurgical shunts used and are associated with less
severe complications than ventriculoatrial (VA) shunts.

3. Intraluminal infection of VA shunts can result in bactere-
mia and sepsis, right-sided infective endocarditis, septic
pulmonary emboli and recurrent pneumonias.

4. Blood cultures and transthoracic or transesophageal echo-
cardiography are essential diagnostic tools in evaluating for
VA shunt-related infections.

5. Treatment for VA shunt infections involves prompt anti-
microbial therapy and shunt removal.
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Hemoptysis in a 47-year-old male

HISTORY OF PRESENT ILLNESS

A 47-year-old male presented to the ED complaining of three
episodes of coughing up 1–2 tablespoons of bright red blood
earlier that day. He denied fevers, chills, night sweats, short-
ness of breath, malaise, weight loss, abdominal pain, nausea or
vomiting; he also denied recent nosebleeds. His medical his-
tory included open angle glaucoma, osteoarthritis and a previ-
ous lung infection diagnosed some years ago for which he was
prescribed antibiotics for six months, the name of which he
could not recall. He did not smoke cigarettes and denied per-
sonal or family history of cancer. He had not traveled outside
the area recently but as a child grew up in Malaysia, and one
year ago moved to Northern California from Arizona, where
he had spent most of his adult life.

PHYSICAL EXAMINATION

GENERAL APPEARANCE: The patient was a well-nourished,
well-hydrated male who appeared comfortable and in no
acute discomfort.

VITAL SIGNS

Temperature 97.7◦F (36.5◦C)
Pulse 87 beats/minute
Blood pressure 165/100 mmHg
Respirations 18 breaths/minute
Oxygen saturation 98% on room air

BA

Figure 27.1 Posteroanterior (panel A) and lateral (panel B) views of chest radiograph from a 47-year-old male
with hemoptysis.

HEENT: PERRL, EOMI, oropharynx pink and moist, no
lesions, mucosal ulcers or bleeding. Nares pink and moist with-
out evidence of bleeding.

NECK: Supple, no cervical lymphadenopathy.

CARDIOVASCULAR: Regular rate and rhythm without rubs,
murmurs or gallops.

LUNGS: Clear to auscultation bilaterally without rales, rhonchi
or wheezes.

ABDOMEN: Soft, nontender, nondistended.

EXTREMITIES: No clubbing, cyanosis or edema.

SKIN: Warm and dry without pallor, no rashes or lesions.

NEUROLOGIC: Nonfocal.

A chest radiograph (posteroanterior and lateral views) was
obtained (Figure 27.1).

What is your diagnosis?
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ANSWER

The diagnosis is bacterial infection of a cavitary lesion from
previous coccidioidomycosis infection. The chest radiograph
demonstrates a 2.5-cm cavitary lesion in the apex of the left
lung (arrows, Figure 27.2). Upon further investigation, the
patient’s previous lung infection turned out to be coccidio-
idomycosis, for which he was prescribed fluconazole for six
months. Following the chest radiograph, the patient under-
went a CT scan of the chest with intravenous contrast, which
also demonstrated a 2-cm spherical, thick-walled cavitary
lesion in the anterior left upper lobe (Figure 27.3). The patient
was admitted to the medical service and treated with intra-
venous ampicillin/sulbactam for possible bacterial infection of
this cavitary lesion. Coccidioidomycosis IgG antibody serolo-
gies returned positive, whereas acid-fast bacilli tests of the
sputum were negative. The patient’s hemoptysis resolved, and
he was discharged on hospital day #2 with follow up arranged
with a pulmonologist.

Coccidioidomycosis

Coccidioidomycosis is an infection caused by inhalation of
arthroconidia of dimorphic fungi of the genus Coccidioides.1

Two species of this genus, C. immitis (isolated from Califor-
nia) and C. posadasii (isolated outside of California) produce
identical diseases.1 These soil-dwelling fungi have an endemic
range that encompasses semi-arid to arid life zones, princi-
pally in the southwestern United States and northern Mexico.
Coccidioides is also found in parts of Argentina, Brazil,
Columbia, Guatemala, Honduras, Nicaragua, Paraguay and
Venezuela.1 Hyperendemic areas include Kern, Tulare and
Fresno counties in the San Joaquin Valley of California, and
Pima, Pinal and Maricopa counties in Arizona. There are ap-
proximately 150,000 infections per year in the United States.1

BA

Figure 27.2 Posteroanterior (panel A) and lateral (panel B) views of chest radiograph from a 47-year-old male
with cavitary lesion (arrows) from previous coccidioidomycosis infection.

Coccidioidomycosis is not a contagious disease. Patients with
coccidioidomycosis do not require isolation if hospitalized,
although care must be taken in disposing of materials contam-
inated with secretions.2

Sixty percent of people infected with C. immitis have no
symptoms or have an illness indistinguishable from an upper
respiratory infection.2 In others, symptoms develop one to
three weeks after exposure. The typical presentation is a
lower respiratory infection accompanied by systemic symp-
toms, such as fever, sweating, anorexia, weakness, arthral-
gias, cough, sputum production and chest pain.2 Erythema
nodosum or erythema multiforme may develop. The main-
stays of diagnosis are sputum culture and serologic testing.
Chest radiographic findings may include infiltrates, pleural
effusion and hilar adenopathy.2 The acute infection almost
always resolves without specific therapy, although the ill-
ness may last several weeks. Disseminated disease occurs in
approximately 1% of infected persons.3 Dissemination occurs
more frequently in the very young or very old, certain racial
or ethnic groups, individuals with AIDS or other immuno-
suppressive disorders, and during the second half of preg-
nancy or postpartum.4 Aside from pulmonary involvement,
tissues most commonly involved are skin, bone, joints and
meninges; tenosynovitis and sinus tract formation have been
reported.4 In patients with severe primary infection or dis-
seminated disease, therapy with amphotericin B (intravenous)
or one of the azoles (e.g., itraconazole, fluconazole) is recom-
mended, with treatment for six months.1–4

Several types of pulmonary disease can develop after ini-
tial infection. These include the formation of pulmonary
nodules (coccidioidomas), cavitary disease and progressive
pneumonia.4 The nodules are typically solitary, measuring 2–3
cm in diameter, representing areas of granulomatous organi-
zation of coccidioidal pneumonia and raising concern for lung
cancer. Thin-walled cavities are seen in approximately 0.1%
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Figure 27.3 Chest CT from a 47-year-old male with hemoptysis,
demonstrating a cavitary lesion in the left upper lung field (arrow).

of all patients, which often spontaneously resolve within two
years.4 Thick-walled cavities are more likely to remain present
for prolonged periods. Chronic fibrocavitary infection with
progressive fibrosis similar to that seen with histoplasmosis
may also be seen in coccidioidomycosis, occurring primarily
in those with underlying emphysema.4

Hemoptysis occurs in one-third of cases of cavitary cocci-
dioidomycosis, usually not life-threatening.5 When the cavity
is in the periphery of the lung, it may rupture into the
pleural space causing a hydropneumothorax. Ninety percent
of the cavities are solitary, 70% are in the upper lung field,
and about 60% are 2–4 cm in diameter.5 Once a cavity has
formed, further spread of the infection is unlikely, presumably
because cell-mediated immunity is well established. Symp-
toms in patients with cavitation are due to complications, such
as hemoptysis and secondary infection, which can be bacterial
or fungal; aspergillus mycetoma is the most common.5 How-
ever, C. immitis itself can proliferate in its mycelial form, pro-
ducing a similar mycetoma. Pulmonary resection has a role in
managing severe hemoptysis or cavities that enlarge or rup-
ture during chemotherapy.2 Surgery is also indicated to drain

empyemas, close persistent bronchopleural fistulas or expand
lungs that are restricted by residual disease.

KEY TEACHING POINTS

1. Coccidioidomycosis is caused by inhalation of soil-dwelling
fungi of the Coccidioides genus; it is endemic to the San
Joaquin Valley, California and several counties in Arizona.

2. There are approximately 150,000 cases of coccidioido-
mycosis per year in the United States; the typical presen-
tation of significant Coccidioides infection is a lower respi-
ratory infection accompanied by systemic symptoms, such
as fever, sweating, anorexia, weakness, arthralgias, cough,
sputum production and chest pain.

3. Several types of pulmonary disease can develop after the
initial infection, including the formation of pulmonary
nodules (coccidioidomas), cavitary disease and progressive
pneumonia.

4. Hemoptysis occurs in one-third of cases of cavitary cocci-
dioidomycosis, usually caused by a secondary bacterial or
fungal infection.

5. In patients with severe primary infection or disseminated
disease, IV therapy with amphotericin B or one of the
azoles is recommended for six months.

6. Pulmonary resection may play a role in managing severe
hemoptysis or cavities that enlarge or rupture during
pharmacologic therapy.
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Cough, fever and shortness of breath in a 62-year-old male

HISTORY OF PRESENT ILLNESS

A 62-year-old male with a medical history significant for
chronic alcohol abuse presented to the ED complaining of
persistent cough productive of green sputum, fevers to 104◦F
(40◦C), chills and rigors, shortness of breath, and sharp chest
pain with cough and deep inspiration for three days. He
reported nausea and vomiting but denied abdominal pain or
diarrhea. He also denied recent travel, leg swelling or tobacco
use. His last alcoholic drink was 24 hours prior to presentation.

PHYSICAL EXAMINATION

GENERAL APPEARANCE: The patient looked older than his
stated age. He was a cachectic and ill-appearing male, in mod-
erate respiratory distress, speaking only three- or four-word
sentences.

VITAL SIGNS

Temperature 104◦F (40◦C)
Pulse 120 beats/minute
Blood pressure 110/65 mmHg
Respirations 30 breaths/minute
Oxygen saturation 96% on room air

HEENT: PERRL, EOMI, sclera anicteric, oropharynx dry.

NECK: Supple, no jugular venous distension.

CARDIOVASCULAR: Tachycardic rate, regular rhythm without
rubs, murmurs or gallops.

LUNGS: Mild expiratory wheezes throughout all lung fields,
scattered rhonchi, crackles and egophony at the right lower
and mid-lung fields.

ABDOMEN: Soft, nontender, nondistended.

EXTREMITIES: No clubbing, cyanosis or edema; no calf
swelling.

NEUROLOGIC: Nonfocal.

The patient was placed on the cardiac monitor with continu-
ous pulse oximetry and supplemental oxygen (2 liters by nasal
cannula), which increased his oxygen saturation to 98%. A

Figure 28.1 Portable chest radiograph from a 62-year-old male with
cough, fever and shortness of breath for three days.

peripheral intravenous line was placed, and blood was drawn
and sent for cultures and laboratory testing. A 12-lead ECG
demonstrated sinus tachycardia, rate 120 without acute ST-
T wave changes. A 1-liter bolus of normal saline was admin-
istered IV, as well as acetaminophen orally for the fever; a
portable chest radiograph was obtained (Figure 28.1). Labo-
ratory tests were significant for a leukocyte count of 20 K/μL
(normal 3.5–12.5 K/μL), with 35% immature bands (presence
of bands abnormal) and sodium of 125 mEq/L (normal 137–
145 mEq/L).

What is your diagnosis?
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ANSWER

The diagnosis is community-acquired pneumonia (CAP). The
chest radiograph demonstrated a right middle lobe infiltrate
(arrow, Figure 28.2). The patient’s calculated Pneumonia
Severity Index (PSI) score was 117 (62 points for male age,
10 points for respiratory rate greater than 29, 15 points for
temperature greater than or equal to 40◦C and 20 points for
sodium less than 130 mEq/L), which placed him in Risk Class
IV. This estimated his 30-day mortality risk at 9.3%. The
patient received moxifloxacin 400 mg IV, albuterol nebulized
treatments and was admitted to the medicine service. Intra-
venous antibiotics were continued, and the patient’s symp-
toms improved by hospital day #3, at which time he was
afebrile with a room air oxygen saturation of 98%. He was
discharged on hospital day #4 to complete a ten-day course of
oral moxifloxacin, with close follow up arranged with his pri-
mary care provider. He was encouraged to stop drinking, and
was given resources to assist him.

Community-acquired pneumonia

Pneumonia is an important cause of morbidity and mortal-
ity in adults; more than 5 million cases occur annually in the
United States.1 Patients with CAP are most often managed
in an outpatient setting. The mortality rate in this patient
population is low (less than 1%), in contrast to patients who
require hospitalization (mortality rate approximates 15%).2

CAP is usually acquired by inhalation or aspiration of pul-
monary pathogenic organisms into a lung segment or lobe.3

Less commonly, CAP may result from secondary bacteremia
from a distant source, such as an Escherichia coli urinary tract
infection or bacteremia. CAP due to aspiration or oropha-
ryngeal contents is the only form of CAP that typically has
multiple pathogens.3 Streptococcus pneumoniae is the most
commonly diagnosed etiology of CAP among hospitalized
patients.1 Common bacterial etiologies of CAP and their asso-
ciated severities are listed in Table 28.1.

Cough is a common presenting complaint of patients diag-
nosed with pneumonia; however, only a small fraction of
patients who present with cough are diagnosed with pneu-
monia (4% in one large series).2,4 Patients with respiratory
complaints should be screened at triage with pulse oximetry
because hypoxia is an important diagnostic clue to the pres-
ence of pneumonia.2 Typically, patients with bacterial CAP
present with variable degrees of fever, usually with productive
cough, and often with pleuritic chest pain.3 The clinical pre-
sentation of patients with CAP due to atypical pathogens (e.g.,
M. pneumoniae, C. pneumoniae, L. pneumophila) is usually
less acute than the presentation of typical bacterial pathogens
(e.g., S. pneumoniae, H. influenzae).3 With typical bacterial
CAP, abnormal physical findings are generally confined to the
chest. Rales on auscultation of the chest over the involved
lobe or segment are common. If consolidation is present,
increased tactile fremitus, bronchial breathing and “E-to-A”
changes may be present.3 Purulent sputum is characteristic of
pneumonia caused by typical bacterial pathogens, and is not

Figure 28.2 Portable chest radiograph from a 62-year-old male with a
right middle lobe infiltrate consistent with pneumonia (arrow).

usually a feature of atypical pathogens with the exception of
Legionnaires’ disease (caused by L. pneumophila).3

Chest radiography is typically the most important test for
establishing the diagnosis of pneumonia. Routine chest radio-
graphy is not necessary for all patients who present with
cough. It can be reserved for patients without a history of
asthma who have findings suggestive of pneumonia (e.g.,
fever, tachycardia, decreased oxygen saturation or focal
abnormality on lung examination).2 Among patients sus-
pected of having pneumonia, these clinical findings have been
prospectively validated and better predict the presence of
an infiltrate than physician judgment.5 Patients with serious
underlying disease or severe sepsis/septic shock for whom
hospitalization is considered should have a chest radiograph
performed.2

Laboratory studies are of limited use to establish the diag-
nosis and specific cause of pneumonia. For the patient with
mild disease who is to be treated at home, little or no labo-
ratory data is needed.1 Although a white blood cell (WBC)
count greater than 15,000/mm3 increases the probability that
the pneumonia is bacterial rather than viral or atypical in ori-
gin, leukocytosis is neither sensitive or specific enough to aid
in therapeutic decisions.2 A WBC count may be helpful if it
reveals evidence of neutropenia or lymphopenia, which might
occur in immunosuppression. In sicker patients who require
admission, electrolytes, blood urea nitrogen, serum glucose
and a complete blood count (CBC) should be obtained. Serum
lactate levels are useful in identifying septic patients and
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TABLE 28.1 Bacterial etiologies of CAP1

Mild (Outpatient) Moderate (Medical ward) Severe (ICU)

Mycoplasma pneumoniae Streptococcus pneumoniae Streptococcus pneumoniae
Chlamydia pneumoniae Mycoplasma pneumoniae Legionella pneumophila
Streptococcus pneumoniae Chlamydia pneumoniae Staphylococcus aureus
Haemophilus influenzae Haemophilus influenzae Gram-negative bacilli

Legionella pneumophila
Anaerobes

their response to therapy, as well as evaluating for possible
Pneumocystis carinii pneumonia (PCP) in patients known or
suspected to have HIV infection.

Gram stain and culture of the sputum is not routinely done
in the ED. This is controversial because of the time it takes to
induce a good sample, as well as the possibility of ED patients
presenting with cough having TB. Furthermore, uncontam-
inated specimens with a single etiologic agent are rare. If
obtained, these should be reserved for the subset of patients
with serious illness (e.g., requiring ICU admission) in whom
the bacteriologic diagnosis is highly uncertain or an unusual
pathogen is suspected, and for those in whom the outcome
may depend on optimal antimicrobial therapy.2 The need for
routine blood cultures among patients admitted for pneumo-
nia is also controversial.6,7 Routine blood cultures for patients
admitted with pneumonia have shown mixed results in terms
of improved diagnostic accuracy or ability to guide therapy.8 It
is considered best practice to obtain blood cultures in seriously
ill patients before antibiotics are initiatiated.2 Bacteremia
occurs in approximately 25–30% of hospitalized pneumococ-
cal pneumonia cases but the diagnosis and therapy are usual-
ly well established before blood culture results are available.2

Outpatients diagnosed with CAP who are otherwise
healthy can be treated with a macrolide (erythromycin,
azithromycin or clarithromycin) or doxycycline as monother-
apy.9 Those who have had recent antibiotic exposure may be
offered a fluoroquinolone alone (levofloxacin, moxifloxacin
or gatifloxacin), amoxicillin-clavulanate, or the combination
of azithromycin or clarithromycin plus high-dose amoxicillin.
Although the fluoroquinolones offer convenient once-daily
dosing, increasing resistance among isolates to this class of
agents has been recently demonstrated.9 Inpatients requiring
treatment of CAP but who are not admitted to the ICU should
be offered azithromycin or clarithromycin plus a β-lactam
agent or a third-generation cephalosporin (e.g., ceftriaxone).
Respiratory fluoroquinolones may be offered as monother-
apy. For ICU patients with a concern for pseudomonas
infection, an antipseudomonal agent plus ciprofloxacin, or
antipseudomonal agents with an aminoglycoside plus a respir-
atory fluoroquinolone or a macrolide are recommended.9

Between 30–50% of patients hospitalized with pneumonia
are placed in low-risk categories, many of whom could poten-
tially be managed at home.10 The decision regarding hospi-
talization should be based on the stability of the patient’s
clinical condition, the risk of death and complications, the
presence or absence of other active medical problems, and the

patient’s psychosocial characteristics.10 Disease-specific pre-
diction rules are available that can be used to assess the ini-
tial severity of pneumonia and predict the risk of death. The
most widely used and rigorously studied prediction rule – the
Pneumonia Severity Index (PSI) – has been validated in more
than 50,000 patients from a variety of inpatient and outpatient
populations.11,12 The PSI is based on data commonly available
upon presentation (Table 28.2), and stratifies patients into five
risk classes in which 30-day mortality rates range from 0.1–
27.0%. The greater the PSI score, the greater the risk of death,

TABLE 28.2 Pneumonia severity index for CAP11

Characteristic Points assigned

Demographic Factor
Age (in years)

Men Age
Women Age – 10

Nursing home resident +10
Coexisting illnesses

Neoplastic disease +30
Liver disease +20
Congestive heart failure +10
Cerebrovascular disease +10
Renal disease +10

Findings on Physical Examination
Altered mental status +20
Respiratory rate ≥30/min +20
Systolic blood pressure <90 mmHg +20
Temperature <35◦C or ≥40◦C +15
Pulse ≥125 beats/min +10

Laboratory and X-ray Findings
Arterial pH <7.35 +30
Blood urea nitrogen ≥30 mg/dL +20
Sodium <130 mmol/liter +20
Glucose ≥250 mg/dL +10
Hematocrit <30% +10
Partial pressure of arterial oxygen

<60 mmHg or O2 saturation <90% +10
Pleural effusion +10

PSI Class 30-day mortality

I∗ 0.10%
II (less than 70 points) 0.60%
III (71–90 points) 0.90%
IV (91–130 points) 9.30%
V (more than 130 points) 27%

∗ For class I, age less than 50 years; no cancer, congestive heart failure,
cerebrovascular, renal or liver disease; normal vital signs/examination.
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admission to the ICU, readmission and the longer the length
of hospitalization.

Mortality is sufficiently low in PSI classes I–III (less
than 1%) that outpatient management is appropriate in the
absence of extenuating circumstances. Some low-risk patients,
especially those who are elderly or PSI class III, may look sick
or be reluctant to be treated at home. Many of these patients
may be appropriate candidates for a short hospitalization or
23 hours of observation.10 Mortality increases to 9–27% in PSI
classes IV–V, suggesting that these higher-risk patients should
be hospitalized.

A similar tool to the PSI that is easier to use is the CURB-
65 rule.13 This rule uses only five criteria to determine patients
at lower risk for adverse events: confusion, uremia (blood urea
nitrogen greater than or equal to 20 mg/dL), respiratory rate
greater than or equal to 30 breaths/minute, blood pressure less
than 90 mmHg systolic or 60 mmHg diastolic, and age greater
than or equal to 65. The risk of 30-day mortality increases with
a greater number of these factors present: 0.7% with no fac-
tors, 9.2% with two factors and 57% with five factors. It is sug-
gested that patients with zero to one feature may receive treat-
ment as an outpatient, patients with two features be admitted,
and ICU-level care be considered for patients with three or
more factors.2,13

KEY TEACHING POINTS

1. Patients with community-acquired pneumonia (CAP)
appropriate for the outpatient setting have a low mortal-
ity (less than 1%) compared to hospitalized patients, who
have a mortality rate of approximately 15%.

2. Streptococcus pneumoniae is the most commonly diag-
nosed etiology of CAP among hospitalized patients.

3. Typically, patients with bacterial CAP present with vari-
able degrees of fever, productive cough and pleuritic chest
pain.

4. Laboratory tests have little use in outpatient management
of patients with CAP, whereas tests obtained on admitted
patients should include electrolytes, blood urea nitrogen,
serum glucose and complete blood count (CBC).

5. Blood cultures should be obtained in seriously ill and
admitted patients with CAP, preferably before the initia-
tion of antibiotics.

6. Disease-specific prediction rules (e.g., Pneumonia Sever-
ity Index and CURB-65) can be used to assess the initial

severity of pneumonia, predict the risk of death and aid in
deciding which patients diagnosed with CAP require hos-
pital admission.
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Abdominal pain and dysuria in a 16-year-old male

HISTORY OF PRESENT ILLNESS

A 16-year-old male presented to the ED complaining of supra-
pubic pain radiating to the right testicle, dysuria, urgency and
frequency for eight days. The patient was seen one week
prior to his ED visit by his primary care provider (PCP), at
which time he described the previous complaints as well as
subjective fevers. At that time, the patient’s temperature was
99.2◦F (37.3◦C). He was noted to be well appearing and in no
acute discomfort. The abdominal examination revealed mild
suprapubic tenderness to palpation without the presence of
rebound or guarding, no costovertebral angle tenderness
(CVAT) was noted and his genitourinary (GU) examination
was normal. A urinalysis was negative for infection and the
patient was diagnosed with a viral syndrome.

Three days prior to his ED presentation, the patient re-
ported a temperature of 103◦F (39.4◦C) and severe supra-
pubic pain. The following day, the intensity of his pain dimin-
ished somewhat and his fever resolved. In the ED, the patient
continued to complain of crampy abdominal pain at a level of
6 (on a scale of 0 to 10), with associated dysuria, urgency and
frequency. He denied nausea, vomiting, diarrhea, constipation
or penile discharge, and was tolerating oral liquids.

PHYSICAL EXAMINATION

GENERAL APPEARANCE: The patient was lying supine on the
gurney, appeared comfortable and in no acute discomfort.

VITAL SIGNS

Temperature 98.7◦F (37.1◦C)
Pulse 88 beats/minute
Blood pressure 120/80 mmHg
Respirations 20 breaths/minute
Oxygen saturation 100% on room air

HEENT: Unremarkable.

NECK: Supple.

CARDIOVASCULAR: Regular rate and rhythm without rubs,
murmurs or gallops.

LUNGS: Clear to auscultation bilaterally.

ABDOMEN: Soft, nondistended; suprapubic, periumbilical and
right lower quadrant tenderness to palpation without rebound
or guarding (maximal point of tenderness over suprapubic
area). No CVAT.

RECTAL: Normal tone, brown stool, hemoccult negative.

GENITOURINARY: Circumcised, no penile discharge, testes de-
scended bilaterally, no testicular swelling or tenderness, no
hernias.

EXTREMITIES: No clubbing, cyanosis or edema.

NEUROLOGIC: Nonfocal.

A peripheral intravenous line was placed, and blood was
drawn and sent for laboratory testing. Laboratory tests re-
vealed a leukocyte count of 16 K/μL (normal 3.5–12.5 K/μL)
with 84% neutrophils (normal 50–70%); electrolytes, creati-
nine, glucose and urinalysis were within normal limits.

What is your diagnosis?
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ANSWER

The diagnosis is intra-abdominal abscess from perforated
appendicitis. The patient underwent a CT scan of the abdo-
men and pelvis with oral and intravenous contrast, which
demonstrated a 7 cm × 4 cm intra-abdominal abscess in the
right lower quadrant (Figure 29.1), resulting from a perfor-
ated appendix. The patient was admitted to the surgery ser-
vice, received intravenous ciprofloxacin and metronidazole,
and subsequently underwent percutaneous drainage of the
abscess by interventional radiology on hospital day #2. The
patient was discharged on hospital day #4 with instructions
to continue his oral antibiotics for two weeks. The patient
underwent successful interval appendectomy approximately
four months following percutaneous abscess drainage.

Appendicitis

Appendicitis occurs when a fecalith, fecal matter or lymph-
oid hyperplasia obstructs the appendix.1 Obstruction leads
to inflammation, rising intraluminal pressures, and ultimately
ischemia. Subsequently, the appendix enlarges and incites
inflammatory changes in the surrounding tissues, such as in the
pericecal fat and peritoneal cavity. If untreated, the inflamed
appendix may eventually perforate.1 Appendectomy is the
most common emergent operation in the world.2 More than
250,000 appendicitis-related admissions occur annually in the
United States, totaling nearly $3 billion in hospital charges.2

The current incidence of appendicitis is 86 per 100,000 patients
per year, with a lifetime risk of 6.7% for females and 8.6% for
males.1,2

The anatomic location of the appendix affects the clini-
cal presentation as well as the subsequent risk of developing
appendicitis. In a study of 10,000 autopsies, the appendix was
located behind the cecum in the retrocecal fossa in 65% of
cases, and in the pelvis in 31% of cases.3 This ratio is reversed
in patients who undergo an operation for appendicitis. A
retrocecal location of the appendix is less likely to become
obstructed due to the position of its lumen.3

Figure 29.1 CT of the pelvis from a 16-year-old male with suprapubic pain, demonstrating abscess in the right
lower quadrant (arrows) resulting from a perforated appendix.

Symptoms of appendicitis usually begin with abdominal
pain, often in the periumbilical area. Classically, the pain
migrates to McBurney’s point (two-thirds the distance from
the umbilicus along a straight line toward the anterior supe-
rior iliac spine of the pelvis), 6–18 hours from onset.4 The
pain steadily worsens until the appendix perforates if not diag-
nosed in a timely manner. At the time of perforation, localized
pain may decrease but the more generalized pain of periton-
itis predominates. Anorexia is the next most common symp-
tom after pain, occurring in about 95% of patients. Nausea
is seen in approximately 75% of cases, whereas vomiting is
seen in 60–70% of cases. Diarrhea, or more accurately tenes-
mus, may occur but is usually seen late in the clinical course
of appendicitis, when the sigmoid colon becomes irritated by
a severely inflamed or perforated appendix.4 About 75% of
patients have a low-grade fever, but a higher fever or the
absence of fever does not eliminate the diagnosis.5

The most common finding on physical examination is local-
ized abdominal tenderness, usually in the right lower quad-
rant. Pain may be noted over McBurney’s point; however,
because only 35% of patients have the base of their appendix
within 5 cm of this point, the pain of appendicitis can be local-
ized over other areas of the abdomen.3 Direct rebound tender-
ness is a response to the inflamed appendix and its proximity
to the peritoneal surface.2 This localized peritoneal irritation
may also be demonstrated by indirect referred tenderness in
the right lower quadrant elicited during left lower quadrant
palpation (i.e., Rovsing’s sign). Involuntary guarding refers
to muscle contraction in response to the inflamed parietal
peritoneum. This finding, along with rebound tenderness, are
independent predictors of appendicitis.6 A positive psoas sign
occurs when a patient experiences pain while on their left side
and an examiner slowly extends the right thigh. Pain occurs as
the iliopsoas is irritated by the inflamed appendix.2 The obtu-
rator sign may be elicited when an examiner internally rotates
the flexed right thigh while the patient is supine. This brings
the obturator internus muscle in contact with an irritated
pelvis, which produces hypogastric pain. The patient’s temp-
erature is a poor predictor of appendicitis; however, when
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high and accompanied by tachycardia a ruptured appendix
with intra-abdominal abscess should be suspected.2,7

About 80–90% of patients with acute appendicitis have
an elevated white blood cell (WBC) count above 10,000/mm3

(this percentage is slightly lower in elderly and very young
patients). Unfortunately, the WBC count is nonspecific and
often elevated with other etiologies of abdominal pain.3 The
sensitivity of C-reactive protein (CRP) varies from 40–99%,
depending on the study. A urinalysis is helpful in differentiat-
ing urinary tract disease from acute appendicitis; mild sterile
pyuria may be seen in patients with appendicitis due to irri-
tation of the ureter by the appendix. However, significant
pyuria (more than 20 WBC per high-power field) suggests
urinary tract pathology.3 All women of childbearing age with
abdominal pain should be tested for pregnancy, as a positive
test expands the differential diagnosis of right lower quadrant
pain.

In patients where the history, physical examination and
laboratory findings do not clearly suggest the diagnosis of
appendicitis, imaging studies are indicated. A plain film radio-
graph of the abdomen may reveal a fecalith; however, a
fecalith is present in only 10% of the cases of appendicitis.4

Graded compression ultrasonography has been prospectively
demonstrated to improve the clinical accuracy of the diagno-
sis of acute appendicitis.3 It may be particularly helpful in
women of childbearing age, in whom pelvic conditions can
mimic appendicitis. It is often advocated as the initial imaging
modality in children and pregnant patients to spare them radi-
ation exposure. The sensitivity and specificity of ultrasono-
graphy for acute appendicitis in most studies is 75–90% and
85–95%, respectively.3

Abdominal CT has become the most important imaging
study in the evaluation of patients with atypical presentations
of appendicitis.8 Studies have demonstrated a decreased neg-
ative laparotomy rate and appendiceal perforation rate when
pelvic CT was used in selected patients with suspected appen-
dicitis. Advantages of CT scanning include its superior sensi-
tivity and accuracy compared to other imaging techniques,
availability, lack of invasiveness and potential to reveal alter-
native diagnoses. Disadvantages include radiation exposure,
potential for anaphylactic reaction if intravenous contrast is
used, lengthy acquisition time if oral contrast is used and
patient discomfort if rectal contrast is used.8

Appendiceal rupture puts patients at risk for serious seque-
lae, including peritonitis, sepsis and even death. It remains a
persistent problem. Increased time between symptom onset
and surgical treatment may be a risk factor for ruptured
appendicitis. Bickell et al. demonstrated that the risk of rup-
ture after 36 hours of untreated symptoms is approximately
5%, which increases by 5% for each ensuing 12-hour period
after 36 hours.9 They concluded that physicians should be
cautious about delaying surgery beyond 36 hours from symp-
tom onset in patients with appendicitis.9 The perforation rate
in cases of appendicitis has varied from 10–85% depending
upon age, gender and whether or not the institution where the
patient is evaluated is located in the inner city.4 In most major
hospital centers, the incidence of perforation in the general

pediatric population ranges from 20–40%.4 These patients
often present dehydrated and toxic-appearing, with obvious
physical signs of peritonitis; they should immediately be fluid
resuscitated and treated with antibiotics before taken to the
operating room.

There is a small subgroup of patients with appendiceal
perforations in whom the diagnosis is missed or who do not
present for medical evaluation until late in the course of their
illness. Many of these patients may have been ill for 7–10
days; CT often reveals a walled-off abscess or phlegmon in
the right lower quadrant.4 These patients can often be treated
medically and have their abscesses drained percutaneously by
an interventional radiologist. After stabilization and recov-
ery, patients who have undergone successful percutaneous
drainage are discharged home. These patients should be fol-
lowed closely, complete a course of antibiotics and be sched-
uled to return for interval appendectomy.2

KEY TEACHING POINTS

1. The current incidence of appendicitis is 86 per 100,000
patients per year, with a lifetime risk of 6.7% for females
and 8.6% for males.

2. Classic signs and symptoms of acute appendicitis include
periumbilical pain migrating to the right lower quadrant,
anorexia, nausea, vomiting and fever.

3. The most common finding on physical examination is local-
ized abdominal tenderness, usually in the right lower quad-
rant; additional findings may include rebound tenderness,
as well as the presence of a Rovsing’s, obturator or psoas
signs.

4. In patients where the history, physical examination and
laboratory findings are not consistent with the diagnosis
of appendicitis, imaging studies (abdominal CT or ultra-
sound) are indicated.

5. A small subgroup of patients with appendiceal rupture may
present late in the disease process, and may have a walled-
off phlegmon or abscess.
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Left upper quadrant abdominal pain in an 18-year-old male

HISTORY OF PRESENT ILLNESS

An 18-year-old male presented to the ED with a one-day his-
tory of severe left upper quadrant abdominal pain. The pain
came on suddenly while sitting and was described as sharp,
constant and radiating to the back. The pain worsened on
inspiration, and was rated at a level of 8 (on a scale of 0 to
10). He denied nausea or vomiting, fevers, diarrhea, consti-
pation or dysuria, as well as recent trauma. Six weeks prior
to these current symptoms, the patient developed fevers, a
sore throat, generalized malaise and mild, diffuse abdominal
pain. These symptoms gradually resolved with rest, fluids and
acetaminophen. A throat swab for group A strep at that time
was negative.

PHYSICAL EXAMINATION

GENERAL APPEARANCE: The patient appeared well nourished,
well hydrated and in no acute discomfort.

VITAL SIGNS

Temperature 98◦F (36.6◦C)
Pulse 90 beats/minute
Blood pressure 117/78 mmHg
Respirations 20 breaths/minute
Oxygen saturation 100% on room air

HEENT: PERRL, EOMI, sclera anicteric, oropharynx pink and
moist without exudates.

NECK: Supple, no jugular venous distension.

CARDIOVASCULAR: Regular rate and rhythm without rubs,
murmurs or gallops.

LUNGS: Clear to auscultation bilaterally.

ABDOMEN: Soft, nondistended, active bowel sounds present.
Palpable spleen with left upper quadrant tenderness to deep
palpation; no rebound or guarding noted.

Figure 30.1 CT of the abdomen with IV contrast from an 18-year-old
male with left upper quadrant abdominal pain.

EXTREMITIES: No clubbing, cyanosis or edema.

SKIN: No rashes.

A peripheral intravenous line was placed, morphine sulfate
IV was administered for pain, and blood was drawn and sent
for laboratory testing. Laboratory tests, including a complete
blood count, creatinine, PT, aPTT and INR, were within nor-
mal limits. A CT scan of the abdomen with intravenous con-
trast was obtained (Figure 30.1).

What is your diagnosis?
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ANSWER

The diagnosis is a grade I spontaneous splenic laceration
secondary to infectious mononucleosis. The CT scan demon-
strated some irregular, band-shaped areas of nonenhancing
splenic parenchyma at the posterior and lateral aspects of
the spleen, compatible with splenic laceration (arrow, Fig-
ure 30.2). During the patient’s initial illness eight weeks prior,
his laboratory results demonstrated a complete blood count
with 16% atypical lymphocytes and a positive monospot test.
Following the diagnosis of grade I splenic laceration, the
patient was admitted to the surgical service for close observa-
tion and nonoperative management (serial examinations and
hematocrit testing). The patient’s hematocrit and vital signs
remained stable, his pain improved and he was discharged on
hospital day #3 with instructions to avoid strenuous physical
activity and contact sports for a minimum of three weeks.

Infectious mononucleosis and splenic injury

Infectious mononucleosis (IM), a common entity caused by
the Epstein-Barr virus (EBV), is a self-limiting viral illness
most common in children and young adults. It is character-
ized by a triad of fever, pharyngitis and lymphadenopathy
associated with atypical lymphocytes and heterophil antibod-
ies, as well as myalgias and reversible splenomegaly.1,2 More
than 90% of adults eventually acquire EBV, establishing a
latent infection of B-lymphocytes, thereby acquiring a life-
long infection typical of members of the herpes virus family.3

EBV is probably acquired during childhood by salivary con-
tact as a consequence of intermittent, asymptomatic shed-
ding of the virus into oropharyngeal secretions among family
members. The individual immune response to EBV is highly
variable, and likely determines its severity or whether EBV
causes symptomatic disease.4 This depends on the prolifer-
ation and activation of T cells in response to infection. For
reasons that remain unexplained, infection acquired during
childhood is usually asymptomatic or yields nonspecific symp-
toms. In developed societies, primary EBV infection is shifted
to later ages, in which 50–74% of individuals develop symp-
toms consistent with IM.3 The risk of developing symptomatic
infection drops 100-fold by age 35 or older.5

Serious complications of IM usually come after the illness.
The rare deaths that occur are mostly attributed to neurologic
sequelae and splenic rupture.3 EBV infection results in the
proliferation of mononuclear cells, which collect in the reser-
voirs of lymphoid tissue, including the spleen. As a result, the
spleen becomes congested and enlarged, causing thinning of
the splenic capsule; splenomegaly occurs in 50% of patients
with IM.2 Although relatively rare, complaints of significant
left upper quadrant abdominal pain in IM should invoke con-
sideration of spontaneous splenic laceration or rupture, which
occurs in 0.1–0.5% of patients.3,6 Presence of severe left shoul-
der pain, known as Kehr’s sign, indicates splenic injury with
blood irritating diaphragmatic nerves.3

Figure 30.2 Grade I splenic laceration (arrow) in an 18-year-old male
with spontaneous onset of sharp, left upper quadrant abdominal
pain.

Patients with spontaneous splenic laceration or rupture
secondary to IM often present with acute onset of severe
abdominal pain that may be diffuse or localized to the left side.
Splenomegaly alone (without splenic rupture) rarely causes
pain.2 Abdominal symptoms of spontaneous splenic lacera-
tion or rupture secondary to IM may be accompanied by pal-
lor, tachycardia, hypotension, oliguria, orthostasis and syn-
cope. Abnormal laboratory studies include low hematocrit
and leukocytosis with or without the presence of atypical
lymphocytes. Up to 90% of patients may also have abnormally
elevated liver function studies.2 Ultrasound is an effective
bedside tool for visualizing the spleen and any free fluid in the
abdomen. CT scan is confirmatory and allows for grading the
severity of splenic damage. Splenomegaly, splenic lacerations,
subcapsular hematomas and hemoperitoneum are readily vi-
sualized with contrast-enhanced CT.2 The presence of acute
bleeding may also be seen in some instances.

There is debate over surgical versus conservative treat-
ment for splenic lacerations/rupture in IM.1–3 Patients who are
hemodynamically compromised warrant early surgical inter-
vention with total splenectomy. More recent recommenda-
tions state that splenic laceration/rupture may be managed
conservatively if bleeding is not profuse (defined by some as
requiring less than two units of transfused blood).3 Nonoper-
ative percutaneous drainage may be an alternative to laparo-
tomy in some cases. Spleen preservation will avoid the poten-
tial for long-term complications of asplenia, including the risk
of severe sepsis due to encapsulated bacteria.2,3 Finally, an
enlarged spleen in IM may remain susceptible to delayed
rupture for several weeks, although the exact period is
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unknown. Therefore, a patient considered for conservative
treatment should be advised to avoid physical activities for
a considerable time, at least until the spleen has returned to
normal size (e.g., four to six weeks).2

KEY TEACHING POINTS

1. Spontaneous splenic laceration/rupture is a rare but serious
sequelae of infectious mononucleosis (IM), affecting less
than 1% of patients.

2. Symptoms and signs of spontaneous splenic laceration/
rupture may include diffuse or left upper quadrant abdom-
inal pain, left shoulder pain, pallor, tachycardia, hypo-
tension, orthostasis and syncope.

3. Laboratory abnormalities seen with spontaneous splenic
rupture associated with IM may include leukocytosis, pres-
ence of atypical lymphocytes, low hematocrit and abnor-
mal liver function tests.

4. Bedside ultrasound is useful in identifying free fluid in
the abdomen associated with spontaneous splenic rupture.
Abdominal CT scan is confirmatory and useful in grading
the severity of splenic damage in hemodynamically stable
patients.

5. Patients with splenic injury secondary to IM should be ad-
mitted to the surgical service for either conservative man-
agement or splenectomy based on hemodynamic stability,
type and grade of injury, and numerous other factors.
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Abdominal pain and vomiting in a 29-year-old female

HISTORY OF PRESENT ILLNESS

A 29-year-old female presented to the ED with several days
of mild, diffuse abdominal pain, nausea and vomiting. Eight
days prior to presentation she had undergone a lower abdo-
minal cesarean section. The patient denied diarrhea or consti-
pation, dysuria, fevers, chills, chest pain or shortness of breath.
She described her pain as crampy and constant, rated at a
level of 4 (on a scale of 0 to 10), which was not relieved with
acetaminophen. On examination she was afebrile, with nor-
mal pulse and blood pressure. She appeared to be in no acute
distress. Abdominal examination revealed a soft, slightly dis-
tended abdomen with mild, diffuse tenderness to palpation
without associated rebound or guarding. Her incision was
healing well without associated erythema or discharge. A
peripheral intravenous line was placed, blood was drawn
and sent for laboratory testing, and intravenous fluids were
administered along with an antiemetic. An abdominal radio-
graph (kidney, ureter, and bladder, or KUB) was obtained
(Figure 31.1).

The radiograph demonstrated a nonspecific bowel gas pat-
tern without the presence of free air or air-fluid levels. Lab-
oratory tests, including a complete blood count, electrolytes,
creatinine, glucose, liver function tests, amylase and urin-
alysis, were normal. The patient’s symptoms improved after
IV hydration and antiemetics. She was discharged home with
precautions to return for worsening symptoms.

Three days later, the patient returned to the ED complain-
ing of persistent nausea, vomiting and worsening abdominal
pain. She denied fevers or diarrhea but reported no flatus for
the past 24 hours.

PHYSICAL EXAMINATION

GENERAL APPEARANCE: The patient appeared well nourished,
slightly dehydrated and in mild discomfort.

VITAL SIGNS

Temperature 98.6◦F (37◦C)
Pulse 90 beats/minute
Blood pressure 130/90 mmHg
Respirations 18 breaths/minute
Oxygen saturation 98% on room air

HEENT: Unremarkable.

NECK: Supple.

CARDIOVASCULAR: Regular rate and rhythm without rubs,
murmurs or gallops.

LUNGS: Clear to auscultation bilaterally.

ABDOMEN: Soft, mildly distended, with diffuse tenderness to
palpation without associated rebound or guarding. Bowel
sounds were absent. The surgical incision was healing well
without erythema or discharge.

RECTAL: Normal tone, paucity of stool, hemoccult negative.

EXTREMITIES: No clubbing, cyanosis or edema.

NEUROLOGIC: Nonfocal.

Laboratory tests on this repeat visit revealed a leukocyte
count of 13.1 K/μL (normal 3.5–12.5 K/μL) with 77% neutro-
phils (normal 50–70%) and a creatinine of 1.7 mg/dL
(increased from 0.8 mg/dL on the previous visit). Intravenous
fluids and antiemetics were administered, and a CT scan of the
abdomen and pelvis with oral and intravenous contrast was
obtained (Figure 31.2).

What is your diagnosis?

131



Figure 31.1 Abdominal radiograph (KUB) from a 29-year-old female
with abdominal pain, nausea and vomiting following a cesarean
section.
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C

Figure 31.2 CT of the abdomen and pelvis in a 29-year-old female with several days of nausea, vomiting and
abdominal pain (panels A–D from superior to inferior transverse images).
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ANSWER

The diagnosis is malrotation of the midgut. The CT scan
revealed moderate dilatation of the proximal duodenum, a
distended stomach, and mesenteric swirling in the right upper
abdomen (arrows, Figure 31.3). These findings were signifi-
cant for a partial obstruction secondary to an internal hernia
or mesenteric volvulus. The patient was taken to the oper-
ating room and underwent an exploratory laparotomy with
a Ladd’s procedure (division of Ladd’s band with appen-
dectomy). Intraoperative findings included a significant band
from the cecum and right colon crossing over the malrotated
duodenum, which was divided; the duodenum was freed with-
out evidence of volvulus. The bowel was healthy without evi-
dence of ischemia. The patient was discharged home on post-
operative day #3 with an uneventful recovery.

Malrotation of the midgut

Malrotation of the midgut is a term used to describe abnormal
rotation of the fetal intestines around the axis of the superior
mesenteric artery.1 These congenital anomalies include non-
rotation, incomplete rotation, reversed rotation, and fixation
abnormalities of the mesentery.1,2 Rotational anomalies may
become symptomatic at any age, including late in adult life.
However, 80% of patients who become symptomatic do so in
the first month of life.2 The true incidence of malrotation is
unknown. Estimates in the literature range from 1 in 200 to 1
in 6000 live births.3 Autopsy studies suggest that some form
of malrotation may exist in 0.5–1% of the population.2,3 The
most feared complication associated with anomalies of intesti-
nal rotation is ischemic necrosis of the intestines with midgut
volvulus.2

Not all patients with malrotation present with symptoms.4

Many live without any complaints, with the anomaly discov-
ered incidentally at autopsy. Some may present with chronic
and unexplained abdominal discomfort, and even fewer may

Figure 31.3 CT of the abdomen and pelvis in a 29-year-old female with midgut volvulus, demonstrating dis-
tended stomach with mesenteric swirling in the right upper abdomen (mesenteric swirling, arrows).

report acute episodes of agonizing abdominal pain.4 Symp-
toms may arise from acute or chronic intestinal obstruction
caused by the presence of abnormal peritoneal bands (e.g.,
Ladd’s bands) or a volvulus. The presence of Ladd’s bands
in patients with anomalies of intestinal rotation can lead to
vomiting due to compression of the duodenum by these peri-
toneal bands between the abnormally positioned cecum and
the right retroperitoneum.2 Patients with Ladd’s bands and
anomalies of intestinal rotation frequently present with a his-
tory of chronic vomiting (often bilious) associated with failure
to gain weight.2

The diagnosis of rotational anomaly can be identified from
radiographic studies. In the absence of volvulus, a plain radio-
graph of the abdomen is of little diagnostic value.4 The absent
cecal gas shadow or the localization of small intestinal loops
predominantly on the right side should arouse suspicion of
malrotation.4 The accuracy of the upper gastrointestinal series
(UGI) is reported to be over 80%.5 The finding on UGI
of a right-sided duodenojejunal junction or proximal jejunal
loops is highly suggestive of malrotation.5 CT scan of the
abdomen is the radiographic test of choice for diagnosing
malrotation. Malrotation can be diagnosed on CT by the
anatomic location of a right-sided small bowel, a left-sided
colon, an abnormal relationship of the superior mesenteric
vessels, and aplasia of the pancreatic uncinate process.4 Ultra-
sonography can be used to diagnose malrotation with midgut
volvulus by detecting the superior mesenteric vein (SMV)
rotated around the superior mesenteric artery (SMA). This
sonographic sign, known as the whirlpool sign, corresponds to
a clockwise wrapping of the SMV and mesentery around the
SMA.6 The appearance of this characteristic sign can facili-
tate the preoperative diagnosis of midgut volvulus and mal-
rotation. The disadvantage of ultrasonography is that it is
operator-dependent.6

The classic treatment for incomplete intestinal rotation
is the Ladd’s procedure, which involves immobilization of
the right colon, division of Ladd’s bands and mobilization
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of the duodenum, division of adhesions around the SMA to
broaden the mesenteric base, and appendectomy.4 Gener-
ally, symptomatic patients with malrotation require surgical
intervention. Treatment for patients discovered to have mal-
rotation (e.g., incidental radiologic finding) who are asympto-
matic is more controversial, although some surgeons recom-
mend that all patients with malrotation receive laparotomy.4

Intestinal rotation abnormalities without the presence of
volvulus have been successfully managed using laparoscopic
surgical techniques.7

KEY TEACHING POINTS

1. Midgut malrotation, an anomaly of fetal intestinal rotation
usually presenting in the first month of life, may present in
adulthood.

2. Symptomatic patients present either acutely, with symp-
toms of bowel obstruction and intestinal ischemia from
midgut or cecal volvulus, or more chronically, with vague
abdominal pain with or without vomiting.

3. Patients with compression of the duodenum by Ladd’s
bands may present with bilious emesis and abdominal pain,
even in the absence of midgut volvulus.

4. Radiographic diagnosis of midgut malrotation can be made
by upper gastrointestinal series (UGI), CT scan of the

abdomen or ultrasonography. CT scan of the abdomen is
the radiographic test of choice.

5. The classic treatment for incomplete intestinal rotation is
the Ladd’s procedure, which involves immobilization of the
right colon, division of Ladd’s bands and mobilization of
the duodenum, division of adhesions around the SMA, and
appendectomy.
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Right lower quadrant abdominal pain and fever in a 36-year-old male

HISTORY OF PRESENT ILLNESS

A 36-year-old male with a medical history significant for poly-
cystic kidney disease and a known right inguinal hernia pre-
sented to the ED complaining of one day of fever and right
lower quadrant abdominal pain. The patient described the
pain as cramping and constant, with radiation to the right groin.
He reported nausea without vomiting, and denied diarrhea,
constipation, dysuria, hematuria or anorexia. He reported that
his right inguinal hernia had been present for many years
with swelling into the right scrotum, which was unchanged. He
denied any redness to the skin overlying the hernia.

PHYSICAL EXAMINATION

GENERAL APPEARANCE: The patient appeared well hydrated
and well developed but in moderate discomfort.

VITAL SIGNS

Temperature 100.9◦F (38.3◦C)
Pulse 87 beats per minute
Blood pressure 148/100 mmHg
Respirations 18 breaths per minute
Oxygen saturation 98% on room air

HEENT: Unremarkable.

NECK: Supple.

CARDIOVASCULAR: Regular rate and rhythm without rubs,
murmurs or gallops.

LUNGS: Clear to auscultation bilaterally.

ABDOMEN: Soft, nondistended, active bowel sounds present.
Tenderness noted in the right lower quadrant and suprapubic
regions, with voluntary guarding but no rebound tenderness.
No masses present.

GENITOURINARY: A large hernia sac was present in the right
scrotum; the area was mildly tender but easily reducible.
There was neither erythema nor increased warmth over the
sac.

EXTREMITIES: No clubbing, cyanosis or edema.

NEUROLOGIC: Nonfocal.

A peripheral intravenous line was placed, blood was drawn
and sent for laboratory testing, and morphine sulfate and
Zofran R© were administered IV for pain and nausea, respec-
tively. A 1-liter bolus of normal saline was also given. Labora-
tory tests were significant for a leukocyte count of 11.8 K/μL
(normal 3.5–12.5 K/μL) with 82% neutrophils (normal 50–
70%); the electrolytes, creatinine glucose, liver function tests
and urinalysis were all within normal limits. A CT scan of the
abdomen and pelvis with intravenous and oral contrast was
obtained (Figure 32.1).

The CT scan interpreted by the radiologist demonstrated a
normal appendix and presence of a right inguinal hernia with
small bowel extending within it, without evidence of strangu-
lation or localized inflammation. Because the patient was still
having discomfort despite pain medication, a surgical consul-
tation was obtained in the ED. The hernia was noted to be
reducible and no acute surgical issue was determined to be
present. The patient was therefore discharged from the ED
with a prescription for hydrocodone and an outpatient surgery
clinic referral to evaluate for elective right inguinal hernior-
rhaphy.

Approximately 36 hours after discharge, the patient re-
turned to the ED complaining of worsening lower abdomi-
nal pain not controlled with hydrocodone. The patient was
afebrile with normal vital signs and appeared in moderate dis-
tress. Abdominal examination demonstrated bilateral lower
abdominal tenderness, right greater than left, with guarding
and rebound tenderness. Laboratory tests were essentially un-
changed from his prior visit. A second CT scan of the abdo-
men and pelvis with intravenous and oral contrast was ob-
tained (Figure 32.2).

What is your diagnosis?
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BA

Figure 32.1 CT of the abdomen and pelvis from a 36-year-old male with one day of right lower quadrant
abdominal pain, demonstrating a normal air-filled appendix (arrow, panel A) and a large right inguinal hernia
sac (arrow, panel B).

BA

Figure 32.2 Repeat CT of the abdomen and pelvis from a 36-year-old male with two days of right lower
quadrant abdominal pain.



Right lower quadrant abdominal pain and fever in a 36-year-old male 137

ANSWER

The diagnosis is perforated Meckel’s diverticulitis. The repeat
CT scan demonstrated bowel wall thickening in the right lower
quadrant, with one segment of bowel wall appearing to rep-
resent the appendix. Stranding and infiltration of adjacent
fat was noted, along with the presence of small amounts of
pneumoperitoneum (Figure 32.3). The bowel loops within the
hernia did not show inflammation or thickening. The find-
ings were suspicious for ruptured appendicitis. Intravenous
antibiotics were given and the patient was taken to the OR.
A laparotomy was performed; upon surgical exploration of
the right lower quadrant, a Meckel’s diverticulum that had
perforated into the small bowel mesentery was discovered.
Although the appendix itself appeared normal, periappen-
diceal changes were noted. A small bowel resection to remove
the perforated Meckel’s diverticulum was performed, as well
as an appendectomy. The patient’s recovery was uneventful.

Meckel’s diverticulum

Meckel’s diverticulum is the most common congenital
anomaly of the GI tract (1–3% of the population), result-
ing from failure of the omphalomesenteric duct to become
obliterated.1 As a congenital variant, Meckel’s diverticula are
often found in children and are much less common in the adult
population. Anatomically, this structure is located within
75 cm of the ileocecal valve in 75% of cases.2 The vascular
supply to a Meckel’s diverticulum is a vestige of the vitelline
artery and arises directly from the mesentery. There is ectopic
gastric and pancreatic mucosa found in a Meckel’s diverticu-
lum in 95% of resected specimens for gastrointestinal bleed-
ing and in 30–65% of asymptomatic patients.2 A commonly
quoted “rule of 2s” applies to Meckel’s diverticula: 2% of the
population have the anomaly, it is approximately 2 inches in
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Figure 32.3 Repeat CT of the abdomen and pelvis from a 36-year-old male with right lower quadrant abdo-
minal pain, demonstrating small areas of pneumoperitoneum (arrow, panel A) and appendix with stranding
and infiltration of adjacent fat (arrow, panel B).

length, it is usually found within 2 feet of the ileocecal valve,
it is often found in children under 2 years of age, and it affects
males twice as often as females.3

A person with Meckel’s diverticulum has a 4–6% lifetime
risk of developing a complication.4 The major complications
are hemorrhage, obstruction, intussusception, diverticulitis
and perforation. Bleeding is the most common complication
occurring in childhood, whereas most adults present with ob-
struction, diverticulitis or both.4 Although rare, Meckel’s
diverticulum can be part of a hernia’s contents.

Various imaging techniques have been used to diagnose
Meckel’s diverticulum. Plain films are of limited value; how-
ever, they may show enteroliths, bowel obstruction, or the
presence of gas or a gas-fluid level in the diverticulum.5

Meckel’s diverticulum is not often seen on routine barium
studies because of its small ostium, it is often filled with intesti-
nal contents, and peristalsis results in rapid emptying. Meti-
culous examination with enteroclysis has been reported to
be more sensitive.5 Although of limited value, sonography
has been used for the investigation of Meckel’s diverticulum.6

High-resolution sonography usually shows a fluid-filled struc-
ture in the right lower quadrant having the appearance of a
blind-ending, thick-walled loop of bowel, with the typical gut
signature and a clear connection to a peristaltic, normal small
bowel loop.

On CT, Meckel’s diverticulum is difficult to distinguish
from normal small bowel in uncomplicated cases.5 However, a
blind-ending fluid- or gas-filled structure in continuity with the
small bowel may be seen. CT may also show enteroliths, intus-
susception, diverticulitis or small bowel obstruction. CT ente-
roclysis (CTE) combines the advantages of CT and barium
enteroclysis, and has resulted in better visualization of the
small bowel and higher sensitivity in the diagnosis of Meckel’s
diverticulum.7 CTE combines the improved spatial and tem-
poral resolution of multidetector CT with large volumes of
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ingested neutral enteric contrast material to permit visualiza-
tion of the small bowel wall.7 The potential drawbacks to using
CTE in the ED include requiring placement of a nasogas-
tric tube for enteral contrast infusion as well as fluoroscopy
to determine the placement of the nasogastric tube prior to
contrast infusion and CT.

Scintigraphy with 99mTc-Na-pertechnetate has only minor
diagnostic value and a limited sensitivity (60%) in diagnosing
Meckel’s diverticulum.5 However, it aids in the diagnosis of
diverticula with ectopic gastric mucosa. Pertechnetate is taken
up by mucin-secreting cells of the gastric mucosa and ectopic
gastric tissue. Higher sensitivity in pediatric (85–90%) than
adult (60%) patients occurs, possibly due to earlier symptoms
(such as hemorrhage) in patients with ectopic gastric mucosa.5

Meckel’s diverticulitis may mimic appendicitis. The correct
diagnosis is usually established at laparotomy or laparoscopy.
No clinical features are pathognomonic, and the diagnosis is
rarely made preoperatively.8 Routine laboratory studies, such
as leukocyte and erythrocyte counts, serum electrolytes, blood
glucose, serum creatinine and coagulation screen, are help-
ful. CT and ultrasonography have been used for the diagno-
sis of Meckel’s diverticulitis; despite the availability of these
modern imaging techniques, the diagnosis remains challeng-
ing. Rangarajan et al. described a case similar to this in which
the clinical diagnosis was appendicular perforation, whereas
laparoscopy revealed a perforated Meckel’s diverticulum.8

Meckel’s diverticulitis should be kept in mind in the differ-
ential diagnosis of an acute abdomen.

KEY TEACHING POINTS

1. Meckel’s diverticulum, the most common congenital ano-
maly of the GI tract, is best described by the “rule of 2s.”

2. A person with Meckel’s diverticulum has a 4–6% life-
time risk of developing a complication such as hemor-

rhage, obstruction, intussusception, diverticulitis or perfor-
ation.

3. CT enteroclysis (CTE) combines the advantages of CT
and barium enteroclysis, resulting in better visualization of
the small bowel and higher sensitivity in the diagnosis of
Meckel’s diverticulum.

4. Meckel’s diverticulitis may mimic appendicitis; the correct
diagnosis is usually established at laparotomy or laparo-
scopy.

5. Complications from a Meckel’s diverticulum should be
considered as one of the differential diagnoses of an acute
abdomen in patients of any age.
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Abdominal pain and diarrhea in a 64-year-old female

HISTORY OF PRESENT ILLNESS

A 64-year-old female with a remote surgical history significant
for a total abdominal hysterectomy presented to the ED com-
plaining of four days of diffuse abdominal pain and multiple
episodes of watery diarrhea. She described her pain initially as
intermittent and crampy, becoming constant on the day of pre-
sentation. She rated the pain at a level of 7 (on a scale of 0 to
10). She denied fevers or chills but reported significant nausea
without vomiting. She also reported at least 10 episodes of
nonbloody diarrhea per day beginning four days ago. Her
diarrhea stopped on the day of presentation, and she was not
passing gas.

PHYSICAL EXAMINATION

GENERAL APPEARANCE: The patient appeared well nourished,
somewhat dehydrated and in moderate discomfort.

VITAL SIGNS

Temperature 97.8◦F (36.5◦C)
Pulse 95 beats/minute
Blood pressure 165/90 mmHg
Respirations 20 breaths/minute
Oxygen saturation 98% on room air

HEENT: Unremarkable.

NECK: Supple, no jugular venous distension.

BA

Figure 33.1 Supine (panel A) and upright (panel B) abdominal radiographs from a 64-year-old female with
four days of diffuse abdominal pain and diarrhea.

CARDIOVASCULAR: Regular rate and rhythm without rubs,
murmurs or gallops.

LUNGS: Clear to auscultation bilaterally.

ABDOMEN: A low, horizontal scar was noted; the abdomen
was moderately distended with hypoactive bowel sounds. Pal-
pation demonstrated diffuse tenderness with both rebound
and guarding.

RECTAL: Normal tone, brown stool, hemoccult negative.

EXTREMITIES: No clubbing, cyanosis or edema.

NEUROLOGIC: Nonfocal.

A peripheral intravenous line was placed, blood was drawn
and sent for laboratory testing, and the patient was given
morphine sulfate and Phenergan R© IV for pain and nausea,
respectively. She also received a 500 mL normal saline IV fluid
bolus. Laboratory tests revealed a leukocyte count of 8.3 K/μL
(normal 3.5–12.5 K/μL) with 83% neutrophils (normal 50–
70%), hematocrit of 47% (normal 34–46%), BUN of 24 mg/
dL (normal 7–17 mg/dL) and creatinine of 1.2 mg/dL (normal
<1.3 mg/dL). An abdominal radiograph series was obtained
(Figure 33.1).

What is your diagnosis?
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ANSWER

The diagnosis is bowel obstruction with perforated viscus sec-
ondary to cecal volvulus. The abdominal radiograph series
demonstrates multiple dilated small bowel loops in the mid-
to-upper abdomen, as well as a dilated large bowel loop in the
left upper abdomen (upright view, panel B, Figure 33.1). No
free air was identified on the plain films. A CT of the abdomen
and pelvis with oral and intravenous contrast (Figure 33.2)
revealed the presence of a markedly dilated cecum positioned
in the left upper abdomen, associated dilatation of the small
bowel to 3 cm, several foci of free air, and a swirling pattern in
the mesentery. These findings were consistent with a perfo-
rated cecal volvulus. The patient was taken to the OR and
upon laparotomy, a massively distended cecum was identified
as well as tears in the bowel wall taenia, with a small perfo-
ration site. No adhesions from her previous hysterectomy
were identified. The patient underwent a right hemicolectomy
with side-to-side anastomosis between the ileum and the distal
ascending colon. Her recovery was uneventful.

Cecal volvulus

Cecal volvulus is an axial twist of the cecum, ascending colon
and terminal ileum around a mesenteric pedicle.1 Cecal volvu-
lus is relatively uncommon, with an incidence of 2.8–7.1 per
1 million people per year. It accounts for approximately 1%
of acute intestinal obstruction in British, Western European
and American series.1 It also causes proximal colonic obstruc-
tion and secondary small bowel dilatation. Recognition of the
distended cecum on imaging studies is the key to differentiat-
ing volvulus from an isolated small bowel obstruction.2

Patients with cecal volvulus are usually in the sixth decade
of life; many have underlying congenital or acquired abnor-
malities that lead to increased cecal mobility.3 Cecal volvu-
lus typically presents with acute onset of pain, nausea and
vomiting.4 On abdominal plain films, cecal volvulus usually
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Figure 33.2 CT of the abdomen and pelvis from a 64-year-old female with cecal volvulus, demonstrating a
massively distended cecum (dark arrow, panel A) with several small foci of free air (white arrows, panel A),
as well as dilated loops of small bowel and a swirling pattern of the mesentery (panel B).

shows a dilated loop of bowel with a “coffee bean” appear-
ance in the left upper quadrant, although this characteristic
finding is not always seen on plain radiographs.4,5

CT reveals the presence and location of the volvulus and
has the added benefit of allowing early identification of poten-
tially fatal complications, such as ischemia or perforation.6

A CT sign specific for volvulus is the “whirl,” which has
been described as volvulus of the midgut, cecum and sigmoid
colon.6 The “whirl” is composed of spiral loops of collapsed
cecum and sigmoid colon. Low-attenuating fatty mesentery
with enhancing engorged vessels radiate from the twisted
bowel. In the central eye of the “whirl,” a soft-tissue density
pinpoints the source of the twist. The degree of cecal rotation
can even be predicted by the “whirl’s” tightness.6

Emergency management of patients with cecal volvulus
includes pain control, aggressive intravenous hydration with
normal saline, nasogastric suctioning and prompt surgical con-
sultation. The rates of reduction in cecal volvulus achieved
through colonoscopy are much lower than those achieved in
sigmoid volvulus. Furthermore, in patients with cecal volvulus
the recurrence rate exceeds 50%.6 Although successful reduc-
tion by barium enema has been reported, high rates of per-
foration may occur; therefore, the standard of care for treat-
ment of cecal volvulus is almost always operative, with either
cecopexy or right-sided hemicolectomy.5

KEY TEACHING POINTS

1. Cecal volvulus involves an axial twist of the cecum, ascend-
ing colon and terminal ileum around a mesenteric pedicle,
leading to large bowel obstruction.

2. Cecal volvulus usually occurs in the sixth decade of life
and typically presents with acute onset of abdominal pain,
nausea and vomiting.

3. In cases of cecal volvulus, plain abdominal radiographs
may show the characteristic “coffee bean” appearance of
the dilated large bowel.
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4. Management of patients with cecal volvulus should include
pain control, intravenous hydration, nasogastric suctioning
and prompt surgical consultation.

5. Definitive treatment of cecal volvulus is predominantly sur-
gical, with either cecopexy or right-sided hemicolectomy;
attempts at reduction by colonoscopy or contrast enemas
lead to low success rates and the potential for perforation.
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Rectal and abdominal pain in a 70-year-old male

HISTORY OF PRESENT ILLNESS

A 70-year-old male with a history of anemia presented to the
ED complaining of several hours of lower abdominal and rec-
tal pain. The pain started suddenly, was described as severe
and localized to the lower abdomen, and was associated with
nausea. The patient could not have a bowel movement since
the onset of the pain. He denied previous abdominal surgeries,
associated urinary symptoms, fevers or chills.

PHYSICAL EXAMINATION

GENERAL APPEARANCE: The patient appeared in acute pain,
unable to find a comfortable position on the gurney.

VITAL SIGNS

Temperature 98.8◦F (37.1◦C)
Pulse 79 beats/minute
Blood pressure 137/81 mmHg
Respirations 22 breaths/minute
Oxygen saturation 100% on room air

HEENT: Unremarkable.

NECK: Unremarkable.

CARDIOVASCULAR: Regular rate and rhythm without rubs,
murmurs or gallops.

LUNGS: Clear to auscultation bilaterally.

ABDOMEN: Distended, hypoactive bowel sounds, presence of
a firm and tender mass in the peri- and infraumbilical region;
no rebound or guarding noted.

RECTAL: Normal rectal tone, presence of a firm mass without
blood.

A peripheral intravenous line was placed, blood was drawn
and sent for laboratory testing, and morphine sulfate was

Figure 34.1 Abdominal radiograph from a 70-year-old male with
sudden onset of abdominal and rectal pain.

administered intravenously for pain. Laboratory results re-
vealed a leukocyte count of 12.2 K/μL (normal 3.5–12.5 K/μL)
with 86% neutrophils (normal 50–70%), hematocrit of 32%
(normal 39–51%), with the remainder of the laboratory tests
(electrolytes, BUN, creatinine and glucose) within normal
limits. An abdominal radiograph was obtained (Figure 34.1).

What is your diagnosis?
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ANSWER

The diagnosis is rectal foreign body. The abdominal radio-
graph demonstrates an opacity that has the appearance of a
bottle projecting over the pelvis, measuring 20 cm in length by
7 cm in diameter. These findings are compatible with a bottle
within the patient’s rectum. An upright chest radiograph
did not demonstrate free air under the diaphragm. Manual
attempts to remove the foreign body in the ED were un-
successful. The patient was admitted to the surgical service,
and the bottle was manually removed in the OR under gen-
eral anesthesia. The patient had an uneventful recovery.

Rectal foreign bodies

Colorectal foreign body insertion is most commonly per-
formed for sexual stimulation (60–78%) but has also been
associated with sexual assault (10–40%).1 Objects placed as
a result of assault, trauma or eroticism include sex toys, tools
and instruments, bottles, cans and jars, poles, pipes and tub-
ing, fruits and vegetables, stones, balls, balloons, umbrellas,
light bulbs and flashlights.2 Up to 20% of cases of traumatic
rectal injury seen in the ED result from rectal foreign body
insertion.1 Patients presenting with a rectal foreign body are
predominately male, usually in their fourth or fifth decades
of life, and present between 6–48 hours after insertion.3 They
usually present to the ED because of pain, often after multi-
ple attempts to remove the object.4 Presentation is often
delayed because of embarrassment. The keys to appropriate
care for these patients are respect for their privacy, evaluation
of the type and location of the foreign body, determination
if removal can safely be performed in the ED or if operative
referral is needed, and the use of appropriate techniques for
removal.4 Mortality from retained rectal foreign bodies is rare
and results from bleeding, rectal perforation or laceration, and
infectious complications.4

Diagnosis of rectal foreign body can usually be made
from the history. Therefore, the physical examination should
concentrate on excluding anorectal or intestinal perforation
and determining which objects will be accessible in the ED.5

Rectal foreign bodies can be classified as high-lying or low-
lying, depending on their location relative to the rectosigmoid
junction.2–4 Objects that are above the sacral curve and recto-
sigmoid junction are difficult to visualize and remove, and
are often unreachable by rigid proctosigmoidoscope. Digital
rectal examination is useful to identify blood (indicates pos-
sible laceration or perforation), as well as objects that are
low-lying or palpable. It may also identify candidates (and
objects) appropriate for ED removal.2,5 Plain radiographs of
the abdomen should be obtained, as these will assist in delin-
eating the shape, position and number of objects, as well as
evaluating for pneumoperitoneum.3,5 If a foreign body with a
sharp edge is suspected from the history, the clinician should
not perform the digital rectal examination until radiographs
are obtained.

The majority of rectal foreign bodies are easily removed
in the ED.2 Relaxation of the anal sphincter is essential, so
sedation is often necessary to retrieve these foreign bodies.
Foreign body removal in the ED is contraindicated in patients
who have severe abdominal pain or signs of perforation, a
nonpalpable foreign body or broken glass in the rectum; in
these cases, a general surgeon should be consulted.5 Other sit-
uations precluding ED removal include a foreign body that
is unusually difficult to remove, or when there is insufficient
experience or equipment to perform the procedure. The usual
treatment of these patients by surgery includes attempted
visualization and removal under general anesthesia using
flexible rectosigmoidoscopy.1 In rare cases, laparotomy may
be necessary to remove the foreign body.

Chen et al. reported a case series of 10 male patients
(mean age 57 years) with 12 presentations of retained rectal
foreign bodies.6 Glass bottles and vibrators were the most
common objects encountered. The majority of the objects
were extracted by nonsurgical methods using either anoscopy
(n = 4), rigid sigmoidoscopy (n = 2) or colonoscopy (n = 1).
Obstetric forceps were used to remove an incarcerated bowl-
ing pin. Emergent laparotomies were performed in cases with
overt peritonitis (n = 2), pelvic sepsis (n = 1), and an impacted
high-lying glass bottle. Minor complications, such as mucosal
abrasions or superficial tears, were found in 62.5% of the non-
surgically treated cases. Delayed bleeding occurred in two of
the cases. There was no mortality in this small series.

KEY TEACHING POINTS

1. Patients with a rectal foreign body may present with rectal
pain, abdominal pain or rectal bleeding.

2. The type of object, length of time since insertion, pres-
ence of rectal or abdominal pain, fever or bleeding are
important historical elements in patients with rectal foreign
bodies.

3. Digital rectal examination is useful to identify blood as well
as objects that are low-lying or palpable, and possible can-
didates for ED removal.

4. Plain radiographs of the abdomen should be obtained to
assist in delineating the shape, position, and number of
objects, as well as evaluating for pneumoperitoneum.

5. Although the majority of rectal foreign bodies are easily
removed in the ED, foreign body removal is contraindi-
cated in patients who have severe abdominal pain or signs
of perforation, a nonpalpable foreign body or broken glass
in the rectum.
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Abdominal pain in a 75-year-old male

HISTORY OF PRESENT ILLNESS

A 75-year-old male with a surgical history significant for a
remote right hemicolectomy presented to the ED complaining
of several months of intermittent epigastric and right upper
quadrant abdominal pain. In the ED, the patient reported a
dull, constant pain localized to his epigastrium and right upper
quadrant, which he rated at a level of 3 (on a scale of 0 to 10).
The patient denied fevers, nausea, vomiting, diarrhea, consti-
pation, dysuria, chest pain or shortness of breath.

PHYSICAL EXAMINATION

GENERAL APPEARANCE: The patient was a well-developed,
well-hydrated elderly male in no acute discomfort.

VITAL SIGNS

Temperature 98.6◦F (37◦C)
Pulse 77 beats/minute
Blood pressure 145/90 mmHg
Respirations 20 breaths/minute
Oxygen saturation 99% on room air

HEENT: Unremarkable.

NECK: Supple, no jugular venous distension.

CARDIOVASCULAR: Regular rate and rhythm without rubs,
murmurs or gallops.

LUNGS: Clear to auscultation bilaterally.

ABDOMEN: Midline vertical scar present in lower abdomen
(previous hemicolectomy). Soft, nondistended, active bowel
sounds present. Tenderness to palpation noted in the epi-
gastrium and right upper quadrant without presence of a
Murphy’s sign. No pulsatile masses were appreciated. Femoral
pulses were present and equal bilaterally.

RECTAL: Normal tone, brown stool, hemoccult negative.

EXTREMITIES: No clubbing, cyanosis or edema.

NEUROLOGIC: Nonfocal.

Figure 35.1 CT of the abdomen from a 75-year-old male with epi-
gastric and right upper quadrant pain.

A peripheral intravenous line was placed, blood was drawn
and sent for laboratory testing, and the patient was given a
GI cocktail (Maalox R© 30 mL and viscous lidocaine 10 mL
orally) with initial improvement of his symptoms. Laboratory
tests revealed a leukocyte count of 10.9 K/μL (normal 3.5–
12.5 K/μL) with a differential demonstrating 87% neutrophils
(normal 50–70%); liver function tests, amylase, electrolytes,
glucose and serum creatinine were all within normal limits.
The patient’s pain returned to its previous level, and a CT
scan of the abdomen and pelvis with oral and intravenous con-
trast (Figure 35.1) followed by an ultrasound of the right upper
quadrant (Figure 35.2) were subsequently obtained.

What is your diagnosis?
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B

A

Figure 35.2 Long (panel A) and transverse (panel B) ultrasound images of
right upper quadrant from a 75-year-old male with epigastric and right upper
quadrant pain.
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ANSWER

The diagnosis is acute, gangrenous cholecystitis. The CT scan
image in Figure 35.1 demonstrates gallbladder sludge with-
out pericholecystic fluid. The right upper quadrant ultrasound
demonstrates the presence of gallstones with gallbladder wall
thickening (arrows, Figure 35.3). The patient received cefo-
tetan 2 gm IV preoperatively and was taken to the OR for
a laparoscopic cholecystectomy. At surgery, the patient was
found to have a gangrenous gallbladder adherent to the liver.
It was removed laparoscopically, although with difficulty. The
patient underwent an uneventful postoperative course.

Abdominal pain in the elderly

Abdominal pain is the fourth most common ED complaint in
older patients. It accounts for approximately 3–4% of all ED
visits in the group 65 years and older.1 Morbidity and mortal-
ity among older patients with abdominal pain are high; eval-
uation and management often requires admission to the hos-
pital and surgical consultation.2 In retrospective studies, more
than half of older patients presenting to the ED with acute
abdominal pain required hospital admission, and 20–33%
required immediate surgery.2,3 Surgical intervention occurs
twice as often in older patients when compared to a younger
population.2 Overall mortality rates from retrospective series
vary between 2–13%.2,4

Making the correct diagnosis of abdominal pain in elderly
patients is difficult due to multiple factors. These include dif-
ficulty in obtaining history from the patient, lack of consistent
physiologic response (including fever and leukocytosis), and
confusing clinical presentations due to comorbid conditions.5

The patient’s ability to provide a history is frequently com-
promised by an altered ability to communicate, resulting from
hearing and vision loss, cerebrovascular accidents leading to
receptive or expressive aphasia, Alzheimer’s disease and other
age-related dementias.5 Other barriers to obtaining an ade-
quate history include the patient’s fear of loss of independence

Figure 35.3 Transverse image (panel B, Figure 35.2) of abdominal
ultrasound demonstrating gallbladder wall thickening (dark arrow)
and gallstones with acoustic shadowing (white arrow).

and stoicism. Altered pain perception in the elderly may influ-
ence the patient’s ability to adequately describe pain.5

Medication use in the elderly may mask or create abdo-
minal pathology. Acetaminophen and NSAIDs may reduce
the likelihood of fever, whereas corticosteroids may alter the
serum leukocyte count and blunt the inflammatory response,
preventing peritoneal signs from developing.6 Chronic narco-
tic use may blunt pain that normally accompanies an abdo-
minal catastrophe. Antibiotics may cause abdominal pain,
vomiting and diarrhea. This is important to consider when
evaluating an elderly patient on multiple medications.6 The
physical examination in elderly patients with abdominal pain
can be misleadingly benign, secondary to a lower likelihood
of localized tenderness despite a focal surgical condition,
reduced rebound and guarding from decreased abdominal
wall musculature, and suppressed tachycardia from medica-
tions (such as beta- or calcium-channel blockers) or intrinsic
cardiac disease.2

Many laboratory tests for abdominal pain in the elderly
are nonspecific and may give a false sense of security when
normal.5 For example, the total leukocyte count may be
normal in the face of appendicitis or cholecystitis. Specific
testing may be helpful in certain diagnoses, such as pancre-
atitis (lipase) or mesenteric ischemia (lactate), or in select cir-
cumstances such as a prothrombin time for a patient taking
warfarin.5 Liberal use of radiologic studies in elderly patients
with abdominal pain is frequently warranted, ranging from
plain abdominal radiographs (demonstrating free intraperi-
toneal air or air-fluid levels) to ultrasound (useful in imag-
ing the biliary tract and the abdominal aorta) to computed
tomography. CT use has been shown to be highly prevalent
among older ED patients with acute abdominal pain, with the
results often diagnostic, especially for patients with emergent
conditions.1

Causes of abdominal pain in the elderly include biliary
tract disease (cholelithiasis, cholecystitis, cholangitis), small
and large bowel obstruction, appendicitis, acute pancreati-
tis, peptic ulcer disease and perforation, diverticular disease,
abdominal aortic aneurysm, mesenteric ischemia, and atypical
causes (e.g., urinary tract infections, pyelonephritis, myocar-
dial infarction, pneumonia, congestive heart failure, constipa-
tion). Constipation is common in the elderly population and
may be a side-effect of certain opiate-containing pain medica-
tions, as well as resulting from decreased fluid intake. Symp-
toms from serious intra-abdominal pathology may be incor-
rectly attributed to constipation.

Biliary disease remains the leading reason for acute
abdominal surgery in the elderly population.6 The likeli-
hood of cholelithiasis increases with age, and the severity of
gallstone disease is much higher in the elderly population.
The prevalence of gallbladder perforation, gangrene, emphy-
sematous cholecystitis, ascending cholangitis, gallstone ileus,
choledocholithiasis and gallstone-induced pancreatitis are all
greater in this population.6 Elderly patients tend to have typ-
ical right upper quadrant or epigastric pain but more than
half of elderly patients with acute cholecystitis do not have
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nausea and vomiting, and a significant proportion do not have
fever.5,6 Leukocytosis is absent in 30–40% and a significant
percentage have normal liver function tests.6 Ultrasound is
the study of choice for diagnosing cholecystitis and is as sensi-
tive in the elderly as in younger patients.6 If no gallstones are
found and clinical suspicion for gallbladder disease remains
high, radionuclide scanning (cholescintigraphy) should be per-
formed, as elderly patients have an increased likelihood of
acalculous cholecystitis.5,6

The incidence of complications caused by biliary disease in-
creases markedly in elderly patients. When the diagnosis of
biliary disease is made, broad-spectrum antibiotics, specifical-
ly covering Gram-negative and anaerobic organisms, should
be started immediately and prompt surgical evaluation initi-
ated. Delayed surgical treatment in this population is associ-
ated with increased morbidity and mortality.

KEY TEACHING POINTS

1. Morbidity and mortality rates among older patients with
abdominal pain are high; evaluation and management
often requires admission to the hospital and prompt surgi-
cal consultation.

2. Difficulty in obtaining an accurate history, lack of consis-
tent physiologic responses, confusing clinical presentations
due to comorbid conditions, and medications that may
mask clinical features of disease lead to diagnostic delays

in determining the cause of abdominal pain in elderly
patients.

3. Many laboratory tests (e.g., leukocyte count, liver function
tests) may be normal in the presence of significant disease
in elderly patients with abdominal pain.

4. Liberal use of radiologic studies, particularly ultrasound
and CT, is recommended in elderly patients with abdo-
minal pain in which the diagnosis remains unclear.

5. Biliary tract disease remains the leading reason for acute
abdominal surgery in the elderly population. Once the
diagnosis is made, broad-spectrum antibiotics should be
started immediately and prompt surgical evaluation initi-
ated.
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Abdominal pain and anorexia in a 77-year-old female

HISTORY OF PRESENT ILLNESS

A 77-year-old female with a medical history significant for
prior cerebrovascular accident with residual left-sided hemi-
plegia, hypertension, coronary artery disease and seizure dis-
order presented to the ED by ambulance complaining of sev-
eral days of worsening abdominal pain, weakness, nausea
and decreased oral intake. The patient was bedridden, com-
municative and oriented. On presentation, she described her
abdominal pain as moderate to severe. The family reported
that for three days prior to presentation, she was able to eat
only very small amounts because eating caused her to feel
“bloated and full.” She denied fevers or chills, black stools
or blood in her stool. She did experience one episode of
coffee-ground emesis just prior to presentation. The patient
denied chest pain but reported shortness of breath at rest. The
patient’s medications include hydrochlorothiazide, phenytoin,
lisinopril, omeprazole, Nifedical R© and lovastatin.

PHYSICAL EXAMINATION

GENERAL APPEARANCE: The patient appeared pale, dehy-
drated and in moderate discomfort.

VITAL SIGNS

Temperature 99◦F (37.2◦C)
Pulse 90 beats/minute
Blood pressure 100/60 mmHg
Respirations 24 breaths/minute
Oxygen saturation 99% on room air

HEENT: PERRL, EOMI, dry mucous membranes.

NECK: Supple, no jugular venous distension.

CARDIOVASCULAR: Regular rate and rhythm without rubs,
murmurs or gallops.

LUNGS: Crackles at the bases bilaterally, no rhonchi or
wheezes.

ABDOMEN: Soft, moderately distended abdomen with diffuse,
mild tenderness to palpation without rebound or guarding.

RECTAL: Normal tone, brown stool, trace hemoccult positive.

EXTREMITIES: Cool, pale with delayed capillary refill; no club-
bing, cyanosis or edema.

NEUROLOGIC: Alert and oriented to person, place and time;
residual-left sided hemiplegia noted.

Intravenous fluids (normal saline) were started after blood
was drawn and sent for laboratory testing, as well as blood
type and antibody screen. A complete blood count revealed a
leukocyte count of 7.9 K/μL (normal 3.5–12.5 K/μL) with 46%
immature bands (presence of bands is abnormal) and hemat-
ocrit of 31% (normal 39–51%). A chemistry panel revealed a
creatinine of 2.0 mg/dL (normal <1.5 mg/dL), potassium of 5.6
mEq/L (normal 3.5–5.3 mEq/L), CO2 of 18 mEq/L (normal
22–30 mEq/L), with an anion gap of 19 mEq/L (normal
5–16 mEq/L). A serum lactate level returned elevated at
6.7 mmol/L (normal 0.7–2.1 mmol/L). Liver function tests
and amylase were mildly elevated. A troponin I returned at
0.08 ng/mL (normal 0.0–0.09 ng/mL), and a urinalysis showed
no evidence of infection.

During the ED evaluation, the patient’s blood pressure
dropped precipitously to 60/40 mmHg and she developed
worsening dyspnea. Her blood pressure remained low despite
intravenous fluid boluses, and a norepinephrine infusion
was initiated. The patient’s respiratory status continued to
worsen, thus she was endotracheally intubated using rapid
sequence induction. A nasogastric tube was placed and 1
liter of dark brown gastric contents returned upon saline
lavage. An arterial blood gas performed post-intubation with
the patient on 100% oxygen revealed pH 7.17 (normal 7.35–
7.45), pCO2 47 mmHg (normal 35–45 mmHg), pO2 147 mmHg
(normal 80–95 mmHg) and bicarbonate 15 mmol/L (normal
23–28 mmol/L), with a base excess of −11 mmol/L (normal
−2.4 to 2.3 mmol/L).

What is your diagnosis?
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ANSWER

The diagnosis is acute mesenteric ischemia. A CT scan of the
abdomen and pelvis with intravenous contrast was obtained,
which demonstrated attenuation and diminished flow through
the celiac trunk, as well as occlusion of the superior mesenteric
artery (Figure 36.1). An intraluminal filling defect of the supe-
rior mesenteric vein was also noted, as well as mild dilatation
of small bowel loops with pneumatosis intestinalis. These find-
ings are consistent with ischemic bowel disease (mesenteric
ischemia). Additionally, portal venous gas was noted in the
left hepatic lobe with mild low-attenuation, compatible with a
hepatic infarct. The decision was made by the family to with-
draw support, and the patient expired a short time later.

Acute mesenteric ischemia

Acute mesenteric ischemia is the result of interruption of
intestinal blood flow by embolism, thrombosis or a low-flow

B
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Figure 36.1 CT of the abdomen from a 77-year-old female with mesenteric ischemia demonstrating attenu-
ation of celiac trunk caliber with diminished blood flow (dark arrow, panel A) and portal venous gas (white
arrow, panel A), occlusion of the SMA (dark arrow, panel B), and pneumatosis intestinalis in small bowel
loops (white arrows, panel C).

state.1 It leads to mediator release, inflammation, and ulti-
mately infarction. The early detection of acute mesenteric
ischemia is crucial for the preservation of bowel viability;
emergency physicians must maintain a high index of suspi-
cion to identify mesenteric ischemia when there is a paucity of
physical examination findings.2 Recognition of acute mesen-
teric ischemia can be difficult, as most patients present with
nonspecific symptoms. Abdominal pain is the most common
complaint. Classically, the pain is out of proportion to phys-
ical findings. However, signs of an acute abdomen with dis-
tension, guarding, rigidity and hypotension may also occur,
particularly when the diagnosis has been delayed.3 Fever, diar-
rhea, nausea and anorexia are commonly reported; melena
or hematochezia occurs in 15% of cases, and occult blood is
detected in at least half of patients.3

Embolic occlusion of the superior mesenteric artery
(SMA) is the cause of mesenteric ischemia in more than half
of all cases.3 Most emboli originate in the heart, potentiated
by cardiac dysrhythmias or depressed systolic function due to
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ischemic heart disease. In 25% of cases, thrombosis of pre-
existing atherosclerotic lesions occurs. Many of these patients
report chronic symptoms consistent with previous tran-
sient mesenteric ischemia. Nonocclusive mesenteric ischemia,
which accounts for 20–30% of all cases, presents similarly but
occurs with patent mesenteric arteries. Microvascular vaso-
constriction is the underlying process in nonocclusive mesen-
teric ischemia, precipitated by splanchnic hypoperfusion due
to depressed cardiac output or renal or hepatic disease.3

A complete blood count with differential, electrolyte panel,
coagulation studies, liver function tests, and an amylase or
lipase level should be drawn in any patient with suspected
acute mesenteric ischemia. The most common laboratory
abnormalities are hemoconcentration, leukocytosis, and meta-
bolic acidosis with high anion gap and lactate concentrations.4

High levels of serum amylase, aspartate aminotransferase,
lactate dehydrogenase and creatine phosphokinase are fre-
quently observed on presentation, but none is sufficiently sen-
sitive or specific to be diagnostic. Hyperphosphatemia and
hyperkalemia are usually late findings and are frequently asso-
ciated with bowel infarction.4

Plain abdominal films may exclude other causes of abdom-
inal pain, such as obstruction or perforation, but are not help-
ful in the early diagnosis of mesenteric ischemia.5 Mesenteric
angiography has been the gold standard for diagnosis of arte-
rial causes of acute mesenteric ischemia. However, abdominal
CT scans are valuable to exclude other causes of abdominal
pain from the differential diagnosis, as well as to distinguish
between possible causes of acute mesenteric ischemia. Kirk-
patrick et al. prospectively evaluated 62 patients with sus-
pected acute mesenteric ischemia using biphasic CT, includ-
ing CT angiography.6 They found that any one of many
conditions – pneumatosis intestinalis, venous gas, SMA occlu-
sion, celiac or inferior mesenteric artery occlusion with distal
SMA disease, arterial embolism or, alternatively, bowel-wall
thickening plus focal lack of bowel-wall enhancement, solid-
organ infarction or venous thrombosis – had a sensitivity and
specificity for acute mesenteric ischemia of 96% and 94%,
respectively.

Treatment for acute mesenteric ischemia initially includes
aggressive resuscitation (IV fluids, airway stabilization), sta-
bilization of cardiac function and initiation of broad-spectrum
antibiotic coverage.5 Medications with vasoconstrictive effects
should be discontinued. If evidence of peritonitis exists, sur-
gical consultation and laparotomy are indicated. Resection
of infarcted bowel as well as embolectomy can be accom-
plished during surgical exploration.3 For SMA emboli, treat-
ment options to restore intestinal blood flow include surgi-

cal revascularization, intra-arterial thrombolysis, intra-arterial
vasodilatation or systemic anticoagulation.

KEY TEACHING POINTS

1. The early detection of acute mesenteric ischemia is crucial
for the preservation of bowel viability; emergency physi-
cians must maintain a high index of suspicion, especially if
a paucity of physical findings exists.

2. Classically, abdominal pain is out of proportion to physi-
cal examination findings. However, signs of acute abdomen
with distension, guarding, rigidity and hypotension may
also occur, particularly when the diagnosis has been de-
layed.

3. The most common laboratory abnormalities of acute
mesenteric ischemia include hemoconcentration, leuko-
cytosis, and metabolic acidosis with a high anion gap and
elevated lactate concentrations.

4. Mesenteric angiography is the gold standard for the diag-
nosis of arterial causes of acute mesenteric ischemia. How-
ever, abdominal CT is valuable to exclude other causes of
abdominal pain, as well as to identify possible causes of
acute mesenteric ischemia.

5. Treatment for acute mesenteric ischemia involves aggres-
sive resuscitation, stabilization of cardiac function, initia-
tion of broad-spectrum antibiotic coverage, and surgical or
interventional radiology consultation.
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Sudden onset of back pain in an 84-year-old male

HISTORY OF PRESENT ILLNESS

An 84-year-old male with a medical history significant for
hypertension, chronic obstructive pulmonary disease and a
40 pack/year history of tobacco use was brought to the ED by
paramedics complaining of the sudden onset of severe back
pain radiating to his abdomen. He denied chest pain or short-
ness of breath but reported numbness and pain in both legs.

PHYSICAL EXAMINATION

GENERAL APPEARANCE: The patient was somnolent but arous-
able and appeared to be in significant distress.

VITAL SIGNS

Temperature 97.5◦F (36.4◦C)
Pulse 100 beats/minute
Blood pressure 135/70 mmHg
Respirations 24 breaths/minute
Oxygen saturation 98% on room air

HEENT: Unremarkable.

NECK: Supple, no jugular venous distension.

CARDIOVASCULAR: Tachycardic rate, regular rhythm, no rubs,
murmurs or gallops, weak femoral pulses bilaterally.

LUNGS: Minimal expiratory wheezes bilaterally, no rales or
rhonchi.

ABDOMEN: Distended, hypoactive bowel sounds, diffuse ten-
derness to palpation without rebound or guarding, no pulsatile
masses.

RECTAL: Normal tone, soft brown stool, hemoccult negative.

EXTREMITIES: Bilateral lower extremities appeared mottled,
cool to touch, with delayed capillary refill.

NEUROLOGIC: Somnolent, arousable, otherwise nonfocal.

Figure 37.1 Bedside abdominal ultrasound from an 84-year-old male
with sudden onset of back pain.

The patient was placed on the cardiac monitor, and a rapid
bedside abdominal ultrasound was obtained (Figure 37.1).
Two large-bore intravenous lines were placed, and blood was
drawn and sent for laboratory testing. His hematocrit returned
at 34% (normal 39–51%).

What is your diagnosis?
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ANSWER

The diagnosis is ruptured abdominal aortic aneurysm (AAA).
The bedside ultrasound demonstrated an AAA with max-
imal diameter of 7.7 cm. Vascular surgery was consulted
emergently, and the patient was typed and crossmatched for
10 units of packed red blood cells. At the request of the vas-
cular surgery service, a stat CT of the abdomen and pelvis
to evaluate the AAA for rupture was obtained. The CT
scan demonstrated the presence of a ruptured AAA, approxi-
mately 10 cm in diameter, with active extravasation and a large
hematoma (Figure 37.2).

The patient was taken directly from the CT scanner to the
OR by the vascular surgeon. A stent was placed endovascu-
larly into the aneurysm, after which the patient’s abdomen was
noted to be more tense. A laparotomy was subsequently per-
formed secondary to concern for the development of abdom-
inal compartment syndrome. Upon entering the peritoneum,
significant bleeding was noted from several areas of the aorta
and iliac arteries. Attempts to control the bleeding were
unsuccessful, and the patient expired in the OR shortly there-
after.

Abdominal aortic aneurysms

An aortic aneurysm is a true aneurysm of the aorta in which
all three layers of the aortic wall become dilated.1 An abdom-
inal aortic aneurysm (AAA) is defined as an abdominal aor-
tic diameter 1.5 times the diameter at the level of the renal
arteries. A diameter greater than 3 cm is considered aneurys-
mal in most patients.1 The incidence of AAA is 36 cases
per 100,000 person-years, and is increasing.1 The incidence
increases exponentially with age. Present in only 1% of men
between the ages of 55 and 64, clinically significant aneurysms
(more than 4 cm) increase in frequency by 3–4% per decade
thereafter.1 Tobacco use, hypertension, a family history of
AAA, and male gender are clinical risk factors for the
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Figure 37.2 CT of the abdomen and pelvis from an 84-year-old male with sudden onset of back pain demon-
strating AAA with active extravasation (panel A, arrow indicates extravasation); three-dimensional CT recon-
struction of AAA (panel B).

development of an AAA.2 Ruptured AAA is the 13th lead-
ing cause of death in the United States.3

The most important factor determining risk of rupture is
the size of the aneurysm. The rupture risk increases dramat-
ically with increased size, with most ruptured AAAs hav-
ing a diameter greater than 5 cm.4 However, no aneurysm
is completely “safe.” Any aneurysm can rupture and may be
the source of the symptoms causing the patient’s presenta-
tion. Rupture of an AAA usually occurs into the retroperi-
toneum, where hemorrhage may be temporarily limited by
clotting and tamponade at the rupture site. Of patients with
ruptured AAAs, 10–30% have free intraperitoneal rupture,
which is often rapidly fatal.4 Occasionally, rupture occurs into
the gastrointestinal tract or the inferior vena cava. Compli-
cations may also arise from intact AAAs. The walls of AAAs
are often lined with clot and atheromatous material, which can
embolize and occlude distal vessels. Aortic thrombosis may
occur rarely. Patients may also have complications caused by
impingement of the aneurysm on adjacent structures.4

Most unruptured AAAs are asymptomatic and are diag-
nosed incidentally on tests performed for other indications.
Some unruptured aortic aneurysms may cause back, flank or
abdominal pain, especially if they are increasing rapidly in
size.1 Symptomatic aneurysms are at increased risk of rup-
ture. A review summarizing the utility of the physical exam-
ination suggests that the only maneuver of demonstrated
value is abdominal palpation to detect a widened aortic
pulsation.5 Pooled data reveal that the sensitivity of abdom-
inal palpation increases from 29% for small AAAs (less than
4 cm) to 50% for AAAs between 4–5 cm, to 76% for AAAs
of more than 5 cm in diameter.5 Obesity decreases this sensi-
tivity. Findings such as bruits, thrills, quality of pulsation, and
quality and discrepancy of femoral pulses proved inaccurate
in the diagnosis.1,5

The classic presentation of a ruptured AAA includes the
triad of hypotension, abdominal or back pain, and a pulsatile
abdominal mass.2 Rupture is often the first manifestation of
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an AAA. Most patients with ruptured AAA experience pain
in the abdomen, back or flank.4 Pain is usually acute, severe
and constant, and can radiate to the chest, thigh, inguinal area
or scrotum. Rupture of an AAA may be accompanied by nau-
sea and vomiting, and sudden hemorrhage can cause syncope
or near-syncope. Hypotension is the least consistent part of
the triad, occurring in only one-half to two-thirds of patients,
and is often a late finding.4 In some patients, rupture is initially
contained within the retroperitoneum, blood loss is small, and
the presentation is delayed or less dramatic. The patient with a
ruptured AAA occasionally has symptoms for several days or
weeks before seeking medical attention; the duration of symp-
toms therefore does not exclude the diagnosis of a ruptured
AAA.4

Numerous studies have determined ultrasound to be a sig-
nificant advance in the timely diagnosis of ruptured AAA.
Ultrasonography is virtually 100% sensitive in detecting
AAAs and, when performed by emergency physicians with
training, is a fast and accurate test. It should be the first line
of imaging in patients for whom this diagnosis is suspected.6

It can significantly expedite transfer to the operating room,
therefore reducing morbidity and mortality. Although ultra-
sound is ideal for identifying AAAs, it is typically poor for
identifying the presence of leaking.6 In unstable patients,
hemodynamic instability plus identification of AAA by ultra-
sound (or a known AAA) is an indication for immedi-
ate laparotomy. However, in stable patients further imag-
ing may be necessary to determine if the finding of AAA
is causal or incidental. CT findings in patients with ruptured
AAAs include retroperitoneal hematoma, focal discontinu-
ity in circumferential calcification, high-attenuating periph-
eral crescent, indistinct aortic wall, and contrast medium
extravasation.6 In addition to better identification of a leak,
a CT scan aids in the operative planning for repair and may
diagnose additional intra-abdominal pathology.

A ruptured, leaking or symptomatic AAA must be man-
aged aggressively. When the diagnosis is suspected, continu-
ous monitoring, two large-bore IVs and saline resuscitation
should be initiated immediately.1 The patient should be typed
and crossmatched for at least 10 units of blood. Resuscita-
tion with saline and blood products should continue to a level
that maintains cerebral and end-organ perfusion – a systolic
blood pressure of 90–100 mmHg is the goal in most patients.1

Overly aggressive elevation of blood pressure can lead to rup-
ture of a contained hematoma. A vascular surgeon should be
notified early and be actively involved throughout the evalua-
tion. Definitive management is immediate surgical repair; sur-
gery should not be delayed for additional (and unnecessary)
testing.

The diagnostic strategy employed to confirm AAA de-
pends on the patient’s condition. Hypotensive patients need
bedside ultrasonography. The finding of a normal aortic diam-
eter effectively excludes the diagnosis, whereas the finding of
an AAA in a hemodynamically unstable patient virtually con-
firms the diagnosis and mandates immediate surgery.1 Patients
without hypotension should get an expedited CT scan to con-
firm AAA with or without leak or rupture.1,4 Appropriate

staff and equipment should accompany the patient to the CT
scanner, if this test is required. Emergent surgery that reveals
an intact, symptomatic aneurysm carries a much higher mor-
tality than elective repair.1

The two primary methods of AAA repair are open and
endovascular. Traditional open AAA repair involves direct
access to the aorta and iliac arteries.2 This method is well
established as definitive, requiring essentially no follow up
radiologic studies. The majority of patients undergoing open
AAA repair remain without significant graft-related compli-
cations for the rest of their lives.2 One feared complication
is aortoenteric fistula with massive GI bleed. Endovascular
repair of an AAA involves gaining access to the lumen of the
aorta, usually via small incisions over the femoral vessels. An
Endograft, typically cloth with a stent exoskeleton, is placed
within the lumen of the AAA extending distally into the iliac
arteries. Close follow up is required after endovascular repair,
with CT scans performed at 1, 6 and 12 months, then yearly
to ensure that the graft is accomplishing its intended goals
(e.g., asymptomatic patient, decreasing AAA size, structurally
intact Endograft, and neither fixation site problems nor signif-
icant graft migration).2

KEY TEACHING POINTS

1. Abdominal aortic aneurysm (AAA) rupture is the 13th
leading cause of death in the United States.

2. The most important factor determining risk of rupture is
the size of the aneurysm, with most ruptured AAAs having
a diameter greater than 5 cm.

3. The classic presentation of a ruptured AAA includes the
triad of abdominal or back pain, a pulsatile abdominal
mass, and hypotension.

4. Bedside ultrasound should be used to diagnose ruptured
AAA in unstable patients, whereas a CT scan can be used
in stable patients in whom the diagnosis is unclear.

5. Management of a ruptured AAA includes hemodynamic
monitoring, aggressive fluid resuscitation, type and cross-
matching for 10 units of packed red blood cells and urgent
vascular surgery consultation for definitive repair.
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Intermittent abdominal pain for one day in an 86-year-old female

HISTORY OF PRESENT ILLNESS

An 86-year-old female with a medical history significant for
coronary artery disease, remote history of coronary bypass
surgery, and successful endovascular stent placement for
abdominal aortic aneurysm (AAA) three months earlier pre-
sented to the ED complaining of one day of intermittent, dif-
fuse abdominal pain. The patient denied associated nausea or
vomiting, fevers, dysuria, chest pain or shortness of breath.
She reported a normal bowel movement earlier in the day
without blood or black stool. Her episodes of abdominal pain
were reported to occur approximately every 20 minutes, with
complete resolution of her pain between episodes. The patient
had undergone an abdominal CT one month earlier, which
demonstrated a stable AAA with stent in place.

PHYSICAL EXAMINATION

GENERAL APPEARANCE: The patient was an elderly female who
appeared well hydrated and in no acute discomfort.

VITAL SIGNS

Temperature 98.1◦F (36.7◦C)
Pulse 76 beats per minute
Blood pressure 128/60 mmHg
Respirations 16 breaths per minute
Oxygen saturation 97% on room air

HEENT: PERRL, EOMI, no scleral icterus, oropharynx pink
and moist.

NECK: Supple, no jugular venous distension.

CARDIOVASCULAR: Regular rate and rhythm without rubs,
murmurs or gallops.

LUNGS: Clear to auscultation bilaterally.

ABDOMEN: Soft, mildly distended with increased tympany and
hypoactive bowel sounds present. Nontender without a pulsa-
tile mass.

RECTAL: Normal tone, soft, brown stool, hemoccult negative.

Figure 38.1 CT of the abdomen and pelvis from an 86-year-old female
with intermittent abdominal pain for one day.

EXTREMITIES: Well perfused without clubbing, cyanosis or
edema.

NEUROLOGIC: Nonfocal.

A peripheral intravenous line was placed, and blood was
drawn and sent for laboratory testing. Laboratory tests, in-
cluding a complete blood count, electrolytes, creatinine, glu-
cose, serum lactate and urinalysis, were all within normal lim-
its. During the patient’s ED stay, she was observed to have
several intermittent bouts of severe abdominal pain, occurring
approximately every 30 minutes. A CT scan of the abdomen
and pelvis with oral and intravenous contrast was obtained
(Figure 38.1).

What is your diagnosis?
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ANSWER

The diagnosis is ileocecal intussusception due to tumor at
the ileocecal valve, with small bowel perforation and free
intraperitoneal air. The CT scan demonstrated abnormal
loops of small and large bowel in the right lower quadrant with
a low-attenuation “ring” surrounding the loop of bowel, sug-
gesting either intussusception or internal herniation (arrow,
Figure 38.2). Small collections of free air were also noted in
this area. Intravenous antibiotics were administered and the
patient was taken to the OR, where an ileocecal intussuscep-
tion secondary to a 6-cm tumor as lead point at the ileocecal
valve was discovered. A right hemicolectomy was performed
with removal of the intussusception, followed by an end-to-
end ileocolic anastomosis.

Intussusception in adults

Intussusception occurs when a segment of bowel plus the adja-
cent mesentery, the intussusceptum, prolapses into the lumen
of the contiguous distal bowel, called the intussuscipiens.1 It
is thought that any abnormality of the intestinal wall or its
lumen that alters or unbalances the peristaltic activity may ini-
tiate the invagination process. A lead point has been said to
be present in up to 90% of symptomatic cases, although lower
figures have been reported.1 Intussusception in adults occurs
infrequently, differing from childhood intussusception in its
presentation, cause and treatment.2 Intussusception remains
a rare condition in adults, representing 1% of bowel obstruc-
tions and 0.003–0.02% of all hospital admissions.3 Adults

Figure 38.2 CT of the abdomen and pelvis from an 86-year-old female
demonstrating abnormal loops of small and large bowel in the right
lower quadrant, with a low-attenuation “ring” surrounding the loop
of bowel (arrow), suggestive of intussusception.

present with a variety of symptoms that can be acute, intermit-
tent or chronic; intussusception in adults rarely presents with
the classic triad of vomiting, abdominal pain and passage of
blood per rectum, making the diagnosis difficult.2,3

In adults, intussusception is almost always associated with
pathological lead points, such as neoplasms, inflammatory
lesions or a Meckel’s diverticulum.4 Malignant neoplasms
cause most adult intussusceptions, except in the case of en-
teroenteric intussusceptions (involving mesenteric small
bowel), which are usually associated with benign lesions such
as lipomas, adenomatous polyps, lymphoid hyperplasia or
stromal cell tumors.4 Asymptomatic enteroenteric intussus-
ceptions that involve more benign etiologies and lack a lead
point are generally self-limiting if the intussusception length is
less than 3.5 cm.1,4

Intussusception is easily diagnosed by means of CT or
MRI.5 The appearance of bowel-within-bowel configuration
with or without contained fat and mesenteric vessels is
pathognomonic.5 Other diagnostic modalities for intussuscep-
tion include contrast enemas and Doppler ultrasound.4 Per-
sistent, symptomatic intussusception in adults is nearly always
treated surgically, largely because of the high proportion of
cases with structural causes and the relatively high incidence
of malignancy, particularly in the colon.6 Appropriate therapy
for cases of enteroenteric intussusception is more controver-
sial because of the lower prevalence of malignancy in small
bowel intussusception. Surgical resection or intervention is
not warranted in cases of transient intussusception in the set-
ting of a known benign cause, such as celiac sprue.6 A tran-
sient, short, nonobstructing intussusception detected inciden-
tally by CT in a relatively asymptomatic patient may not
require intervention. Fixed or symptomatic intussusceptions
of the small bowel, although more likely benign in etiology
than colonic intussusceptions, may be malignant in a signif-
icant proportion of cases. In these cases, resection without
reduction is generally recommended unless preservation of
bowel length is necessary.6

KEY TEACHING POINTS

1. Intussusception remains a rare condition in adults, repre-
senting 1% of bowel obstructions and 0.003–0.02% of all
hospital admissions.

2. Intussusception in adults rarely presents with the classic
triad of vomiting, abdominal pain and passage of blood per
rectum, making the diagnosis challenging.

3. CT is the most useful imaging tool in making the diagnosis
of intussusception in adults.

4. Persistent, symptomatic intussusception in adults is nearly
always treated surgically, largely because of the high pro-
portion of cases with structural causes and the relatively
high incidence of malignancy, particularly in the colon.

5. Enteroenteric intussusceptions less then 3.5 cm long, with-
out a lead point or other underlying cause in an asymp-
tomatic patient, is typically self-limiting and of little clinical
significance.
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Right flank pain in a 20-year-old female

HISTORY OF PRESENT ILLNESS

A 20-year-old gravida 1, para 1 female presented to the ED
complaining of severe right-sided flank pain that began sud-
denly four hours prior to arrival. Her pain was sharp and con-
stant, radiating to the right lower abdomen with associated
nausea and one episode of vomiting. She denied fevers or
chills, dysuria, hematuria, constipation or diarrhea. She was
currently on her normal menstrual cycle. She denied recent
trauma or any personal or family history of kidney stones. She
had not previously experienced similar pain.

PHYSICAL EXAMINATION

GENERAL APPEARANCE: The patient was a well-nourished,
well-hydrated female in moderate discomfort.

VITAL SIGNS

Temperature 98◦F (36.6◦C)
Pulse 96 beats/minute
Blood pressure 109/79 mmHg
Respirations 20 breaths/minute
Oxygen saturation 98% on room air

HEENT: PERRL, EOMI, oropharynx clear with moist mucous
membranes.

NECK: Supple.

CARDIOVASCULAR: Regular rate and rhythm without rubs,
murmurs or gallops.

LUNGS: Clear to auscultation bilaterally.

ABDOMEN: Soft, nontender, nondistended. No costovertebral
angle tenderness.

PELVIC: No discharge or bleeding, normal-sized, nontender
uterus, os closed, right adnexal mass palpable with mild ten-
derness.

NEUROLOGIC: Nonfocal.

Figure 39.1 Noncontrast CT of the pelvis from a 20-year-old female
with right flank pain.

A peripheral intravenous line was placed, blood was drawn
and sent for laboratory testing, and morphine sulfate, ketoro-
lac, and Zofran R© were administered intravenously for pain
and nausea, respectively. A urine pregnancy test was negative.
A clean catch urinalysis demonstrated a large amount of blood
but was otherwise normal. Her creatinine was within the nor-
mal range. A noncontrast CT of the abdomen and pelvis was
obtained (Figure 39.1).

What is your diagnosis?
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ANSWER

The diagnosis is right ovarian (adnexal) torsion due to a
6-cm dermoid cyst. The noncontrast CT scan of the abdomen
and pelvis demonstrated a 6.8 cm × 5.1 cm heterogenous
mass lesion with components of soft tissue, calcium and fat
in the right para-midline anterior pelvis, suggestive of a der-
moid cyst (Figure 39.2). The pelvic organs appeared otherwise
unremarkable. The gynecology service was consulted, and the
patient was taken to the OR. During laparoscopy, a 6-cm der-
moid cyst was discovered, causing torsion of the right ovary.
The ovary was detorsed and the dermoid cyst was excised
from the ovary. The ovary was viable, and the ovarian bed
was subsequently cauterized with excellent hemostasis. The
patient recovered uneventfully. Pathology identified the cyst
as a mature cystic teratoma.

Ovarian torsion resulting from a dermoid cyst

A dermoid (cystic teratoma) is a benign, cystic lesion contain-
ing tissue from all three embryonic layers: endoderm, meso-
derm and ectoderm. Ovarian dermoids constitute 10–15% of
ovarian tumors. They tend to occur in young women during
their reproductive years, although they have been reported in
prepubertal and elderly patients.1 Ovarian dermoids present
with discomfort, pain or pressure symptoms, or when a com-
plication occurs. Torsion is the most common complication
of dermoid cysts, occurring in approximately 3.5% of cases.1

Cases of dermoid tumors with ovarian torsion presenting as
appendicitis or renal colic have been described.2,3 Less than
1% of dermoid cysts are malignant. Although ovarian der-
moids can be detected by ultrasound, CT or MRI, CT is the
best imaging procedure for identifying cystic teratomas of the
ovary.4

Torsion of the uterine adnexa is a gynecologic emergency,
requiring prompt diagnosis and emergency surgical treatment.
It can involve the fallopian tube, the ovary or other adnexal
structures. Risk factors for ovarian torsion include ovarian
enlargement, adnexal masses (including tumors), pregnancy,
ovulation induction, and previous pelvic surgery.5 The most
common risk factor associated with torsion is the presence
of a dermoid cyst (32%).5 Torsion may also occur in a nor-
mal ovary. Although adnexal torsion is generally viewed as
uncommon, studies suggest that adnexal torsion is the fifth
most common gynecological emergency, representing 2–3%
of acute surgical emergencies.6

Ovarian torsion results from partial or complete rotation
of the ovarian pedicle on its long axis, potentially compro-
mising venous and lymphatic drainage. If the rotation is par-
tial or intermittent, venous and lymphatic congestion and
its associated symptoms may subside quickly.6 If rotation of
the ovarian pedicle is complete and prolonged, venous and
arterial thrombosis may occur, resulting in adnexal infarc-
tion. The pain is proportional to the degree of circulatory
compromise from torsion. If torsion is complete, the pain
is acute and severe, typically accompanied by nausea and

Figure 39.2 Noncontrast CT of the pelvis from a 20-year-old female
demonstrating a 6.8 × 5.1 cm heterogenous mass lesion in the right
paramidline anterior pelvis (arrow) consistent with a dermoid cyst.

vomiting.5 However, spontaneous detorsion may occur and
the pain will subside. Adnexal torsion is rarely bilateral and is
more common on the right side. It is more common in young
women, with the greatest incidence in the 20- to 30-year age
group.6

Physical findings and characteristics of pain in ovarian tor-
sion are variable. The “classic” history of ovarian torsion is the
abrupt onset of colicky pain in a lower quadrant, with radia-
tion to the flank or groin, mimicking renal colic.7 However,
only 44% of patients diagnosed with ovarian torsion in one
study had such crampy or colicky pain.7 Additionally, 51% of
patients in the same study had radiation of pain to the flank,
back or groin. Fifty-nine percent of patients had abrupt onset
of pain, whereas 43% of patients had prior episodes of this
pain. The majority of patients in this study had nausea and
vomiting (70%) and lower quadrant pain (90%), but these
findings mimic many other causes of abdominal pain and are
not specific to ovarian torsion.7

On physical examination, the most consistent finding of
ovarian torsion is a palpable mass felt 50–80% of the time
during pelvic examination.5 Laboratory tests should include a
urine or serum β-hCG to rule out ectopic pregnancy and a uri-
nalysis to evaluate for infection or stone. Studies have demon-
strated elevated white blood cell counts in 16–38% of cases
of ovarian torsion but this finding is nonspecific.6 In cases of
suspected ovarian torsion, immediate ultrasound is the inves-
tigation of choice; greater than 93% of patients with torsion
will have abnormal ultrasound findings.6 Ultrasonographic
findings depend on the duration of torsion and the degree
of ovarian ischemia; the most common finding is ovarian
enlargement.8 In the early stages of ovarian torsion, the ovary
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is enlarged with prominent peripheral follicles. With pro-
longed and complete torsion, infarction may appear as cystic,
clotted areas on the ovary. Abnormal flow on color Doppler
sonography increases the likelihood of identifying torsion,
but torsion may occur with incomplete vascular obstruction;
therefore, evidence of vascular flow does not rule out torsion
with certainty.6,8

Treatment of a torsed ovary with a dermoid cyst or other
abnormality requires detorsion of the ovary and removal of
the cyst if the ovary is viable; a nonviable ovary must be re-
moved.5 The procedure can be done by laparoscopy or laparo-
tomy. In the past, oophorectomy was considered the stan-
dard of care because of concern that untwisting of the adnexa
might precipitate pulmonary embolism from a thrombosed
vein.6 Several studies have shown that in the absence of a
grossly necrotic ovary, untwisting of the adnexa can be per-
formed and the ovary salvaged without significant risk of
thromboembolism.9,10 Conversely, hemorrhagic infarction or
a gangrenous adnexal structure requires surgical removal
without attempts at detorsion.6

KEY TEACHING POINTS

1. Ovarian torsion is a gynecologic emergency requiring
prompt diagnosis and emergency surgical treatment.

2. Torsion is the most common complication of dermoid cysts,
occurring in approximately 3.5% of cases.

3. The pain of ovarian torsion is proportional to the degree
of circulatory compromise; if torsion is complete, the pain
is acute and severe, typically accompanied by nausea and
vomiting.

4. On physical examination, the most consistent finding in
patients with ovarian torsion is a palpable mass.

5. Abnormal flow on color Doppler sonography increases the
likelihood of identifying torsion, but torsion may occur
with incomplete vascular obstruction; therefore, evidence
of vascular flow does not rule out torsion with certainty.

6. Treatment of a torsed ovary with a dermoid cyst or other
abnormality requires detorsion of the ovary and removal
of the cyst if the ovary is viable; a nonviable ovary requires
removal.
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Right lower quadrant abdominal pain in a 28-year-old female

HISTORY OF PRESENT ILLNESS

A 28-year-old gravida 0, para 0 female whose last reported
menstrual period was two weeks earlier presented to the ED
complaining of right-sided abdominal pain that began on the
morning of presentation. She described her pain as sharp and
constant, rated at a level of 8 (on a scale of 0 to 10), and local-
ized to the right lower quadrant. The patient reported three
episodes of nausea and vomiting as well as loose stools, but
denied vaginal bleeding or discharge. She reported fevers to
102◦F (38.9◦C) with associated chills and loss of appetite over
the past several days. She had no prior history of abdominal
surgeries and denied sexual activity.

PHYSICAL EXAMINATION

GENERAL APPEARANCE: The patient was a moderately obese,
well-hydrated female in moderate discomfort.

VITAL SIGNS

Temperature 102◦F (38.9◦C)
Pulse 121 beats/minute
Blood pressure 154/87 mmHg
Respirations 22 breaths/minute
Oxygen saturation 99% on room air

HEENT: Unremarkable.

NECK: Supple.

CARDIOVASCULAR: Tachycardic rate, regular rhythm without
rubs, murmurs or gallops.

LUNGS: Clear to auscultation bilaterally.

ABDOMEN: Soft, nondistended, active bowel sounds present.
Tenderness to palpation in both the right upper and right
lower quadrants, with maximal point tenderness in the right
lower quadrant. Neither a Murphy’s sign nor Rovsing’s sign
was present. Right-sided costovertebral tenderness was noted.

RECTAL: Normal tone, no masses, brown stool, hemoccult
negative.

PELVIC: No cervical motion or adnexal tenderness on biman-
ual examination, no blood or discharge from the cervix.

EXTREMITIES: No clubbing, cyanosis or edema.

NEUROLOGIC: Nonfocal

A peripheral intravenous line was placed, blood was
drawn and sent for laboratory testing, and Dilaudid R© and
Phenergan R© were administered intravenously to control pain
and nausea, respectively. Laboratory tests were significant for
a leukocyte count of 18 K/μL (normal 3.5–12.5 K/μL) with
90% neutrophils (normal 50–70%). A urinalysis obtained by
midstream clean catch revealed large blood with the absence
of nitrites or leukocyte esterase; the urine microscopic exami-
nation showed 11–25 red blood cells, 11–25 white blood cells,
many bacteria and more than 50 squamous cells. The urine
pregnancy test was negative. The serum creatinine was within
normal limits. The patient was given 2 liters normal saline
intravenously, and a CT scan of the abdomen and pelvis with
oral and intravenous contrast was obtained (Figure 40.1).

What is your diagnosis?
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A B

C

Figure 40.1 CT of the abdomen from a 28-year-old female with right lower quadrant abdominal pain for one
day (panel A, most superior image).



Right lower quadrant abdominal pain in a 28-year-old female 171

ANSWER

The diagnosis is an obstructing right ureteral stone with upper
urinary tract infection, possible urosepsis. The CT scan of
the abdomen and pelvis demonstrates a 5-mm calculus in the
right proximal ureter (arrow, image C, Figure 40.2), causing
mild right hydronephrosis (panels A and B, Figure 40.1); the
appendix was normal. The patient was given ciprofloxacin
400 mg IV in the ED. Urology was consulted and the patient
was taken to the OR, where a 6 French double J stent was
placed in the right ureter, bypassing the stone. The patient’s
clinic condition improved by hospital day #2, and the patient
was discharged with instructions to complete 14 days of
ciprofloxacin, with follow up arranged in the urology clinic in
one week. The urine culture from the initial midstream urine
obtained in the ED grew out only 10–25,000 CFU/mL Gram-
negative rods, most likely contaminant.

Ureteral colic and infected ureteral stones

Up to 12% of the population will have a urinary tract stone
during their lifetime, with recurrence rates approaching 50%.1

Fifty-five percent of individuals with recurrent stones have a
family history of urolithiasis; having such a history increases
the risk of stones by a factor of three.1 The classic presenta-
tion of a renal stone is acute, colicky flank pain radiating to the
groin. As the stone descends in the ureter, the pain may local-
ize in the abdominal area overlying the stone and radiate to
the testicle or ovary. Peritoneal signs are typically absent. As
the stone approaches the ureterovesical junction, lower quad-
rant pain radiating to the tip of the ureter, urinary urgency
and frequency, and dysuria are characteristic, mimicking the

C

Figure 40.2 CT of the abdomen from a 28-year-old female demon-
strating a 5-mm ureteral stone in the proximal right ureter (arrow).

symptoms of bacterial cystitis.1 Physical examination typically
demonstrates a patient trying to find a comfortable position.
Tenderness over the costovertebral angle or lower quadrant
may be present. Gross or microscopic hematuria occurs in
approximately 90% of patients; however, the absence of
hematuria does not preclude the presence of stones.2

The preferred imaging study to confirm the diagnosis of
a urinary tract stone in a patient with acute flank pain is an
unenhanced, helical CT of the abdomen and pelvis.1,3 In one
study, the sensitivity of CT was 96%, as compared to 87%
for urography, and the respective specificities were 100% and
94% (p < 0.001 for both comparisons).3 Positive and nega-
tive predictive values were 100% and 91%, respectively, for
CT, compared with 97% and 74%, respectively, for urogra-
phy. CT scans that were negative for stone disease revealed
other abnormalities in 57% of patients, including appendici-
tis, pelvic inflammatory disease, diverticulitis, abdominal aor-
tic aneurysm and bladder cancer.3 If CT is unavailable, plain
abdominal radiography should be performed because 75–90%
of urinary calculi are radioopaque.1 Although ultrasonogra-
phy has high specificity (greater than 90%), its sensitivity is
much lower than that of CT, typically in the range of 11–24%.1

Thus, ultrasonography is not routinely used but is an appro-
priate initial imaging test when ureteral colic occurs during
pregnancy.4

Urgent intervention is indicated in a patient with an ob-
structed, infected urinary tract, impending renal deteriora-
tion, intractable pain or vomiting, anuria, or high-grade ob-
struction of a solitary or transplanted kidney.1 Obstructive
pyelonephritis is one of the most serious complications of
renal calculus disease. The most severe manifestation of this
syndrome, pyonephrosis, is associated with a high mortal-
ity and the risk of renal loss.5 Gram-negative sepsis, which
may accompany pyelonephritis, also carries substantial risk.
Fear of these complications has led to the clinical dogma
that obstructing stones with suspected infection should be
managed with emergency decompression of the collecting
system, either by percutaneous nephrostomy or retrograde
ureteral catheterization with stenting.5 Finally, midstream
urine culture and sensitivity (C&S) alone have low sensitivi-
ties and specificities (30.2% and 73%, respectively) to detect
infected urine proximal to a ureteral obstruction.6 In patients
with ureteral obstructions, pelvic urine C&S (obtained by
ureteral catheterization during ureteroscopy) is a more appro-
priate and sensitive indicator of a potentially dangerous
infection.6

KEY TEACHING POINTS

1. In cases of ureteral stones, gross or microscopic hema-
turia occurs in approximately 90% of patients; however,
the absence of hematuria does not preclude the presence
of nephrolithiasis.

2. The preferred imaging study to confirm the diagnosis of a
urinary tract stone in a patient with acute flank pain is an
unenhanced, helical CT of the abdomen and pelvis.
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3. Urgent urologic intervention is indicated in a patient with
an obstructed, infected upper urinary tract, impending
renal deterioration, intractable pain or vomiting, anuria, or
high-grade obstruction of a solitary or transplanted kidney.

4. Obstructing stones with suspected infection should be
managed with emergency decompression of the collecting
system.
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Abdominal pain and vaginal bleeding in a 33-year-old female

HISTORY OF PRESENT ILLNESS

A 33-year-old gravida 0, para 0 female whose last reported
menstrual period was eight weeks ago presented to the ED
complaining of two days of right lower quadrant pain and vagi-
nal bleeding. She reported her pain as crampy, constant, non-
radiating and rated it at a level of 8 (on a scale of 0 to 10).
The patient also reported mild vaginal bleeding, using one
pad every four hours. She reported associated nausea, light-
headedness, fatigue and shortness of breath with exertion but
denied chest pain, diarrhea or constipation, fevers, vaginal dis-
charge or dysuria.

PHYSICAL EXAMINATION

GENERAL APPEARANCE: The patient was a pale, ill-appearing
female in no acute distress.

VITAL SIGNS

Temperature 98◦F (36.6◦C)
Pulse 110 beats/minute
Blood pressure 90/60 mmHg
Respirations 22 breaths/minute
Oxygen saturation 99% on room air

BA

Figure 41.1 Abdominal ultrasound images (FAST) from a 33-year-old female with abdominal pain and vaginal
bleeding (panel A, right upper quadrant; panel B, left upper quadrant).

HEENT: Unremarkable.

NECK: Supple, no jugular venous distension.

CARDIOVASCULAR: Tachycardic rate, regular rhythm without
rubs, murmurs or gallops.

LUNGS: Clear to auscultation bilaterally.

ABDOMEN: Nondistended, diffuse tenderness to palpation with
rebound and guarding in the right lower quadrant.

PELVIC: Scant blood in the vaginal vault, os closed, no cervical
motion tenderness, right adnexal tenderness.

EXTREMITIES: No clubbing, cyanosis or edema.

NEUROLOGIC: Nonfocal.

Two peripheral intravenous lines were placed, and blood was
drawn and sent for laboratory testing. A bedside Focused
Assessment with Sonography for Trauma (FAST) exam was
obtained (Figure 41.1).

What is your diagnosis?
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ANSWER

The diagnosis is ruptured ectopic pregnancy. The ultrasound
images show free fluid in the right upper quadrant in Morri-
son’s pouch (the hepatorenal recess, Figure 41.2, panel A) and
the left upper quadrant (the splenorenal recess, Figure 41.2,
panel B) consistent with bleeding from a ruptured ectopic
pregnancy. The serum pregnancy test was positive, and the
initial hematocrit was 36% (normal 34–46%). The obstetrics/
gynecology service was emergently consulted before the labo-
ratory tests returned, and the patient was crossmatched for 6
units of packed red blood cells. She was taken emergently to
the OR, where a ruptured ectopic pregnancy was discovered
in the right fallopian tube with blood and clots in the abdom-
inal cavity. The ruptured tube was surgically repaired, the
abdominal cavity was copiously irrigated, and all blood and
blood clots were removed. A repeat hematocrit (three hours
after the initial hematocrit) dropped to 26%. The patient had
an uneventful postoperative course and recovered fully with-
out requiring a blood transfusion.

Ectopic pregnancy

Ectopic pregnancy is defined as any pregnancy implanted
outside the uterine cavity. It remains the leading cause of
pregnancy-related first-trimester death among women in the
United States.1 Ectopic pregnancy is a high-risk condition that
occurs in 1.9% of reported pregnancies.2 Approximately 97%
of ectopic pregnancies are tubal in location.1,2 Although the
incidence of ectopic pregnancy has increased, the case fatality
rate has dropped from 69% in 1876 to 0.35% in 1970, and to
0.05% in 1986.1 With documented intrauterine pregnancy, the
risk of coexisting ectopic (heterotopic pregnancy) is approx-
imately 1 in 10,000–30,000 patients.1 The risk increases to
approximately 1 in 100 patients if the woman is being treated
for infertility.

Risk factors for ectopic pregnancy include a history of
pelvic inflammatory disease (PID), previous ectopic, tubal or
uterine surgery or instrumentation, uterine or tubal anoma-
lies, fertility drugs, and cigarette smoking.3 Intrauterine
devices (IUD) have not been shown to be a risk factor for
ectopic pregnancy or pelvic inflammatory disease; however,
ectopic pregnancy must be ruled out in a pregnant female with
an IUD. A woman with a history of one ectopic pregnancy has
a recurrence rate of 15–20%, that increases to 32% with two
previous ectopic pregnancies.3 Ectopic pregnancy is more fre-
quently diagnosed in women over 35 and in non-Caucasian
women.

Ectopic pregnancy is usually an acute presentation of
pelvic or lower quadrant abdominal pain in a woman of repro-
ductive age who presents to the ED. Although the clinical
triad of lower abdominal pain, vaginal bleeding and amenor-
rhea is considered specific for ectopic pregnancy, women gen-
erally do not present with all three symptoms.4 The presen-
tation of any component of this triad should prompt further
investigation to exclude ectopic pregnancy. Abdominal pain
is the most common presenting symptom of ectopic preg-
nancy; abdominal tenderness is the most common physical
sign.4 Considering the high potential mortality of this condi-
tion, any woman of reproductive age presenting to the ED
with abdominal symptoms should have a beta-human chorio-
nic gonadotropin (β-hCG) blood or urine test to exclude the
possibility of ectopic pregnancy.

Diagnostic tests for ectopic pregnancy include a urine preg-
nancy test, ultrasonography, β-hCG measurements, serum
progesterone levels and, on occasion, diagnostic curettage or
culdocentesis.2 The first step in the diagnosis of an ectopic pre-
gnancy is to evaluate for an intrauterine pregnancy. Transvagi-
nal ultrasound (TVUS) can identify intrauterine pregnancy
at a gestational age of 5.5 menstrual weeks at nearly 100%
accuracy.1 Confirmation of an intrauterine pregnancy almost
definitively rules out an ectopic pregnancy. In the absence of a

BA

Figure 41.2 Abdominal ultrasound (FAST) from a 33-year-old female with abdominal pain and vaginal bleed-
ing, demonstrating free fluid in Morrison’s pouch (arrow, panel A) and in the splenorenal recess (arrow,
panel B).
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reliable last menstrual period, the β-hCG level is instrumental
in the evaluation of ectopic pregnancy. The concept of a dis-
criminatory zone (defined as the level of β-hCG at which an
intrauterine pregnancy should be visualized) should be used
to help facilitate ultrasound findings.1 With abdominal ultra-
sound, most radiologists use a β-hCG level of 6500 mIU/mL.
This has been further refined with the use of TVUS, reduc-
ing the discriminatory zone to 1500–2500 mIU/mL.1–3 When
the β-hCG level has reached the discriminatory zone and an
intrauterine pregnancy cannot be diagnosed, an extrauterine
pregnancy should be highly suspected.

Measurement of serum progesterone has been proposed as
both a screening tool for ectopic pregnancy and to determine
the pregnancy’s viability.5 Serum progesterone levels of at
least 25 ng/mL are rarely associated with an ectopic pregnancy
(1–2% of cases).5 Serum progesterone levels of less than 5 ng/
mL are associated with a viable pregnancy in only 0.16% of
cases; the finding of a low serum progesterone level in asso-
ciation with an abnormally rising β-hCG level is essentially
100% predictive of a nonviable pregnancy.5 In one prospec-
tive study of 718 symptomatic first-trimester ED patients, no
patient with an ectopic pregnancy had a progesterone level
greater than 22 ng/mL, lending further support to proges-
terone levels as helpful in ruling out the diagnosis of ectopic
pregnancy.6

Diagnostic uterine curettage may detect chorionic villi. If
chorionic villi are not detected, ectopic pregnancy should be
suspected.2 Curettage should only be considered when β-hCG
levels are falling or when levels are elevated and ultra-
sonography does not show intrauterine pregnancy.2 Diag-
nostic uterine curettage could terminate a desired preg-
nancy, so its use should be reserved for possibly undesired
pregnancies. Culdocentesis is not commonly used in stable
patients with suspected ectopic pregnancy given the advent
of ultrasonography.5 Culdocentesis is less sensitive and spe-
cific than ultrasonography for detecting hemoperitoneum, and
several series report nondiagnostic (“dry”) taps in about one-
quarter of patients.5 However, culdocentesis could be con-
sidered to verify hemoperitoneum in the unstable patient
who cannot tolerate the time required for ultrasonography,
or when emergency transfer for gynecologic consultation and
definitive care is being considered.

Treatment for ectopic pregnancy has evolved over time
and depends on the stability of the patient.3 Approximately
68–77% of ectopic pregnancies resolve spontaneously.3 Ex-
pectant or medical management may be considered in a hemo-
dynamically stable and compliant patient. Noninvasive ther-
apies are preferred over surgery to prevent scarring of the
fallopian tubes, which increases the risk of subsequent ectopic
pregnancies. Expectant management is most effective if the
ectopic pregnancy is less than 3.5 cm in diameter with declin-
ing β-hCG levels.3 For medical management, methotrexate
is the drug used most commonly to treat early ectopic preg-
nancy. It causes destruction of rapidly-dividing fetal cells and
involution of the pregnancy.5 Medical treatment is most often
used for patients with a tubal mass less than 4 cm in diam-

eter and no sonographic evidence of rupture. Medical ther-
apies are associated with an 85% success rate.5 Pelvic pain is
common (60%) in patients receiving methotrexate, even when
successful. Indications of methotrexate failure and the need
for rescue surgery include decreasing hemoglobin levels, sig-
nificant pelvic fluid or unstable vital signs. All patients receiv-
ing methotrexate require close follow up until the β-hCG level
reaches zero, which may take two to three months.5 Although
abdominal pain is a common adverse effect of methotrex-
ate therapy, rupture of a known ectopic pregnancy must be
considered.

Classically, approximately 20% of women with ectopic
pregnancies manifest signs and symptoms warranting imme-
diate intervention.5 These include significant hypovolemia,
large amounts of peritoneal fluid or an open cervical os. For
patients with significant signs of hypovolemia, rapid volume
resuscitation should be instituted with intravenous fluids and
blood products as necessary, and a baseline hemoglobin level
and type and crossmatch should be obtained.5 A dilatation
and curettage or evacuation procedure with examination of
endometrial contents for products of conception can be per-
formed urgently in the unstable patient with an open cervical
os. If the patient remains unstable, immediate surgery is the
preferred management.

Laparoscopic conservative surgery (tube-sparing salpin-
gostomy) is the mainstay in managing ectopic pregnancy,
and has nearly replaced laparotomy and salpingectomy.4

Laparoscopy has similar tubal patency and future fertility
rates as medical management.2 Laparoscopy may be indicated
for patients who are hemodynamically stable after volume
replacement, for those who are hemodynamically stable but
exhibit significant peritoneal signs, and for those in whom
ultrasonography is diagnostic or suggestive of ectopic preg-
nancy.5 All patients with ectopic pregnancy who are Rh-nega-
tive should be given Rh immunoglobulin 50 μg intramuscu-
larly.

KEY TEACHING POINTS

1. Ectopic pregnancy is the leading cause of pregnancy-
related first-trimester death among women in the United
States.

2. Risk factors for ectopic pregnancy include a history of PID,
previous ectopic, tubal or uterine surgery or instrumenta-
tion, uterine or tubal anomalies, use of fertility drugs, and
cigarette smoking.

3. Any woman of reproductive age presenting to the ED with
abdominal pain should have a β-HCG blood or urine test,
as ectopic pregnancy must be considered if the tests are
positive.

4. Diagnostic tests for ectopic pregnancy include a urine preg-
nancy test, ultrasonography, β-hCG measurements, serum
progesterone level and, on occasion, diagnostic curettage
or culdocentesis.

5. Expectant or medical management with methotrexate may
be used in a hemodynamically stable, compliant patient
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with a small tubal mass, no evidence of rupture, and close
follow up.

6. Surgery (laparoscopy or laparotomy) is the mainstay of
treatment for the hemodynamically unstable patient pre-
senting with ectopic pregnancy.
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Genital trauma in a 34-year-old male

HISTORY OF PRESENT ILLNESS

A 34-year-old male with a history of intravenous drug abuse
was brought to the ED by paramedics with the chief com-
plaint of severe penile pain. He reported that 18 hours earlier
his girlfriend had placed a metal ring at the base of his penis.
The patient was unable to remove the ring, where it remained
overnight. The patient complained of severe pain and swelling
to his penis, as well as suprapubic pain. He denied nausea or
vomiting and had been unable to urinate for the past several
hours. He denied similar episodes.

PHYSICAL EXAMINATION

GENERAL APPEARANCE: The patient was lying supine on the
gurney in significant discomfort, unable to find a comfortable
position.

VITAL SIGNS

Temperature 98.6◦F (37◦C)
Pulse 110 beats/minute
Blood pressure 140/90 mmHg
Respirations 24 breaths/minute

ABDOMEN: Soft, mild suprapubic tenderness with distended
bladder, no rebound or guarding.

GENITOURINARY: A 1.3-cm wide by 0.5-cm thick metallic ring
present at the base of the patient’s penis, located at the penile-
scrotal junction. The ring could not be removed manually. Dis-
tal to this ring, the penis was red, swollen, tense and tender
to palpation (Figure 42.1); sensation to the penile shaft and
meatus was intact. The circumference of the penis distal to
the ring measured 18 cm. The testes were descended bilater-
ally and nontender.

Figure 42.1 Photograph of a 34-year-old male with severe penile pain
following placement of a metal ring.

A peripheral intravenous line was placed, blood was drawn
and sent for laboratory testing, and morphine sulfate IV was
administered for pain control.

What is your diagnosis?
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ANSWER

The diagnosis is penile incarceration from a constricting metal
ring. An unsuccessful attempt was made in the ED to cut the
ring with standard ring cutters. The urologist was urgently
consulted and the patient was taken to the operating room.
A suprapubic catheter was placed, with drainage of 1 liter
of clear urine. After two hours using 10 diamond-embedded
circular drill bits attached to a hand-held drill, the ring was
successfully divided at two points 180◦ apart and removed.
Upon removal, relief of venous congestion and “pinking up”
of the penile tissue was achieved. Urethroscopy revealed pink
mucosa of the urethra, and the patient was admitted to the
urology service for observation. By hospital day #4, the patient
was able to urinate through his urethra. The suprapubic tube
was removed and the patient was discharged on hospital day
#5. At follow up with the urologist one month later, the patient
reported normal functioning of his penis.

Penile incarceration from constricting devices

Constricting devices placed on the penis, either to enhance
sexual performance or serve autoerotic intentions, can be
made of all materials.1 Although most reported devices caus-
ing penile incarceration are metal rings, higher-grade penile
injuries are more frequently sustained by nonmetallic objects.2

Wearing constricting rings on a flaccid or semi-erect penis
might result in the inability to remove the device once erection
has been achieved because detumescence cannot take place
due to impaired venous outflow; thus, these men often present
to the ED.1 Symptoms and diagnosis of constricting devices
are clear-cut, and depend on the nature of the foreign body
and the length of time it has been attached to the organ.

Evaluation of patients with penile incarceration should
include the assessment of color, temperature, sensation of
the organ, ability to void and the presence of pulses (by
Doppler flowmeter).1 If the patient seeks help within approx-
imately two hours, it is likely that the patient will require
removal of the device by some improvised means, followed
by conservative management to facilitate free blood flow
and micturation.3 However, a long-standing constriction (i.e.,
more than two hours) can lead to necrosis of the penile tissue
and urethral injury.4 Several clinical syndromes can result
from penile incarceration, ranging from mild, nonsignificant
vascular obstruction that resolves after decompression to gan-
grene of the penis accompanied with impaired renal function.5

Initial management of penile incarceration from constrict-
ing devices involves attempts at manual removal of the ring
by the emergency physician, employing equipment ordinarily

available in the hospital (e.g., ring cutters, bolt cutters, motor-
ized rotary tools). Care should be taken to protect the penile
skin and tissue from the cutting device. The ring may require
being cut at two opposite points to facilitate removal. If unsuc-
cessful, pain control with parenteral opioid analgesics should
be provided and the urologist consulted for further attempts
at removal employing larger equipment (e.g., heavy-duty air
grinder, circular disc or saber saw, portable dental drills).1

Blood aspiration may be helpful to reduce the diameter of the
organ and facilitate removal of the device. If the constricting
device cannot be removed in a timely manner, if the patient
is unable to urinate after removal or urethral trauma is sus-
pected, a suprapubic catheter may be needed.

KEY TEACHING POINTS

1. Constricting rings on a flaccid or semi-erect penis can result
in the inability to remove the device once erection has been
achieved because detumescence cannot take place due to
impairment of venous outflow.

2. Evaluation of patients with penile incarceration should
include the assessment of color, temperature, sensation of
the organ, ability to void and the presence of pulses.

3. Several clinical syndromes can result from penile incarcer-
ation, ranging from nonsignificant vascular obstruction that
resolves after decompression to gangrene of the penis.

4. Initial management of penile incarceration from constrict-
ing devices involves prompt attempts at manual removal
of the ring by the emergency physician. If unsuccessful,
IV pain medications should be administered and a urol-
ogist urgently consulted for removal of the constricting
device.
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Recurrent vaginal bleeding after miscarriage in a 39-year-old female

HISTORY OF PRESENT ILLNESS

A 39-year-old gravida 14, para 4, spontaneous abortion 2,
therapeutic abortion 8 (G14, P4, AB 10) female presented to
the ED with vaginal bleeding beginning earlier in the day. The
patient had a spontaneous abortion one month prior to pre-
sentation; this was her third visit to the ED for vaginal bleed-
ing since that time. Her bleeding had resolved spontaneously
on the two previous visits, her hematocrits were stable and
she was discharged home. On the last visit, the OB/GYN ser-
vice was consulted and the patient received oral Methergine R©

prior to discharge. On this visit, the patient reported the sud-
den onset of vaginal bleeding five hours prior to arrival. She
reported soaking five pads and had passed several small clots
during this time. By the time the patient arrived at the ED, the
bleeding had slowed considerably.

PHYSICAL EXAMINATION

GENERAL APPEARANCE: The patient appeared well nourished,
well hydrated and in no acute discomfort.

VITAL SIGNS

Temperature 98◦F (36.6◦C)
Pulse 71 beats/minute
Blood pressure 108/60 mmHg
Respirations 20 breaths/minute
Oxygen saturation 100% on room air

HEENT: Unremarkable.

NECK: Supple.

CARDIOVASCULAR: Regular rate and rhythm without rubs,
murmurs or gallops.

LUNGS: Clear to auscultation bilaterally.

ABDOMEN: Soft, nondistended, mild suprapubic tenderness
without rebound or guarding.

Figure 43.1 Doppler pelvic ultrasound image from a 39-year-old
female with recurrent vaginal bleeding one month following sponta-
neous miscarriage.

PELVIC: Moderate amount of blood with small clots in the
vaginal vault, slow trickle of blood from a closed os. A firm,
approximately eight-week-size uterus with mild tenderness
to palpation was noted. No adnexal tenderness or abnormal
masses.

EXTREMITIES: No clubbing, cyanosis or edema.

NEUROLOGIC: Nonfocal.

SKIN: Warm, well-perfused, no rashes or pallor.

A peripheral intravenous line was placed, and blood was
drawn and sent for laboratory testing. A hematocrit returned
at 36% (decreased from 41% at an ED visit six days earlier),
and a serum β-hCG was 6 mIU/mL (11 mIU/mL on her previ-
ous ED visit). A pelvic ultrasound was obtained (Figure 43.1).

What is your diagnosis?
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ANSWER

The diagnosis is bleeding from a uterine arteriovenous mal-
formation. The Doppler ultrasound demonstrated significant
vascularity within the endometrial canal involving the uterus.
Peak systolic velocity of the blood flow within this vascular-
ity was found to be 61 cm/sec with relatively low resistance
indices. All findings were consistent with an acquired uterine
arteriovenous malformation. The OB/GYN service was con-
sulted; no bleeding was noted from the cervix upon repeat
speculum examination. The option of surgery was discussed
with the patient, including hysterectomy, and the patient
chose to defer to a later date. The patient was discharged
home with bleeding precautions and expectant management,
with close follow up arranged with the gynecologist.

Uterine arteriovenous malformations

Uterine arteriovenous malformation (AVM) is a rare but
potentially life-threatening condition. It may result in pro-
fuse or irregular bleeding from the abnormal connections
between artery and vein. Uterine AVMs must be considered
whenever there is unexpected, excessive, intermittent vaginal
bleeding, particularly after delivery or surgical procedures of
the uterus.1 Prompt diagnosis and treatment are required.

The true incidence of uterine AVMs is unknown.2 To date,
only case reports or small case series exist, making it impos-
sible to estimate a true incidence. It is known that AVMs are
more common in females and have a predilection for pelvic
blood vessels, although they rarely involve the uterus.2 In gen-
eral, AVMs are either congenital or acquired.1–3 Acquired
etiologies include trauma, surgery, neoplasm and infection.3

Histologically, the lesions consist of arteries and veins of var-
ious sizes communicating directly to form a fistula. The ves-
sels are ambiguous with thickened intima and some elastin
in the walls, making the distinction between artery and
vein difficult.3 The mechanism for the formation of acquired
AVMs remains unclear but is probably due to local trauma or
subinvolution of a placental site. Given this patient’s history of
multiple therapeutic abortions, a traumatic etiology was most
likely.

Although symptoms may vary, bleeding is typically inter-
mittent and torrential, suggestive of arterial hemorrhage.1

AVMs may present as a secondary or late postpartum hem-
orrhage. Abnormal bleeding after miscarriage is rarely caused
by uterine AVMs, whereas post-procedural bleeding is typ-
ical of uterine AVMs.1 Doppler ultrasound is helpful in the
detection of these lesions (because it demonstrates their vas-
cular nature) and in following their resolution.3 Endovaginal
ultrasonography (EVUS) with color Doppler demonstrates a
tangle of vessels with multidirectional flow, creating a mosaic
pattern.4 The diagnosis is confirmed by the spectral Doppler
finding of high-velocity, high-diastolic turbulent arterial flow
within the AVM. Peak systolic velocity recorded within the
AVM is usually high, in the range of 40–100 cm/sec.5 Three-
dimensional power Doppler sonography provides additional

assistance in the evaluation of uterine vascular AVMs by depic-
ting a clearer view of the orientation of its tortuous vessels.
Doppler ultrasound is used to monitor AVMs for response or
recurrence after embolization.5

Acute treatment of uterine AVMs consists of stabilization
and management of active bleeding. A Foley balloon inserted
into the uterus may tamponade the site of active bleeding.2

Intravenous estrogen has been suggested and may provide an
endometrial covering over the AVM.2 In the past, ultimate
treatment of uterine AVMs has been contingent on whether
the patient desires fertility; hysterectomy was the treatment of
choice for a symptomatic AVM if the patient no longer desires
fertility.2 However, with increased experience with emboliza-
tion of the uterine arteries, this method is currently recom-
mended as the first choice for treatment in women of all age
groups, not only those desiring future fertility.1

Long-term medical management has also been described,
and may be appropriate for patients without heavy bleeding.1

The successful use of the combined oral contraceptive pill
(estrogen/progesterone) has been reported at three months
in a patient by ultrasound demonstrating regression of the
lesion.6 Treatment with intramuscular followed by oral methyl-
ergonovine maleate has been associated with resolution of an
AVM diagnosed and followed by ultrasound, although the
authors of this report stress that noninvasive therapy should
only be attempted in patients with close clinical follow up.3

Finally, in the stable patient without heavy bleeding, expec-
tant management may have a role provided close clinical
follow up is available.1

KEY TEACHING POINTS

1. Uterine arteriovenous malformation (AVM) is a rare but
potentially life-threatening condition, and should be con-
sidered whenever there is unexpected, excessive, intermit-
tent vaginal bleeding, particularly after delivery or after
surgical procedures (e.g., therapeutic abortion, dilatation
and curettage).

2. Transvaginal ultrasound with Doppler is the imaging mod-
ality of choice for diagnosing uterine AVMs.

3. Initial treatment of uterine AVMs that present with heavy
bleeding includes patient stabilization, control of bleeding
with Foley balloon tamponade and intravenous estrogens,
intravenous fluid and blood transfusion as needed.

4. Ultimate treatment of uterine AVMs may involve emboli-
zation of the uterine arteries or hysterectomy. Medical or
expectant management may be considered in stable pat-
ients with close clinical follow up only in the absence of
heavy bleeding.
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Scrotal pain and swelling in a 75-year-old male

HISTORY OF PRESENT ILLNESS

A 75-year-old male recently diagnosed with prostate cancer
having received multiple rounds of radiation therapy pre-
sented to the ED complaining of several days of worsen-
ing scrotal pain, redness and swelling. The patient had been
diagnosed with bilateral epididymitis three weeks earlier, and
had completed a 10-day course of oral ciprofloxacin one
week prior to the development of his current symptoms. He
reported low-grade fevers and mild lower abdominal pain. He
denied nausea, vomiting, diarrhea or dysuria. He currently
rated his pain at a level of 5 (on a scale of 0 to 10) at rest
but his pain increased to 10 with movement or palpation.

PHYSICAL EXAMINATION

GENERAL APPEARANCE: The patient was an elderly, moder-
ately obese male in no acute discomfort.

VITAL SIGNS

Temperature 99.4◦F (37.4◦C)
Pulse 105 beats/minute
Blood pressure 109/57 mmHg
Respirations 16 breaths/minute
Oxygen saturation 97% on room air

HEENT: PERRL, EOMI, oropharynx dry.

NECK: Supple, no jugular venous distension.

CARDIOVASCULAR: Tachycardic rate, regular rhythm without
rubs, murmurs or gallops.

LUNGS: Clear to auscultation bilaterally.

ABDOMEN: Soft, mild lower abdominal tenderness bilaterally,
no rebound or guarding.

GENITOURINARY: Small pockets of pus as well as areas of ne-
crosis were evident on visual inspection of the scrotum, which
was diffusely edematous and erythematous (Figure 44.1). The

Figure 44.1 Scrotum of a 75-year-old male with several days of scrotal
pain and swelling.

scrotum was warm and markedly tender to palpation without
crepitus. The testes were not palpable due to significant edema
and tenderness.

A peripheral intravenous line was placed, and blood was
drawn and sent for cultures and laboratory testing. A 1-liter
normal saline IV bolus and morphine sulfate IV were adminis-
tered. Laboratory tests were remarkable for a leukocyte count
of 16 K/μL (normal 3.5–12.5 K/μL) with 95% neutrophils
(normal 50–70%) and hematocrit of 28% (normal 39–51%).
The electrolytes, BUN, creatinine and glucose were within
normal limits.

What is your diagnosis?
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ANSWER

The diagnosis is bilateral necrotizing epididymo-orchitis with
scrotal and testicular abscesses. Urology was consulted emer-
gently, and a CT of the abdomen and pelvis demonstrated
severe, diffuse scrotal skin thickening and inflammatory
changes, as well as small, bilateral high-density hydroceles
with extensive irregular enhancement and inflammation, con-
sistent with scrotal abscesses and infected hydroceles (Fig-
ure 44.2). The patient received piperacillin/tazobactam IV and
was taken to the OR by urology for scrotal exploration. Upon
exploration, the patient was found to have bilateral testic-
ular abscesses with necrosis and significantly reduced blood
flow to both testicles. Bilateral inflamed, fibrotic and necrotic
epididymides, as well as bilateral scrotal abscesses with skin
necrosis and ischemia were also present. The patient under-
went excision of necrotic tissue from the skin and dartos and a
bilateral orchiectomy, and was discharged markedly improved
on hospital day #4 with a Foley catheter and to continue oral
antibiotics (cephalexin).

Epididymo-orchitis, testicular abscess and
Fournier’s gangrene

By definition, orchitis is inflammation of the testis; acute
orchitis represents sudden occurrence of pain and swelling of
the testis associated with acute inflammation of that testis.1

Epididymitis is defined as inflammation of the epididymis.
Acute epididymitis represents sudden occurrence of pain and
swelling of the epididymis associated with acute inflammation.

Figure 44.2 CT of the scrotum from a 75-year-old male with scro-
tal pain and swelling, demonstrating bilateral scrotal abscesses and
infected hydroceles (arrows).

Most cases of orchitis, especially bacterial, occur secondary
to local spread of ipsilateral epididymitis (termed epididymo-
orchitis). Urinary tract infections (UTI) are usually the under-
lying cause in boys and elderly men.1 In young, sexually-active
men, sexually transmitted illnesses (STI) are often respon-
sible. Because bacterial orchitis is usually associated with
epididymitis, it is often caused by urinary pathogens, includ-
ing E. coli and Pseudomonas. Less commonly, Staphylococ-
cus or Streptococcus species are responsible. The most com-
mon sexually-transmitted organisms responsible are Neisseria
gonorrhoeae, C. trachomatis and Treponema pallidum.

Patients with epididymo-orchitis usually present with uni-
lateral testicular pain, as well as fever, dysuria and painful
scrotal enlargement.2 Tenderness to palpation on the affected
side is present, as well as palpable swelling of the epididymis.
Urethral discharge, hydrocele, erythema or edema of the
scrotum on the affected side may also be present.3 Labora-
tory tests to assist in the diagnosis include urinalysis, urine
microscopy and urine culture.1 For a patient in whom an STI
is suspected, urethral swab should be obtained for culture.
The most important differential diagnosis in young men and
boys is testicular torsion.1,3 Testicular torsion is often difficult
to differentiate from an acute inflammatory condition. Scro-
tal ultrasound (using Doppler imaging to determine testicular
blood flow) is especially helpful in differentiating torsion from
acute inflammatory conditions such as epididymo-orchitis.1

Treatment for epididymo-orchitis includes bed rest, scrotal
elevation and support, analgesics and oral antibiotics.3 Em-
piric therapy should be given to all patients with epididymo-
orchitis before culture results are available. The antibiotic
regimen should be based on the results of tests immediately
available, as well as age, sexual history, recent instrumentation
or catheterization, and any known urinary tract abnormalities
the patient may have.3 Males younger than 35 years need
empiric coverage for C. trachomatis and N. gonorrhoeae, us-
ually with a combination of ceftriaxone and either doxycy-
cline or azithromycin.4 Prepubertal patients and males older
than 35 years require empiric coverage for coliform bacteria
(enteric Gram-negative bacilli and Pseudomonas). Both of
these patient populations may be treated with trimethoprim-
sulfamethoxazole (TMP-SMX); a fluoroquinolone (e.g., cipro-
floxacin) may be prescribed in patients older than 35 years.

If a patient with epididymo-orchitis does not receive appro-
priate treatment, complications include pyocele, testicular
infarction, testicular abscess, scrotal abscess and fulminant
necrotizing fasciitis (Fournier’s gangrene).2 Formation of an
intratesticular abscess is usually secondary to epididymo-
orchitis, but other causes include mumps, trauma and tes-
ticular infarction.5 Sonographic features of intratesticular
abscesses include shaggy irregular walls, an intratesticular
location of the abscess, low-level internal echoes and occa-
sional hypervascular margins.5 Abscess formation is rare but
if it occurs, percutaneous or open drainage is necessary.

Fournier’s gangrene is a necrotizing fasciitis of the per-
ineal, genital or perianal regions.6 The infective process leads
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to thrombosis of subcutaneous blood vessels, resulting in
gangrene of the overlying skin. These pathologic processes
may also affect other areas of the body. Historically, Four-
nier’s gangrene portended a dismal prognosis, with mortal-
ity rates as high as 67%.7 The natural course of this necro-
tizing fasciitis is rapid progression, ultimately resulting in the
patient’s demise. Those with the disease are almost always rec-
ognized to have an underlying systemic disorder. The most
common associations are diabetes (present in 40–60% of pati-
ents) and chronic alcoholism (25–50% of cases).6 Immuno-
suppression, either after organ transplantation, caused by
chemotherapy or malignant disease, or from HIV infection,
is also associated with an increased risk of Fournier’s gan-
grene.6

Fournier’s gangrene commonly begins with local discom-
fort, itching and swelling of the scrotum and perineum.7 At
presentation, edema and crepitus may be noted, with sys-
temic symptoms of fever, leukocytosis, anemia and electrolyte
abnormalities. The precise etiology of Fournier’s gangrene
remains unclear. Trauma to the perineum, ascending infec-
tion from a perirectal site, microvascular disease, UTIs, ure-
thral strictures, periurethral diverticulae, testicular pathology
and epididymal disease have all been implicated as initiating
factors.7

Aggressive resuscitation with intravenous fluids, empiric
antibiotics that cover Gram-positive, Gram-negative and an-
aerobic bacteria, and correction of electrolyte disturbances
should be started as soon as the diagnosis of Fournier’s gan-
grene is considered.8 Polymicrobial culture of aerobic and
anaerobic commensal organisms is recommended. Several
causative organisms have been described, including Clostri-
dium, Klebsiella, Streptococcus, Corynebacterium, Staphylo-
coccus and Bacteroides species, as well as coliform bacteria.8

Urgent surgical debridement remains the cornerstone of treat-
ment. The patient and surgical team must be prepared for
potentially major surgery. The testes are rarely affected due to
the abdominal source of their blood supply.8 Adjuvant hyper-
baric oxygen therapy has proved beneficial in some studies,
although its role remains controversial.8,9 Once the risk of sep-
sis has been eradicated, and the patient is clinically improved,
the focus may shift to reconstruction of the affected area.8

KEY TEACHING POINTS

1. Patients with epididymo-orchitis generally present with
unilateral testicular pain, fever, dysuria and painful scrotal
enlargement.

2. Treatment for epididymo-orchitis includes bed rest, scrotal
elevation and support, analgesics and oral antibiotics, with
close follow up.

3. Epididymo-orchitis can progress to testicular and scrotal
abscesses, as well as Fournier’s gangrene, if left untreated.

4. Fournier’s gangrene is an aggressive necrotizing fasciitis of
the perineal, genital or perianal regions, and represents a
true urological emergency.

5. The four main principles in the management of Fournier’s
gangrene are resuscitation, antibiotics, debridement and,
when appropriate, reconstruction.
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Left-sided weakness in a 13-year-old male

HISTORY OF PRESENT ILLNESS

A 13-year-old male with no significant medical history pre-
sented to the ED two hours after developing left-sided weak-
ness and some confusion while doing his homework, according
to his parents. No seizure activity was reported. By the time
the patient was evaluated in the ED, his symptoms had com-
pletely resolved. He denied headaches, visual changes, dizzi-
ness, fevers or neck stiffness. He had not experienced any
similar episodes previously.

PHYSICAL EXAMINATION

GENERAL APPEARANCE: The patient was well appearing and in
no acute discomfort.

VITAL SIGNS

Temperature 98.5◦F (37◦C)
Pulse 90 beats/minute
Blood pressure 110/70 mmHg
Respirations 20 breaths/minute
Oxygen saturation 100% on room air

HEENT: PERRL, EOMI, no facial asymmetry.

NECK: Supple, no meningeal signs.

CARDIOVASCULAR: Regular rate and rhythm without rubs,
murmurs or gallops.

LUNGS: Clear to auscultation bilaterally.

ABDOMEN: Soft, nontender, nondistended.

EXTREMITIES: No clubbing, cyanosis or edema.

NEUROLOGIC: Alert and oriented to person, place and time;
cranial nerves II–XII grossly intact; upper extremity and lower
extremity strength 5/5 bilaterally, proximally and distally; no
pronator drift, no dysmetria, normal gait.

Figure 45.1 Noncontrast CT of the brain from a 13-year-old male with
transient left-sided weakness.

A peripheral intravenous line was placed, and blood was
drawn and sent for laboratory testing. Laboratory tests, in-
cluding a complete blood count, electrolytes, creatinine and
random glucose, were within normal limits. A noncontrast CT
of the brain was obtained (Figure 45.1). While the patient
was still in the ED, his left-sided weakness returned approxi-
mately three hours after his initial symptoms (left arm and leg
strength noted to be 3/5 on repeat examination).

What is your diagnosis?
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ANSWER

The final diagnosis is acute cerebrovascular accident (CVA)
secondary to partial occlusion of the right middle cerebral
artery (MCA). The initial head CT demonstrated a thrombus
in the right MCA (hyperdense MCA sign). When the patient’s
symptoms returned, neurology was immediately consulted; it
was decided not to give thrombolytics (t-PA) based on lim-
ited data of thrombolytics in children and the finding that
the patient’s symptoms improved shortly after the onset of
symptoms. A CT angiogram of the brain was obtained, which
demonstrated a filling defect in the proximal right MCA con-
sistent with a thrombus (Figure 45.2).

Unfractionated heparin was administered with an initial
intravenous bolus and a maintenance drip of 20 units/kg/hour.
The patient was admitted to the pediatric ICU. The patient’s
symptoms continued to improve during his hospital course.
On hospital day #5, a magnetic resonance angiogram (MRA)
of the brain demonstrated evidence of acute infarct involving
the right lentiform nucleus, right caudate head, and a portion
of the caudate body and external capsule (Figure 45.3). Slight
local mass effect was seen without midline shift.

A work-up to identify hypercoagulability proved negative,
and an echocardiogram was normal. The patient was transi-
tioned to low-molecular-weight heparin (enoxaparin) admin-
istered subcutaneously on hospital day #4, and he was dis-
charged on hospital day #6 with nearly complete resolution of
his symptoms. He was instructed to continue enoxaparin twice
per day as an outpatient, which he continues five months after
his stroke.

Stroke in children

Stroke is a heterogeneous disorder and an important cause of
mortality and chronic morbidity in children. The estimated
incidence of cerebrovascular disease in children is approxi-
mately 25 per 100,000 in neonates and 1.3–13 per 100,000

Figure 45.2 CT angiogram of the brain demonstrating right MCA
thrombus (arrow) in a 13-year-old male with left-sided weakness.

Figure 45.3 MRA of the brain from a 13-year-old male with left-sided
weakness, demonstrating acute infarct involving the right lentiform
nuclei, right caudate head and a portion of the caudate body, as well
as the external capsule.

per year in children aged 1–18 years; half of these are due
to ischemia.1 Ischemic stroke is currently defined as a focal
neurologic deficit lasting more than 24 hours with no etiology
other than vascular. Transient ischemic attacks (TIAs), cur-
rently defined as neurologic deficits lasting less than 24 hours,
are commonly associated with infarction in children; many
series in children have included these patients.1

Several factors increase the risk of ischemic stroke in
children. Congenital heart disease remains an important risk
factor.2 Other risk factors include atherosclerotic and non-
atherosclerotic vasculopathies, hemoglobinopathies such as
sickle cell disease, cerebral and meningeal infections, pro-
thrombotic states, dehydration, sepsis and brain trauma.2,3

In children with acute ischemic stroke (AIS), prothrombotic
disorders have been identified in one-third to one-half of
patients.3 However, stroke occurs with no identifiable disor-
der in nearly 50% of children.3

The clinical presentation of AIS is related to the age of the
child and the size and location of the stroke.4 In the first year
of life, infants with AIS typically present with seizures, hypo-
tonia, apnea or decreased levels of consciousness. Older chil-
dren with AIS may present with hemiplegia, aphasia, seizures
or other focal neurologic deficits.4 Signs and symptoms of AIS
are often misinterpreted as other systemic or neurological dis-
orders in children. The lack of specific symptoms of AIS and
similarities with more common disorders often leads to delays
in hospital presentation and diagnosis.

CT scan of the brain is the initial imaging test of choice
when considering AIS in children, as it is the preferred imag-
ing study to identify acute hemorrhage. Work-up should also
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include MRI, MRA, and conventional four-vessel angiogra-
phy in selected cases, especially when a clear risk factor for
hemorrhage cannot be established or in patients with multiple
risk factors.2 In addition to complete blood count, electrolyte
panel, serum glucose and coagulation studies, a comprehen-
sive coagulation work-up should be performed, particularly if
a family history of thrombosis or hemorrhage exists.

Initial treatment of children with AIS includes prompt
recognition and immediate stabilization, with particular atten-
tion to the airway, breathing and circulation. Although sev-
eral cases describing the successful use of thrombolytic agents
in pediatric patients presenting with AIS have been reported,
intravascular thrombolysis is controversial and efficacy has
not been established in this patient population.5–8 Tissue plas-
minogen activator (t-PA) is clot-selective, has a shorter half-
life than other thrombolytic agents (i.e., urokinase or strepto-
kinase) and produces lower levels of fibrinogen degradation
products; however, no trial to date has demonstrated accept-
able safety in the pediatric stroke population.2 The delay
in diagnosis that often occurs in children with AIS reduces
the likelihood that a child will be evaluated early enough to
benefit from thrombolytic agents.2 Thrombolytic therapy has
been recommended for childhood AIS in special situations but
should only be considered at institutions able to support its
complications with neurology, radiology, and pediatric neuro-
surgical support.4

The use of antiplatelet and antithrombotic therapies is pri-
marily based on adult studies and expert opinion.4 Consen-
sus guidelines for the treatment of AIS in children have been
published.9,10 Treatment guidelines from the Seventh Confer-
ence of American College of Chest Physicians on Antithrom-
botic and Thrombolytic Therapy include the following: chil-
dren with non-sickle cell-related AIS should be treated with
anticoagulation (low-molecular-weight heparin or unfraction-
ated heparin) for five to seven days and then switched to
aspirin (3–5 mg/kg/day); children with sickle cell-related AIS
should receive emergent exchange transfusion; and children
with carotid or vertebral artery dissection-related or cardio-
embolic AIS should be treated with anticoagulation (low-
molecular-weight heparin or unfractionated heparin) for three
to six months and then switched to aspirin (3–5 mg/kg/day).4,10

KEY TEACHING POINTS

1. Acute ischemic stroke (AIS) in children is more common
than previously thought, and must be included in the dif-
ferential diagnosis for any child presenting to the ED with
acute, focal weakness or other stroke-like symptoms.

2. Risk factors for AIS in children include congenital heart
disease, atherosclerotic and nonatherosclerotic vasculopa-
thies, hemoglobinopathies (such as sickle cell disease), ce-
rebral and meningeal infections, prothrombotic states, de-
hydration, sepsis and brain trauma.

3. In the first year of life, infants with AIS typically present
with seizures, hypotonia, apnea or decreased levels of con-
sciousness, whereas older children with AIS may present
with hemiplegia, aphasia, seizures or other focal neurologic
deficits.

4. Intravascular thrombolysis in children presenting with AIS
is controversial; currently, efficacy has not been established
in this patient population.

5. Treatment of children presenting with AIS includes anti-
coagulation with unfractionated or low-molecular-weight
heparin and use of antiplatelet agents (e.g., aspirin). Emer-
gent exchange transfusion is recommended in patients with
sickle cell disease.
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Worst headache of life in a 23-year-old female

HISTORY OF PRESENT ILLNESS

A 23-year-old female with no significant medical history pre-
sented to the ED with a severe headache, described as the
worst headache of her life. The headache came on suddenly
three hours earlier while sitting, involved her entire head, and
was rated at a level of 10 (on a scale of 0 to 10). She reported
associated nausea, vomiting and sensitivity to light, but denied
neck stiffness, fevers or chills, visual changes, focal weakness,
numbness or trauma. She had not experienced such headaches
in the past and denied illicit drug use. Her only medication
was oral contraceptives. Her last normal period was two weeks
earlier.

PHYSICAL EXAMINATION

GENERAL APPEARANCE: The patient appeared well nourished,
well hydrated, lethargic and in acute discomfort.

VITAL SIGNS

Temperature 97.9◦F (36.6◦C)
Pulse 94 beats/minute
Blood pressure 118/69 mmHg
Respirations 18 breaths/minute
Oxygen saturation 100% on room air

HEENT: PERRL, EOMI, no nystagmus, moderate photo-
phobia.

BA

Figure 46.1 Noncontrast CT of the brain from a 23-year-old female with the sudden onset of a severe headache.

NECK: Supple, no meningeal signs.

CARDIOVASCULAR: Regular rate and rhythm without rubs,
murmurs or gallops.

LUNGS: Clear to auscultation bilaterally.

ABDOMEN: Soft, nontender, nondistended.

EXTREMITIES: No clubbing, cyanosis or edema.

NEUROLOGIC: Somnolent but easily arousable, oriented to
person, place and time. Cranial nerves II–XII grossly intact;
upper and lower extremity strength 5/5 bilaterally, proximal
and distal. Sensation grossly intact, no pronator drift, no dys-
metria on finger-to-nose testing.

A peripheral intravenous line was placed, blood was sent for
laboratory testing, and a noncontrast CT of the brain was
obtained (Figure 46.1). The patient was given morphine sul-
fate and Zofran R© IV for pain and nausea, respectively. Lab-
oratory tests, including a complete blood count, electrolytes,
creatinine, glucose and coagulation studies, were within nor-
mal limits. A serum pregnancy test was negative.

What is your diagnosis?
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ANSWER

The diagnosis is spontaneous subarachnoid hemorrhage
(SAH). The noncontrast CT of the brain demonstrated diffuse
SAH as well as hydrocephalus and effacement of the basal
cisterns, findings concerning for transtentorial herniation (Fig-
ure 46.2). The patient’s mental status continued to deterio-
rate and she was emergently intubated for airway protection
using rapid sequence induction and modest hyperventilation
to decrease cerebral edema. The patient was transferred to
the neurosurgical service and emergently underwent a right
frontal ventriculostomy to relieve the hydrocephalus and pre-
vent further herniation. Approximately five hours following
the diagnostic CT, a cerebral angiogram was performed that
demonstrated an aneurysm arising at the bifurcation of the
right middle cerebral artery (panel A, Figure 46.3). Endo-
vascular coiling with embolization of the aneurysm was suc-
cessfully performed (panel B, Figure 46.3). The patient was
extubated on hospital day #3 with continued neurological
improvement.

Subarachnoid hemorrhage

Nontraumatic (spontaneous) subarachnoid hemorrhage
(SAH) is a neurologic emergency characterized by the extra-
vasation of blood into the spaces covering the central nervous
system that are filled with cerebrospinal fluid.1 The lead-
ing cause of nontraumatic SAH is rupture of an intracranial
aneurysm, which accounts for 80% of cases and has a high rate
of complications and death.1 Nonaneurysmal SAH, including
isolated perimesencephalic subarachnoid hemorrhage, occurs
in about 20% of cases and carries a good prognosis; neuro-
logic complications are uncommon. According to Edlow et al.,
1 in 100 headache patients presenting to EDs have SAH.2 Of

BA

Figure 46.2 Noncontrast CT of the brain from a 23-year-old female demonstrating diffuse SAH (arrows,
panel A) and hydrocephalus of the frontal horns (white arrow, panel B) and atria (dark arrow, panel B)
of the lateral ventricles.

patients with severe, abrupt-onset headache and normal neu-
rologic examinations, about 10% have SAH. The incidence
of aneurysmal SAH is 6–10 per 100,000 persons in the United
States each year (approximately 30,000 annually).3,4

SAH is more common in African-Americans and Hispan-
ics than Caucasians, and post-menopausal women are more
frequently affected than men.2 Important risk factors for SAH
include heavy alcohol use, cigarette smoking, hypertension, a
family history of SAH, cocaine use, and possibly oral contra-
ceptive use. Other disorders associated with SAH include
autosomal dominant polycystic kidney disease, Ehlers-Danlos
syndrome type IV and neurofibromatosis type I.2 Sponta-
neous SAHs are frequently associated with Valsalva maneu-
vers (e.g., during bowel movements or heavy lifting), and may
occur post-coital.

SAH should always be suspected in patients with a “typi-
cal” presentation, which includes some or all of the following:
sudden onset of severe headache (frequently described as the
“worst ever”), associated with nausea, vomiting, neck pain,
photophobia, and loss or alteration of consciousness.1 The
physical examination may show retinal hemorrhages, nuchal
rigidity, restlessness, a diminished level of consciousness and
focal neurologic signs.5 In the absence of the classic signs
and symptoms, SAH may be misdiagnosed. The frequency of
misdiagnosis may be as high as 50% in patients presenting
for their first physician visit.1 Common incorrect diagnoses
include migraine and tension-type headaches. In a Canadian
study from 2002–2005, approximately 1 in 20 SAH patients
were missed during an ED visit, with lower-acuity patients
having a greater risk of misdiagnosis.6

The first test for a patient with a suspected SAH should be
an unenhanced cranial CT. A recent retrospective review of
149 patients diagnosed with spontaneous SAH in an academic
ED yielded an overall CT scan sensitivity of 93%.4 Cranial
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A

B

Figure 46.3 Cerebral angiogram of right internal carotid artery
demonstrating aneurysm at the right middle cerebral artery bifurca-
tion (arrow, panel A), and endovascular coiling with embolization of
the aneurysm (arrow, panel B).

CT scan is highly accurate but, like all tests, has limitations.2

One limitation is that accuracy diminishes with time due to
cerebrospinal fluid (CSF) circulation and the resultant dilu-
tion and catabolism of blood.2 A second limitation of cranial
CT is “spectrum bias.” In alert and awake patients (presum-
ably with smaller volume bleeds), the cranial CT is less likely
to show blood.5 A third limitation is that intracranial blood in
anemic patients (hematocrit less than 30%) may appear iso-
dense with brain and thus more difficult to see.2 Finally, many
CT sensitivity studies relied on experienced neuroradiologists
to interpret these images, whereas readings by general radio-
logists, neurologists and emergency physicians may be less
accurate.2,5

For patients with an abnormal CT scan, immediate con-
sultation with a neurologist or neurosurgeon is indicated.
Until more convincing data confirm the 100% sensitivity of
ultra-early or ultra-modern CT scanning in SAH, all patients

being evaluated for SAH whose CT scans are normal, tech-
nically inadequate, or nondiagnostic should undergo lum-
bar puncture.1,2 CSF should be collected in four consecutive
tubes, with the red blood cell (RBC) count compared in tubes
1 and 4. Findings consistent with SAH include an elevated
opening pressure, an elevated RBC count that does not dimin-
ish from tube 1 to tube 4, and xanthochromia (yellow tinge
of CSF caused by the enzymatic conversion of hemoglobin
to bilirubin, owing to red cell breakdown and detected by
spectrophotometry).1 In patients with either equivocal or
diagnostic lumbar puncture, consultation with a specialist and
an imaging study (such as CT angiography of the brain or cere-
bral angiography) should be the next step.1 For patients with
a normal CT and lumbar puncture, symptomatic treatment of
the headache, discharge and close outpatient follow up are
generally considered appropriate.5

All patients with SAH should be evaluated and treated on
an emergency basis with maintenance of airway and cardio-
vascular function.1 After initial stabilization, patients should
be transferred to centers with neurovascular expertise, prefer-
ably with a dedicated neurologic critical care unit. The dis-
cussion between specialists and emergency physicians should
address several issues, including airway control, treatment or
prevention of acute hydrocephalus, blood pressure control,
seizure and vasospasm prophylaxis, appropriate analgesia and
maintenance of an ideal intracranial pressure.2 Once in the
critical care setting, the main goals of treatment (including
pain control) are the prevention of rebleeding, the prevention
and management of vasospasm, and the treatment of other
medical or neurologic complications. Currently, the main
therapeutic options for definitive treatment of a ruptured
aneurysm at specialized centers are microvascular neuro-
surgical clipping and endovascular coiling.1

KEY TEACHING POINTS

1. Nontraumatic subarachnoid hemorrhage (SAH) is a neuro-
logic emergency that typically presents with the sudden
onset of severe headache (frequently described as the
“worst ever”), associated nausea, vomiting, neck pain, pho-
tophobia, and loss or alteration of consciousness; however,
not all of these may be present.

2. Eighty percent of cases of SAH are caused by rupture of
an intracranial aneurysm.

3. Evaluation of patients with suspected SAH should begin
with a noncontrast cranial CT; if the CT is normal or equiv-
ocal, a lumbar puncture should be performed.

4. Patients with a normal CT and lumbar puncture can gen-
erally be discharged from the ED with close follow up
arranged.

5. Emergency treatment of SAH includes close attention to
the airway, breathing and circulation, pain and nausea con-
trol, efforts to prevent elevation of intracranial pressure,
and prompt consultation with a neurosurgical specialist.
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Lower extremity weakness in a 26-year-old female

HISTORY OF PRESENT ILLNESS

A 26-year-old female with a medical history significant for
obesity and obstructive sleep apnea presented to the ED
by ambulance complaining of progressive, bilateral lower
extremity weakness. She reported that on the day of presen-
tation she could not bear weight or move her legs. She also
reported numbness in both legs, as well as an inability to uri-
nate. She had experienced cold and flu-like symptoms start-
ing several weeks earlier, with a dry, nonproductive cough,
left ear pain and tactile fevers. She was prescribed amoxi-
cillin by her primary care provider (PCP) at this time for pre-
sumed otitis media. Four days prior to her ED presentation
she again saw her PCP, complaining of pain in the right para-
scapular region of the thoracic spine. She was diagnosed with
musculoskeletal pain and prescribed ibuprofen. Shortly after
this visit, she began to experience weakness in both legs along
with a “pins-and-needles” sensation from her waist down. She
denied recent trauma, neck pain, upper extremity weakness
or numbness, headaches, dizziness or nausea. Her only medi-
cations had been amoxicillin and ibuprofen. She smoked a
half-pack of cigarettes per day, drank alcohol occasionally and
denied intravenous drug use.

PHYSICAL EXAMINATION

GENERAL APPEARANCE: The patient was a well-developed,
obese female lying supine on the gurney in no acute distress.

VITAL SIGNS

Temperature 100◦F (37.8◦C)
Pulse 95 beats/minute
Blood pressure 115/85 mmHg
Respirations 20 breaths/minute
Oxygen saturation 99% on room air

HEENT: Unremarkable.

NECK: Supple, no midline tenderness.

CARDIOVASCULAR: Regular rate and rhythm without rubs,
murmurs or gallops.

LUNGS: Clear to auscultation bilaterally.

ABDOMEN: Soft, nontender, nondistended.

RECTAL: Diminished rectal tone, perianal anesthesia present,
brown stool, hemoccult negative.

BACK: Tenderness to palpation over the thoracic spine.

NEUROLOGIC: Alert and oriented to person, place and time;
cranial nerves II–XII grossly intact; upper extremity strength
5/5 bilaterally, proximal and distal; lower extremity strength
0/5 bilaterally, proximal and distal. Sensation grossly intact
above her bra line; below this level, the patient lacked sen-
sation to either light touch or pinprick.

A peripheral intravenous line was placed, and blood was
drawn and sent for cultures and laboratory testing. Labora-
tory tests revealed a leukocyte count of 10.9 K/μL (normal
3.5–12.5 K/μL) with 85% neutrophils (normal 50–70%) and
erythrocyte sedimentation rate (ESR) of 108 mm/hr (normal
0–20 mm/hr). Electrolytes, creatinine, glucose, PT, PTT and
INR were all within normal limits. Plain radiographs of the
thoracic and lumbar spine were obtained but failed to reveal
abnormalities.

What is your diagnosis?

197



198 Neurology/Neurosurgery

ANSWER

The diagnosis is spinal epidural abscess with spinal cord com-
pression. An MRI was obtained, demonstrating a dorsal right
paracentral epidural mass from T3 through T8 compress-
ing the thoracic spinal cord, pushing it against the poste-
rior aspect of the adjacent vertebral bodies (Figures 47.1–
47.3). The patient received IV antibiotics (nafcillin and vanco-
mycin), Decadron R© 10 mg IV, and was taken to the oper-
ating room by a spine surgeon. A T2–T9 decompression via
T3–T8 laminectomies with irrigation and debridement of the
spinal canal was performed. Upon decompression of the spinal
cord, gross pockets of pus were discovered. Subsequent copi-
ous irrigation and debridement of the spinal canal occurred
intraoperatively. Spinal cord compression was noted, parti-
cularly in the region of T5.

Postoperatively, the patient was admitted to the ICU and
IV antibiotics were continued. Blood cultures returned posi-
tive for Staphylococcus aureus, with sensitivities to all antibi-
otics tested. By hospital day #5, the patient was still unable to
move her lower extremities, although some sensitivity to touch
had returned. She was referred for physical and occupational
therapy during her hospital course.

Spinal epidural abscess

Spinal epidural abscess (SEA) comprises 0.2–2 cases per
100,000 hospital admissions.1 SEA is part of a continuum of
infection that often develops as a result of untreated spondylo-
discitis. Most patients with SEA have one or more predis-
posing conditions, such as an underlying disease (diabetes

Figure 47.1 T1-weighted image of thoracic spine MRI from a 26-year-
old female with lower extremity weakness, demonstrating a large dor-
sal epidural abscess from T3–T8 (arrow).

Figure 47.2 T2-weighted image of thoracic spine MRI from a 26-year-
old female with spinal epidural abscess (arrow).

mellitus, alcoholism, HIV infection), a spinal abnormality
or intervention (degenerative joint disease, trauma, surgery,
drug injection, or placement of stimulators or catheters), or a
potential local or systemic source of infection (skin and soft
tissue infections, osteomyelitis, urinary tract infection, sepsis,
indwelling vascular catheter, intravenous drug use, nerve
acupuncture, tattooing, epidural analgesia or nerve block).2

Patients can be affected at any age. There have been case
reports of SEA in patients as young as 10 days old and as old
as 87 years.1 SEA more commonly affects the thoracic and
lumbar spine but can occur at any spinal level. Furthermore,
extension of the abscess is common. The average extent of an
abscess spans 3–5 spinal cord segments.1

Almost two-thirds of all cases of SEA are caused by Sta-
phylococcus aureus, with skin and soft tissue infections being
the most common sites of bacterial origin.3 The incidence of
methicillin-resistant S. aureus (MRSA) is steadily increasing.
Epidural abscesses are more common in the thoracic than in
the lumbar region because of the relatively large amounts of
fat within the epidural space of the thoracic spine.3 For this
same reason, these are almost always found posteriorly, as the
dura is attached directly to the vertebral bodies anteriorly.

In patients with SEA, severe back pain with a radicular
component is often the presenting complaint.4 Fever is com-
mon but is not universal. Leukocytosis and elevation of the
ESR are typical; in the presence of fever and back pain, the
diagnosis is relatively straightforward.4 However, only 20%
of patients have the classic clinical triad of fever, back pain
and neurologic deficits, so a high index of suspicion should be
maintained.1,2,4

SEA is a progressive disease. Historically, the early stages
(phases I and II) of SEA are characterized by spine pain, alone
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Figure 47.3 Sagittal view of T2-weighted image of thoracic spine MRI
from a 26-year-old female demonstrating dorsal epidural abscess com-
pression on the spinal cord (arrow).

or in the presence of referred or radicular pain.5 After these
“quiescent” phases, an “acute” stage of the disease is entered,
often heralded by a rise in temperature and acceleration of
pain. This ultimately results in weakness or paralysis (phases
III and IV). This classification scheme has limited clinical util-
ity, as the symptoms present in phases I and II are relatively
nonspecific, with the diagnosis most often made in phases III
and IV, which results in poor neurologic outcomes.5

A diagnosis of SEA should be suspected on the basis of
clinical findings, and is supported by laboratory data and imag-
ing studies. However, it can only be confirmed by surgical
drainage.2 Bacteremia causing or arising from SEA is detected
in approximately 60% of patients, more commonly in those
infected with S. aureus than with other organisms.2 Both MRI
with intravenous gadolinium and CT myelography of the spine
are highly sensitive (more than 90%) in diagnosing SEA.2

However, MRI is the imaging method of choice because it is
less invasive, delineates both the longitudinal and paraspinal
extension of the abscess (essential for surgical planning), and
may help differentiate infection from cancer on the basis of
appearance and signal intensity of the image.2

Paralysis from a SEA can quickly become irreversible.
The immediate treatment goals are reduction of the inflam-
matory mass impinging on the spinal cord and eradication
of the causative organism with antibiotic therapy.3 Surgical
decompression within the first 24 hours is crucial to improving
long-term prognosis, and neurologic recovery after surgery is

indirectly related to the duration of the untreated neurologic
deficit. Irreversible paraplegia occurs in up to 25% of patients;
substantially more have residual motor weakness.3 The use
of intravenous steroids (dexamethasone) in the treatment
of SEA has been sporadically reported in the literature.6,7

Although there have been reports in which glucocorticoid
therapy has been associated with adverse outcomes in patients
who already had a severe case of SEA,8 they may help reduce
swelling in patients with progressive neurologic compromise
awaiting surgical decompression.2

KEY TEACHING POINTS

1. Predisposing conditions for the development of spinal
epidural abscess (SEA) include diabetes mellitus, intra-
venous drug use, immunocompromised state, alcoholism,
spinal abnormalities or interventions, and potential local
or systemic sources of infection.

2. Only 20% of patients with SEA present with the classic
triad of back pain, fever and neurologic deficits.

3. Almost two-thirds of all cases of SEA are caused by
Staphylococcus aureus, with skin and soft tissue infections
being the most common sites of bacterial origin.

4. MRI with gadolinium enhancement is the imaging test of
choice for diagnosing SEA.

5. The treatment of SEA is prompt surgical decompression
and intravenous antibiotics; the use of intravenous dexam-
ethasone may reduce swelling in patients with progressive
neurologic compromise.
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Headache, neck pain and dizziness in a 35-year-old male

HISTORY OF PRESENT ILLNESS

A 35-year-old male with no significant medical history pre-
sented to the ED complaining of right-sided neck pain for
three weeks, as well as a progressively worsening right-sided
headache over the past week. His neck pain had been cons-
tant, located on the right side and worse with movement,
whereas the headache was described as throbbing, located on
the right occipital region and radiating to the front. On the
day of presentation, his headache became severe and he com-
plained of nausea, vomiting and difficulty walking secondary
to feeling “off balance.” He denied visual changes, focal weak-
ness or numbness, as well as any recent head or neck trauma.

PHYSICAL EXAMINATION

GENERAL APPEARANCE: The patient was awake and alert, and
appeared to be in no acute discomfort.

VITAL SIGNS

Temperature 98.5◦F (36.9◦C)
Pulse 70 beats/minute
Blood pressure 175/85 mmHg
Respirations 18 breaths/minute
Oxygen saturation 100% on room air

HEENT: PERRL, EOMI, no nystagmus.

NECK: Supple, nontender, no carotid bruits.

CARDIOVASCULAR: Regular rate and rhythm without rubs,
murmurs or gallops.

LUNGS: Clear to auscultation bilaterally.

ABDOMEN: Soft, nontender, nondistended.

EXTREMITIES: No clubbing, cyanosis or edema.

NEUROLOGIC: Alert and oriented to person, place and time;
upper and lower extremity strength 5/5 proximal and distal;
sensation grossly intact to light touch throughout. No pronator

Figure 48.1 Noncontrast CT of the brain from a 35-year-old male with
headache, neck pain and dizziness.

drift present; however, the patient demonstrated mild dys-
metria on finger-to-nose testing bilaterally, as well as an ataxic
gait upon ambulation, leaning to the left and requiring sup-
port.

A peripheral intravenous line was placed, blood was drawn
and sent for laboratory testing, and a noncontrast CT scan of
the brain was obtained (Figure 48.1). Laboratory tests, includ-
ing a complete blood count, electrolytes, creatinine, glucose
and prothrombin time, were within normal limits.

What is your diagnosis?
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ANSWER

The diagnosis is acute cerebellar stroke secondary to verte-
bral artery dissection. The noncontrast CT scan (Figure 48.1)
demonstrated a low attenuation lesion measuring 3.5 cm ×
2.5 cm in the right cerebellum with minimal local mass effect.
An MRI of the brain was obtained three hours following the
CT, which showed an acute infarct in the right cerebellar
hemisphere measuring 4 cm × 5 cm, with the infarct in the
vascular distribution of the right posterior inferior cerebellar
artery (Figure 48.2). An MRI and MRA of the cervical carotid
and vertebral arteries demonstrated dissection of the upper
right vertebral artery starting approximately 4–5 cm below the
level of the origin of the basilar artery (Figure 48.3).

The patient was admitted to the internal medicine ser-
vice with neurology consultation. Options regarding anti-
coagulation were discussed with the patient and his fam-
ily, who declined heparin therapy in favor of conservative
treatment with aspirin. On hospital day #3, the patient com-
plained of a worsening headache, and a repeat noncontrast
CT of the brain demonstrated evolving cerebellar infarct with
mild posterior fossa mass effect, including increased efface-
ment of the basilar cisterns with resultant mild enlargement
of the lateral and third ventricles (Figure 48.4). The patient
was subsequently transferred to the neurosurgical service for
further observation and consideration of ventricular shunt
placement. The neurosurgeon determined shunt placement at
this time was not necessary. No further evolution was noted
on repeat CT five days later. The patient’s neurologic sta-
tus was stable; he was discharged home to continue aspirin
therapy.

Figure 48.2 MRI of the brain from a 35-year-old male with headache,
neck pain and ataxia, demonstrating acute infarct in the right cere-
bellar hemisphere (arrow).

Figure 48.3 MRA of the carotid and vertebral arteries from a 35-year-
old male with headache, neck pain and ataxia, demonstrating right
vertebral artery dissection (dark arrow).

Cervical artery dissection

Cervical arterial dissection (CAD) results from a tear in the
intimal lining of the involved vessel, occurring spontaneously
or in response to major (or trivial) trauma.1 The tear allows
blood under arterial pressure to enter the wall of the artery
and form an intramural hematoma, known as the false lumen.2

Figure 48.4 Repeat CT of the brain on hospital day #3 from a 35-year-
old male with headache, neck pain and ataxia, demonstrating evolving
cerebellar infarct (arrow).
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Although intracranial arterial dissection is rare, dissection of
the internal carotid or vertebral artery, typically occurring at
the C1–C2 vertebral level, is an important cause of ischemic
stroke in young and middle-aged patients. Although there is
no overall gender-based predilection, women are on average
about five years younger than men at the time of CAD.2 In
community-based studies in the United States and France, the
annual incidence of spontaneous CAD ranged from 2.5–3.0
per 100,000 persons.2 Given the relative frequency of dissec-
tions of the carotid and vertebral arteries in large hospital-
based studies, the annual incidence of spontaneous verte-
bral artery dissection can be estimated at 1.0–1.5 per 100,000
persons.2,3

Spontaneous dissections have been described in arteries
throughout the body. The extracranial segments of the carotid
and vertebral arteries are much more likely to undergo dis-
section than either their extracranial segments or extracranial
arteries of similar size, such as the coronary or renal arteries.
This discrepancy may be explained by the greater mobility of
the extracranial internal carotid and vertebral arteries and the
potential for them to be injured by contact with bony struc-
tures, such as the cervical vertebrae or styloid processes.2

Patients with a spontaneous dissection of the carotid or
vertebral artery are thought to have an underlying structural
defect of the arterial wall, although the exact type of arterio-
pathy remains elusive in most cases. Foremost among the heri-
table connective-tissue disorders associated with an increased
risk of spontaneous dissections of the carotid and vertebral
arteries is Ehlers-Danlos syndrome type IV; other disorders
include Marfan syndrome, autosomal dominant polycystic
kidney disease and osteogenesis imperfecta.2 A history of a
minor precipitating event is frequently elicited in patients with
a spontaneous dissection of the carotid or vertebral artery.
Chiropractic manipulation of the neck has been associated
with carotid and vertebral artery dissection; it has been esti-
mated that as many as 1 in 20,000 spinal manipulations cause
a stroke.2 However, generalized connective-tissue disorders
have been identified in one-fourth of patients with such dissec-
tions, and the initial symptoms of vertebral artery dissection
commonly mimic musculoskeletal neck pain for which people
go to chiropractors.2

Headache is the most common presenting feature of inter-
nal carotid and vertebral artery dissection, and may occur with
neck pain.1–4 Neck pain accompanies headache in 50% of
patients with vertebral artery dissection and 25% of patients
with carotid artery dissection.5 In both instances, approxi-
mately 60–70% of patients present with headache that is typ-
ically, though not exclusively, in the occipital region.4 The
median time from onset of headache to onset of other neuro-
logic symptoms has been reported to be four days with carotid
dissection and 14.5 hours with vertebral dissection.5 In cases
of vertebral artery dissection, the median interval between the
onset of neck pain and the appearance of other symptoms has
been reported to be two weeks.2

The classic presentation of vertebral artery dissection is
pain in the back of the neck or head, followed by ischemia of

the posterior circulation. However, the initial manifestations
of vertebral artery dissection are less distinct than those of
carotid artery dissection, and are usually initially interpreted
as musculoskeletal in nature.2 Ischemic symptoms occur in
more than 90% of patients diagnosed with vertebral artery
dissection and may involve the brainstem, particularly the lat-
eral medulla (Wallenberg syndrome), as well as the thalamus
and the cerebral or cerebellar hemispheres. Isolated ischemia
of the cervical spinal cord is an uncommon but increasingly
recognized complication of vertebral artery dissection.2 Tran-
sient ischemic attacks are less frequent after vertebral artery
dissections than after carotid artery dissections.

Conventional angiography has long been the gold stan-
dard in the diagnosis of arterial dissections because it iden-
tifies the arterial lumen. It also allows extensive character-
ization of dissections of the carotid and vertebral arteries.
Magnetic resonance techniques are replacing conventional
angiography as the gold standard in the diagnosis of dis-
sections of the carotid and vertebral arteries because the
resolution of magnetic resonance angiography (MRA) now
approaches that of conventional angiography, and MRI can
show the intramural hematoma itself.2 MRI is superior to
angiography in the diagnosis of dissection without associ-
ated luminal abnormalities or in cases resulting in nonspec-
ific occlusion. Ultrasound is useful in the initial assessment of
patients who are believed to have a dissection of the carotid
artery. Although the site of dissection is generally not identi-
fied, an abnormal pattern of blood flow is identified in more
than 90% of patients.2 Finally, helical CT angiography is a
minimally invasive technique that can provide high-resolution
images of the arterial lumen as well as the vessel wall. Results
similar to those of magnetic resonance techniques have been
reported for the detection and follow up of CAD, but experi-
ence with this technique remains limited.2

To prevent thromboembolic complications, anticoagula-
tion with intravenous heparin followed by oral warfarin has
been recommended for all patients with acute dissections
of the carotid or vertebral artery, regardless of the type of
symptoms, unless contraindications exist (such as intracranial
extension of the dissection).2 However, the evidence support-
ing such management is little more than anecdotal.1 Progres-
sion of acute stroke, early recurrent stroke, or late recurrent
stroke is rare, regardless of what (if any) treatment is admini-
stered.1 Most dissections heal spontaneously, and anatomic
resolution of CAD and associated stenosis or occlusion is
common, usually occurring within three months after the dis-
section. Healing may be documented noninvasively by serial
brain MRI, MRA or carotid duplex testing.1,2

In one retrospective study of 48 patients with CAD, anti-
coagulation was the most frequent initial medical treatment
(64%).3 Antiplatelet therapy alone (typically with aspirin)
was the initial treatment in 31%. Two patients (4%) received
neither anticoagulation nor antiplatelet therapy. Acute inter-
ventional therapy was attempted in four patients, with two
patients receiving intravenous tissue plasminogen activator
(t-PA) and two patients receiving intra-arterial thrombolytics.
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The clinical outcome for the majority of patients was good
(92%), with a mean follow up of 7.8 years (maximum 17.7
years).3

KEY TEACHING POINTS

1. Dissection of the internal carotid or vertebral artery is an
important cause of ischemic stroke in young and middle-
aged patients.

2. Consider vertebral artery dissection in patients present-
ing with neck pain and occipital headache, particularly in
patients with recent neck trauma or neurologic symptoms
such as ataxia, stroke or TIAs.

3. MRI followed by MRA of the cervical arteries is the imag-
ing modality of choice in diagnosing cervical artery dissec-
tion.

4. Anticoagulation is the recommended initial treatment for
cervical artery dissection, although data supporting such
treatment is lacking.
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Low back pain and weakness in a 37-year-old male

HISTORY OF PRESENT ILLNESS

A 37-year-old male with a medical history significant for an
L3–L4 laminectomy five years earlier presented to the ED
complaining of two days of progressively worsening low back
pain. The patient described a markedly intensified pain start-
ing at the low back and shooting down his legs bilaterally. He
also noted decreased sensation in his legs and thighs, including
his saddle area, as well as difficulty urinating. He denied fevers
or chills, abdominal pain, intravenous drug use and diabetes.

PHYSICAL EXAMINATION

GENERAL APPEARANCE: The patient was a well-developed
male lying supine on the gurney, in moderate discomfort.

VITAL SIGNS

Temperature 98.7◦F (37◦C)
Pulse 85 beats/minute
Blood pressure 150/90 mmHg
Respirations 22 breaths/minute
Oxygen saturation 100% on room air

HEENT: Unremarkable.

NECK: Supple, no midline tenderness.

CARDIOVASCULAR: Regular rate and rhythm without rubs,
murmurs or gallops.

LUNGS: Clear to auscultation bilaterally.

ABDOMEN: Soft, nontender, nondistended, no pulsatile
masses.

RECTAL: Saddle anesthesia to pinprick, absent rectal tone.

EXTREMITIES: No clubbing, cyanosis or edema, brisk periph-
eral pulses.

NEUROLOGIC: Alert and oriented to person, place and time;
cranial nerves II–XII grossly intact; upper extremity strength
5/5 proximal and distal; symmetric 4/5 strength of the ilio-
psoas, quadriceps and hamstring muscles with a right foot
drop present; bulbocavernous reflex absent, patellar reflexes
1+ on the left and absent on the right, and ankle reflexes
absent bilaterally; Babinski sign absent bilaterally (great toes
downgoing to plantar stimulation).

An intravenous line was placed, blood was drawn and sent
for laboratory testing, and morphine sulfate was administered
for pain. Laboratory tests, including a complete blood count,
electrolytes and coagulation studies, were within normal
limits.

What is your diagnosis?
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ANSWER

The diagnosis is cauda equina syndrome. MRI of the lumbo-
sacral spine was obtained emergently, which showed a space-
occupying lesion at the L4 vertebral body (L4–L5 large disc
extrusion and herniation) with mass effect upon the cauda
equina (Figure 49.1). Decadron 10 mg was given IV, and
the patient was transferred to the neurosurgical service. The
patient underwent an L4 decompression laminectomy with
L4–L5 discectomy, with complete return of strength and
sensation.

Cauda equina syndrome

The adult spinal cord terminates at the level of the L1–L2
vertebrae, with the terminal bundle of lumbar and sacral
nerve roots within the spinal canal forming the cauda equina
below. The nerve roots then separate and exit at their specific
foramina. Compression of the cauda equina is most commonly
caused by herniation of a large quantity of lumbar disc mater-
ial, often in association with degenerative or congenital spinal
stenosis, which can result in cauda equina syndrome (CES).1

CES is not considered a true spinal cord injury. Instead, it
is an injury to the lumbosacral nerve roots within the neural
canal.2 Extremely rare causes of CES include compression
by tumor, fracture, penetrating trauma, chiropractic manipu-
lation, chemonucleolysis, postoperative hematoma, free epi-
dural fat graft and ankylosing spondylitis.

Risk factors for disc herniation include obesity, male gen-
der, age over 40 years, heavier lifetime lifting during occu-
pational and leisure activities, and history of back disorders.1

Four percent of patients with acute low back pain have a her-
niated disk but 95% of patients with herniation have sciatica.3

CES complicates approximately 2% of cases of lumbar disc
herniation.4

Clinical features of CES include perineal and other lum-
bosacral root sensory deficits, lower limb motor weakness,

Figure 49.1 MRI of the lumbar spine from a 37-year-old male with severe low back pain, demonstrating L4–L5
large disc extrusion and herniation with mass effect on the cauda equina (arrows).

difficulty with bladder more often than bowel control, sex-
ual dysfunction, low back pain, and unilateral or bilateral
sciatica.3–5 However, one retrospective study found that only
19% of patients diagnosed with CES over a four-year period
presented with the characteristic combination of bilateral sci-
atica, lower limb weakness, saddle anesthesia and sphincter
disturbance.6 The strongest presenting features of CES in this
study were low back pain, sacral sensory loss and urinary
symptoms.

Three variations of CES have been described: acute CES
that occurs suddenly in patients without previous low back
problems; acute neurologic deficit in patients who have a his-
tory of back pain and sciatica; and gradual progression to CES
in patients who have chronic back pain and sciatica.1 In more
than 85% of cases, signs and symptoms of CES develop in less
than 24 hours.

The physical examination of a patient with low back pain
and neurologic symptoms should include a thorough mus-
culoskeletal and neurologic examination, with special focus
on the low back, lower extremities and perianal area. The
straight-leg-raise test, during which the examiner raises the
supine patient’s fully extended leg to 70◦, is considered pos-
itive for disc herniation and nerve irritation when it produces
radicular pain radiating down the lower limb below the knee
in one or both limbs between 30◦ and 60◦ of elevation.1 Neu-
rologic examination should evaluate each of the spinal nerve
roots. Lumbar disc herniation typically affects the nerve root
inferior to the disc space. Thus, herniation of the L4–L5 inter-
vertebral disc would typically impinge on the L5 nerve root.
Sensory examination should be conducted using both light
touch and pinprick (see Table 49.1 for summary of sensory,
motor and reflex innervation by nerve roots L1–S5).

CES or spinal cord compression should be considered until
proven otherwise in all patients who report low back pain with
saddle anesthesia or bowel or bladder incontinence.5 Blad-
der dysfunction is usually secondary to detrusor muscle weak-
ness and an areflexic bladder; this dysfunction initially causes
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TABLE 49.1 Nerve roots with associated sensory, motor and reflex arcs

Nerve root Sensory Motor Reflex

L1 Anterior aspect of thigh Hip flexion (iliopsoas muscle)

L2 Anterior aspect of thigh Hip flexion Patellar
Knee extension

L3 Anterior aspect of thigh Hip flexion Patellar
Knee extension

L4 Medial aspect of leg and and Knee extension Patellar
foot, great toe Ankle dorsiflexion and foot inversion

(tibialis anterior muscle)

L5 Lateral aspect of foot Great toe dorsiflexion
First dorsal web space Hip abduction (gluteal muscles)

S1 Lateral aspect of foot Foot eversion (peroneal muscles) Achilles
Posterolateral aspect of calf Ankle plantar flexion

S2 Perineum, perianal Ankle plantar flexion Anal wink
Bladder and bowel control

S3 Perineum, perianal Intrinsic foot muscles Anal wink
Bladder and bowel control

S4 Perineum, perianal Intrinsic foot muscles Anal wink
Bladder and bowel control

Adapted from Ho DPE, “A case study of cauda equina syndrome,” Permanente J 2003;7:15.

urinary retention followed by overflow incontinence in later
stages. Patients who have back pain with urinary incontinence
but have normal neurologic examinations should have a uri-
nary post-void residual volume measured. A post-void resid-
ual volume of more than 100 mL indicates overflow inconti-
nence and mandates further evaluation.

The anal wink reflex, elicited by gently stroking the skin
lateral to the anus, normally causes reflexive constriction of
the external anal sphincter. Similarly, the bulbocavernosus
reflex can be elicited to check the S3–S4 nerve level. This
reflex is elicited by pulling on the glans penis or clitoris (or
gently pulling on an inserted Foley catheter) and noting con-
traction of the anal sphincter.1 Rectal examination should be
performed to assess anal sphincter tone and sensation if any
characteristic signs or symptoms of CES are present.

MRI is the accepted standard to evaluate a patient with
clinically significant spinal pathology, and should be emer-
gently obtained when the diagnosis of CES is suspected. Ab-
normalities on MRI are commonly found in asymptomatic
patients; it should therefore be used as a means of confirm-
ing a diagnosis in the presence of neurologic signs rather than
as a screening tool.

Treatment with high-dose steroids may provide rapid pain
relief and improved neurologic function while appropriate
diagnostic studies and consultations are being obtained.1 Dexa-
methasone is commonly given intravenously at doses of 4–
100 mg. CES is an absolute indication for emergent surgi-
cal decompression; laminectomy followed by gentle retrac-
tion of the cauda equina (to avoid complications of increased
neurologic compromise) and discectomy is the technique of
choice.1 Traditionally, patients with CES who have surgery
within 24 hours of initial symptoms are believed to have

significantly improved clinical recovery. However, some stud-
ies have found no significant improvement in outcome
between patients surgically treated within 24 hours compared
with those surgically treated within 24–48 hours.7

KEY TEACHING POINTS

1. Compression of the cauda equina is most commonly caused
by disc herniation, often in association with degenerative or
congenital spinal stenosis, and can result in cauda equina
syndrome (CES).

2. Patients with CES characteristically present with a his-
tory of low back pain, bilateral sciatica, motor and sensory
disturbances including sacral and perianal anesthesia, and
sphincter disturbances.

3. In more than 85% of cases, the signs and symptoms of CES
develop in less than 24 hours.

4. MRI is the standard for evaluating a patient with clinically
significant spinal pathology, and should be obtained emer-
gently when CES is suspected.

5. CES requires early administration of high-dose steroids,
neurosurgical consultation and emergent surgical decom-
pression.
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Headache and left arm weakness in a 44-year-old female

HISTORY OF PRESENT ILLNESS

A 44-year-old female with a medical history significant for
migraines, hypertension and menometrorrhagia presented to
the ED complaining of a sudden onset left-sided headache
(similar to her migraines) that had progressively worsened.
The patient also developed left arm numbness and weakness.
She related having increased frequency and duration of her
migraines over the past week since starting oral contracep-
tives for dysfunctional uterine bleeding. She reported nau-
sea but denied visual changes, neck pain, vomiting or slurred
speech. Her medications included iron, Maxalt R© for migraines
and oral contraceptives (Levora R©). The patient did not drink,
smoke or use drugs.

PHYSICAL EXAMINATION

GENERAL APPEARANCE: The patient was awake and alert, and
in no acute discomfort.

VITAL SIGNS

Temperature 97.5◦F (36.4◦C)
Pulse 79 beats/minute
Blood pressure 159/90 mmHg
Respirations 16 breaths/minute
Oxygen saturation 100% on room air

HEENT: PERRLA, EOMI without nystagmus, intact visual
fields.

NECK: Supple, no meningeal signs.

Figure 50.1 Noncontrast CT of the brain from a 44-year-old female with headache and left arm weakness.

CARDIOVASCULAR: Regular rate and rhythm without rubs,
murmurs or gallops.

LUNGS: Clear to auscultation bilaterally.

ABDOMEN: Soft, nontender, nondistended.

RECTAL: Normal tone, brown stool, hemoccult negative.

EXTREMITIES: No clubbing, cyanosis or edema, bilateral equal
pulses upper and lower extremities.

NEUROLOGIC: Alert and oriented to person, place and time;
cranial nerves II–XII grossly intact; diminished sensation to
light touch noted over left face and left arm; left upper extrem-
ity strength 4/5; left pronator drift present, otherwise no asym-
metry or other focal abnormalities.

A peripheral intravenous line was placed, and blood was
drawn and sent for laboratory testing. The patient’s blood
sugar in the ED was 66 mg/dL by bedside glucometery. She
received one ampule of D50 intravenously without resolution
of her weakness. A 12-lead electrocardiogram demonstrated a
normal sinus rhythm with no acute ST-T wave changes. Lab-
oratory tests were significant for a hematocrit of 29% (nor-
mal 34–46%); her electrolytes, creatinine, and troponin I were
within normal limits. A noncontrast CT scan of the brain was
obtained (Figure 50.1).

What is your diagnosis?
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ANSWER

The diagnosis is cerebral venous sinus thrombosis. The non-
contrast CT scan of the brain did not demonstrate any
intracranial hemorrhage, mass or midline shift. The patient
was admitted to the medicine service and underwent an initial
MRI of the brain, which demonstrated increased signal inten-
sity at the cerebral cortex of the bilateral parietal and occipital
lobes on the FLAIR and T2-weighted images with restricted
diffusion, suggestive of hyperacute versus acute cortical vascu-
lar ischemia, postictal transient changes of the cerebral cortex,
or encephalomyelitis (Figure 50.2).

The patient subsequently underwent a lumbar puncture
to evaluate for encephalitis, the results of which were nega-
tive. The patient’s hospital course was complicated by several
generalized seizures, for which she was started on phenytoin.
A repeat MRI with gadolinium on hospital day #3 demon-
strated filling defects in the superior sagittal sinus on the post-
contrast images, suggesting venous sinus thrombosis (Figure
50.3). A subsequent magnetic resonance venogram demon-
strated filling defects in the superior sagittal sinus, as well as
portions of the transverse sinuses, compatible with a venous
sinus thrombosis (Figure 50.4). The patient was anticoagu-
lated with enoxaparin and Coumadin R©; her clinical condi-
tion and neurologic status improved gradually, with complete
resolution of her neurologic deficits. She was discharged on
hospital day #5 on enoxaparin, Coumadin R© and phenytoin.

Cerebral venous thrombosis

Thrombosis of the cerebral veins and sinuses is a distinct cere-
brovascular disorder that, unlike arterial stroke, most often

Figure 50.2 MRI of the brain demonstrating abnormal bright signal
intensity of the bilateral parietal and occipital lobes (arrows).

Figure 50.3 MRI with contrast demonstrating filling defect in superior
sagittal sinus (arrow).

affects young adults and children. The estimated annual inci-
dence is 3–4 cases per 1 million population, up to 7 cases per
1 million among children.1 About 75% of the adult patients
are women. Because of increased awareness of the diagno-
sis, improved neuroimaging techniques and more effective
treatment over the past decade, more than 80% of patients
now have a good neurologic outcome.1

A prothrombotic risk factor or a direct cause is identified in
about 85% of patients with sinus thrombosis.1 Often, a precip-
itating factor such as head injury or obstetrical delivery causes
sinus thrombosis in a person with a genetically increased
risk. During the last trimester of pregnancy and after deliv-
ery, the risk of sinus thrombosis increases. Case studies have
also shown an increased risk of sinus thrombosis in women
who use oral contraceptives; the risk of venous thrombo-
embolism is increased by a factor of three or four among users
of low-estrogen oral contraceptives.1,2 Other causes of cere-
bral venous thrombosis include head injury, internal jugular
vein catheterization, dehydration, lumbar puncture, infections
(e.g., otitis and mastoiditis), malignancy and inflammatory dis-
ease (e.g., Behçet’s).1,3,4

Cerebral venous thrombosis (CVT) presents with a re-
markably wide spectrum of signs and modes of onset, thus
mimicking numerous other disorders. The most common
symptoms and signs are headache, seizures, focal neurologi-
cal deficits, altered consciousness and papilledema, which can
present in isolation or in association with other symptoms.4

Headache is present in 80% of cases and is often the earliest
indication of CVT.3 The headache may be of the “thunder-
clap” type in approximately 15% of cases; aside from those
instances, the headache of CVT has little distinguishing char-
acteristics. Afflicted patients may exhibit symptoms, signs and
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Figure 50.4 MRV of cerebral veins demonstrating filling defects in the sagittal (arrow, panel A) and right
transverse (arrow, panel B) sinuses.

cerebrospinal fluid (CSF) findings characteristic of intracra-
nial hypertension, and the associated headache may evolve
over days to years.3 Other patients experience a more ful-
minant, clinically devastating and potential fatal course, with
progressive focal neurologic deficits and multiple seizures.

The most sensitive examination for diagnosing CVT is
MRI in combination with magnetic resonance venography
(MRV).1 T1- and T2-weighted MRI will demonstrate a
hyperintense signal from the thrombosed sinus. The charac-
teristics of the signal depend on the age of the thrombus; these
signals are isointense on T1-weighted images during the first
five days and after one month. The combination of an abnor-
mal signal in a sinus and a corresponding absence of flow on
MRV confirms the diagnosis of CVT. If MRI is not read-
ily available, CT scanning is a useful technique for the initial
examination to rule out other acute cerebral disorders and to
demonstrate venous infarcts or hemorrhages. Results of CT
scanning can be entirely normal.1 CT venography is a promis-
ing new technique for creating images of the cerebral venous
system. If the diagnosis remains uncertain after MRI or CT
venography, cerebral angiography may be indicated. A neuro-
logist should be consulted in cases where CVT is diagnosed, or
when the diagnosis cannot be ruled out with available imaging
techniques.

The goals of antithrombotic treatment in CVT are to
recanalize the occluded sinus or vein, prevent the propagation
of thrombus, and treat the underlying prothrombotic state.
This is to prevent venous thrombosis in other parts of the body
(as occurs in pulmonary embolism) and to prevent the recur-
rence of CVT.4 Anticoagulants with body weight-adjusted
subcutaneous low-molecular-weight heparin or dose-adjusted
intravenous heparin are widely used as first-line therapy. Most
neurologists now start treatment with heparin as soon as the
diagnosis is confirmed, even in the presence of hemorrhagic
infarcts.1

The optimal duration of oral anticoagulant treatment after
the acute phase of CVT is unknown.1 Recurrent sinus throm-
bosis occurs in 2% of patients; about 4% of patients have
an extracranial thrombotic event within one year.1,5 Usu-
ally, Vitamin K antagonists (Coumadin R©) are given for six
months after a first episode of sinus thrombosis (longer in the
presence of predisposing factors), with a target International
Normalized Ratio (INR) of 2.5.

Endovascular thrombolysis can be attempted with the
administration of a thrombolytic enzyme (usually urokinase)
into the sinus, sometimes in combination with mechanical
thrombo-aspiration. Published reports are limited to case
reports and uncontrolled studies, so it is impossible to con-
clude that the results associated with endovascular thrombol-
ysis are superior to those with systemic heparin.1,4 Until better
evidence is available, endovascular thrombolysis may be per-
formed at centers with experience in interventional neuroradi-
ology, although this treatment should be restricted to patients
with a poor prognosis.1

KEY TEACHING POINTS

1. Thrombosis of the cerebral veins and sinuses is a rare,
distinct cerebrovascular disorder that most often affects
young adults and children.

2. The most common symptoms and signs of cerebral vein
thrombosis (CVT) are headache, seizures, focal neurologi-
cal deficits, altered consciousness and papilledema.

3. The most sensitive imaging study for diagnosing CVT is
MRI in combination with MRV.

4. Close interactions with neurology and neuroradiology (if
available) are essential if CVT is considered or identified.

5. Anticoagulation with body weight-adjusted subcutaneous
low-molecular-weight heparin or dose-adjusted intra-
venous heparin is widely considered as first-line therapy.
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Headache and seizures in a 45-year-old female

HISTORY OF PRESENT ILLNESS

A 45-year-old female with a medical history significant for a
seizure disorder and migraines presented to the ED following
four tonic-clonic seizures over a 30-minute period, each last-
ing 1–2 minutes. Between each seizure, the patient remained
confused and somnolent. The seizures began while the patient
was in bed; during one of the seizures, she fell onto the floor.
The patient’s husband called emergency services after the
patient failed to recover fully following her fourth seizure.
According to the husband, the patient was complaining of
a migraine headache earlier in the day, for which she took
sumatriptan (Imitrix R©) without significant relief. Because of
the headache, she did not take her antiepileptic medications
that day, which included levetiracetam (Keppra R©) and lamot-
rigine (Lamictal R©). The patient smoked cigarettes but did not
drink alcohol or use recreational drugs. Her recent seizure his-
tory was remarkable for one to two petite seizures per week
for several years; her last tonic-clonic seizure was one month
ago.

PHYSICAL EXAMINATION

GENERAL APPEARANCE: The patient appeared somnolent,
minimally arousable, was able to move all extremities and
withdraw from pain, but was unable to follow commands.

VITAL SIGNS

Temperature 96.7◦F (35.9◦C)
Pulse 110 beats/minute
Blood pressure 170/72 mmHg
Respirations 28 breaths/minute
Oxygen saturation 98% on room air

HEENT: Atraumatic, normocephalic, PERRL; roving, conju-
gate eye movements; oropharynx pink and moist without evi-
dence of trauma to the tongue.

NECK: Supple, no meningeal signs.

CARDIOVASCULAR: Tachycardic rate, regular rhythm, no rubs,
murmurs or gallops.

LUNGS: Clear to auscultation bilaterally.

ABDOMEN: Soft, nontender, nondistended.

EXTREMITIES: No clubbing, cyanosis or edema.

NEUROLOGIC: The patient could open her eyes to command
after a delayed phase, withdrew to pain and was mumbl-
ing inappropriate words. Glasgow Coma Scale (GCS) score:
eyes = 3, motor = 4, verbal = 3 for GCS = 10.

The patient was placed on a cardiac monitor with seizure
precautions, an intravenous line was placed, and blood was
drawn and sent for laboratory testing. Laboratory tests were
significant for a leukocyte count of 34 K/μL (normal 3.5–12.5
K/μL), hematocrit of 50% (normal 34–46%), creatinine of
1.5 mg/dL (normal less than 1.1 mg/dL), glucose of 261 mg/dL
(normal 60–159 mg/dL) and CO2 of less than 5 mEq/L (nor-
mal 22–30 mEq/L). A serum pregnancy test was negative. The
patient’s alcohol level was less than 10 mg/dL. The patient
received lorazepam (Ativan R©) 2 mg IV followed by pheny-
toin (Dilantin R©) 1 gm IV (loading dose over 1 hour). A non-
contrast CT scan of the brain was obtained (Figure 51.1).

What is your diagnosis?
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Figure 51.1 Noncontrast CT of the brain from a 45-year-old female presenting to the ED with headache and
seizures.
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ANSWER

The patient’s diagnosis is status epilepticus (four tonic-clonic
seizures over 30 minutes between which the patient did not
recover) and subarachnoid hemorrhage (SAH), most likely
post-traumatic. The noncontrast head CT demonstrated evi-
dence of an acute SAH, with hemorrhage present within the
right sulci, from the right occipital and temporal lobes to the
upper parietal and frontal parietal junction (arrow, Figure
51.2). The ventricles and sulci were noted to be otherwise nor-
mal in size and position, with no focal mass effect or midline
shift present.

The patient’s neurologic status continued to improve in the
ED, and she urgently received neurosurgical evaluation. A CT
angiogram of the brain showed no vascular anomaly and no
evidence of aneurysm. Given the patient’s recent history, the
CT angiogram results and the location of the subarachnoid
hemorrhage, it was concluded that the hemorrhage was post-
traumatic. The patient was continued on Dilantin R© as well
as her other antiepileptic medications; she was discharged on
hospital day #5.

Status epilepticus and traumatic subarachnoid hemorrhage

Status epilepticus (SE) represents a distinct seizure phe-
nomenon. Not simply a prolonged seizure, SE represents a
reconfiguration of the excitatory and inhibitory network of
the normal brain.1 The question of exactly when a prolonged
seizure or set of recurrent seizures should be considered SE
continues to evolve. Based on the typical seizure duration
of 1–2 minutes, SE may be considered as any seizure event

Figure 51.2 Noncontrast CT of the brain from a 45-year-old female
with headache and seizures, demonstrating acute SAH within the
right sulci (arrow).

greater than 5–10 minutes in length, or two or more dis-
crete seizures between which there is incomplete recovery of
consciousness.1,2 The frequency of cases of SE in the United
States is approximately 100,000–150,000 per year, with the
mortality from SE estimated at approximately 20–25%.1,2

SE can be divided into two general types: convulsive and
nonconvulsive.3 Although the diagnosis of convulsive SE is
usually obvious, the duration of seizures is often underesti-
mated because the intensity of the jerking tends to diminish
with time. The hallmark of nonconvulsive SE is altered mental
status.3 Patients demonstrate slow mentation, confusion, un-
responsiveness, gross abnormal motor movements, twitches,
lip smacking, mimicry or automatisms. Patients who have a
first episode of SE are at substantial risk for future episodes of
SE and the development of chronic epilepsy.2

Acute processes that cause SE include metabolic distur-
bances (e.g., electrolyte abnormalities, renal failure and sep-
sis), central nervous system infections, stroke, head trauma,
drug toxicity and hypoxia.2 Seizures caused by these acute
processes are often difficult to control and are associated
with a higher mortality, especially those due to hypoxia and
those in older patients.2 Chronic processes that result in SE
include pre-existing epilepsy in which SE is due to break-
through seizures or the discontinuation of antiepileptic drugs,
seizures in the context of chronic ethanol abuse, and processes
such as central nervous system tumors or strokes that lead to
SE after a latent period.2 In general, SE due to these processes
responds well to anticonvulsant treatment, and patients often
recover from the acute episode of seizures.

Initial management of a patient with SE includes prompt
evaluation of the airway, breathing and circulation (ABCs),
with proper assessment and control of the airway and of
ventilation.2,3 An arterial blood gas may reveal a profound
metabolic acidosis (pH < 7.0) that corrects itself once seizure
activity is controlled.2 Patients should receive 100% oxygen
by nonrebreather mask, and airway patency should be main-
tained by an oral or nasopharyngeal device while the patient
remains unresponsive. Orotracheal intubation should be per-
formed if there is clinical evidence of respiratory compromise.
If neuromuscular blockade is needed to facilitate intubation,
a short-acting paralytic agent (e.g., vecuronium 0.1 mg/kg)
will help the physician promptly regain the ability to deter-
mine whether seizures are clinically present.2 In cases were
the diagnosis of SE is not clear, an EEG should be obtained
to confirm the diagnosis, particularly when nonconvulsive SE
is suspected.3,4

The main principle of treatment of SE is to stop the
seizure as rapidly as possible and prevent recurrence.3 Benzo-
diazepines (diazepam, lorazepam, midazolam) are potent,
fast-acting anti-seizure drugs, and are therefore preferred
as initial therapy (particularly lorazepam and diazepam).
Despite the equivalence of lorazepam and diazepam as ini-
tial therapies, lorazepam has a longer duration of anti-seizure
effect (12–24 hours) than diazepam (15–30 minutes), and is
preferable to diazepam for the treatment of SE.2,3 The ini-
tial dose of lorazepam in treating SE is 0.05–0.1 mg/kg IV
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(max 8 mg) at a rate of 2 mg/min, with onset of action in 2–
3 minutes.3 Adverse effects of intravenous benzodiazepines
include respiratory depression, hypotension and impaired
consciousness.

Phenytoin is useful for maintaining a prolonged anti-
seizure effect after rapid termination of seizures with a ben-
zodiazepine, as an initial therapy for terminating SE, or
when benzodiazepines fail.2 The recommended starting dose
is 20 mg/kg administered intravenously at a maximal rate
of 50 mg/minute. As much as 30 mg/kg may be required to
stop seizures in some patients. Adverse effects of phenytoin
include hypotension and cardiac dysrhythmias (bradycardia
and ectopic beats). Fosphenytoin, a water-soluble prodrug
of phenytoin, is converted to phenytoin by nonspecific phos-
phatases. Fosphenytoin offers certain pharmacokinetic advan-
tages over phenytoin, such as: it can be infused using stan-
dard intravenous solutions, whereas phenytoin precipitates in
dextrose-containing fluids; fosphenytoin can be given intra-
muscularly; and the rate of infusion for fosphenytoin is
three times as fast as phenytoin.5 However, fosphenytoin and
phenytoin are likely to have similar time to effect in con-
trolling SE. No clinically significant differences between the
hypotensive or adverse cardiac effects of phenytoin or fos-
phenytoin loading have been reported, although infusion-site
reactions (phlebitis and soft-tissue damage) are less common
with fosphenytoin.2

Phenobarbital may be as effective as the combination of
benzodiazepines and phenytoin for the treatment of SE.2

However, the depressant effects of phenobarbital on respi-
ratory drive, level of consciousness and blood pressure may
complicate management, especially when phenobarbital is ad-
ministered after a benzodiazepine. For these reasons, pheno-
barbital (20 mg/kg at a rate of 50–75 mg/minute) is rec-
ommended only when benzodiazepines and phenytoin fail.2

Respiratory and blood pressure support must be immediately
available.

SE that does not respond to a benzodiazepine, pheny-
toin or phenobarbital is considered refractory and requires
more aggressive treatment. Continuous intravenous infusions
with anesthetic doses of midazolam, propofol or barbitu-
rates are the most useful treatments.2 In general, the patient
is placed on a continuous intravenous infusion of medication
while undergoing EEG monitoring.3 The dosage is titrated
until suppression of EEG spikes or burst suppression pattern
is obtained.3 A team approach to patient care, including a
neurologist or an intensivist and an anesthesiologist, is often
critical because of the need for higher neurologic and cardio-
vascular monitoring and ventilatory support.

Traumatic SAH frequently occurs following head injury.
On early CT scan, this is identified as a loss of the normal
hypodensity that appears in the sulci or cisterns.6 The sensi-
tivity of the CT depends on the volume and hematocrit of the
blood diluted in the cerebrospinal fluid, as well as the timing of
the CT. Traumatic SAH generally disappears a few days fol-
lowing injury. CT scanning also allows classification of trau-
matic SAH on the basis of the amount and distribution of
blood, just as it does for aneurysmal SAH. A higher incidence

of unfavorable outcomes (severe disability, persistent vegeta-
tive state and death) is associated with traumatic SAH than
in patients with traumatic brain injury without subarachnoid
bleeding.6

Emergency management of patients with SAH involves the
immediate stabilization of acute life-threatening conditions
and the initiation of appropriate supportive therapy. Vital
signs, cardiac rhythm and oxygen saturation should be mon-
itored, and an intravenous line should be established. The
head of the bed should be elevated 30◦ from the horizontal to
facilitate venous drainage and help reduce intracranial pres-
sure (ICP). Patients with respiratory compromise secondary
to hypoventilation, obtundation, hypoxia, hypercarbia, loss of
airway protective reflexes or pulmonary edema require endo-
tracheal intubation and assisted ventilation. Urgent consul-
tation with a neurosurgeon should be obtained. Controlled
hyperventilation with target PCO2 levels of 25–30 mmHg is
generally effective for acutely reducing elevated ICP.7

Administration of antihypertensive and anticonvulsant
agents should be performed in consultation with a neurosur-
geon. For most patients with a significant and sustained blood
pressure elevation (diastolic greater than 120–130 mmHg), a
titratable, short-acting agent (such as intravenous nitroprus-
side) should be employed. The drug should be titrated to
reduce the diastolic pressure below 100–110 mmHg over 20–
30 minutes. Agents such as nifedipine or hydralazine should
be avoided because they cannot be titrated and may cause
excessive hypotension.

Preventing seizures and concomitant increases in ICP can
reduce the risk of rebleeding. Phenytoin is typically used as
a prophylactic anticonvulsant. Seizures should be aggressively
managed if they occur. Diazepam or lorazepam are first-line
agents to treat seizures and should be followed by phenytoin
loading. Phenobarbital loading is an effective alternative but
its sedating effects may interfere with subsequent neurologic
assessment.

Antiemetics such as ondansetron, prochlorperazine or pro-
methazine may be necessary to control nausea and vomiting.
Alert patients with significant headache or neck pain may
require narcotic analgesics for pain control. Treatment with
calcium-channel blockers such as nimodipine (orally or via
nasogastric tube) or nicardipine (intravenously) appears to be
effective in reducing the risk and severity of cerebral vaso-
spasm; patients with relatively good neurologic status after
SAH derive the most benefit.7,8 All patients with SAH require
admission to the hospital for neurologic status monitoring and
evaluation for neurosurgical intervention. A neurosurgeon
should be consulted immediately once the diagnosis of SAH
is established; admission to a neurosurgical unit or critical care
setting should be considered.

KEY TEACHING POINTS

1. Status epilepticus (SE) is defined as either a continuous
seizure lasting at least five minutes or two or more dis-
crete seizures between which there is incomplete recovery
of consciousness.
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2. Benzodiazepines (lorazepam, diazepam, midazolam) are
first-line agents for the treatment of SE, followed by pheny-
toin, with phenobarbital in cases where benzodiazepines
and phenytoin fail to control the seizures.

3. SE that does not respond to benzodiazepines, phenytoin,
or phenobarbital is considered refractory and requires
more aggressive treatment (i.e., continuous intravenous
infusion with midazolam, propofol or barbiturates to
induce coma).

4. A higher incidence of unfavorable outcomes is associated
with traumatic SAH than in patients with traumatic brain
injury without subarachnoid bleeding.

5. Emergency treatment of traumatic SAH includes airway
assessment and intubation in patients with respiratory
compromise, those unable to protect their airway, or those
requiring modest hyperventilation to reduce ICP, as well
as seizure prophylaxis with phenytoin and admission to the
neurosurgical or critical care service.
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Acute onset of altered consciousness in a 66-year-old male

HISTORY OF PRESENT ILLNESS

A 66-year-old male with a medical history significant for
prostate cancer (including prior radiation treatment) and
recent diagnosis of ocular migraines was brought to the ED
by paramedics for several days of severe dizziness, vomiting,
occipital headaches and the acute onset of altered conscious-
ness. According to his sister, the patient had been experienc-
ing intermittent occipital headaches, lightheadedness, a sen-
sation of the room spinning with standing, and nausea with
vomiting over the past several days. On the day of presenta-
tion, his symptoms worsened to the point where he could nei-
ther stand nor walk. His sister called emergency services. The
patient did not drink alcohol, smoke cigarettes or use illicit
drugs. His current medications included terazosin and famoti-
dine, and he had no known drug allergies.

PHYSICAL EXAMINATION

GENERAL APPEARANCE: On initial examination, the patient
was a well-developed male with spontaneous respirations, ob-
tunded and aroused only briefly to sternal rub.

VITAL SIGNS

Temperature 98.5◦F (36.9◦C) rectal
Pulse 84 beats/minute
Blood pressure 123/59 mmHg
Respirations 22 breaths/minute
Oxygen saturation 99% on room air

HEENT: Atraumatic, normocephalic, pupils were small, equal
and minimally reactive bilaterally. Rotatory and vertical nys-
tagmus was present on initial examination of extraocular
movements (patient was able to follow commands briefly
upon arousal). The oropharynx was pink and dry.

NECK: Supple, no jugular venous distension nor meningeal signs.

CARDIOVASCULAR: Regular rate and rhythm without rubs,
murmurs or gallops.

LUNGS: Clear to auscultation bilaterally.

ABDOMEN: Soft, nontender, nondistended.

RECTAL: Normal tone, brown stool, hemoccult negative.

EXTREMITIES: No clubbing, cyanosis or edema; no evidence of
injection needle marks.

NEUROLOGIC: The patient would arouse briefly to sternal rub,
would answer questions with one or two words, and abruptly

A B

Figure 52.1 Noncontrast CT of the brain shortly after presentation
(panel A) and six hours following presentation to the ED (panel B)
of a 66-year-old male with acute onset of altered mental status.

become unconscious. The patient would withdraw and localize
to pain, moved all extremities when aroused, but was unable
to follow simple commands (e.g., could not perform pronator
drift nor finger-nose-finger tests).

A peripheral intravenous line was placed, blood was drawn
and sent for laboratory testing, as well as a urinalysis and urine
toxicologic screen. A CT scan of the brain and chest radiograph
were ordered. A bedside blood glucose test returned normal at
100 mg/dL. Twenty minutes following the initial examination, a
repeat neurologic examination was performed. This time the
patient remained obtunded and could not be aroused even with
vigorous sternal rub; he did not withdraw to painful stimuli
and a weak gag reflex was present. Both upper and lower ex-
tremities were hyperreflexic, and a Babinski reflex was present
bilaterally. His vital signs remained stable (pulse 85 beats/
minute, blood pressure 120/60, respirations 22 breaths/minute
with oxygen saturation 99% on 2 liters nasal cannula). Narcan
0.4 mg intravenous was administered without response. The
patient was subsequently intubated with etomidate and suc-
cinylcholine IV for rapid sequence induction. A noncontrast
CT scan of the brain was obtained (panel A, Figure 52.1). One
hour following intubation, the patient continued to be unre-
sponsive, and pupillary examination revealed bilateral mid-
range, unreactive pupils. The patient was admitted to the ICU
and a repeat CT of the brain was performed six hours follow-
ing the initial CT (panel B, Figure 52.1).

What is your diagnosis?
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ANSWER

The diagnosis is acute ischemic stroke secondary to basilar
artery occlusion, involving the brainstem, midbrain and pons.
The initial noncontrast CT of the brain did not demonstrate
an acute intracranial process (panel A, Figure 52.1), whereas
the repeat CT six hours later revealed subtle sulcal efface-
ment in the medial aspect of the parieto-occipital regions and
low-attenuation areas in the posterior fossa (panel B, Figure
52.1). These findings suggested an acute CVA in the poster-
ior circulation. The patient remained unresponsive while intu-
bated, and a repeat neurologic examination the following
day demonstrated decerebrate posturing, hyperreflexia, bilat-
eral Babinski reflexes, unreactive pupils and the absence of
doll’s eyes. Corneal reflexes remained intact. An MRI of the
brain performed on hospital day #2 demonstrated an acute
CVA in the bilateral cerebellum, brainstem, left thalamus/
subthalamus and posteromedial aspect of right temporal lobe,

Figure 52.2 MRI flare images of the brain from a 66-year-old male with acute altered consciousness, demon-
strating acute ischemic CVA (hyperintense areas) in the bilateral cerebellum, brainstem, left thalamus/
subthalamus and posteromedial aspect of right temporal lobe.

as well as posteromedial aspect of bilateral occipital lobes with
probable petechial hemorrhagic components (Figure 52.2).
An MRA of the circle of Willis revealed basilar arterial throm-
bosis at the tip of the basilar artery extending to the proxi-
mal portions of right posterior cerebral artery, left superior
cerebellar artery, and right superior cerebellar artery (Figure
52.3). With family consent, no further testing was performed,
ventilatory support was withdrawn and the patient expired on
hospital day #4.

Vertebrobasilar stroke and “top of the basilar” syndrome

Eighty percent of strokes are ischemic, with 20% of ischemic
events involving tissue supplied by the posterior (vertebro-
basilar) circulation.1 The most common causes of vertebro-
basilar ischemia are embolism, large artery atherosclerosis,
penetrating small artery disease and arterial dissection.1

Dizziness, vertigo, headache, vomiting, diplopia, loss of vision,
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Figure 52.3 MRA of the circle of Willis demonstrating basilar arterial
thrombosis at the tip extending to the proximal portions of the right
posterior cerebellar artery (dark arrow) and the left superior cerebel-
lar artery (white arrow) from a 66-year-old male with acute ischemic
brainstem stroke.

ataxia, numbness and weakness involving structures on both
sides of the body are frequent symptoms in patients with
vertebrobasilar artery occlusive disease.

The basilar artery (BA) is the largest artery in the poste-
rior circulation and forms the central core of this vascular
territory.2 Occlusion of the BA with progressive brainstem
symptoms has a poor prognosis. The pathogenesis in younger
patients is usually embolism from cardiac source or, less fre-
quently, from vertebral artery dissection.3 Local atherothrom-
bosis is more commonly the cause in elderly patients.3

The presenting symptoms of this patient reflect the level
of BA occlusion and the corresponding ischemic brain-
stem territory. The typical syndrome of bilateral intracra-
nial vertebral or caudal (proximal) BA occlusion are vertigo,
nausea, dysphagia and dysarthria.3 Clinical findings with a
lateral medullary infarction correspond to a Wallenberg syn-
drome with caudal cranial nerve findings, nystagmus, hemi-
ataxia, a dissociated hemisensory loss (hypalgesia) and an
ipsilateral Horner’s syndrome. A midbasilar occlusion with a
pontine infarct often causes a decreased level of conscious-
ness, a severe hemi- or tetraparesis (occasionally with postur-
ing of the arms), an ipsilateral VIIth nerve palsy, oculomotor
signs (pinpoint pupils, internuclear ophthalmoplegia, ipsilat-
eral gaze palsy, or one-and-a-half syndrome) and hemiataxia
with superior cerebellar artery (SCA) territory involvement.3

“Top of the basilar” syndrome is due to infarction of the
midbrain, thalamus, and portions of the temporal and occipi-
tal lobes resulting from occlusive vascular disease of the ros-
tral (distal) BA.4 This is often embolic in nature. Patients with

this syndrome frequently present in a coma, with midbrain
ocular motor signs (skew deviation, an internal and external
oculomotor palsy, and a vertical gaze palsy), severe hemi-
paresis and less frequently tetraparesis, or hemiataxia (with
SCA territory involvement).3 Pupillary abnormalities are also
frequently present, including small and reactive pupils, large
or mid-position and fixed pupils, corectopia and, occasionally,
oval pupils.4

Based on a retrospective study, four clinical features are
identifiable on patient presentation: dysarthria, pupillary dis-
orders, bulbar symptoms and disorders of consciousness.
These are significantly associated with a poor outcome in
patients with stroke from basilar artery occlusion.5 The pres-
ence of consciousness disorders alone – the most powerful
factor – or the combination of the three remaining factors
was associated with a poor outcome in 100% of nonautopsied
cases and 87% of autopsied cases in this study. A similar study
also identified decreased level of consciousness, tetraparesis
and abnormal pupils as clinical predictors of poor outcome in
patients with BA occlusive disease.2

Emergency treatment of patients with vertebrobasilar
stroke syndromes involves patient stabilization with immedi-
ate attention to the ABCs (airway, breathing and circulation).
A rapid blood glucose should be obtained at the bedside to
rule out hypoglycemia as a treatable cause of these symptoms.
Comatose patients should be intubated for airway protection.
Noncontrast CT scan of the brain is the initial imaging test
of choice to both rule out intracranial hemorrhage and detect
early signs of ischemia. Other important imaging modalities
for patients with acute stroke include CT angiography, MRI
and MRA.

Intravenous administration of tissue plasminogen activa-
tor (t-PA) enhances neurologic recovery from ischemic stroke
when administered within three hours of the onset of symp-
toms, once hemorrhage and other contraindications have been
excluded.1 Several small studies of the use of IV thrombolytic
agents for vertebrobasilar disease have shown mixed results.1

Because BA occlusions carry an increased risk of death and
disability, and due to extensive experience with intra-arterial
thrombolysis, several authors recommend cerebral angiogra-
phy and intra-arterial thrombolysis for BA occlusion, even
if it is 12–24 hours after the onset of the stroke.1,3,6 Con-
sidering all published series, a consistent survival benefit has
been predicted by revascularization of the BA (mortality 87%
nonrecanalized compared with 39% recanalized; p < 0.001).6

Although no large randomized studies of revascularization for
acute BA occlusion have been performed, it is unlikely that
endovascular efforts are inferior to the natural history of the
disease; it has therefore been postulated that patients would
benefit from this approach.6

KEY TEACHING POINTS

1. Twenty percent of ischemic strokes involve tissue supplied
by the posterior (vertebrobasilar) circulation; symptoms
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include dizziness, vertigo, headache, vomiting, diplopia,
loss of vision, ataxia, numbness and weakness involving
structures on both sides of the body.

2. “Top of the basilar” syndrome is caused by occlusion of
the distal basilar artery resulting in infarction of the mid-
brain, thalamus, and portions of the temporal and occipital
lobes.

3. Patients with “top of the basilar” syndrome frequently
present with coma, midbrain oculomotor signs, severe
hemiparesis (or less frequently tetraparesis) and pupillary
abnormalities. The presence of coma portends a poor prog-
nosis.

4. Initial management of patients with acute vertebrobasilar
strokes includes immediate attention to the ABCs, rapid
serum glucose testing and a noncontrast CT of the brain
to rule out hemorrhage and evaluate for early signs of
ischemia.

5. Although intravenous thrombolysis may be of some bene-
fit in patients with vertebral artery occlusions, intra-arterial
thrombolysis is recommended for basilar artery occlusion

and can be performed 12–24 hours after the onset of
stroke.
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Left upper quadrant abdominal pain following a bicycle collision
in a 13-year-old male

HISTORY OF PRESENT ILLNESS

A 13-year-old male presented to the ED complaining of
abdominal pain localized to the epigastrium and left upper
quadrant after running into a truck while riding his bicycle
several hours prior to arrival. He reported that the handlebars
were jammed into his abdomen upon collision. He described
the pain as severe, worse with movement and upon deep inspi-
ration, with radiation to the left shoulder. He denied nausea or
vomiting, chest pain or shortness of breath. He was helmeted
and denied head trauma, loss of consciousness or associated
injuries.

PHYSICAL EXAMINATION

GENERAL APPEARANCE: The patient was lying supine on the
gurney, holding his abdomen in moderate discomfort.

VITAL SIGNS

Temperature 98◦F (36.6◦C)
Pulse 115 beats/minute
Blood pressure 122/75 mmHg
Respirations 22 breaths/minute
Oxygen saturation 98% on room air

HEENT: Atraumatic, normocephalic, PERRL, EOMI.

NECK: Supple, no midline tenderness.

CARDIOVASCULAR: Tachycardic rate, regular rhythm without
rubs, murmurs or gallops.

LUNGS: Clear to auscultation bilaterally.

ABDOMEN: Diffuse tenderness to palpation, most prominent
in the left upper quadrant, with associated rebound and guard-
ing. No ecchymosis was noted; bowel sounds were hyper-
active.

EXTREMITIES: No clubbing, cyanosis or edema; no obvious
deformities or swelling.

SKIN: Warm, moist, no abrasions or ecchymosis.

NEUROLOGIC: Nonfocal.

Two peripheral intravenous lines were placed, blood was
drawn and sent for laboratory testing, and morphine sul-
fate was administered IV for pain control. Laboratory results
were significant for a leukocytosis of 19 K/μL (normal 3.5–
12.5 K/μL); the hematocrit was 40% (normal 39–51%). The
platelet count, coagulation panel, electrolytes, liver function
tests and amylase were within normal limits. A bedside ultra-
sound of the abdomen demonstrated free fluid in Morrison’s
pouch; at this time, the surgical service was urgently consulted
and the decision was made to obtain a CT scan of the abdomen
and pelvis with intravenous contrast (Figure 53.1). A repeat
complete blood count performed four hours after the initial
test revealed a hematocrit of 35%.

What is your diagnosis?
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Figure 53.1 CT of the abdomen and pelvis from a 13-year-old male with left upper quadrant abdominal
pain after a bicycle collision.
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ANSWER

The diagnosis is grade 4 splenic laceration. The CT scan of the
abdomen and pelvis demonstrated an extensive splenic lacer-
ation extending into the splenic hilum (arrow, Figure 53.2),
associated with a large amount of intraperitoneal hemorrhage
in both the abdomen and pelvis. The patient was admitted to
the surgical service and serial hematocrits were followed, with
the hematocrit dropping to 28% on hospital day #2 before
stabilizing. The patient was managed conservatively without
operative intervention and was discharged on hospital day #5.
He was given strict precautions to avoid sports or any strenu-
ous physical activity.

Pediatric intra-abdominal injury and splenic trauma

Trauma remains the leading cause of death and disability in
children, with blunt trauma accounting for more than 90% of
all pediatric injuries.1 Although falls are the most common sin-
gle mechanism of injury in children, injuries involving bicycles,
all-terrain vehicles, motorcycles and sports occur frequently.
Abdominal injuries occur in isolation or as a part of multi-
system trauma. Bicycle handlebar and lap belt injuries are par-
ticularly common mechanisms that should raise the level of
suspicion for a significant intra-abdominal injury (IAI), with
high likelihood of requiring operative intervention.1,2

The spleen is the most commonly injured intra-abdominal
organ in children following blunt trauma.1,3 Traumatic splenic
injury may result in hematoma, laceration, fragmentation or
complete devascularization. The trauma resulting in these
injuries may be relatively minor and may not be recalled by

Figure 53.2 CT of the abdomen and pelvis from a 13-year-old male
with left upper quadrant abdominal pain after a bicycle collision dem-
onstrating splenic laceration (arrow).

the patient. Falling over a chair, hitting the edge of a table or
colliding into a strong ocean wave are mechanisms of injury
that have resulted in splenic rupture.3

The classic physical findings of splenic rupture are left
upper quadrant pain and tenderness and left shoulder pain.
Kehr’s sign (left shoulder pain from irritation of the inferior
border of the left diaphragm by hematoma) may be elicited
by placing patients in the Trendelenburg position.3 Associated
comorbid findings or injuries can help predict which children
have IAI, particularly the presence of a femur fracture or a
low systolic blood pressure, which itself carries an odds ratio
for IAI of 4.8.4,5 Although any abdominal examination abnor-
mality should be considered an indicator of IAI, a negative
examination and absence of comorbid injuries do not rule out
an IAI.4

After the history and physical examination, the next step
in evaluating pediatric patients with potential IAI is consider-
ing which laboratory tests are necessary. In hypotension unre-
sponsive to isotonic fluid boluses, the type and crossmatch for
blood is the most important test to order.4 In the stable child,
laboratory tests can be used to help predict which children
may have IAI. The most useful laboratory tests for this pur-
pose include the complete blood count (CBC), liver function
tests (LFT) and urinalysis (UA).4,5 The greatest use for the
hemoglobin and hematocrit is to follow serial values in known
solid organ injuries. An initial hemoglobin and hematocrit
are recommended in the evaluation of patients with pediatric
abdominal trauma, but should not be used to decide whether
to perform an additional imaging study.4

Focused Assessment with Sonography for Trauma (FAST)
is used to detect free intraperitoneal fluid (i.e., blood) and
has identified abdominal injuries in adults with a sensitiv-
ity ranging from 63–99% in published series. Several reports
have shown that FAST can reliably detect intraperitoneal fluid
in children with a sensitivity of 56–93% and a specificity of
79–97%.1 However, a positive FAST in a hemodynamically
stable child is of limited use because stable children with solid
organ injury will likely be managed nonoperatively and will
require an abdominal CT scan for diagnosis of and staging
the injury. FAST may be most useful in children in two cir-
cumstances. First, in the hemodynamically unstable child with
multiple injuries and several potential causes of hypotension,
FAST may indicate whether intra-abdominal bleeding is the
source of hypotension, therefore guiding immediate operative
management. Second, FAST may serve as a screening tool,
along with physical examination and laboratory evaluation,
to help identify children who will benefit from abdominal CT
scanning.1

In the hemodynamically stable patient, CT scan remains
the study of choice for identification of IAI.6 CT has become
the gold standard for the diagnosis of splenic injuries after
trauma.7 As an initial diagnostic test, CT is particularly use-
ful in diagnosing solid organ injuries, particularly to the liver,
spleen and kidneys. CT allows accurate grading of these solid
organ injuries, which helps guide nonoperative therapy. How-
ever, CT is less reliable for the diagnosis of intestinal and
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pancreatic injuries in the early post-injury period.1 Intra-
venous contrast is essential in diagnosing solid organ injuries,
whereas the use of oral contrast is controversial. Oral contrast
may aid in the diagnosis of intestinal and pancreatic injuries
through detection of extraluminal contrast and enhanced
identification of the pancreas; some studies suggest that the
omission of oral contrast does not delay the diagnosis of
intestinal injury.1

Criteria for staging splenic trauma based on the American
Association for the Surgery of Trauma (AAST) splenic injury
scale include the following:4

� Grade 1: Subcapsular hematoma of less than 10% of surface
area or capsular tear of less than 1 cm in depth

� Grade 2: Subcapsular hematoma of 10–50% of surface area,
intraparenchymal hematoma of less than 5 cm in diameter,
or laceration of 1–3 cm in depth and not involving trabe-
cular vessels

� Grade 3: Subcapsular hematoma of more than 50% of
surface area or expanding and ruptured subcapsular or
parenchymal hematoma, intraparenchymal hematoma of
more than 5 cm or expanding, or laceration of more than
3 cm in depth or involving trabecular vessels

� Grade 4: Laceration involving segmental or hilar vessels
with devascularization of more than 25% of the spleen

� Grade 5: Shattered spleen or hilar vascular injury.

Because many of these injuries are self-limited in children,
the management of splenic trauma has evolved to where stable
children are managed with bed rest, frequent examinations,
serial hemoglobin monitoring and close surgical supervision.4

Splenic preservation is preferred to decrease the risk of post-
splenectomy infection. The only absolute indications for per-
forming a splenectomy in children are massive disruption and
hemodynamic instability.1,4 Patients undergoing conservative
preservation management have demonstrated full recovery in
90–98% of cases.4

KEY TEACHING POINTS

1. The spleen is the most commonly injured intra-abdominal
organ in children following blunt trauma.

2. The classic physical findings of splenic rupture are left
upper quadrant abdominal pain and tenderness and left
shoulder pain (Kehr’s sign).

3. Laboratory tests useful in evaluating children with sus-
pected intra-abdominal injury (IAI) include a type and
crossmatch in unstable patients, a complete blood count,
liver function tests and urinalysis.

4. Bedside abdominal ultrasound (FAST scan) can be use-
ful in the hemodynamically unstable child with multiple
injuries and several potential causes of hypotension to
identify intra-abdominal bleeding as the source of hypo-
tension, and to serve as a screening tool to help identify
hemodynamically stable children who will benefit from
abdominal CT scanning.

5. In the hemodynamically stable patient, CT scan remains
the study of choice for identification of IAI and is the
gold standard for the diagnosis of splenic injuries after
trauma.

6. Conservative, nonoperative management of children with
splenic injuries is the treatment of choice in the majority of
cases, except in cases involving massive splenic disruption
or hemodynamic instability.
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Assault with stab wounds to a 16-year-old male

HISTORY OF PRESENT ILLNESS

A 16-year-old male was brought to the ED by his mother after
complaining of abdominal pain. Upon further questioning, the
teenager admitted that he had been stabbed several times with
a knife the prior evening, once in the abdomen and twice in
the back. In the ED, he reported diffuse abdominal pain, most
prominent in the left lower quadrant. He denied fevers, chills,
nausea, vomiting, diarrhea or constipation. Other than the
stab wounds, he denied additional injuries. His tetanus vac-
cination was current.

PHYSICAL EXAMINATION

GENERAL APPEARANCE: The patient was a well-developed,
obese male, and in no acute discomfort.

VITAL SIGNS

Temperature 98.5◦F (37◦C)
Pulse 96 beats/minute
Blood pressure 100/67 mmHg
Respirations 16 breaths/minute
Oxygen saturation 98% on room air

HEENT: Atraumatic, normocephalic, PERRL, EOMI.

NECK: Supple, no midline tenderness.

CARDIOVASCULAR: Regular rate and rhythm without rubs,
murmurs or gallops.

LUNGS: Clear to auscultation bilaterally.

ABDOMEN: A 2-cm vertical stab wound to left mid-abdominal
wall (panel A, Figure 54.1) without bleeding, erythema or pus.
The abdomen was nondistended, with diffuse tenderness to

palpation, most prominent in the left mid-abdomen around
the stab wound; no rebound, guarding or crepitus was noted;
bowel sounds were hypoactive.

RECTAL: Normal tone; soft, brown stool, hemoccult negative.

EXTREMITIES: No clubbing, cyanosis or edema; no deformities
or wounds.

LEFT FLANK: A 1.5-cm wound in the mid-left flank and a 2-cm
wound in the superior left flank consistent with stab wounds
were noted, without bleeding, erythema or pus (panel B, Fig-
ure 54.1); mild tenderness around the stab wounds was present
without crepitus.

SKIN: No other stab wounds were appreciated on thorough
skin exam with the patient completely disrobed.

NEUROLOGIC: Nonfocal.

A peripheral intravenous line was placed and blood was
drawn and sent for laboratory testing. A 500-mL bolus of
normal saline IV was administered, as well as morphine sul-
fate for pain and cefazolin 1 gm IV for infection prophylaxis.
The wounds were anesthetized with lidocaine, irrigated with
normal saline and packed with sterile gauze. Laboratory tests
including a complete blood count, electrolytes, creatinine, glu-
cose, liver function tests and coagulation studies were within
normal limits. A chest radiograph (Figure 54.2) and CT scan
of the abdomen and pelvis with oral and IV contrast (Figure
54.3) were obtained.

What is your diagnosis?
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A B

Figure 54.1 Stab wounds to the abdomen (panel A) and left flank (panel B) of a 16-year-old male.

Figure 54.2 Anteroposterior chest radiograph from a 16-year-old
male with multiple stab wounds (paper clips indicate location of two
stab wounds on the left flank).

A B

Figure 54.3 CT of the abdomen and pelvis from a 16-year-old male with multiple stab wounds.
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ANSWER

The diagnosis is penetrating intra-abdominal stab wound
through the left rectus abdominis muscle causing small bowel
herniation into the wound with mild obstruction, as demon-
strated on the CT scan (Figure 54.4). The chest radiograph
did not show evidence of a pneumothorax. The surgical ser-
vice was consulted, and the patient was taken to the OR
for exploratory laparotomy. The herniated small bowel was
reduced and the rectus abdominis muscle defect repaired. No
small bowel wall injuries were identified. The stab wounds
were kept open and packed with saline gauze. The patient was
discharged on hospital day #3, tolerating a regular diet and
with minimal pain, scheduled for close follow up in the surgery
clinic.

Abdominal stab wounds

Penetrating abdominal injury implies that either a gunshot
wound (GSW) or a stab wound has violated the abdominal
cavity. Stab wounds are encountered three times more often
then GSWs but have a lower mortality because of their lower
velocity and less invasive tract.1 However, occult injuries can
be overlooked, resulting in devastating complications.2 As a
result of the greater force and extensive missile tract associ-
ated with GSWs, these account for up to 90% of the mortality
associated with penetrating trauma.1

Stab wounds of the abdomen occur most commonly in the
upper quadrants, the left more commonly than the right.3 The
liver, followed by the small bowel, is the organ most often

Figure 54.4 CT of the abdomen and pelvis from a 16-year-old male
with a penetrating intra-abdominal stab wound demonstrating small
bowel herniation into the wound (arrow) with mild obstruction.

damaged by stab wounds that penetrate the abdominal cav-
ity. Stab wounds are multiple in 20% of cases, and involve
the chest in up to 10% of cases. Anterior stab wounds pene-
trate the peritoneum in approximately 70% of cases but inflict
injury to the viscera in only half of these.3 Lower chest wounds
are associated with coincident intraperitoneal damage approx-
imately 15% of the time, whereas abdominal penetration from
flank and back wounds have reported incidences of up to 44%
and 15%, respectively.3

Emergency management of patients with abdominal stab
wounds initially involves rapid assessment using the primary
trauma survey of Advanced Trauma Life Support (ATLS):
ABCDEFG (airway, breathing, circulation, disability, expo-
sure, Foley and gastric tube). Two large-bore peripheral intra-
venous lines should be placed. Airway protection and venti-
latory support (when required) are followed by circulatory
resuscitation with fluids (normal saline or, if necessary, blood
products). Following the primary survey, a careful head-to-
toe secondary survey should be performed. Patients must be
completely disrobed for careful inspection of all body surfaces
(front, back, axilla, skin folds) for associated wounds. In addi-
tion, this may reveal unsuspected weapons. In an awake, sta-
ble patient, a brief history (events regarding the injury, medi-
cal history, medications, allergies, tetanus status, current level
of pain and last meal) should be obtained. Law enforcement
must be notified about all violent injuries.

Patients with evisceration of abdominal organs due to
stab wounds require emergent surgical repair. In the absence
of obvious evisceration, examination of the abdomen in an
awake patient may identify peritoneal signs, such as pain,
guarding and rebound tenderness. Abdominal distension in an
unresponsive patient may be the result of active bleeding that
requires emergent surgical exploration, particularly in combi-
nation with hypotension.2 A rectal examination should be per-
formed in all patients with penetrating abdominal injury, as
blood per rectum or a high-riding prostate can indicate bowel
injury and genitourinary tract injury, respectively.2 Blood at
the urethral meatus is also concerning for genitourinary tract
injury; a Foley catheter should not be placed in this situation
until urethral or bladder injury has been excluded.

Local wound exploration can be safely performed at the
bedside in patients with abdominal stab wounds in the absence
of evisceration, peritonitis or hemodynamic instability.1 If the
wound tract ends before violation of the abdominal fascia,
reliable patients can be discharged home once wounds are
irrigated, packed and close follow up has been arranged. If
the tract is not completely visualized because of body habitus,
other injuries or technical inability, further testing is neces-
sary. Diagnostic peritoneal lavage (DPL) or diagnostic peri-
toneal aspiration (DPA) can be performed via a closed or
open method. Aspiration of gross blood is positive for peri-
toneal penetration and organ injury. If gross aspiration is neg-
ative, 1 liter normal saline is infused and retrieved by grav-
ity siphonage. The fluid is then evaluated for the presence of
red blood cells (more than 10,000/mm3), white blood cells
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Figure 54.5 Algorithm for evaluation and management of abdomi-
nal stab wounds. From Isenhour JL, Marx J. Advances in abdominal
trauma. Emerg Med Clin N Am 2007;25:713–33.

(more than 500/mm3), bile, fibers or particles, any of which
indicate peritoneal penetration and organ injury.2 DPL is
invasive and time-consuming, and has been replaced at
most institutions by focused assessment with sonography for
trauma (FAST), CT scan or laparotomy.2

All patients with penetrating abdominal injury should
undergo laboratory testing, including a complete blood count,
chemistry profile, coagulation profile and urinalysis (for the
presence of hematuria). Liver function tests and a serum amy-
lase or lipase can be helpful in evaluating for hepatic or pan-
creatic injury, although these tests are not diagnostic. An
arterial blood gas (ABG) and lactate levels provide impor-
tant information regarding acid-base status and the hemody-
namic stability of the patient.2 Patients in shock should be
typed and crossmatched for 4–8 units of packed red blood
cells.

A chest radiograph should be obtained in all patients with
abdominal stab wounds, as penetration of the chest cavity
cannot be ruled out. Chest radiographs may reveal hemotho-
races, pneumothoraces, or irregularities of the cardiac silhou-
ette (which may indicate cardiac or great vessel injury).2 Plain
radiographs of the abdomen may reveal free intraperitoneal
air. The FAST exam includes four views of the chest and
abdomen (i.e., pericardial, right upper quadrant, left upper
quadrant and pelvis). Free fluid in the abdomen is a sign of

hemorrhage secondary to liver or splenic laceration, or mesen-
teric injury, suggesting immediate exploratory laparotomy in
unstable patients. CT is the next step in evaluating hemody-
namically stable patients, as it is noninvasive, offers informa-
tion about the extent of injury to visceral organs, and can help
plan both operative and nonoperative management.1,4,5 How-
ever, injuries to the bowel, diaphragm and pancreas are poorly
visualized on CT (even with triple contrast), and in patients
with high suspicion for injury, further diagnostic testing with
laparoscopy or DPL/DPA may be warranted despite a nega-
tive abdominal CT scan.1

A diagnostic and therapeutic algorithm for abdominal stab
wounds is summarized in Figure 54.5. In general, indica-
tions for immediate laparotomy in patients with abdominal
stab wounds include hemodynamic compromise, peritoneal
signs, evisceration (may be managed without laparotomy in
select cases involving omental evisceration only), diaphrag-
matic injury, gastrointestinal hemorrhage, implements in situ
(e.g., retained knife) and free intraperitoneal air. Stab wounds
to the skin should not be closed due to the risk of infection,
but rather irrigated and packed with sterile gauze.

KEY TEACHING POINTS

1. Abdominal stab wounds occur three times more often then
GSWs but have a lower mortality.

2. Patients with stab wounds should be completely disrobed
for careful inspection of all body surfaces (front, back,
axilla, skin folds) for associated wounds or weapons.

3. Local wound exploration can be safely performed at the
bedside in patients with abdominal stab wounds, in the
absence of evisceration, peritonitis or hemodynamic insta-
bility.

4. All patients with penetrating abdominal injury should
undergo a complete blood count, chemistry profile, liver
function tests, coagulation profile, urinalysis (for presence
of hematuria), and type and screen or crossmatch.

5. Imaging modalities useful in evaluating patients with
abdominal stab wounds include plain radiographs (of the
abdomen and chest), FAST and CT. DPL requires a fair
amount of time to perform, and has been replaced at many
institutions by DPA, ultrasound or CT.

6. Clinical indications for laparotomy in patients with abdo-
minal stab wounds include hemodynamic compromise,
peritoneal signs, evisceration, diaphragmatic injury, gas-
trointestinal hemorrhage, implements in situ and free in-
traperitoneal air.

REFERENCES

[1] Isenhour JL, Marx J. Advances in abdominal trauma. Emerg
Med Clin N Am 2007;25:713–33.

[2] Stanton-Maxey KJ, Bjerke HS. Abdominal trauma, pene-
trating. eMedicine Website. Available at http://www.
emedicine.com/med/topic2805.htm. Accessed July 12, 2008.



Assault with stab wounds to a 16-year-old male 233

[3] Marx JA, Isenhour J. Abdominal trauma. In: Marx JA,
Hockberger RS, Walls RM, et al. (eds.). Rosen’s Emergency
Medicine: Concepts and Clinical Practice, 6th ed. Philadel-
phia: Mosby, 2006:489–512.

[4] Chiu WC, Shanmuganathan K, Mirvis SE, et al. Determin-
ing the need for laparotomy in penetrating torso trauma;

a prospective study using triple contrast enhanced abdo-
minopelvic computed tomography. J Trauma 2001;51:860–9.

[5] Shanmuganathan K, Mirvis SE, Chiu WC, et al. Penetrating
torso trauma: triple-contrast helical CT in peritoneal viola-
tion and organ injury – a prospective study in 200 patients.
Radiology 2004;231:775–84.





55

Left thigh pain in an 18-year-old male

HISTORY OF PRESENT ILLNESS

An 18-year-old male presented to the ED complaining of
severe left thigh pain after falling from his skateboard one
day earlier, striking his left anterior thigh. He reported that
his thigh had become progressively swollen and tense with the
pain, currently at a level of 10 (on a scale of 0 to 10). He denied
numbness or weakness to the left leg but was unable to bear
weight secondary to the pain.

PHYSICAL EXAMINATION

GENERAL APPEARANCE: The patient appeared well nourished,
well hydrated and in moderate discomfort.

VITAL SIGNS

Temperature 98◦F (36.6◦C)
Pulse 96 beats/minute
Blood pressure 135/90 mmHg
Respirations 22 breaths/minute
Oxygen saturation 99% on room air

HEENT: Unremarkable.

NECK: Supple, no midline tenderness.

CARDIOVASCULAR: Regular rate and rhythm without rubs,
murmurs or gallops.

A B

Figure 55.1 Anteroposterior (panel A) and lateral (panel B) radiographs of the left femur from
an 18-year-old male with left thigh pain after falling from his skateboard.

LUNGS: Clear to auscultation bilaterally.

ABDOMEN: Soft, nontender, nondistended.

LEFT LOWER EXTREMITY: Marked swelling and tenderness of
the anterior thigh, with increased pain upon flexion of the left
knee. The left thigh felt tense in comparison with palpation
of the right thigh. Neurovascular examination of the left leg
demonstrated 5/5 motor strength, normal sensation, and pal-
pable dorsalis pedis and posterior tibialis pulses. The left hip,
knee and ankle were nontender, without swelling or defor-
mity.

NEUROLOGIC: Nonfocal.

A peripheral intravenous line was placed, blood was drawn
and sent for laboratory testing, and morphine sulfate was
administered for pain. Laboratory tests were significant for
a leukocyte count of 13.5 K/μL (normal 3.5–12.5 K/μ) and
creatine phosphokinase (CPK) of 201 U/L (normal less than
170 U/L). The remainder of the laboratory tests, including
electrolytes, creatinine, hematocrit and urinalysis, were within
normal limits. Radiographs of the left femur were obtained
(Figure 55.1).

What is your diagnosis?
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ANSWER

The diagnosis is compartment syndrome of the anterior thigh.
Orthopedics was consulted and compartment pressures were
measured in the ED using a Stryker device. These were 30, 36
and 40 mmHg on three separate measurements (normal range
0–8 mmHg). The patient was taken to the OR urgently and a
fasciotomy of the anterior thigh compartment was performed,
which resulted in immediate bulging of the rectus femoris
muscle through the anterior fasciotomy incision. At comple-
tion of the fasciotomy, the muscles of the compartment were
soft and well perfused. The wound was closed with a drain
in place. The drain was removed on hospital day #2, and the
patient was discharged home with instructions to use crutches
and weight bear as tolerated, and to avoid aspirin, NSAIDs,
and strenuous physical activity for several weeks.

Compartment syndrome

Compartment syndrome (CS) is a condition in which the cir-
culation within a closed compartment is compromised by an
increase in pressure within it, causing necrosis of muscles,
nerves, and eventually the skin due to excessive swelling.1

Compartments with relatively noncompliant fascial or osseous
structures are most commonly involved, such as the anterior
and deep posterior compartments of the leg and the volar
compartment of the forearm.2 However, CS can develop any-
where skeletal muscle is surrounded by substantial fascia, such
as in the buttock, thigh, shoulder, hand, foot, arm and lumbar
paraspinous muscles.2

There are two types of compartment syndromes, acute and
chronic. Chronic CS occurs in distance runners, resulting in
exercise-related symptoms primarily in the anterolateral com-
partment of the leg.3 Acute CS is a surgical emergency, in
which pressure in the compartment must be relieved to avoid
permanent damage to its contents. CS can occur from a variety
of causes, including intravenous and intraosseous fluid infil-
tration, snakebites, burns, nephritic syndrome, diabetes, drug
overdose or injection, and a variety of medications such as
pressors, anticoagulants and platelet inhibitors.3 However, the
most common cause of acute CS is fracture of a long bone.
Fractures of the tibia and forearm are particularly prone to
result in CS and account for a majority of cases.3

Prompt recognition and surgical intervention of CS are
imperative to prevent irreversible ischemic insult to muscles,
nerves and vessels. In many cases, the diagnosis can be made
from clinical symptoms and signs alone. The cardinal features
of CS include pain out of proportion to the clinical findings;
weakness and pain on passive stretch of the muscles of that
compartment; hyperesthesia in the distribution of the nerves
running through that compartment; and tenseness of the fas-
cial envelope surrounding the compartment.4 The five “P’s”
(pain, pallor, pulselessness, paresthesias and paralysis) associ-
ated with arterial injury are often mistakenly applied to CS.3

Of these, the only reliable sign is pain.
If CS is suspected and adequate examination cannot be

performed, compartment pressures should be measured.2 If

sophisticated equipment is not available, compartment pres-
sure can be measured using intravenous tubing, a three-way
stopcock, a syringe and a mercury manometer.2 More accu-
rate measuring devices include the Stryker hand-held monitor
for single pressure readings, the wick monitor for contin-
uous monitoring, and the slit catheter. Normal intracompart-
mental pressures range between 0–8 mmHg.4 If compartment
pressures are greater than 30 mmHg in the presence of clin-
ical findings, immediate fasciotomy is indicated.2 Equivocal
readings require continuous monitoring and serial clinical
examinations. MRI may be used to evaluate the extent of
involvement but should not delay definitive intervention in
emergency cases.5 Findings consistent with CS in the acute
setting include increased T2 signal with muscle enlargement,
edema or both.5

The treatment of CS should begin with removal of any con-
stricting bandages or cast, elevation of the affected limb, ice
packs and analgesia. Once the diagnosis of CS is established,
fasciotomy should be completed, ideally within six hours.3

Fasciotomy needs to include wide incisions to completely
release the constraining fascia. Acute CS of the thigh caused
by hematoma formation after contusion or acute quadriceps
strain has been reported.4,6 CS of the thigh is generally rare
because there is a large potential space to allow swelling,
which allows an increase in interstitial pressure before endan-
gering the circulation.4 Furthermore, the fascial compart-
ments of the thigh blend anatomically with the muscles of
the hips, potentially allowing blood under pressure to exit the
compartment.4

KEY TEACHING POINTS

1. Compartment syndrome (CS) is defined as an elevation of
the interstitial pressure in a closed osseofascial compart-
ment resulting in microvascular compromise.

2. The most common cause of acute CS is fracture of a long
bone, particularly the tibia or forearm.

3. The cardinal features of CS are pain out of proportion to
the clinical findings; weakness and pain on passive stretch
of the muscles of that compartment; hyperesthesia in the
distribution of the nerves running through that compart-
ment; and tenseness of the fascial envelope surrounding the
compartment.

4. The normal intracompartmental pressures range between
0–8 mmHg. If compartment pressures are greater than
30 mmHg in the presence of clinical findings, immediate
fasciotomy is indicated.

5. Once the diagnosis of CS is established, fasciotomy should
be performed within six hours.
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Neck pain after a golf swing in a 26-year-old male

HISTORY OF PRESENT ILLNESS

A 26-year-old male was practicing his golf swing in his back
yard when he felt a “pop” in his lower neck and the sudden
onset of pain. In the ED, he denied focal weakness, numbness
or tingling to his extremities. He reported his pain was worse
with movement of his neck, particularly with flexion.

PHYSICAL EXAMINATION

GENERAL APPEARANCE: The patient was a well-developed
male sitting upright on the gurney in no acute discomfort.

VITAL SIGNS

Temperature 98.1◦F (36.7◦C)
Pulse 80 beats/minute
Blood pressure 126/88 mmHg
Respirations 22 breaths/minute
Oxygen saturation 100% on room air

HEENT: Unremarkable.

NECK: Midline tenderness to palpation over the lower neck,
no swelling or masses. Pain with active flexion of the neck.

CARDIOVASCULAR: Regular rate and rhythm without rubs,
murmurs or gallops.

LUNGS: Clear to auscultation bilaterally.

ABDOMEN: Soft, nontender, nondistended.

EXTREMITIES: No clubbing, cyanosis or edema.

NEUROLOGIC: Alert and oriented to person, place and time;
cranial nerves II–XII grossly intact; upper extremity and lower
extremity strength 5/5 proximal and distal; sensation grossly
intact to light touch.

A cervical spine radiograph series was obtained (Figure 56.1).

Figure 56.1 Lateral radiograph of the cervical spine from a 26-year-
old male with sudden neck pain after a golf swing.

What is your diagnosis?
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ANSWER

The diagnosis is a clay-shoveler’s fracture of the C7 spinous
process. The patient was placed in a cervical hard collar, pre-
scribed Vicodin R© and Valium R© for pain, and referred to the
orthopedic clinic as an outpatient following consultation with
the spine surgeon.

Clay-shoveler’s fracture

A clay-shoveler’s fracture is an oblique fracture of the base
of the spinous process, most commonly occurring at one of
the lower cervical segments. The injury reportedly derives its
name from its common occurrence in clay miners in Australia
during the 1930s.1 The most widely accepted theory for the
mechanism of injury in clay-shoveler’s fracture is a forceful
flexion of the cervical spine, or forceful contraction of the
trapezius and rhomboid muscles.2 Today, this fracture is more
commonly seen in football players and power lifters or follow-
ing direct trauma to the spinous processes, such as from blows
with pool cues or baseball bats.1,2 Sudden deceleration motor
vehicle crashes or direct trauma to the occiput that results
in a forced flexion of the neck can also cause this type of
injury.

Clay-shoveler’s fracture is commonly observed in a lateral
radiograph because the avulsion fragment is more readily evi-
dent (arrow, Figure 56.2).3 As injury commonly occurs in the
lower cervical vertebrae, visualization of the C7-T1 junction
in the lateral view is imperative. On the lateral view, the frac-
ture line is commonly oriented obliquely, transversing mid-
way between the tip of the spinous process and spinolami-
nar junction.4 Atypically, the fracture may extend through the
spinolaminar line. Injury may also be seen in the anteropos-
terior view, as a vertically-slit appearance of the spinous pro-
cess in the lower vertebrae (the double spinous process sign).5

Because injury involves only the spinous process, this frac-
ture is considered stable and is not associated with neurologic
impairment. Management of this fracture involves consulta-
tion with the neurosurgeon or spine surgeon, pain control and
cervical immobilization with an orthotic device for comfort.
Close follow up is warranted.

KEY TEACHING POINTS

1. A clay-shoveler’s fracture refers to an oblique fracture of
the base of the spinous process, most commonly occurring
at one of the lower cervical segments.

2. The fracture is believed to occur as a result of forceful
flexion of the cervical spine, or forceful contraction of the
trapezius and rhomboid muscles.

3. The injury is most commonly visualized on the lateral
cervical spine radiograph, which should include the entire
cervical spine and the C7-T1 junction.

Figure 56.2 Lateral radiograph of the cervical spine from a 26-year-
old male demonstrating clay-shoveler’s fracture of the C7 spinous pro-
cess (arrow).

4. Because the injury involves only the spinous process, this
fracture is considered stable and is not associated with
neurologic impairment.

5. Management involves neurosurgical or orthopedic consul-
tation, pain control and cervical immobilization.
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Cardiac arrest in a 29-year-old male

HISTORY OF PRESENT ILLNESS

An ambulance arrived to the ED with a 29-year-old male in
cardiac arrest, with CPR in progress. History obtained from
the paramedics indicated that the man walked into a local res-
taurant and had a witnessed syncopal event, at which time
emergency services were called. En route to the ED, an at-
tempt at intubation was unsuccessful; bag-valve-mask (BVM)
ventilation and CPR was in progress. Three doses of epineph-
rine were administered through a small peripheral intra-
venous line.

PHYSICAL EXAMINATION

GENERAL APPEARANCE: A well-developed male lying supine
on the backboard, unresponsive, with CPR and bag-valve-
mask ventilation in progress.

VITAL SIGNS

Temperature not obtainable
Pulse 120 beats/minute
Blood pressure not obtainable
Respirations BVM ventilation, no spontaneous

respirations
Oxygen saturation not obtainable

HEENT: Atraumatic, normocephalic, pupils fixed and dilated.

NECK: No signs of trauma.

CHEST: Good chest wall rise with BVM ventilation, coarse
breath sounds bilaterally with diminished breath sounds
throughout the left chest.

CARDIOVASCULAR: No heart sounds; carotid, femoral and
radial pulses unobtainable without chest compressions.

Figure 57.1 Lateral view of the right deltoid region of a 29-year-old
male presenting in cardiac arrest.

ABDOMEN: Nondistended.

EXTREMITIES: Wound to lateral aspect of right lower deltoid
(Figure 57.1).

NEUROLOGIC: Glasgow Coma Scale (GCS) = 3.

In the ED, the initial rhythm appeared to be pulseless elec-
trical activity (PEA). CPR was continued, and endotracheal
intubation was performed. Prior to intubation, emesis mixed
with blood was aspirated into the mask during BVM ventila-
tion, as well as suctioned from the oropharynx. As the patient
was exposed, a physical exam finding was identified on the
right shoulder (Figure 57.1, noted after successful intubation).

What is your diagnosis?
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ANSWER

The physical exam finding is a gunshot wound (GSW) to the
right shoulder. This arrest requires aggressive management as
a traumatic arrest, assuming penetrating trauma to the chest.
Following endotracheal intubation of the patient, CPR was
continued and a right femoral central venous catheter was
placed. Intravenous normal saline was administered rapidly
(1-liter bolus) through the line. Needle decompression of the
right and left anterior chest walls was performed with 14-
gauge angiocatheters without obvious expulsion of air. This
was immediately followed by bilateral chest tube thoraco-
stomies (Figure 57.2); the right chest tube resulted in signif-
icant expulsion of air followed by a large volume of blood.
Left chest tube placement resulted in approximately 750 cc of
blood. A stat portable chest radiograph was obtained follow-
ing bilateral chest tube thoracostomies (Figure 57.3). Despite
bilateral chest tube thoracostomies, no palpable pulses or
blood pressure was obtainable.

A bedside focused assessment with sonography for trauma
(FAST) scan to look for pericardial tamponade from the sub-
xyphoid window was attempted but was not of sufficient qual-
ity to determine if tamponade was present. At this point, the
patient’s rhythm deteriorated to asystole. A needle pericar-
diocentesis was attempted without return of blood. After ap-
proximately 40 minutes, the code was terminated. Upon closer
inspection of the body, no other entrance or exit wounds
could be found. Neither a chest nor abdominal radiograph
performed following cessation of the code resulted in iden-
tifying a bullet. A right humerus radiograph demonstrated a
humerus fracture near the entrance wound, without any obvi-
ous bullet fragments. A subsequent postmortem examination
did not identify a bullet fragment or hole in the pericardium.

Penetrating chest trauma, traumatic arrest
and ED thoracotomy

Thoracic injuries account for 20–25% of deaths due to
trauma.1 Approximately 16,000 deaths per year may be at-

Figure 57.2 Placement of bilateral chest tubes in a 29-year-old male
with traumatic arrest following penetrating chest trauma.

Figure 57.3 Chest radiograph of a 29-year-old male with penetrating
traumatic arrest; bilateral chest tube thoracostomies have been per-
formed (arrows indicate chest tubes).

tributed to chest trauma. Missiles from GSWs can penetrate
all body regions regardless of the point of entry. Any patient
with a gunshot entry wound for which a corresponding exit
wound cannot be identified should be considered to have a
retained projectile, which could embolize to the central or dis-
tal vasculature.1 The patient’s clothing should be removed,
looking in the axilla, skin folds, and back for occult penetrat-
ing injuries. A patient with combined intrathoracic and intra-
abdominal wounds has a much greater mortality rate.

Penetrating chest trauma comprises a broad spectrum of
injuries and severity (e.g., hemothorax, pneumothorax, dia-
phragmatic rupture, pneumomediastinum, cardiac tampo-
nade).2 The clinical consequences depend on mechanism,
location, associated injuries and underlying illness. Life-
threatening injuries either produce massive hemorrhage, com-
promise gas exchange (e.g., hemothorax, pneumothorax), or
interfere with cardiac filling (e.g., cardiac tamponade, tension
pneumothorax).3 The emergency physician’s initial concern is
the airway. Indications for emergency endotracheal intuba-
tion include apnea, profound shock and inadequate ventila-
tion. Severe bronchial injury or unilateral pulmonary injury
may require selective intubation of the opposite mainstem
bronchus.3

A chest radiograph is not indicated in patients who display
clinical signs of a tension pneumothorax (tracheal deviation,
unilateral decreased breath sounds, or extreme respiratory
or hemodynamic distress). These patients require immediate
chest decompression, which may be accomplished by insert-
ing a large-bore needle at the second intercostal space, mid-
clavicular line, followed by definitive tube thoracostomy.3 If
the needle approach is initially chosen, tube thoracostomy
must follow.

The algorithm for management of penetrating chest
trauma in the unstable patient involves initial activation of
the trauma or surgery team, intubation of patients with
apnea, profound shock or inadequate ventilation, followed by
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recognition of signs of tension pneumothorax with needle
or chest tube decompression if present.3 Any sucking chest
wounds should be covered with a “flutter” dressing followed
by placement of a chest tube through a separate incision. A
chest radiograph should then be obtained, and any signifi-
cant hemo- or pneumothorax treated with chest tube thora-
costomy. Patients with persistent hypotension should be resus-
citated to a systolic blood pressure of at least 90 mmHg and
the OR should be notified.3 A bedside transthoracic ultra-
sound should be performed (if available) to look for signs of
pericardial tamponade and cardiac activity; profoundly unsta-
ble patients may benefit from ED thoracotomy with ongoing
aggressive resuscitation.

The trauma algorithm for unstable patients with trans-
mediastinal GSW involves rapid assessment, endotracheal
intubation, placement of two large bore IVs, followed by bilat-
eral chest tube placement and chest radiograph to determine
the likely mediastinal trajectory. Patients with continued chest
tube drainage, nonevacuated hematoma or suspected cardiac
injury should be taken urgently to the operating suite.3

ED thoracotomy is a life-saving procedure for an ex-
tremely small subset of critically injured patients.4 Its pri-
mary use is in the management of patients in extremis after
penetrating chest or abdominal injury and, to a much lesser
extent, after blunt injury.4,5 The therapeutic goals of ED tho-
racotomy include hemorrhage control, effective cardiac com-
pressions, cross-clamping the pulmonary hilum in the case
of air embolism or massive bronchopleural fistula, relief of
cardiac tamponade, and cross-clamping the descending aorta
for hemorrhage control of the lower torso.6 Whenever pos-
sible, the patient should be stabilized and transported to the
operating room where facilities are available for definitive
care.

In 2001, practice management guidelines for ED thoraco-
tomy were published by the American College of Surgeons,
based upon a detailed literature review of the subject.7 Sev-
eral Level II recommendations were set forth in this review:

(1) ED thoracotomy should rarely be performed in patients
sustaining cardiopulmonary arrest secondary to blunt
trauma because of its very low survival rate and poor
neurologic outcomes. ED thoracotomy should be limited
to those who arrive with vital signs at the trauma center
and experience a witnessed cardiopulmonary arrest.

(2) ED thoracotomy is best performed on patients sustain-
ing penetrating cardiac injuries who arrive at trauma cen-
ters after a short scene and transport time with witnessed
or objectively measured physiologic parameters (signs of
life): pupillary response, spontaneous ventilation, pres-
ence of carotid pulse, palpable blood pressure, extremity
movement or electrical cardiac activity.

(3) ED thoracotomy should be performed on patients sus-
taining penetrating noncardiac thoracic injuries, but these
patients generally experience a low survival rate. Because
it is difficult to ascertain whether the injuries are noncar-
diac thoracic versus cardiac, ED thoracotomy can be used
to establish the diagnosis.

(4) ED thoracotomy should be performed in patients sustain-
ing exsanguinating abdominal vascular injuries, but these
patients generally experience a low survival rate. Judi-
cious selection of patients should be exercised. This pro-
cedure should be used as an adjunct to definitive repair of
the abdominal-vascular injury.

(5) For the pediatric population, guidelines 1–4 are appli-
cable.

In general, patients most likely to respond favorably to ED
thoracotomy include victims of penetrating trauma with signs
of life upon presentation to the ED or patients who lose signs
of life within 10 minutes of arrival.6 Resuscitative thoraco-
tomy appears to be futile in patients with blunt trauma requir-
ing pre-hospital CPR longer than 5 minutes, and in patients
with penetrating trauma with more than 15 minutes of pre-
hospital CPR.8 Pericardiocentesis has no role in patients pre-
senting in traumatic arrest. This procedure often is ineffective
in removing clotted blood from the pericardial space, is not
a risk-free procedure, potentially delays any surgical proce-
dures, and has negligible diagnostic value with the application
of Focused Assessment with Sonography for Trauma (FAST)
examination.6

KEY TEACHING POINTS

1. It is important to search for occult penetrating injuries
(e.g., GSW to axilla, skin folds, or back) in trauma patients.

2. Patients with suspected tension pneumothorax require
immediate chest decompression, first by large-bore needle
insertion then chest tube thoracostomy.

3. Transthoracic ultrasound (echocardiography) through the
subxyphoid approach is a valuable tool to assess for car-
diac tamponade in trauma patients (part of the FAST
exam).

4. Pericardiocentesis is not recommended for the diagnosis or
treatment of traumatic cardiac tamponade.

5. ED thoracotomy is generally indicated for trauma patients
who arrest after arrival in the ED, patients with signs
of life at the scene but arrest en route to the hospital
(who undergo less than 10–15 minutes of CPR), moribund
patients who have signs of life present but no (or barely
detectable) blood pressure, or in patients who remain un-
stable despite intubation, tube thoracostomies and ade-
quate volume resuscitation.
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Right lower quadrant abdominal pain in a 36-year-old female

HISTORY OF PRESENT ILLNESS

A 36-year-old female presented to the ED complaining of sev-
eral days of gradually worsening right lower quadrant abdom-
inal pain. The pain was constant, rated at level of 7 (on
a scale of 0 to 10), worse with movement or walking. She
denied fevers, nausea, vomiting, diarrhea, constipation, vagi-
nal bleeding or discharge, anorexia or previous abdominal
surgeries. Her last normal menstrual period was two weeks
earlier; she denied the possibility of pregnancy.

PHYSICAL EXAMINATION

GENERAL APPEARANCE: The patient was a well-nourished,
well-hydrated female in no acute discomfort.

VITAL SIGNS

Temperature 98.6◦F (37◦C)
Pulse 85 beats/minute
Blood pressure 130/85 mmHg
Respirations 18 breaths/minute
Oxygen saturation 100% on room air

HEENT: Unremarkable.

NECK: Supple.

CARDIOVASCULAR: Regular rate and rhythm without rubs,
murmurs or gallops.

Figure 58.1 CT of the abdomen and pelvis from a 36-year-old female with several days of right lower quadrant
abdominal pain.

LUNGS: Clear to auscultation bilaterally.

ABDOMEN: Nondistended, active bowel sounds present, firm
and tender to palpation in the right lower quadrant with re-
bound and guarding, no ecchymosis or obvious masses.

PELVIC: No vaginal bleeding or discharge, os closed, no cervi-
cal motion or adnexal tenderness, and no masses appreciated.

RECTAL: Normal tone, soft brown stool, hemoccult negative.

EXTREMITIES: No clubbing, cyanosis or edema.

NEUROLOGIC: Nonfocal.

A peripheral intravenous line was placed, and blood was
drawn and sent for laboratory testing. An intravenous normal
saline 1-liter bolus was given, as well as morphine sulfate IV
for pain. Laboratory tests, including a complete blood count,
electrolytes, creatinine, glucose, and liver function tests, were
within normal limits. A urinalysis showed no evidence of
infection or blood, and a urine pregnancy test returned neg-
ative. A CT scan of the abdomen and pelvis with oral and IV
contrast was obtained (Figure 58.1).

What is your diagnosis?
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ANSWER

The diagnosis is rectus sheath hematoma. The CT scan
demonstrates enlargement of the right rectus sheath with sur-
rounding stranding, consistent with a rectus sheath hematoma
(arrow, Figure 58.2). Upon further questioning, the patient
recalled that five days earlier, her 85-lb dog jumped onto
her abdomen while she was supine on the ground. Her ini-
tial hematocrit was 40%. The patient was observed, and a
repeat hematocrit was 36% seven hours after presentation. A
third hematocrit two hours later remained stable at 36%. The
patient was discharged with close follow up, oral analgesics,
instructions to avoid strenuous activity, and to apply ice packs
to the area.

Rectus sheath hematoma

Rectus sheath hematoma (RSH) is the result of accumula-
tion of blood in the sheath of the rectus abdominis muscle
due to disruption of epigastric vessels or a tear in the muscle
itself.1 Etiologies for RSH include trauma, abdominal ope-
rations, trocar site injury after laparoscopic operations, sub-
cutaneous drug injections, anticoagulant therapy, hematolog-
ical diseases, hypertension, coughing, physical exercise and
pregnancy.1–3 The male to female distribution of RSH is
approximately 1:3; it occurs most frequently in the right lower
abdomen.3 It is an uncommon cause of an acute abdomen,
and is known to mimic various surgical conditions, includ-
ing acute cholecystitis, appendicitis, ruptured abdominal aor-
tic aneurysm, sigmoid diverticulitis and abruptio placentae.2

RSHs present most commonly with abdominal pain and
tenderness, which can be severe and mimic peritonitis.4 Com-
mon presenting signs and symptoms are abdominal pain,

Figure 58.2 CT of the pelvis from a 36-year-old female with large right
rectus sheath hematoma (arrow).

abdominal wall mass, decrease in hemoglobin, abdominal wall
ecchymosis, nausea, vomiting, tachycardia, peritoneal irrita-
tion, fever, abdominal distention and cramping.1 Fothergill’s
sign is useful for distinguishing between an intra-abdominal
mass and a mass arising in the rectus sheath.3 It is performed
by asking the supine patient to lift their head from the pil-
low. As the abdominal wall tenses, patients with RSH have
increased pain and the mass becomes fixed but is still palp-
able; an intra-abdominal mass is more difficult to distinguish
through the tensed muscle.3

Abdominal ultrasound or CT scan can identify RSHs, usu-
ally confined to the abdominal wall.4 Although ultrasono-
graphy is one of the first-line investigations with a sensitivity
of 80–90%, CT scan remains the gold standard with nearly
100% sensitivity and specificity and the ability to detect other
intra-abdominal pathology.3,5 RSH is usually managed con-
servatively with rest, analgesics, ice pack application, discon-
tinuation of any anticoagulant therapy and blood (or blood
product) transfusion when necessary.6 Surgical evacuation
and hemostasis is necessary if the hematoma fails to resolve.
Hemodynamic compromise necessitates operative interven-
tion – clot evacuation and vessel ligation via laparotomy or
laparoscopy is usually successful.7

KEY TEACHING POINTS

1. Rectus sheath hematoma (RSH) is an accumulation of
blood in the sheath of the rectus abdominis muscle due to
disruption of epigastric vessels or a tear in the muscle itself.

2. RSH can mimic various surgical conditions, including
acute cholecystitis, appendicitis, ruptured abdominal aortic
aneurysm, sigmoid diverticulitis and abruptio placentae.

3. RSH most commonly presents with abdominal pain, ten-
derness, and a palpable abdominal mass often located in
the right lower quadrant.

4. Imaging studies used in the diagnosis of RSH include ultra-
sonography and CT; CT is preferred.

5. Treatment of RSH is conservative in most cases (rest, ice
packs, reversal of anticoagulation when needed); surgery is
indicated in cases where hemodynamic compromise exists
or the hematoma fails to resolve.
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Blunt head trauma in a 37-year-old male

HISTORY OF PRESENT ILLNESS

A 37-year-old male was brought to the ED by ambulance
after sustaining a head injury in a motor vehicle collision. The
patient was a restrained driver of a small truck traveling at
moderate speed when another car pulled in front of his vehi-
cle. The patient’s truck collided with the passenger side of
the other vehicle, causing significant damage to both vehi-
cles. The patient reported a brief loss of consciousness and
did not remember the collision. When the paramedics arrived,
they found him standing outside his vehicle with a moderate-
sized, bleeding laceration to his forehead. He was awake and
alert, ambulatory, and denied other injuries. In the ED, the
patient reported only a mild headache. He denied neck, chest
or abdominal pain, as well as visual changes, focal numbness
or weakness, nausea, dizziness, confusion or extreme fatigue.

PHYSICAL EXAMINATION

GENERAL APPEARANCE: The patient was a well-developed
male, awake and alert in no acute discomfort.

VITAL SIGNS:

Temperature 98◦F (36.6◦C)
Pulse 88 beats/minute
Blood pressure 158/90 mmHg
Respirations 18 breaths/minute
Oxygen saturation 98% on room air

HEENT: A 5-cm vertical laceration in the mid-forehead with
surrounding edema and ecchymosis without active bleeding,
no scalp hematomas noted. PERRL, EOMI, no nystagmus,
tympanic membranes clear bilaterally. No Battle’s sign or rac-
coon eyes appreciated.

NECK: Supple, no midline tenderness.

CARDIOVASCULAR: Regular rate and rhythm without rubs,
murmurs or gallops.

A B

Figure 59.1 Noncontrast CT of the brain from a 37-year-old male fol-
lowing head trauma from a motor vehicle collision.

LUNGS: Clear to auscultation bilaterally.

ABDOMEN: Soft, nontender, nondistended.

EXTREMITIES: No clubbing, cyanosis or edema; no obvious
swelling or deformities.

NEUROLOGIC: Alert and oriented to person, place and time;
cranial nerves II–XII grossly intact; upper extremity and lower
extremity strength 5/5 bilaterally, proximal and distal; sensa-
tion grossly intact, no pronator drift, normal gait.

While waiting for CT scan of the brain, the patient’s forehead
wound was anesthetized with 1% lidocaine with epinephrine,
irrigated and closed with simple interrupted nylon sutures
using sterile technique. The patient’s tetanus status was up-
dated, he was not allowed to have anything to eat or drink,
and a noncontrast CT scan of the brain was obtained to eval-
uate for possible intracranial hemorrhage (Figure 59.1).

What is your diagnosis?
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ANSWER

The diagnosis is post-traumatic subarachnoid hemorrhage
(SAH). The CT scan in Figure 59.1 demonstrated a small
area of increased attenuation along the sulci in the mid-aspect
of the left frontal lobe (arrow, panel A, Figure 59.2) consis-
tent with small SAH. Also present on the CT scan is an area
of increased attenuation along the left tentorium (panel B,
Figure 59.2, arrow) consistent with SAH resulting from a
contrecoup injury. No intraparenchymal hemorrhage, midline
shift or mass effect was evident. The neurosurgeon on call
was consulted and after reviewing the history, physical exam-
ination, and CT scan recommended 24-hour observation with
frequent neurologic assessments. The patient remained sta-
ble and neurologically intact throughout the 24-hour obser-
vation period. A repeat CT scan of the brain performed 24
hours later did not reveal an increase in the areas of attenua-
tion noted on the prior CT. The patient was discharged from
the hospital and instructed to follow up with his primary care
physician in one week, and to return to the ED immediately
for any neurologic changes or concerns.

Traumatic brain injury

Traumatic brain injury (TBI) is a nondegenerative, non-
congenital insult to the brain from an external mechanical
force. It may lead to permanent or temporary impairment of
cognitive, physical and psychosocial functions, with diminished
or altered states of consciousness.1 TBI accounts for approx-
imately 40% of all deaths from acute injuries in the United
States.1 Annually, 1.74 million persons sustain mild TBI, re-
quiring a physician visit or temporary disability of at least one
day; 200,000 persons sustaining TBI require hospitalization.1

Pathologic changes after TBI may be divided into two
broad classification schemes: focal versus diffuse and primary
versus secondary.2 Focal injuries involve an injury to a local-
ized area of the brain, whereas diffuse injuries involve a wider
region of the brain. Primary injuries occur at the time of
impact, whereas secondary injuries occur at some point after

A B

Figure 59.2 Noncontrast CT of the brain from a 37-year-old male
demonstrating areas of increased attenuation along the sulci in the
mid-aspect of left frontal lobe (arrow, panel A) as well as along the
left tentorium (arrow, panel B), consistent with post-traumatic sub-
arachnoid hemorrhage.

the initial blow to the head. Secondary injuries may be avoided
or minimized by treatment.2

Extra-axial hemorrhages occur frequently after TBI, and
include epidural, subdural and SAHs. Epidural hemorrhages
(EDH) are frequently caused by laceration of meningeal
arteries, often in association with skull fractures.2,3 The hem-
orrhage is situated between the skull and the dura, which
often limits the extent of bleeding because of the tight adher-
ence of the dura to the skull at the bony sutures.2 SAHs are
located between the pia mater and the arachnoid, predispos-
ing cerebral arteries to vasospasm. This is one reason that
worse outcomes occur following TBI with SAH.2,4 Subdural
hemorrhages (SDH) are formed when blood extravasates into
the subdural space between the arachnoid and pia mater.3

SDH surrounds the brain, forming crescent-shaped hyper-
dense areas on CT that can interdigitate with the gyri of the
cortex along the periphery of the hemisphere.3 Elderly indi-
viduals are particularly vulnerable to SDH because bridging
veins become more susceptible to shearing forces as the brain
naturally atrophies with advancing age.2

TBI is commonly categorized using the Glasgow Coma
Scale (GCS): severe (GCS ≤ 8), moderate (GCS 9–13) and
minor (GCS 14–15).5,6 Severe and moderate TBI accounts for
approximately 10% each of all cases of TBI; the remaining
80% are classified as minor.5 In the ED, a noncontrast CT
scan of the head is the imaging modality of choice for patients
with TBI. Research continues to determine which patients
with head trauma can safely forego CT. A head CT will deter-
mine if an acute traumatic lesion exists, which directs subse-
quent management. In addition to intracranial and extra-axial
lesions, skull fractures – including basilar fractures – can be
detected using the bone windows of CT. Plain skull radio-
graphs are generally no longer indicated for patients who have
sustained moderate or severe TBI.5 MRI is better than CT in
detecting post-traumatic ischemic infarctions, subacute non-
hemorrhagic lesions and contusions, axonal shear injury, and
brainstem or posterior fossa lesions.6

Traumatic subarachnoid hemorrhage (TSAH) is defined
as blood within the CSF and meningeal intima, which likely
results from tears of small subarachnoid vessels.6 TSAH is
detected on the first CT scan in up to 33% of patients with
severe TBI, with an overall incidence of 44% in all cases of se-
vere head trauma.5 TSAH is therefore the most common CT
scan abnormality seen after head injury. The amount of blood
correlates directly with the outcome and inversely with the
presenting GCS.6

Most low-risk patients who have sustained a minor head
injury (with the exception of intoxicated patients and those liv-
ing alone) can be discharged safely from the ED after a normal
examination, although competent observation of at least 4–6
hours is advised.5 It is helpful to provide a written instruction
sheet with a list of symptoms that should prompt a return to
the hospital, such as increasing headache, repeated vomiting,
weakness, clumsiness, drowsiness, confusion, visual changes,
or fluid from the nose or ear that might represent a leak of
cerebrospinal fluid.7 Patients with minor head trauma who are
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discharged from the ED should have early follow up arranged.
All patients with moderate TBI should undergo CT scanning
and be observed in an ED or hospital setting, even with appar-
ently normal CT scans.5

Initial management of patients with severe TBI involves
close attention to the airway, breathing and circulation
(ABCs), with use of rapid sequence intubation (RSI) to secure
the airway in combative, agitated or comatose patients. If
hypotension is detected at any time in the emergent manage-
ment of a head-injured patient, a cause other than the head
injury should be sought.6 If the patient is deteriorating or has
signs of increased intracranial pressure (ICP), active interven-
tions must be initiated. These interventions include elevation
of the head of the bed, modest hyperventilation to reduce
ICP by promoting cerebral vasoconstriction, use of osmotic
diuretics such as mannitol, minimizing intravenous fluids,
blood pressure and glycemic control, barbiturate therapy to
reduce cerebral metabolic demands of the injured brain tissue,
and cranial decompression (emergency trephination) when all
other attempts at reducing ICP have failed.6 Seizure prophy-
laxis with appropriate anticonvulsant agents is recommended
in certain patients with severe TBI, particularly in head-
injured patients paralyzed during RSI.6 Neurosurgical consul-
tation should be obtained as soon as possible in all patients
with severe TBI to help direct subsequent management.

KEY TEACHING POINTS

1. Traumatic brain injury (TBI) is commonly categorized
using the Glasgow Coma Scale as severe (GCS ≤ 8), mod-
erate (GCS 9–13) and minor (GCS 14–15).

2. Extra-axial bleeding occurs frequently after TBI and
includes epidural, subdural and subarachnoid hemor-
rhages.

3. Traumatic SAH is the most common CT scan abnormality
seen after TBI.

4. Elderly individuals are particularly vulnerable to SDHs
because bridging veins become more susceptible to shear-
ing forces with advancing age.

5. In the ED, a noncontrast CT scan of the head is the imaging
modality of choice for patients with TBI; plain skull films
have little utility in these patients.

6. Initial management of patients with severe TBI involves
close attention to the ABCs, rapid imaging with CT, and
prompt neurosurgical consultation.
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Neck pain after a fall in a 75-year-old female

HISTORY OF PRESENT ILLNESS

A 75-year-old female with a medical history significant for
degenerative disc disease and scoliosis of the cervical spine
presented to the ED by ambulance after tripping over her
dog and falling face first to the ground. The patient struck
her forehead but denied loss of consciousness, numbness, tin-
gling or focal weakness to the extremities. She complained of
neck pain, which did not feel different from her usual, chronic
neck pain. The patient was placed in a cervical spine collar
and immobilized on a backboard for transport to the ED by
the paramedics.

PHYSICAL EXAMINATION

GENERAL APPEARANCE: The patient was an elderly female
lying supine on the backboard in a hard cervical collar, in no
acute discomfort.

VITAL SIGNS

Temperature 98.6◦F (37◦C)
Pulse 88 beats/minute
Blood pressure 140/90 mmHg
Respirations 22 breaths/minute
Oxygen saturation 99% on room air

HEENT: A 2-cm superficial laceration to the forehead,
PERRL, EOMI, no Battle’s sign or raccoon eyes appreci-

BA

Figure 60.1 Reformatted sagittal (panel A) and coronal (panel B) images from the cervical spine CT of a
75-year-old female with neck pain after a fall.

ated. Oropharynx moist, tympanic membranes clear bilater-
ally without presence of hemotympanum.

NECK: Midline tenderness to palpation of the upper cervical
spine.

CARDIOVASCULAR: Regular rate and rhythm without rubs,
murmurs or gallops.

LUNGS: Clear to auscultation bilaterally.

ABDOMEN: Soft, nontender, nondistended.

EXTREMITIES: No clubbing, cyanosis or edema; no swelling or
deformities.

NEUROLOGIC: Alert and oriented to person, place and time;
upper extremity and lower extremity strength 5/5 proximal
and distal, bilaterally; sensation grossly intact.

A peripheral intravenous line was placed, blood was drawn
and sent for laboratory testing, and a noncontrast CT of the
head and cervical spine was obtained while the patient was kept
immobilized in the cervical collar. The head CT was normal.
The reformatted cervical spine CT is shown in Figure 60.1.

What is your diagnosis?
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ANSWER

The diagnosis is a type II fracture through the base of the
odontoid process, demonstrated by the CT of the cervical
spine (arrows, Figure 60.2). The CT also demonstrates 12-mm
dorsal displacement of the C1 ring and odontoid process with
respect to C2, as well as posterior displacement of the lateral
masses of C1. The patient remained in a hard cervical collar
with strict immobilization, and was transferred to the neuro-
surgical/spine service where she underwent a C1-C2 posterior
fusion and facet joint fusion with lateral mass screws at C1
and pedicle screws at C2. A repeat CT of the cervical spine
obtained several months after surgery demonstrated healing
of the odontoid fracture with no evidence of displacement of
the fracture fragments (Figure 60.3).

A B

Figure 60.2 Reformatted sagittal (panel A) and coronal (panel B) images from the cervical spine CT of a
75-year-old female with type II odontoid fracture (arrows).

A B

Figure 60.3 Reformatted sagittal images from the cervical spine CT of 75-year-old female several months
following C1-C2 posterior fusion and facet joint fusion for type II odontoid fracture demonstrating healed
odontoid fracture (arrow, panel A) and lateral mass screws (arrow, panel B).

Odontoid fractures

The overall incidence of odontoid fractures ranges from 7–
14% of all cervical fractures. As with most injuries to the up-
per cervical spine, they are usually the result of falls or motor
vehicle collisions.1 The odontoid, in conjunction with the
transverse atlantal ligament, is the prime stabilizer of the
atlantoaxial articulation and acts to prevent anterior and pos-
terior dislocation of the atlas and axis. The apophyseal joints
of the atlantoaxial complex confer little stability at this level
because they lie in a horizontal plane. Thus, with fractures of
the odontoid, stability is lost, and anterior and posterior sub-
luxation and dislocation may occur. Despite a large number
of autopsy and biomechanical studies, the exact mechanism of
injury remains unknown but probably includes a combination
of flexion, extension and rotation.1
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Anderson and D’Alonzo proposed the most widely
accepted classification system for odontoid fractures in the
1970s.2 Type I fractures were described to be near the tip
of the odontoid process, above the transverse ligament. This
infrequent fracture is generally thought to occur by avulsion
of the apical or alar ligaments. It is considered to be rela-
tively stable.3 Nonetheless, this fracture type may also herald
an inherently unstable occipital-cervical dislocation, particu-
larly if bilateral avulsion of the alar ligaments in type I odon-
toid fractures or a contralateral occipital condyle fracture is
present. Type II fractures occur at the base of the odontoid,
between the level of the transverse ligament and the C2 ver-
tebral body. These are the most common types of odontoid
fracture and are considered relatively unstable. Type III frac-
tures extend into the vertebral body and are relatively stable
unless severely displaced.2,3

In the setting of acute spinal trauma, CT scanning has
been shown to be more time efficient and significantly more
sensitive for fracture detection than plain films.4 Multidetec-
tor CT provides superior evaluation of bony anatomy and
pathology. Images may be rapidly acquired and reconstructed
at narrow intervals (e.g., 1 minute). Multiplanar and three-
dimensional images can subsequently be created. The sen-
sitivity of CT scanning for cervical spine fracture detection
has been reported between 90–99%, with specificities rang-
ing from 72–89%.4 Plain radiography presents limitations in
detecting fracture of the cervical spine, particularly at the
craniocervical and cervicothoracic junction.4 In one study, 32
of 88 fractures detected by CT were not seen on limited plain
film evaluation, and one-third of those fractures were clinically
significant or unstable.5

Studies on cervical spine trauma show that elderly patients
have different mechanisms and patterns of injury. Older
patients are more likely to be injured in falls and have in-
creased likelihood of upper cervical injuries, particularly the
odontoid.6 Degenerative changes of the spine may result
in increased risk of spinal fracture, specifically atlantoaxial
injury, in older persons. Osteopenia places bones at greater
risk from what would otherwise be trivial trauma in younger
patients. The presence of senile degenerative disease alters
spinal mechanisms, making the upper cervical levels compar-
atively more mobile and vulnerable to blunt trauma. Cervi-
cal spine plain film interpretation in elderly patients is com-
plicated by relative osteopenia, the presence of degenerative
changes, and unreliable markers for soft tissue injury.6 Given
the enhanced sensitivity of CT scans and the high incidence
of pathology, some physicians have advocated bypassing plain
films and going directly to CT in this population. Because
elderly patients are more likely to suffer significant head and
neck injuries from low-energy mechanisms, particularly falls
from standing, and many of these patients have normal neu-
rologic examinations, emergency physicians must take special

precautions with elderly patients and have a low threshold for
cervical immobilization and imaging.6–9

In general, odontoid fractures may be treated with non-
operative immobilization or operatively. Nonoperative treat-
ment generally consists of a collar or halo, whereas operative
treatment may be one of several posterior C1-C2 fusion tech-
niques or anterior screw fixation.3 Although the ideal treat-
ment recommendations for type II odontoid fractures is fre-
quently debated among spine surgeons, surgical intervention
is becoming the mainstay of treatment for the majority of
patient age groups with this type of fracture.3

KEY TEACHING POINTS

1. The emergency physician must have a low threshold for
cervical immobilization and imaging in elderly patients
with neck pain following low-impact trauma (e.g., a fall
from standing).

2. CT scan is superior to plain radiographs for diagnosing cer-
vical spine fractures, especially at the craniocervical junc-
tion and in elderly patients with osteopenia and degenera-
tive changes.

3. Elderly patients may have significant cervical spine trauma
in the absence of neurologic symptoms.

4. Type II odontoid fractures are generally considered unsta-
ble, requiring operative management in most cases.
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Posterior neck pain in a 77-year-old male

HISTORY OF PRESENT ILLNESS

A 77-year-old male presented to the ED complaining of poste-
rior neck pain for two days after falling out of bed. He hit the
back of his head on the floor, and denied loss of conscious-
ness. He reported constant pain on the back of his neck as
well as the feeling of neck weakness, as if he needed to sup-
port his head with his hands. He described radiation of pain
down both shoulders with flexion or extension of his neck. He
denied numbness of his upper extremities but reported mild
weakness of his left arm.

PHYSICAL EXAMINATION

GENERAL APPEARANCE: The patient was a well-nourished,
well-developed male in no acute discomfort, lying supine on
the gurney.

VITAL SIGNS

Temperature 98.8◦F (37.1◦C)
Pulse 72 beats/minute
Blood pressure 141/79 mmHg
Respirations 20 breaths/minute
Oxygen saturation 99% on room air

HEENT: PERRL, EOMI.

A B

Figure 61.1 Cervical spine flexion (panel A) and extension (panel B) views from a 77-year-old male
with posterior neck pain after a fall.

NECK: No posterior midline tenderness or deformity noted.
Full range of motion with mild pain on flexion and extension.

CARDIOVASCULAR: Regular rate and rhythm without rubs,
murmurs or gallops.

LUNGS: Clear to auscultation bilaterally.

ABDOMEN: Soft, nontender, nondistended.

EXTREMITIES: No clubbing, cyanosis or edema.

NEUROLOGIC: Alert and oriented to person, place and time;
cranial nerves II–XII grossly intact; upper and lower extremity
strength 5/5 proximal and distal bilaterally; sensation grossly
intact to light touch throughout.

A cervical spine radiograph series, including anteroposterior,
lateral and odontoid views, as well as flexion-extension views
(under supervision), was obtained. No fracture was noted on
the anteroposterior, lateral or odontoid views, with normal
alignment of the vertebral bodies noted. The flexion-extension
views are shown (Figure 61.1).

What is your diagnosis?
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ANSWER

The diagnosis is anterior subluxation of C5 on C6. The lat-
eral flexion radiograph demonstrates a 7-mm anterior sublux-
ation of C5 on C6, with a widened interspinous distance of
20 mm between the C5-C6 spinous processes (8 mm inter-
spinous distance between the other spinous processes; arrows,
Figure 61.2). The case was discussed with the spine surgeon.
As there was no midline tenderness, no soft tissue swelling
anterior to the subluxation, no neurologic findings and the
patient was reliable, the decision was made to place the patient
in a hard collar and discharge him with oral pain medication
and instructions to follow up with the spine surgeon. An MRI
of the cervical spine was obtained two days later that demon-
strated severe spinal stenosis with compression of the cervi-
cal spinal cord by a small posterior central disc protrusion at
the C5-C6 level (Figure 61.3). The patient was admitted and
underwent successful anterior cervical discectomy and C5-C6
cervical fusion by the spine surgeon.

Cervical spine subluxation

Cervical spine subluxation injury is associated with a flex-
ion mechanism. Pure cervical spinal subluxation occurs when
the ligamentous complexes rupture without associated bony
injury.1 This injury begins posteriorly in the nuchal ligament

Figure 61.2 C5-C6 subluxation (arrows) demonstrated on flexion view
of a 77-year-old male with posterior neck pain after a fall.

Figure 61.3 MRI (sagittal view) of the C-spine from a 77-year-old
male with C5-C6 subluxation, demonstrating an area of severe spinal
stenosis with compression of the cervical spinal cord anteriorly by a
small, posterior central disc protrusion at the C5-C6 level (arrow).

and proceeds anteriorly to involve other ligaments. As the
anterior longitudinal ligament remains intact, associated bony
injury is not seen.2

A standard C-spine trauma series is composed of five
views: cross-table lateral, swimmer’s, oblique, odontoid and
anteroposterior. Although the lateral and oblique views may
suggest cervical spine subluxation, stability of the cervical
spine is best assessed with a functional radiologic examination
that includes flexion and extension views during supervision.
Flexion and extension radiographs should only be obtained
in alert, cooperative patients with normal neurologic func-
tion and without radiographic evidence of unstable injuries on
AP, lateral or odontoid views.3 Flexion and extension views
may identify true subluxation, as suggested on the lateral
view.1 Radiographically, anterior subluxation is characterized
by a localized kyphotic angulation at the level of the injury;
anterior rotation or displacement of the subluxed vertebra;
anterior narrowing and posterior widening of the disc space;
widening of the space between the subluxed vertebral body
and the subjacent articular masses; displacement of the infer-
ior articulating facets of the subluxed vertebra with respect to
their contiguous subjacent facets; and widening of the inter-
spinous space (“fanning”).4

The exact role and timing of flexion-extension views are
controversial.1 The National Emergency X-Radiography Uti-
lization Study (NEXUS) enrolled patients with blunt trauma
selected for radiographic cervical spine imaging at 21 par-
ticipating institutions.5 In the NEXUS cohort, 86 (10.5%)
of the 818 patients ultimately found to have cervical spine
injury underwent flexion-extension testing.6 Although two
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patients had bony injuries and four patients had subluxa-
tions demonstrated only on flexion-extension views, all six
patients had other cervical spine injuries apparent on routine
radiographs. The researchers concluded that flexion-extension
imaging added little to the acute evaluation of patients with
blunt trauma, and that other approaches, including CT, MRI
or delayed flexion-extension imaging, may provide a more rea-
sonable approach to adjunctive imaging.6

Anterior subluxation of the cervical spine is rarely associ-
ated with neurologic sequelae.1,2 Nevertheless, most authori-
ties approach this injury as if it were possibly unstable because
of the potential for significant displacement with flexion.
Although extremely rare, cases of anterior cervical spine sub-
luxation have been associated with neurologic deficit.2 When
anterior subluxation is identified, the patient’s cervical spine
should be maintained in a hard cervical collar, and an ortho-
pedic spine or neurosurgical consultation should be obtained.

KEY TEACHING POINTS

1. Cervical spine subluxation is associated with a flexion
injury and can occur when the ligamentous complexes rup-
ture without associated bony injury.

2. The clinical history of a patient supporting the head with
their hands following cervical spine trauma is a clue to the
presence of cervical ligamentous injury.

3. Flexion and extension views under supervision may iden-
tify true subluxation, as suggested by the lateral and
oblique views.

4. The presence of anterior or posterior subluxation greater
than 2 mm on one view and not present on the neutral view
confirms ligamentous injury.

5. According to NEXUS, routine use of flexion-extension
imaging adds little to the acute evaluation of patients with
blunt cervical spine trauma.

6. Treatment of anterior cervical subluxation involves stabi-
lizing the cervical spine with a hard collar and urgent con-
sultation with a spine surgeon or neurosurgeon.
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Elbow trauma in a 3-year-old male

HISTORY OF PRESENT ILLNESS

A 3-year-old male presented to the ED with his parents after
falling on his right elbow while running. The fall was witnessed
by his mother, who denied any head trauma, loss of conscious-
ness or other injuries. The child cried immediately and held his
right elbow in flexion.

PHYSICAL EXAMINATION

GENERAL APPEARANCE: The patient was a well-nourished and
well-developed child holding his right elbow and crying.

VITAL SIGNS

Temperature 98.1◦F (36.7◦C)
Pulse 120 beats/minute
Blood pressure not obtained
Respirations 24 breaths/minute
Oxygen saturation 100% on room air

A B

Figure 62.1 Anteroposterior (panel A) and lateral (panel B) views of the right elbow from a 3-year-old male
with pain and swelling to the elbow after a fall.

RIGHT UPPER EXTREMITY: Right elbow was swollen and dif-
fusely tender to palpation; a strong radial pulse, brisk capil-
lary refill and normal sensation were present. No tenderness,
swelling or deformity to the right shoulder, wrist or hand was
noted.

The right arm was placed in a sling for comfort and a radio-
graph of the elbow was obtained (Figure 61.1).

What is your diagnosis?

261



262 Orthopedics

ANSWER

The diagnosis is a Milch type II lateral condyle fracture. The
radiographs demonstrate an oblique fracture at the supra-
condylar portion of distal humerus, with lateral displacement
of the distal fracture fragments. Also, the radial shaft is not
aligned with the capitellum, indicating subluxation/dislocation
of the radius (Figure 62.2, panel B). The orthopedic surgeon
was consulted and the patient underwent open reduction and
internal fixation (ORIF) of the fracture in the OR. The patient
was discharged home the following day.

Supracondylar and lateral condyle fractures in children

Supracondylar humerus fractures are the most common elbow
fractures in pediatrics.1 Classically described as fractures of
the distal humerus occurring proximal to the distal humeral
condyle through the olecranon fossa, these injuries repre-
sent nearly 17% of all childhood fractures and more than
50% of all elbow fractures.1,2 These fractures occur more fre-
quently in boys and occur typically between the ages of 5–
8 years. In most series, the nondominant extremity is more
commonly involved.1 The majority of supracondylar fractures
are extension injuries, which are associated with a fall on an
outstretched hand, resulting in the proximal ulna transmitting
force to the distal humerus.2

The child with a supracondylar fracture presents with
swelling at the elbow and localized tenderness. With a supra-
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Figure 62.2 Anteroposterior (panel A) and lateral (panel B) views of the right elbow from a 3-year-old male
demonstrating oblique fracture at the supracondylar portion of distal humerus, with lateral displacement of
the distal fracture fragments (arrow, panel A) and subluxation/dislocation of the radial head (arrow, panel B).

condylar extension fracture, a proximal depression is noted
over the triceps.3 The physical examination should focus on
the degree of swelling and neurovascular status. Any lacera-
tion or skin puncture near the fracture should result in emer-
gent orthopedic consultation and antibiotics. Excessive swelling
and ecchymosis at the elbow are concerning signs of extensive
soft tissue injury, which is a significant risk factor for com-
partment syndrome.3 Neurovascular evaluation includes pal-
pation of the distal pulses and assessment of skin color, tem-
perature and capillary refill, as well as the sensory and motor
aspects of the median, radial and ulnar nerves. In the presence
of ischemia, emergent reduction of the fracture is required.3

Radiographs should be obtained in children who present
with a clinical presentation suggesting a supracondylar frac-
ture, an unclear history, or localized tenderness or swelling
of the elbow. Both an anteroposterior view in extension and
a lateral view at 90◦ of flexion should be taken.3 The radio-
graph should be assessed for the presence of fat pads, the ante-
rior humeral line, and the figure-of-eight at the distal humerus
(indicates a true lateral view). Fat pads are a nonspecific
marker of hemorrhage and may be an indicator of an occult
fracture. A widened anterior fat pad (“sail sign”) is indicative
of a fracture. The presence of a posterior fat pad is never nor-
mal and is indicative of pathology (also indicates a fracture).
The anterior humeral line is a line drawn through the ante-
rior cortex of the humerus that intersects the capitellum in its
middle third (Figure 62.3). In the presence of a posteriorly
displaced supracondylar fracture, the anterior humeral line
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Figure 62.3 Illustration of normal anatomic relationships in a pedi-
atric elbow, lateral view (A – anterior humeral line, B – radiocapitellar
line).

passes though the anterior third of the capitellum or may
entirely miss the capitellum.3 An assessment of the figure-of-
eight requires a true lateral view; disruption of this image indi-
cates a supracondylar fracture.

The Gartland classification system is used for extension-
type supracondylar humerus fractures.4 A type I fracture is
essentially a nondisplaced fracture. A type II fracture still
has the posterior periosteum intact connecting the distal frag-
ment and the humeral shaft; the anterior humeral line is ante-
rior to the capitellum and does not intersect it. The type III
supracondylar fracture has complete displacement of the dis-
tal fragment relative to the humeral shaft with fractures of
both cortices; there is often significant displacement.4 Treat-
ment of a type I fracture involves splinting the extremity in a
long-arm posterior splint and instructing the patient to return
for radiographs in one week; if the fracture remains nondis-
placed, the splint is exchanged for a long-arm cast.4 Type II
fractures require pediatric orthopedic evaluation. The choice
of therapy for type II fractures, closed reduction versus percu-
taneous pinning, is based on the degree of deformity as well
as the adequacy and stability of the fracture reduction.3 All
type II supracondylar fractures require orthopedic consulta-
tion for the evaluation of closed or open reduction with per-
cutaneous pin placement, hospitalization for vigilant neuro-
vascular assessments and close follow up.3 Treatment of
type III fractures is generally surgical.

The two major complications of supracondylar fractures in
children include cubitus varus (decreased carrying angle of the
upper extremity), which is relatively common, and vascular
injury (i.e., from compartment syndrome) leading to Volk-
mann ischemic contracture, which is less common but has
considerable morbidity.4,5 The potential for significant com-
plications with supracondylar humerus fractures mandates

accurate diagnosis and urgent orthopedic consultation.4 Most
children with anything more than the most trivial displace-
ment are admitted for 24–48 hours of observation to fre-
quently reassess their extremity’s neurovascular status.

Fractures of the lateral condyle represent 15–17% of pedi-
atric elbow fractures and are the second most common oper-
ative elbow fractures in children.4,6 The lateral condyle func-
tions as the origin of the extensor muscle mass, as well as the
lateral collateral ligamentous complex. Most fractures occur
in patients 5–7 years of age. The most common mechanism
of injury occurs when a varus force is applied to the elbow,
causing the extensor muscles and lateral collateral ligaments
to avulse the lateral condyle.4,6 The risk of neurovascular com-
promise in a lateral condyle fracture is much lower than that
of a supracondylar facture.4

The Milch classification system is used for describing lat-
eral condyle fractures.4 A type I fracture extends through
the ossification center of the capitellum, entering the joint
lateral to the trochlear groove. A type II fracture extends
medial to the trochlear groove, making the humeral-ulnar
joint less stable. The most important determination is whether
or not the fracture is displaced.4 Only the truly nondisplaced
fractures should be treated nonoperatively, with immobiliza-
tion in a long-arm cast. Plain radiographs of the elbow are
obtained two or three times in the first three weeks to assure
that reduction is maintained.6 Any displaced fracture should
be treated with open reduction and percutaneous pinning.4

The most common complications following lateral condyle
fractures include nonunion, cubitus varus/valgus, and fishtail
deformity of the distal humerus (a rare complication arising
from avascular necrosis of the distal fragment).4

KEY TEACHING POINTS

1. Supracondylar humerus fractures are the most common
elbow fracture in children, accounting for 50–60% of cases.

2. Radiographs of the elbow should be obtained in children
who present with a clinical presentation suggesting a supra-
condylar or lateral condylar fracture, and should include an
anteroposterior view in extension and a true lateral view at
90◦ of flexion.

3. The potential for significant complications with supra-
condylar humerus fractures mandates accurate diagnosis
and urgent orthopedic consultation.

4. The risk of neurovascular compromise in a lateral condyle
fracture is much lower than that of a supracondylar facture.

5. The most important determination in assessing lateral con-
dyle fractures is whether or not the fracture is displaced.
Only the truly nondisplaced fractures should be treated
nonoperatively, with immobilization in a long-arm cast.
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Foot trauma in a 12-year-old male

HISTORY OF PRESENT ILLNESS

A 12-year-old male was brought to the ED by ambulance after
a car had run over his right foot while crossing a busy street.
He reported severe pain to the foot as well as some numb-
ness and tingling, but denied loss of consciousness or other
injuries. The right lower extremity was placed in a splint by
the paramedics, an IV was placed and 2 mg morphine sulfate
had been administered for pain.

PHYSICAL EXAMINATION

GENERAL APPEARANCE: The patient was a well-developed
male in moderate discomfort.

VITAL SIGNS

Temperature 98.1◦F (36.7◦C)
Pulse 110 beats/minute
Blood pressure 120/85 mmHg
Respirations 22 breaths/minute
Oxygen saturation 100% on room air

HEENT: Atraumatic, normocephalic, PERRL, EOMI.

NECK: Supple, no midline tenderness.

CARDIOVASCULAR: Regular rate and rhythm without rubs,
murmurs or gallops.

A B

Figure 63.1 Anteroposterior (panel A) and lateral (panel B) radiographs of the right foot from a 12-year-old
male with right foot trauma.

LUNGS: Clear to auscultation bilaterally, no chest wall tender-
ness.

ABDOMEN: Soft, nontender, nondistended.

RIGHT FOOT: Diffusely swollen, tense and tender to touch, ec-
chymotic and slightly dusky at the medial/dorsal aspect. Sensa-
tion to light touch was grossly intact. The patient was unable to
move his toes secondary to pain and swelling. Severe pain was
elicited on passive dorsiflexion of the toes. A dorsalis pedis
pulse could not be palpated on the right foot, nor could it be
elicited by Doppler stethoscope. There was no obvious defor-
mity to the ankle or the remainder of the right lower extremity.

NEUROLOGIC: Nonfocal.

An additional dose of morphine sulfate IV was administered;
blood was drawn and sent for laboratory testing, whereas the
foot remained splinted and elevated with ice packs applied.
Radiographs of the foot were obtained (Figure 63.1). The
patient was not allowed anything by mouth.

What is your diagnosis?
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ANSWER

Radiographs of the right foot demonstrate a comminuted,
displaced fracture at the base of the first metatarsal, as well
as distal fractures of the second through fourth metatarsals
with substantial displacement. These injuries are consistent
with a Lisfranc fracture-dislocation. The podiatry service was
urgently consulted and the patient was taken to the OR. Com-
partment pressures of the right foot were measured and found
to be 58–62 mmHg (normal compartment pressures of foot
5.0 ± 2.5 mmHg),1 consistent with right foot compartment
syndrome. The patient underwent compartment fasciotomies,
as well as an open reduction and internal fixation of the right
foot fractures and dislocation. The final postoperative diag-
nosis was right foot compartment syndrome, right foot Lis-
franc fracture-dislocation, and fractures of the right second,
third and fourth metatarsal heads (postoperative radiograph,
Figure 63.2).

Lisfranc injuries

Although fractures of the proximal first through fourth meta-
tarsals are less common than other metatarsal fractures, they
warrant special consideration because they are often asso-
ciated with injury to the Lisfranc ligament complex (Figure
63.3).2, 9 These crucial ligaments hold the metatarsal bases
rigidly in place, maintaining the arch of the foot and anchoring
the metatarsals to the rest of the body. Injuries to this ligament
complex, even if subtle, can cause long-term disability and are
important to detect.2

Complex forces, usually high-energy, may result in injury
to the metatarsal-tarsal (Lisfranc) joint.3,4 Direct crushing
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Figure 63.2 Anteroposterior (panel A) and lateral (panel B) radiographs of the right foot from a 12-year-
old male following compartment fasciotomies, open reduction and internal fixation of a Lisfranc fracture-
dislocation.

blows can displace the metatarsals in the direction of the force.
More commonly, indirect or rotational mechanisms can result
in injury to the Lisfranc joint. Examples include falls from a
height, striking a fixed plantar-flexed foot on the floorboard in
a motor vehicle collision, or even a misstep onto an uneven
surface with axial force transmitted up the metatarsals dis-
placing them dorsally relative to the tarsals.4 The patient with
Lisfranc injury is unable to bear weight on the affected foot.
The dorsum of the midfoot shows swelling, ecchymosis, defor-
mity and tenderness.5 Pedal pulses may be difficult to palpate
because of the swelling, but assessment of perfusion of the foot
distal to the injury should be made based on warmth, color,
and hand-held Doppler.5

Standard anteroposterior and lateral radiographs of the foot
are usually sufficient to demonstrate the fracture.5 Fractures
of the second metatarsal, cuboid or navicular should increase
suspicion of disruption to the Lisfranc joint. The most consistent
radiographic finding is loss of the usual alignment between the
medial borders of the second metatarsal and second cuneiform.4

After assessing distal neurovascular status, immobilize patients
with suspected Lisfranc joint injuries but normal radiographic
findings with a posterior splint, prohibit weight-bearing, and
consult orthopedics or podiatry for urgent follow up.

Consult orthopedic surgery for displaced fractures requir-
ing reduction, casting or operative fixation. Open reduction
and fixation is necessary if adequate reduction cannot be
achieved or maintained.

Compartment syndrome of the foot

Compartment syndrome can occur in the foot as in other
parts of the body. The mechanism of injury is usually severe
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Figure 63.3 Lisfranc joint.

local trauma and associated skeletal injury. Classic symptoms
and signs are progressive pain, numbness in the toes and de-
creased motion.6 However, these are the same symptoms that
one expects to find with concomitant foot fractures and
severe injury. Tense tissue bulging may be the most reliable
symptom.6 Compartment pressures are elevated.

The nine compartments of the foot can be placed into four
groups: the intrinsic compartment, which comprises the four
intrinsic muscles between the first and fifth metatarsals; the
medial compartment, which comprises the abductor hallucis
and flexor hallucis brevis; the central calcaneal compartment,
which comprises the flexor digitorum brevis, the quadratus
plantae and the adductor hallucis; and the lateral compart-
ment, which comprises the flexor digiti minimi brevis and the
abductor digiti minimi.6

In examining a patient with potential compartment syn-
drome of the foot, pain alone is not sufficient for the diag-
nosis.6 Patients with a burning quality of pain, delayed onset
or increasing severity of pain, or pain on passive stretch of the
compartment merit evaluation for compartment syndrome.7

Increased pain on passive dorsiflexion of metatarsophalangeal
joints is a key finding, indicating myoneural ischemia in the
intrinsic muscles.6 The soft tissues are often visibly swollen,
and the compartment will usually have a tense (“woody”)
feeling on palpation.7 Poor capillary refill and absent pulses
are late findings. In the presence of massive swelling of the
foot, which usually accompanies these injuries, pulses may not
be palpable. Currently, the most reliable means of diagnos-
ing compartment syndrome is to directly measure pressure in
the compartment using an automated device such as a Stryker
manometer.7 Appropriate treatment for a suspected compart-
ment syndrome of the foot is urgent and complete fasciotomy.

Silas et al. reviewed the cases of seven children and teen-
agers identified as having compartment syndrome of the foot
during a five-year period.8 The average age at the time of diag-
nosis was 10 years (range 4–16 years). The cause of the com-
partment syndrome was a crush injury in six patients and a
motor vehicle collision in one. All patients had swelling and
pain with passive motion but none had neurovascular deficits.
Only the two oldest children had an osseous injury that neces-
sitated open reduction and internal fixation, but all had ele-
vated compartment pressures ranging from 38–55 mmHg. All
seven patients had fasciotomies of the nine compartments of
the foot, and the skin was closed primarily within five days fol-
lowing the operation. No patients had complications or required
skin grafting. All patients had a good or excellent result after
an average duration of follow up of 41 months (range 23–53
months).

KEY TEACHING POINTS

1. Lisfranc fracture-dislocations of the foot generally result
from high-energy forces, such as crushing trauma to the
foot (often in flexion or rotation).

2. Patients with Lisfranc fracture-dislocations commonly
present with midfoot pain, swelling and decreased ability
to bear weight.

3. The most consistent radiographic finding in Lisfranc joint
dislocations is loss of the usual alignment between the me-
dial borders of the second metatarsal and second cunei-
form.

4. Patients with Lisfranc injuries require urgent consultation
with an orthopedic or podiatric specialist.

5. In compartment syndrome of the foot, findings on exami-
nation include increased pain on passive dorsiflexion of the
metatarsophalangeal joints, poor capillary refill and absent
pulses (late findings).

6. Appropriate treatment for suspected compartment syn-
drome of the foot is urgent and complete fasciotomy.
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Forearm pain and swelling in a 14-year-old male

HISTORY OF PRESENT ILLNESS

A 14-year-old left-hand dominant male presented to the ED
after falling backward on his outstretched left hand during
a martial arts match. The patient experienced the sudden
onset of severe pain with significant deformity to the left fore-
arm. Upon presentation to the ED, the patient complained
of severe pain to his distal left forearm but denied numbness,
tingling or weakness.

PHYSICAL EXAMINATION

GENERAL APPEARANCE: The patient was a well-developed
male in moderate discomfort.

VITAL SIGNS

Temperature 98.5◦F (36.9◦C)
Pulse 110 beats/minute
Blood pressure 120/85 mmHg
Respirations 20 breaths/minute

Figure 64.1 Left forearm of a 14-year-old male after falling backward
on his outstretched hand (arrow indicates puncture wound).

A B

Figure 64.2 Anteroposterior (panel A) and lateral (panel B) radio-
graphs of the left wrist and forearm from a 14-year-old male after a
fall on the outstretched hand.

RIGHT UPPER EXTREMITY: Significant dorsal displacement of
the distal forearm (“dinner fork deformity”), with a small
puncture wound noted on the volar aspect of the forearm just
proximal to the deformity (arrow, Figure 64.1). The radial and
ulnar pulses were easily palpable, and sensation and motor
function distal to the deformity were intact. The right shoul-
der, elbow, wrist and hand were without deformity or tender-
ness.

Anteroposterior and lateral radiographs of the wrist and fore-
arm were obtained (Figure 64.2).

What is your diagnosis?

269



270 Orthopedics

ANSWER

The diagnosis is open distal radial and ulnar fracture (both
bone forearm fracture) with significant shortening, dorsal
displacement and volar angulation of the distal fracture
fragments. Treatment is urgent closed reduction followed
by definitive open reduction and internal fixation (ORIF).
The patient received cefazolin intravenously prior to closed
reduction, as well as multiple doses of morphine sulfate for
pain control. Urgent closed reduction was performed in the
ED using intravenous fentanyl and midazolam for procedu-
ral sedation (post-reduction radiographs, Figure 64.3). The
patient was admitted to the orthopedic service for definitive
ORIF of the fractures that same evening.

Open forearm fractures

Fractures of the shaft of the radius or ulna have been reported
to account for 10–45% of pediatric fractures; 75–84% of pedi-
atric forearm fractures occur distally.1,2 These injuries vary
greatly; they may involve one or both bones, and may be com-
plete or greenstick fractures (fracture through only one cortex
or incomplete, seen in pediatric cases) in as high as 50%. Pedi-
atric forearm fractures are usually successfully treated with
closed reduction because the substantial remodeling potential
of pediatric bone allows for excellent healing. Forearm frac-
tures are usually the result of a fall on an outstretched hand,
but direct trauma of significant force can cause forearm frac-
tures as well.1

Forearm fractures are classified according to location,
degree of displacement, and degree of angulation.2 Patients
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Figure 64.3 Anteroposterior (panel A) and lateral (panel B) post-
reduction radiographs of a left both bone forearm fracture from a 14-
year-old boy following a fall on the outstretched hand.

TABLE 64.1 Gustilo classification of open fractures5

Type I Puncture wound of 1 cm or less, with minimal contamination
or muscle crushing.

Type II Laceration more than 1 cm long with moderate soft tissue
damage and crushing. Bone coverage is adequate and
comminution is minimal.

Type IIIA Extensive soft tissue damage, often caused by a high-energy
injury with a severe crushing component. Massively
contaminated wounds and severely comminuted or
segmental fractures are included in this subtype. Bone
coverage is adequate.

Type IIIB Extensive soft tissue damage with periosteal stripping and
bone exposure, usually with severe contamination and
bone comminution. Flap coverage is required.

Type IIIC Arterial injury requiring repair.

with fractures of the distal one-third (the most common) pre-
sent with the classic “dinner fork” deformity. The skin requires
careful examination for any in-to-out puncture because such
an injury requires immediate orthopedic consultation and
operative treatment.1,2 It is essential that at least two radio-
graphic views be obtained to determine an accurate measure-
ment of displacement and angulation. If only one forearm
bone is fractured, radiographs of the wrist and elbow should
be obtained to exclude a Galeazzi (fracture of the radial shaft
with dislocation of the radioulnar joint) or Monteggia (frac-
ture of the ulna with dislocation of the radial head) fracture-
dislocation.1 Surgical indications for forearm fractures include
open fractures, failed or unstable reductions, and vascular
injuries, as well as fractures in skeletally-mature individuals
(older children where remodeling is not likely).2,3

An open fracture is characterized by soft tissue disrup-
tion that results in communication of the fracture site with
the outside environment.4 Open fractures are severe injuries
with a potential for serious complications, such as infection or
nonunion. The main principles of open fracture management
include careful evaluation of the injury, prevention of infec-
tion, wound management with soft tissue coverage, fracture
stabilization, and promotion of healing by early bone graft-
ing or other supplemental procedures.4 A classification system
for open fractures has been devised by Gustilo and colleagues
(Table 64.1).5

Intravenous antibiotic administration should start as soon
as possible, tetanus status should be updated and surgical
management should begin as soon as the patient has been
adequately evaluated and resuscitated. Approximately 65%
of patients with open fractures have wound contamination
with microorganisms; therefore, antibiotics are not used for
prophylaxis but rather for treatment of wound contamination.
Delayed surgical management in children and adults has not
been associated with an increased infection rate in patients
who receive early antibiotic therapy.4 Aggressive intraoper-
ative irrigation is of critical importance.
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KEY TEACHING POINTS

1. Fractures of the shaft of the radius or ulna may account for
10–45% of pediatric fractures; 75–84% of pediatric fore-
arm fractures occur distally.

2. Forearm fractures are usually the result of a fall on an out-
stretched hand, but direct trauma of significant force can
also cause forearm fractures.

3. Pediatric forearm fractures are usually treated successfully
with closed reduction because of the substantial remodel-
ing potential of pediatric bone.

4. Open fractures are injuries with a potential for serious
complications, including infection and nonunion, and re-
quire prompt antibiotic administration and surgical man-
agement.

5. Neurovascular status should be evaluated for all extrem-
ity injuries (including fractures); if vascular compromise

is present, immediate reduction is necessary before radio-
graphic evaluation.
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Foot pain while playing soccer in a 22-year-old male

HISTORY OF PRESENT ILLNESS

A 22-year-old male presented to the ED complaining of left
foot pain after an inversion injury to the foot while playing
soccer. He reported the sudden onset of severe pain followed
by swelling and inability to bear weight on his right foot imme-
diately following the injury. He denied numbness or tingling to
the foot.

PHYSICAL EXAMINATION

GENERAL APPEARANCE: The patient was a well-developed
male lying supine on the gurney with his right foot raised, in
no acute discomfort.

VITAL SIGNS

Temperature 98.6◦C (37◦C)
Pulse 74 beats/minute
Blood pressure 130/85 mmHg
Respirations 20 breaths/minute
Oxygen saturation 100% on room air

LEFT FOOT AND ANKLE: Swelling of the dorsal-lateral and
plantar aspects of the left foot, with tenderness to palpation
at the base of the fifth metatarsal on the plantar aspect. No
tenderness or swelling of the ankle; the patient was unable to
bear weight on the left foot. The right foot was neurovasc-
ularly intact.

Radiographs of the left foot were obtained (Figure 65.1).

A B

Figure 65.1 Anteroposterior (panel A) and oblique (panel B) radio-
graphs of a 22-year-old male after inversion injury to the left foot play-
ing soccer.

What is your diagnosis?
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ANSWER

The diagnosis is a Jones fracture (fracture of the base of the
fifth metatarsal). The radiographs demonstrate a transverse
fracture of the proximal fifth metatarsal at the junction of the
diaphysis and metaphysis (arrows, Figure 65.2). The patient’s
foot was elevated with ice packs applied, and subsequently
placed in a short-leg splint. The patient was given crutches
and pain medication and instructed to continue non-weight-
bearing and elevation of the foot at rest. Follow up was ar-
ranged with the orthopedist, at which time a short-leg cast was
placed. The fracture was treated nonsurgically, with immobi-
lization and non-weight-bearing for six weeks.

Jones fracture

In 1902, Sir Robert Jones was the first to describe a fracture of
the proximal fifth metatarsal.1 A true Jones fracture is defined
as a transverse fracture of the proximal fifth metatarsal at the
junction of the diaphysis and metaphysic, without extension
distal to the intermetatarsal articulation of the fourth and fifth
metatarsals. Fractures generally begin laterally in the more
distal portion of the tuberosity and extend transversely or
obliquely into the area of the medial cortex, where the fifth
metatarsal articulates with the fourth metatarsal.1 The injury
is believed to occur when a large adduction force is applied
to the forefoot with the ankle plantar flexed (e.g., pivoting or
cutting with most of the body weight on the metatarsal heads).
When high load on the plantar aspect of the fifth metatarsal
head creates a large bending motion, the bone fractures at the
junction of the proximal diaphysis and the metaphysis.1

A Jones fracture is located within 1.5 cm distal to the
tuberosity of the fifth metatarsal, and should not be con-
fused with the more common avulsion fracture of the fifth
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Figure 65.2 Anteroposterior (panel A) and oblique (panel B) radio-
graphs of a 22-year-old male with a Jones fracture (arrows).

metatarsal styloid process.2 It is not due to peroneus brevis
tendon avulsion but rather a twisting inversion injury of the
foot. More proximal injuries are frequently misinterpreted as
Jones fractures but really are avulsion fractures caused by the
peroneus brevis tendon. These fractures heal quickly, whereas
more distal fractures may undergo fibrous union only.2 Radio-
graphically, acute fractures should show sharp fracture mar-
gins and no intramedullary sclerosis. Delayed union will show
a persistent fracture line in both cortices, periosteal callus
and intramedullary sclerosis. A stress fracture is revealed by
a widened fracture line and varying degrees of medullary
sclerosis.2

Emergency treatment of Jones fractures involves ice, ele-
vation, splinting of the injured foot and pain control.3 The
definitive treatment of Jones fractures may be nonoperative
or operative. Nonoperative treatment varies from functional
bracing to casting, but typically involves the application of
a non-weight-bearing short-leg cast for six weeks for best
results.1,4 The time needed to achieve union is a minimum of
two months, with delayed union or nonunion reported in up
to 50% of cases. Operative treatment involves intramedullary
screw fixation or bone grafting. These allow earlier weight-
bearing and generally result in union in less than three months.
As many as 50% of patients with this fracture develop persis-
tent nonunions, requiring bone grafting and internal fixation.3

KEY TEACHING POINTS

1. A Jones fracture is a transverse fracture of the proximal
fifth metatarsal at the junction of the diaphysis and meta-
physis without extension distal to the intermetatarsal arti-
culation of the fourth and fifth metatarsals.

2. The mechanism of injury in a Jones fracture involves a
large adduction force applied to the forefoot with the ankle
plantar flexed, causing the fifth metatarsal to fracture.

3. Emergent treatment of Jones fractures involves ice, eleva-
tion, splinting of the injured foot and pain control.

4. The definitive treatment of Jones fractures may be non-
operative (bracing or casting and non-weight-bearing for
six weeks) or operative (intramedullary screw fixation or
bone grafting).
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Elbow trauma in a 29-year-old male

HISTORY OF PRESENT ILLNESS

A 29-year-old right-handed male presented to the ED one
day after falling on his right elbow while skating. The patient
reported pain and swelling to the elbow, as well as limited abil-
ity to flex and extend his elbow secondary to pain. He denied
weakness or numbness of his right upper extremity or other
injuries.

PHYSICAL EXAMINATION

GENERAL APPEARANCE: The patient was a well-developed
male holding his right elbow in a flexed position, in no acute
discomfort.

VITAL SIGNS

Temperature 98.6◦F (37◦C)
Pulse 75 beats/minute
Blood pressure 125/85 mmHg
Respirations 20 breaths/minute
Oxygen saturation 100% on room air

A B

Figure 66.1 Anteroposterior (panel A) and lateral (panel B) radiographs of the right elbow from a 29-year-old
male after a fall.

RIGHT UPPER EXTREMITY: Swelling to the elbow and tender-
ness over the radial head, as well as pain and limited range of
motion with attempted supination or pronation of the right
forearm. Mild ecchymosis to the elbow, no wound present.
The right shoulder, forearm, wrist and hand were nontender,
without swelling or deformity. The forearm, wrist and hand
were neurovascularly intact.

An ice pack was applied to the elbow, and an elbow radio-
graph was obtained (Figure 66.1).

What is your diagnosis?

275



276 Orthopedics

ANSWER

The diagnosis is a radial head fracture. The lateral radiograph
demonstrates both a posterior and anterior (“sail sign”) fat
pad (arrows, Figure 66.2) resulting from intra-articular hem-
orrhage. This is indicative of intra-articular pathology, most
commonly caused by a radial head fracture in adults. The sub-
tle radial head fracture can be appreciated on the anteropos-
terior view of the elbow (arrow, Figure 66.3). The patient was
placed in a sling and referred to the orthopedic clinic, where
recommendations were made to continue using the sling as
needed with frequent range of motion exercises.

The fat pad sign and radial head fractures

Normally, on a lateral radiograph of the elbow held in 90◦ of
flexion, a lucency that represents fat is present along the ante-
rior surface of the distal humerus; on a normal radiograph, no
lucency is visualized along its posterior surface.1 An elevated
anterior lucency or a visible posterior lucency on a true lateral
radiograph of an elbow flexed at 90◦ is described as a posi-
tive fat pad sign.1 Fat pad signs provide radiological evidence
of a joint effusion in the elbow joint, appearing as translucent
areas on the lateral radiograph of the elbow flexed to a right
angle.2

In obtaining radiographs of the elbow, the lateral view is
probably the most useful. In this view, the anterior humeral
line should bisect the middle third of the capitellum.3 In min-
imally displaced supracondylar fractures, the distal humerus
is displaced posteriorly so that the anterior humeral line bi-
sects the anterior third of the capitellum (or misses it com-
pletely), therefore alerting the physician to the presence of

Figure 66.2 Lateral radiograph of the right elbow from a 29-year-old
male demonstrating anterior (dark arrow) and posterior (white arrow)
fat pads from a radial head fracture.

Figure 66.3 Anteroposterior view of the right elbow demonstrating a
radial head fracture (arrow).

this fracture.3 The lateral radiograph may show an anterior fat
pad protruding from the coronoid fossa at the distal humerus.
This finding is normal unless the pad is bulging or in the shape
of a ship’s sail.4 This sail sign may indicate fluid in the joint,
although alone it may not be a reliable predictor of a frac-
ture. However, the posterior fat pad sits snugly within the ole-
cranon fossa, and is never seen without a fracture around the
elbow.4 In this case, blood pushes the fat pad laterally, making
it visible on lateral radiograph of the elbow. Therefore, visual-
ization of a posterior fat pad on a true lateral radiograph of the
elbow suggests the presence of an occult fracture around the
elbow and, if the fracture is not seen, warrants oblique views
of the elbow, splinting and close follow up.4

The presence of a fat pad sign following elbow trauma in
adults is most commonly associated with the presence of a
radial head fracture (86% of fractures associated with a fat
pad sign were radial head fractures in one study).5 The fat pad
sign has been shown to be sensitive in detecting radial head
fractures but is not specific to these fractures.2 Fat pad signs
can also be seen in cases of inflammation, infection or neo-
plasm associated with the elbow joint.1,2 The absence of a fat
pad sign on the lateral elbow radiograph is a reliable indicator
that a fracture around the elbow is not present.2

In the acute setting, occult radial head fractures can be
treated with a sling for comfort.3 For nondisplaced radial head
fractures, results are generally good with a short period of im-
mobilization followed by early range of motion.6 Conversely,
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any significantly displaced fracture merits orthopedic consul-
tation and referral.

KEY TEACHING POINTS

1. An elevated anterior lucency or visible posterior lucency
on a true lateral radiograph of an elbow flexed at 90◦ is
described as a positive fat pad sign; the presence of a fat
pad sign following elbow trauma in adults is most com-
monly associated with a radial head fracture.

2. The absence of a positive fat pad sign on the lateral elbow
radiograph is reliable evidence for the absence of a fracture
around the elbow.

3. In the acute setting, occult radial head fractures can be
treated with a sling for comfort and a short period of immo-
bilization, followed by early range of motion.
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Forearm trauma in a 32-year-old male

HISTORY OF PRESENT ILLNESS

A 32-year-old right-hand dominant male arrived by ambu-
lance to the ED after colliding his motorcycle with another
vehicle. The patient was helmeted, awake and alert and com-
plained of left forearm and elbow pain. He denied numbness
to his left forearm, wrist or hand. He did not lose conscious-
ness, and denied other injuries.

PHYSICAL EXAMINATION

GENERAL APPEARANCE: The patient was a well-developed
male holding his left forearm in moderate discomfort.

VITAL SIGNS

Temperature 98.2◦F (36.8◦C)
Pulse 95 beats/minute
Blood pressure 140/95 mmHg
Respirations 22 breath/minute
Oxygen saturation 100% on room air

HEENT: Atraumatic, normocephalic, PERRL, EOMI.

NECK: Supple, no midline tenderness.

CARDIOVASCULAR: Regular rate and rhythm without rubs,
murmurs or gallops.

CHEST: No chest wall tenderness, lungs clear to auscultation
bilaterally.

ABDOMEN: Soft, nontender, nondistended.

LEFT FOREARM: Swelling and deformity to the mid-portion of
the left forearm with tenderness to palpation. A small wound
was noted over the deformity (Figure 67.1), as well as tender-
ness to the elbow over the radial head. The forearm, wrist and
hand were neurovascularly intact.

Figure 67.1 Left forearm of a 32-year-old man after motorcycle colli-
sion (arrow indicates wound).

A peripheral intravenous line was placed, morphine sulfate
was administered for pain control, and radiographs of the
forearm, elbow and wrist were obtained (Figure 67.2).

What is your diagnosis?
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Figure 67.2 Anteroposterior (panel A) and lateral (panel B) radiographs of the left forearm and wrist from a
32-year-old-male with left forearm pain following a motorcycle collision.
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ANSWER

The diagnosis is an open, oblique, comminuted mid-shaft
ulnar fracture with subluxation of the radial head with respect
to the proximal humerus (Monteggia fracture-dislocation, type
I). The patient received intravenous cefazolin and a tetanus
booster following temporary splinting of the forearm. He
was taken to the operating room by the orthopedic surgeon,
where open reduction and internal fixation of the fracture-
dislocation was performed (postoperative radiograph, Fig-
ure 67.3).

Monteggia fracture-dislocations

Monteggia fracture-dislocation (first described by Giovanni
Battista Monteggia in 1814) refers to a fracture of the prox-
imal third of the ulnar shaft combined with a radial head
dislocation.1 These injuries are relatively uncommon, account-
ing for less than 5% of all forearm fractures.2 The ulna frac-
ture is usually clinically and radiographically apparent. The
key to successful diagnosis of a Monteggia fracture-dislocation
is clinical suspicion. Diagnosis is made with radiographs of the
entire forearm and elbow.3

The Bado classification of Monteggia fracture-dislocations
is:

� Type I: Fracture of the proximal or middle third of the ulna
with anterior dislocation of the radial head.

� Type II: Fracture of the proximal or middle third of the ulna
with posterior dislocation of the radial head.

� Type III: Fracture of the ulnar metaphysis with lateral dis-
location of the radial head.

� Type IV: Fracture of the proximal or middle third of the
ulna and radius with anterior dislocation of the radial
head.1–4

Of the Monteggia fracture-dislocations, Bado type I is the
most common (59%), followed by type III (26%), type II
(5%) and type IV (1%).2,3 Monteggia fracture-dislocations
are one-third as common as the more familiar Galeazzi frac-
ture-dislocations (fracture of distal radius and concomitant
dislocation of the distal radioulnar joint). The radial head
dislocation in Monteggia fracture-dislocations may not be

Figure 67.3 Lateral radiograph of the left forearm following open
reduction and internal fixation of a Monteggia fracture-dislocation.

Humerus

Radius

Ulna

Figure 67.4 Normal interarticular relationships of the elbow.

apparent, and may be missed if radiographs of the elbow are
not included. Separate radiographs (including a true lateral)
should be taken of the elbow. In a normal elbow, the radial
head points toward the capitellum on the lateral radiograph
(Figure 67.4).

Monteggia fracture-dislocations are primarily associated
with falls on an outstretched hand with forced pronation.1–4

High-energy trauma (e.g., motor vehicle collisions) and low-
energy trauma (e.g., falls from standing) can result in these
injuries; thus, a high index of suspicion should be maintained
with any ulna fracture.

In pediatric patients, many Monteggia fracture-dislocation
patterns can be managed conservatively with closed reduc-
tion and long-arm casting.4 However, most adult Monteggia
fracture-dislocations require open reduction and internal fix-
ation techniques. The radial head dislocation should be
reduced by closed reduction under sedation within 6–8 hours
of the injury. This is usually achieved with supination of the
forearm, but may require traction and direct pressure on the
radial head.3

If closed reduction is unsuccessful, the patient should be
taken to the operating room within the same timeframe (6–
8 hours) for open reduction. Delay in reduction of the radius
may lead to permanent articular damage, further nerve injury
or both. An open fracture requires emergent operative inter-
vention, intravenous antibiotic administration and tetanus
immunization (if necessary). In closed injuries, once the radial
head is reduced the forearm is splinted and operative fixa-
tion of the ulna fracture may be carried out in a semi-elective
fashion.

KEY TEACHING POINTS

1. Monteggia fracture-dislocations are primarily associated
with falls on an outstretched hand with forced pronation;
high- and low-energy trauma can result in these types of
injuries.
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2. The radial head dislocation may not be clinically appar-
ent, and may be missed if the elbow is not included in the
radiograph. The keys to successful diagnosis of a Mon-
teggia fracture-dislocation include a high clinical suspicion
and radiographs of the entire forearm and elbow.

3. With Monteggia fracture-dislocations, most pediatric frac-
ture patterns can be managed conservatively with closed
reduction and long-arm casting. However, most adult frac-
tures require open reduction and internal fixation.

4. Consider any wound overlying a fracture site as a potential
open fracture, requiring antibiotic administration, updat-
ing tetanus status and operative repair.
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Left knee pain following trauma in a 68-year-old male

HISTORY OF PRESENT ILLNESS

A 68-year-old male presented to the ED by ambulance after
being struck by a slow-moving vehicle while crossing the
street. The patient fell to the ground, landing on his knees. He
reported significant left knee and left lower leg pain, and was
unable to bear weight at the scene. He denied head trauma,
loss of consciousness, neck, chest, abdominal or hip pain,
shortness of breath, and other injuries. The patient’s tetanus
status was unknown.

PHYSICAL EXAMINATION

GENERAL APPEARANCE: The patient was an elderly male sitting
on the gurney, in mild discomfort.

VITAL SIGNS

Temperature 97.5◦F (36.4◦C)
Pulse 86 beats/minute
Blood pressure 153/82 mmHg
Respirations 18 breaths/minute
Oxygen saturation 99% on room air

HEENT: Atraumatic, PERRL, EOMI.

NECK: Supple, no midline tenderness.

CARDIOVASCULAR: Regular rate and rhythm without rubs,
murmurs or gallops.

LUNGS: Clear to auscultation bilaterally.

ABDOMEN: Soft, nontender, nondistended.

HIPS: Stable, nontender, full range of motion.

KNEES: Abrasions to both knees. Minimal tenderness to pal-
pation of the right knee, with full active range of motion with-
out pain. Tenderness to palpation of left knee anteriorly and
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Figure 68.1 Anteroposterior (panel A) and lateral (panel B) radio-
graphs of the left knee from a 68-year-old male with left knee pain
following trauma.

medially; patient unable to actively range left knee secondary
to pain; small effusion of the left knee.

EXTREMITIES: No clubbing, cyanosis or edema; strong peri-
pheral pulses present.

NEUROLOGIC: Nonfocal.

A peripheral intravenous line was placed, morphine sulfate
IV was administered for pain and tetanus immunization was
given. Radiographs of the right and left knees were obtained;
radiographs of the right knee were normal. Radiographs of the
left knee are shown (Figure 68.1).

What is your diagnosis?
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ANSWER

The diagnosis is a depressed left lateral tibial plateau frac-
ture. A comminuted, intra-articular fracture at the lateral tib-
ial plateau with depression of fracture fragments is evident
on the anteroposterior radiograph of the left knee (arrow,
panel A, Figure 68.2). Orthopedics was consulted, and a non-
contrast CT scan of the left knee was obtained for preoper-
ative planning (Figure 68.3). The CT demonstrated a com-
minuted, depressed fracture of the lateral tibial plateau with
displacement and distraction of the fracture fragments, as well
as a large amount of fluid in the joint seen with a fat-fluid level
(consistent with lipohemarthrosis). This lipohemarthrosis can
be identified on the lateral view radiograph when the film is
viewed in its anatomic position (arrows, panel B, Figure 68.2).
The patient underwent open reduction and internal fixation
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Figure 68.2 Anteroposterior (panel A) and lateral (panel B) radio-
graphs of the left knee from a 68-year-old male demonstrating a
depressed, comminuted lateral tibial plateau fracture (arrow, panel A)
and joint effusion (arrows, panel B).
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Figure 68.3 Coronal (panel A) and transverse (panel B) images from a noncontrast CT of the left tibial plateau
fracture from a 68-year-old male (arrows indicate fracture).

(ORIF) of the fracture, with plate and screw fixation (Figure
68.4).

Tibial plateau fractures

The tibial plateau is composed of the medial and lateral
tibial condyles, which form the inferior articular surfaces of
the knee. Fractures of the plateau are relatively common in
elderly persons (comprising almost 8% of all fractures in older
persons) as a result of osteoporosis, and can occur with minor
trauma.1,2 Fractures in younger persons are usually the result
of high-energy motor vehicle trauma, falls or contact-sports
injuries; associated injuries are often present. Lateral plateau
fractures are more common than medial plateau fractures,
resulting from valgus stress and abduction forces.3 Medial
plateau fractures are the result of varus stress and adduction
forces. Both plateaus are fractured in 11–31% of cases.1

The Segond fracture is a type of tibial plateau fracture that
results from forced internal rotation of the tibia with varus
stress. It is associated with an anterior cruciate ligament tear in
75–100% of cases.1 The resultant tension on the lateral knee
capsule avulses a small vertical fragment from the margin of
the lateral tibial condyle, and is a reliable sign of anterior cru-
ciate ligament tear. A “reverse Segond” fracture has also been
described. This is a bony avulsion from the medial condyle,
which has a strong association with a posterior cruciate liga-
ment tear.1

Several methods have been developed to classify tibial
plateau fractures. The Schatzker system is the best known
(Table 68.1).2 In this system, tibial plateau fractures are classi-
fied by the presence or absence of a sagittal split, a depressed
articular segment, the presence or absence of a medial condy-
lar fragment, and attachment to the tibial shaft.4 Clinically,
patients with tibial plateau fractures present with pain, knee
effusion and the inability to bear weight.1 Neurovascular
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TABLE 68.1 Schatzker classification system for tibial plateau
fractures2

Type I Split fractures of the lateral tibial plateau, usually in younger
patients. No depression is seen at the articular surface.

Type II Split fractures with depression of the lateral articular
surface, typically seen in older patients with
osteoporosis.

Type III Fractures characterized by depression of the lateral tibial
plateau, without splitting through the articular surface.

Type IV Fractures involving the medial tibial plateau, and may be
split fractures with or without depression.

Type V Fractures characterized by split fractures through both the
medial and lateral tibial plateaus.

Type VI Fractures as the result of severe stress and resulting
dissociation of the tibial plateau region from the
underlying diaphysis.

injury is uncommon but compartment syndrome can occur.
Physical examination reveals a joint effusion from hemarthro-
sis, decreased range of motion, and knee laxity and instability
if an associated ligamentous injury is present.1,3 Most tibial
plateau fractures are diagnosed by conventional radiography
(anteroposterior and lateral views, with oblique views added
for the diagnosis of minimally or nondisplaced fractures not
readily apparent on anteroposterior or lateral views).2 CT is
often used in more complex fractures to confirm the anatomic
relationship of fracture fragments, especially at the articular
surface of the tibia where precise three-dimensional anatomy
is critical to the success of surgical repair. Less comminuted
and depressed fractures may not require CT imaging. MRI is
also useful to detect associated ligamentous injury and to more
accurately delineate the extent of the fracture.1

Initial emergency management of tibial plateau fractures
includes immobilization of the knee with splinting in full
extension, ice to reduce swelling and parenteral pain med-
ication. The patient should be kept NPO in anticipation of
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Figure 68.4 Anteroposterior (panel A) and lateral (panel B) radiographs of the left knee following ORIF for
a depressed lateral tibial plateau fracture.

possible surgical repair. Indications for nonoperative treat-
ment of tibial plateau fractures include incomplete or nondis-
placed fractures (usually after a low-energy injury), a dis-
placed lateral plateau fracture without articular instability,
and some unstable lateral plateau fractures in osteoporotic
patients.5 Absolute indications for surgery include an open
tibial plateau fracture and a tibial plateau fracture combined
with either acute compartment syndrome or acute vascu-
lar injury. Relative indications for surgery include most dis-
placed bicondylar fractures, displaced medial condylar frac-
tures, lateral plateau fractures that result in joint instability,
and plateau fractures in the context of patients with multiple
injuries.5

KEY TEACHING POINTS

1. Fractures of the tibial plateau are relatively common, com-
prising almost 8% of all fractures in older persons, and can
occur with minor trauma in this age group.

2. Clinically, patients with tibial plateau fractures present
with knee effusion, inability to bear weight, decreased
range of motion, and knee laxity and instability if ligamen-
tous injury is present.

3. Most tibial plateau fractures are diagnosed by conventional
radiography. CT can confirm the anatomic relationship of
fracture fragments with more complex fractures; MRI is
useful to detect associated ligamentous injury.

4. Initial emergent management of tibial plateau fractures
includes immobilization of the knee, ice to reduce swelling
and parenteral pain medication.

5. Indications for surgery include an open fracture, a fracture
combined with an acute compartment syndrome or vascu-
lar injury, most displaced bicondylar fractures, displaced
medial condylar fractures, lateral plateau fractures result-
ing in joint instability, and plateau fractures in multiply
injured patients.
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Left hip pain in a 70-year-old male

HISTORY OF PRESENT ILLNESS

A 70-year-old male with a medical history significant for dia-
betes, hypertension, hyperlipidemia and obesity presented to
the ED complaining of six weeks of left hip pain that had
acutely worsened over the past several days. The patient rated
his pain at a level of 7 (on a scale of 0 to 10). His pain was
worse with movement, and he was unable to ambulate sec-
ondary to pain. He denied redness or swelling over the hip,
as well as any recent trauma. He denied fevers or chills, but
reported that his left hip felt warm at times.

PHYSICAL EXAMINATION

GENERAL APPEARANCE: The patient appeared well hydrated,
alert and in moderate discomfort.

VITAL SIGNS

Temperature 98.9◦F (37.2◦C)
Pulse 105 beats/minute
Blood pressure 171/79 mmHg
Respirations 22 breaths/minute
Oxygen saturation 97% on room air

HEENT: Unremarkable.

NECK: Supple, no jugular venous distension.

CARDIOVASCULAR: Tachycardic rate, regular rhythm without
rubs, murmurs or gallops.

LUNGS: Clear to auscultation bilaterally.

ABDOMEN: Soft, nontender, nondistended.

LEFT HIP: Tender to palpation, slight warmth, no redness or
swelling, pain elicited on passive range of motion. Normal
position of hip at rest, without abnormal rotation; no length
discrepancy of the lower extremities.

EXTREMITIES: No clubbing, cyanosis or edema; strong radial
and dorsalis pedis pulses bilaterally.

NEUROLOGIC: Nonfocal.

Figure 69.1 Left hip radiograph from a 70-year-old male with left hip
pain.

A peripheral intravenous line was placed, blood was drawn
and sent for laboratory testing, and radiographs of the left hip
were obtained (Figure 69.1). Morphine sulfate IV was admin-
istered for pain. Laboratory evaluation revealed a leukocyte
count of 8.9 K/μL (normal 3.5–12.5 K/μL) with 68% neutro-
phils (normal 50–70%), hematocrit of 35% (normal 39–51%),
erythrocyte sedimentation rate (ESR) of 95 mm/Hr (normal
0–20 mm/Hr) and C-reactive protein (CRP) of 8.2 mg/dL
(normal less than 0.9 mg/dL). A random blood glucose was
199 mg/dL (normal 61–159 mg/dL); the remainder of the che-
mistry panel, BUN and creatinine were within normal limits.

What is your diagnosis?
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ANSWER

The diagnosis is septic arthritis of the left hip. The left hip
radiograph did not reveal any fracture or acute abnormality.
MRI of the left hip was obtained (Figure 69.2), which demon-
strated a moderate amount of fluid in the left hip joint as well
as increased signal (hyperdensity) in the joint and adjoining
periarticular soft tissue of the left hip on T2-weighted images.
The patient received vancomycin IV empirically and under-
went fine needle aspiration of joint fluid from the left hip
under fluoroscopy. Joint fluid revealed 12,250 leukocytes/μL,
with 91% neutrophils; the Gram stain demonstrated many
white blood cells without the presence of bacteria. A culture
of the joint fluid subsequently grew out group B beta-hemo-
lytic streptococcus (Streptococcus agalactiae) on hospital day
#3; antibiotics were changed to penicillin and ceftriaxone IV
according to sensitivities. The patient was taken to the OR by
an orthopedic surgeon and underwent incision and drainage of
the left hip joint with washout of the affected joint and place-
ment of drains. The patient was discharged to a skilled nursing
facility on hospital day #5 to continue IV antibiotics for four
weeks.

Septic arthritis

Bacterial (septic) arthritis is the most rapidly destructive joint
disease. The yearly incidence of bacterial arthritis varies from
2–10 per 100,000 in the general population to 30–70 per
100,000 in patients with rheumatoid arthritis or a joint pros-
thesis.1 Septic arthritis is most commonly the result of hema-

Figure 69.2 T2-weighted images of MRI of the hips in a 70-year-old
male with left hip pain, demonstrating increased signal in the left hip
joint and adjoining periarticular soft tissue (arrows).

togenous seeding of joints from bacteremia; less frequently,
it is the result of joint surgery, direct inoculation by steroid
injection, joint aspiration, animal or human bite, or direct
extension from contiguous osteomyelitis.2 Irreversible loss of
joint function develops in 25–50% of patients. Despite bet-
ter antimicrobial agents and improved hospital care, the case
fatality rate for bacterial arthritis has not changed substan-
tially in the past 25 years, ranging from 5–15%.1

A high index of suspicion for septic arthritis should be
considered in patients with other rheumatic diseases, such as
rheumatoid arthritis, osteoarthritis, gout, pseudogout and sys-
temic lupus erythematosus.3 Of these, rheumatoid arthritis is
the most common, probably because of the combination of
joint damage and immunosuppressive medications. Polyartic-
ular disease is common, functional outcomes are worse and
mortality is high in rheumatoid arthritis patients with septic
joints.3 Diagnosis is often delayed because physicians (and
patients) confuse septic arthritis for an acute flare of rheuma-
toid arthritis.

The two major classes of bacterial arthritis are gonococcal
and nongonococcal. Overall, although Neisseria gonorrhoeae
remains the most frequent pathogen among younger sexually
active individuals (75% of cases), Staphylococcus aureus is the
most common cause of the vast majority of cases of acute bac-
terial arthritis in adults and children older than 2 years.4 S.
aureus is the pathogen in 80% of infected joints affected by
rheumatoid arthritis. Streptococcal species, such as Strepto-
coccus viridans, Streptococcus pneumoniae and group B strep-
tococci, account for 20% of cases; aerobic Gram-negative rods
are involved in 20–25% of cases.4

A patient with septic arthritis may complain of the acute
onset of fever and chills. A prodromal phase of several days
duration with malaise, arthralgia and low-grade fever can
be encountered.5 Pain, tenderness, redness, warmth and soft
tissue swelling about the involved joint are common. The knee
is the site of infection in 50% of cases but any joint may be
involved.1 In hip infections, the hip is often held in a flexed
and externally rotated position, and there is extreme pain on
motion. It is often difficult to detect an effusion of the hip,
although the joint is frequently warm and very tender.3 Ten
percent to 20% of infections are polyarticular, usually affect-
ing two or three joints.1 Polyarticular septic arthritis most
likely occurs in patients with rheumatoid arthritis, systemic
connective-tissue disease or overwhelming sepsis.1

The key to the diagnosis of bacterial arthritis is the iden-
tification of bacteria in the synovial fluid by Gram stain or
culture. At the clinical suspicion of joint infection, synovial
fluid aspiration should be performed.3 The synovial fluid of
septic arthritis is usually purulent, with an average leukocyte
count of 50,000–150,000 cells/mm3 (most of which are neu-
trophils). Gram stain smears are positive only 60–80% of the
time.3 The glucose level in synovial fluid is often depressed;
lactic acid and lactate dehydrogenase levels are raised in sep-
tic arthritis (although values may also be elevated in inflamma-
tory joint disease). Synovial fluid cultures are positive 90% of
the time with nongonococcal infection, only 50% of the time
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with gonococcal infection.2 Blood cultures should be obtained
in any patient with suspected bacterial arthritis, and are pos-
itive in about half of the patients with nongonococcal sep-
tic arthritis.3 Other laboratory findings, such as an increased
white blood cell count and an elevated ESR are common but
nonspecific. An ESR or CRP is useful to follow response to
therapy, as well as to detect an acute process in chronically
infected joints.4

Radiographic abnormalities parallel the pathologic chan-
ges. Initially, radiographs can be completely normal.5 The first
detectable abnormalities are soft tissue swelling that accom-
pany local hyperemia, edema and joint distension secondary
to effusion.5 These abnormalities are followed by joint space
narrowing (frequently diffuse) that reflects damage to the
chondral surface and osseous erosions at the margins of the
joint, related to the effects of diseased synovium on bone.
Advanced and severe cases of infection are associated with
subluxation or dislocation and massive bone destruction.

Early manifestations of septic arthritis seen on CT scan
include joint effusions, synovial thickening and soft tissue
swelling.5 Once the infectious process has caused destruction
of the articular cartilage, irregularity and narrowing of the
joint, articular erosion and subchondral bone destruction are
also noted. Ultrasound is an extremely sensitive modality for
demonstrating joint effusions and has been successfully used
by emergency physicians for bedside, ultrasound-guided hip
arthrocentesis.6 Septic effusions may be completely anechoic
or associated with septations and debris. However, neither the
size nor the relative echogenicity of the fluid can be used to
distinguish an infected inflammatory effusion from one that is
not infected.5

With MRI, effusions appear as regions of decreased signal
intensity in T1-weighted images, and increased signal inten-
sity in fluid-sensitive T2-weighted images.5 The effusion tends
to be homogeneous, although loculation and inhomogeneity
may be seen in more chronic septic processes. Radionuclide
scans are used to nonspecifically localize areas of inflamma-
tion; they cannot be used to distinguish infectious from sterile
processes. However, they may be of use in diagnosing septic
arthritis in relatively sequestered areas, such as the hip and
sacroiliac joints.4

Septic arthritis is considered a medical emergency requir-
ing early and aggressive intervention. Optimal therapy in-
cludes systemic antibiotics and surgical drainage.1–5 A young,
healthy, sexually active individual should be treated with peni-
cillin or a high-generation cephalosporin (e.g., ceftriaxone,

ceftizoxime or cefotaxime) for suspected disseminated gono-
coccal infection. Elderly patients with suspected nongonococ-
cal infections should be treated more broadly for the most
common causes of infection, namely S. aureus, streptococ-
cal species and Gram-negative pathogens.2 Empiric treatment
generally includes a beta-lactam in combination with either
an aminoglycoside or quinolone. Special consideration should
be given to the treatment of joint infections in patients with
prostheses. In addition to antibiotics, therapy usually requires
open drainage and prosthesis removal because of the difficulty
eradicating infection because bacteria attach to the prosthetic
material.2

KEY TEACHING POINTS

1. Septic arthritis is a medical emergency requiring aggres-
sive management, including systemic antibiotics, surgical
drainage and hospitalization.

2. Pain, tenderness, redness, warmth and soft tissue swelling
about the involved joint are common in septic arthritis but
may not be specific.

3. The diagnostic test of choice in the evaluation of a septic
joint is synovial fluid aspiration, with Gram stain and cul-
ture of the fluid.

4. CT, MRI and ultrasound are more sensitive in identifying
early manifestations of septic arthritis compared with plain
radiography.

5. Young, healthy, sexually active patients with septic arthri-
tis should be treated for possible gonococcal infection;
elderly patients should be treated for nongonococcal in-
fections with broad-spectrum antibiotics pending culture
results.
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Thigh trauma in an 81-year-old female

HISTORY OF PRESENT ILLNESS

An 81-year-old female with a medical history significant for
osteoporosis presented to the ED by ambulance after falling
to the ground, twisting her right thigh. She reported sudden,
sharp pain to her right thigh with significant swelling. She was
unable to bear weight. She rated her pain at a level of 7 (on
a scale of 0 to 10). She denied loss of consciousness, head or
neck trauma, or other injuries.

PHYSICAL EXAMINATION

GENERAL APPEARANCE: The patient was lying supine on the
gurney in moderate discomfort.

VITAL SIGNS

Temperature 98.6◦F (37◦C)
Pulse 90 beats/minute
Blood pressure 150/90 mmHg
Respirations 20 breaths/minute
Oxygen saturation 100% on room air

HEENT: Unremarkable.

NECK: Supple, no midline tenderness.

CARDIOVASCULAR: Regular rate and rhythm without rubs,
murmurs or gallops.

LUNGS: Clear to auscultation bilaterally.

ABDOMEN: Soft, nontender, nondistended.

RIGHT LOWER EXTREMITY: Obvious deformity to the right
thigh with swelling and tenderness (Figure 70.1); the right
thigh compartments were soft without wounds. No tenderness
or deformity to the right hip or knee; patient unable to move
right lower extremity at the hip or knee secondary to severe
pain in the thigh, although she could move her ankle and foot.
The right lower extremity was neurovascularly intact.

EXTREMITIES: No clubbing, cyanosis or edema; no other mus-
culoskeletal injuries noted.

NEUROLOGIC: Nonfocal.

An intravenous line was placed, blood was drawn and sent for
laboratory tests, and morphine sulfate was administered for
pain control. Ice packs were applied to the right thigh, and the
patient was not allowed to eat or drink. Radiographs of the
right femur were obtained (Figure 70.2).

Figure 70.1 Right thigh of an 81-year-old female after a fall.

Figure 70.2 Anteroposterior (panel A) and lateral (panel B) radio-
graphs of the right femur from an 81-year-old female after a fall onto
her right side.

What is your diagnosis?
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ANSWER

The diagnosis is a right femur fracture. The radiographs de-
monstrated a completely displaced, overriding fracture at the
mid-shaft of the right femur. The proximal femoral head and
neck were intact, and the hip joint was not dislocated. The
affected limb was placed in a Sager traction splint, and the
orthopedic surgeon was urgently consulted. The patient was
taken to the OR and the fracture was repaired using a closed
intramedullary nailing procedure (Figure 70.3).

Femoral shaft fractures

The femoral shaft extends from an area 5 cm distal to the
lesser trochanter to a point 6 cm proximal to the adductor
tubercle.1 It is a strong bone with an excellent blood supply
and therefore good healing potential.2 Femoral shaft fractures
are more common in children and adolescents. The extensive
musculature surrounding the femoral shaft is often the source
of displacement. Mid-shaft fractures undergo a varus defor-
mity because of the pull by the medial adductors, which is
resisted by the lateral thigh muscles and fascia lata.

Femoral shaft fractures are classified into three types: type
I, spiral or transverse shaft fractures (most common); type
II, comminuted femoral shaft fractures; and type III, open
femoral shaft fractures.3 Femoral shaft fractures are usually
secondary to severe forces, such as a direct blow or an indirect

Figure 70.3 Anteroposterior radiograph of the right femur following
closed intramedullary nailing.

force transmitted through the flexed knee. Pathologic frac-
tures may occur with relatively little force, as a result of bone
weakness from osteoporosis or lytic lesions.3

On examination, the patient will present with severe pain
in the involved extremity and usually visible deformities. The
extremity may be shortened, and there may be crepitation
with movement.1 The thigh may be swollen and tense sec-
ondary to hemorrhage and hematoma formation. The skin
should be examined for open wounds and to check the soft
tissues. It is important to establish whether the injury had a
crushing component, as prolonged crushing may cause myone-
crosis necessitating muscle resection or amputation.4 Exten-
sive bleeding into the muscle may also occur, and can be exac-
erbated by anticoagulant medications. Although rare, thigh
compartment syndrome can occur.4 A thorough neurovascu-
lar examination of the affected limb must occur; femoral nerve
damage is unusual after femoral shaft fractures, but sciatic
nerve injury can occur.4 Because of extensive blood supply
to the musculature surrounding the femur, femoral shaft frac-
tures may be associated with significant blood loss (i.e., one
liter or more), resulting in tachycardia and hypotension.3

Routine anteroposterior and lateral radiographic views are
usually adequate in demonstrating the fracture. Hip and knee
views should be included, as there is significant incidence
of associated injury. Initial management of femoral shaft
fractures includes reducing fractures to near-anatomic align-
ment with in-line traction (reduces pain and helps prevent
hematoma formation).3 Traction devices (e.g., Hare, Thomas,
Buck or Sager) can be used to hold reduction of the affected
leg. Pain medication (parenteral opiate analgesics) should
be administered, and ice packs applied to the fracture site.
Antibiotics should be promptly administered for open frac-
tures, as well as tetanus toxoid (if not current).

The definitive treatment for type I fractures is closed intra-
medullary nailing.1,2 Immediate nailing of the femoral shaft
allows for early patient mobilization and reduces the incidence
of complications, including fat embolism and acute respiratory
distress syndrome (ARDS). Open fractures require emergent
operative debridement with delayed intramedullary nailing.
Complications of femoral shaft fractures include nonunion
or infection (less than 1% of patients), malunion or delayed
union, malrotation of the extremity leading to permanent
deformity, knee stiffness, breakage of nails and plates, arterial
injury with delayed thrombosis or aneurysm, peroneal nerve
contusion, refracture of the initial site, and development of
thigh compartment syndrome.1–4 Patients over age 60 with
closed shaft fractures have a mortality rate of 16–20% and a
complication rate near 50%.1

KEY TEACHING POINTS

1. Femoral shaft fractures are classified into three types: type
I, spiral or transverse shaft fractures (most common); type
II, comminuted femoral shaft fractures; and type III, open
femoral shaft fractures.
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2. Patients with femoral shaft fractures generally present with
severe pain and visible deformity of the involved extrem-
ity; the extremity may be shortened with a tense and
swollen thigh secondary to hemorrhage and hematoma
formation.

3. Routine anteroposterior and lateral radiographic views of
the femur (including the hip and knee) are generally ade-
quate in demonstrating the fracture.

4. Initial management of femoral shaft fractures includes
application of an in-line traction device, ice packs to the
affected limb and pain control with opiate analgesics.

5. The definitive treatment for type I fractures is closed
intramedullary nailing.
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Right thumb pain and swelling in a 20-year-old female

HISTORY OF PRESENT ILLNESS

A 20-year-old right-hand dominant female presented to the
ED complaining of three days of worsening right thumb redness,
swelling and pain. The patient denied recent trauma or punc-
ture wounds to the thumb, fevers, chills, or drainage from the
thumb or thumbnail. On the day of presentation, she noticed a
red streak spreading up her right forearm. She worked as a hair-
dresser, and had not experienced similar symptoms in the past.
The patient’s last tetanus prophylaxis booster was unknown.

PHYSICAL EXAMINATION

GENERAL APPEARANCE: The patient appeared uncomfortable,
holding her right hand with her left hand.

VITAL SIGNS

Temperature 98.1◦F (36.7◦C)
Pulse 88 beats/minute
Blood pressure 130/80 mmHg
Respirations 22 breaths/minute
Oxygen saturation 99% on room air

RIGHT FOREARM/WRIST/HAND: Significant redness and swell-
ing of the distal phalanx, extending proximal to the distal

B

A

Figure 71.1 Right thumb (panel A) and forearm (panel B) of
a 20-year-old female with right thumb pain and swelling.

interphalangeal joint (DIP) of the right thumb (panel A, Fig-
ure 71.1). The thumb was held in extension for comfort. The
volar pad was tense, warm and tender to palpation. Neither
drainage nor a paronychia was noted. Artificial nails of the
digits were present. The patient had limited range of motion
at the DIP joint. Neither tenderness, redness nor swelling to
the volar surface of the thumb proximal to the DIP joint was
present. Examination of the right forearm revealed a faint,
erythematous line extending from the volar wrist to the ante-
cubital fossa (panel B, Figure 71.1).

An intravenous line was placed, blood was drawn and sent
for laboratory testing, and cefazolin 1 gm was administered
intravenously. All laboratory tests, including a complete blood
count, erythrocyte sedimentation rate (ESR) and C-reactive
protein (CRP), returned within normal limits. Radiographs of
the right thumb were obtained (Figure 71.2).

What is your diagnosis?

A B

Figure 71.2 Anteroposterior (panel A) and lateral (panel B) radio-
graphs of the right thumb from a 20-year-old female with right thumb
pain and swelling.
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ANSWER

The diagnosis is subungual abscess of the right thumb. The
right thumb radiographs were normal except for soft tissue
swelling of the distal phalanx. In the ED, a digital block of
the right thumb was performed using 0.5% bupivacaine (panel
A, Figure 71.3), and incision and drainage of the thumb using
sterile technique was performed with a vertical incision into
the volar pad of the distal phalanx (panel B, Figure 71.3). Pus
was not expressed from the incision site.

The right thumb was cleaned and sterile dressing applied.
The right hand and wrist were placed in a thumb spica splint,
and the patient was discharged home to continue oral anti-
biotics (Augmentin R© 875 mg orally twice per day) with instruc-
tions to soak the right thumb in warm water and Epsom salts
two to three times per day. The patient was seen the following
day by a hand surgeon; no improvement of the swelling and
erythema of the thumb was appreciated despite antibiotics.

There was still no improvement in the swelling and ery-
thema on a second visit to the hand surgeon three days fol-
lowing the initial incision and drainage. The patient still com-
plained of considerable pain. The patient was therefore admit-
ted to the hospital for intravenous antibiotics. After two doses
of IV antibiotics, splinting, elevation and warm soaks, there
was still no improvement. At this time, the nail and overlying
artificial nail were removed, despite no evidence of erythema
or swelling at or around the nail bed. Upon removal of the
nails, frank pus was expressed from the nail bed. The epony-
chial fold was stented with sterile foil from a suture pack-
age. Dramatic improvement in the patient’s symptoms were
noted the following morning. The thumb and nail bed were
dressed with xeroform and sterile gauze, and the patient was
discharged to continue 10 days of oral moxifloxacin.

Subungual abscesses

Subungual abscesses are generally the result of an acute
paronychia that has extended underneath the nail plate.1

Paronychiae and subungual abscesses are most commonly

A B

Figure 71.3 Digital block (panel A) and incision and drainage (panel B) of suspected felon of the right thumb
in a 20-year-old female.

caused by Staphylococcus aureus or Streptococcus species.1

Patients with a subungual abscess generally present with
severe, throbbing pain of the affected distal phalanx.2 The
presence of a subungual abscess requires nail plate removal,
with the degree of subsequent debridement commensurate
with the degree of nail bed infection. Trephination of the nail
plate with a cautery device may also be performed to relieve
pressure underneath the nail bed by expressing pus from the
abscess.2 Although nail plate removal or trephination are the
treatments of choice to achieve adequate drainage of the sub-
ungual abscess, antibiotics (e.g., cephalexin) are indicated in
cases where associated cellulitis is present. If left untreated,
a subungual abscess can progress to a felon of the affected
digit.1 Paronychial infections and subungual abscesses have
been reported in patients with sculptured nails (e.g., place-
ment of artificial nails), which may be a risk factor for the
development of both of these infections.3

KEY TEACHING POINTS

1. A subungual abscess generally results from an acute
paronychia that has extended underneath the nail plate.

2. Patients with subungual abscesses present with severe,
throbbing pain of the distal portion of the affected digit.

3. Treatment of a subungual abscess involves nail plate
removal or trephination to achieve adequate and drainage.

4. Antibiotics (e.g., cephalexin) are indicated in cases of sub-
ungual abscesses with an associated cellulitis.
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Paint gun injury to the hand in a 22-year-old male

HISTORY OF PRESENT ILLNESS

A 22-year-old right-hand dominant male presented to the ED
complaining of left hand pain and swelling following injury to
his left hand from a paint gun hose. The patient was attempt-
ing to cover up a hole in the hose of a pressurized paint sprayer
(containing water-based paint) with his left hand, when he
noted the sudden onset of pain in and swelling of his left hand.
He denied numbness or weakness of the hand. His tetanus
immunization was current.

PHYSICAL EXAMINATION

GENERAL APPEARANCE: The patient was a well-developed
male holding his left hand in his right hand, in moderate dis-
comfort.

VITAL SIGNS

Temperature 98.6◦F (37◦)
Pulse 88 beats/minute
Blood pressure 135/85 mmHg
Respirations 18 breaths/minute
Oxygen saturation 100% on room air

LEFT HAND: A small puncture wound was noted over the web
space between the index and middle finger. Moderate swelling
of the hand near the puncture site both dorsally and ventrally
was noted, as well as swelling to the proximal phalanges of the
index and ring finger. White paint was oozing from the wound.

A peripheral intravenous line was placed, morphine sulfate IV
was administered for pain, and a radiograph of the left hand
was obtained (Figure 72.1).

Figure 72.1 Left hand radiograph from a 22-year-old male following
injury with a paint gun hose.

What is your diagnosis?
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ANSWER

The diagnosis is high-pressure injection injury to the hand (left
second web space). The radiograph demonstrated a moder-
ate degree of soft tissue swelling along the dorsal aspect of
the left hand, with the presence of a patchy radio-opaque den-
sity consistent with paint between the web spaces of the index
and middle, and middle and ring fingers. The patient received
intravenous antibiotics (piperacillin/tazobactam 3.375 gm IV)
and a hand surgeon was consulted. The patient was taken to
the OR where exploration, debridement and irrigation of the
wound occurred using incisions over the volar aspects of the
index and middle digits extending into the second web space.
Upon exploration, a significant amount of paint was noted in
the second web space, traversing in the ulnar direction. The
paint was debrided and the wound copiously irrigated. No ten-
don injury was noted. The incisions were closed intraopera-
tively and the hand splinted. The patient was discharged on
hospital day #2 to continue cephalexin orally, with follow up
arranged with the hand surgeon in 10 days. Cultures taken
from the wound were positive for moderate growth Pseu-
domonas aeruginosa.

High-pressure injection injuries to the hand

High-pressure injection injuries to the hand hide the true
extent of tissue damage behind an apparently harmless punc-
ture of the finger or hand.1 However, these injuries are poten-
tially devastating and frequently lead to permanent functional
loss or amputation.2 Many types of hydraulic paint-spraying
guns and greasing apparatuses with high working pressures
have been produced, and have led to injuries after breach-
ing the skin from the considerable dissipation of energy. This
often distributes toxic material throughout the tissues. A pres-
sure of about 7 bar (100 psi or 700 kN/m2) can breach the
skin; most grease guns operate around this pressure.1 Airless
spray guns work at service pressures around 200 bar (3000
psi).1,3 The pinpoint nozzle ending the gun shrinks the out-
put from 0.18–1.00 mm, causing fluid to leave at a velocity of
183 m/sec.1,3

Upon initial evaluation, most high-pressure injection in-
juries present as innocuous wounds with very few symptoms.
Patients are typically young men, usually manual workers,
with the most common site of injection the terminal seg-
ment of the nondominant index finger.4 Pain is often mild or
absent, which can lead to delays in seeking medical attention.2

The affected body part swells, both from the presence of
injected material and from the inflammatory response that
many injected materials provoke.2 The increased tissue pres-
sure, combined with the irritant nature of many of the injected
materials, compromises blood flow to the digit, leading to
vasospasm and thrombosis.

High-pressure injections into the fingers are nearly three
times more likely to require amputation than the same
injuries to the palm or thumb.2 The anatomic characteristics
of the hand and fingers offer explanations for the increased

morbidity of digital injection. Digital injection injuries do
worse than palmar injuries because of the limited space avail-
able for expansion caused by inflammation and swelling.5 The
nature of the injected material is also important in determin-
ing the extent of injury. Paint and paint thinners cause an espe-
cially intense inflammatory reaction.6 When delivered under
high pressure, such substances may spread widely through fas-
cial planes and along tendon and nerve sheaths to produce
vascular compression and subsequent necrosis.6 There is also
a distinction in the extent of tissue damage produced based on
the type of paint injected. Spirit-based paints cause damage by
disintegrating cell membranes, whereas oil-based paints cause
an intense inflammatory response.5 Water-based latex paints
are the least noxious. Injuries with water, air or low-volume
vaccines (e.g., chicken vaccine) may be amenable to nonoper-
ative treatment.5

ED management of high-pressure injection injuries to the
hand should include careful examination and documentation
of the injury (including mechanism, material injected and
time of injury), the patient’s hand dominance and occupa-
tion, and the neurovascular status of the affected digit or
limb. Any constricting jewelry on the fingers or wrist should
be removed. Tetanus prophylaxis should be updated if nec-
essary. Prophylactic intravenous broad-spectrum antibiotics
should be administered, and plain radiographs of the affected
digit and hand should be obtained. These radiographs will
assist in delineating the extent of injury and spread of foreign
body, as radiography reveals varying distributions of radio-
opaque densities associated with paint or grease injections,
and air density (subcutaneous emphysema) after air or water
injection.1 The use of immediate high-dose systemic cortico-
steroids followed by high-dose oral steroids in tapered doses
has been suggested to decrease the chemical inflammation and
deleterious tissue responses to the injected material.7 How-
ever, the relative rarity and wide variation of severity of this
injury precludes a proper controlled trial of the effect of
steroids, and a theoretical risk of sepsis due to immunosup-
pression exists. Therefore, routine steroid administration is
not considered the current standard of care.4 Finally, a hand
surgeon should be contacted immediately in preparation for
prompt surgical exploration.

Wide surgical debridement, the recommended treatment
for high-pressure injection injuries to the hand and fingers,
relieves the external pressure created by the injected material,
attenuates the local inflammatory response and reduces bacte-
rial counts.2 This not only improves circulation but also dimin-
ishes the risk of infection. Intuitively, the greatest benefit is
achieved from immediate removal of the offending material.
In a review of 435 cases of high-pressure injection injury to the
upper extremity, the amputation rate after injection of benign
material was independent of time to surgical debridement.2

These injuries resulted in less tissue damage, tended toward
greater delays in clinical presentation due to milder symp-
toms, and carried a relatively lower amputation risk compared
to patients injected with organic solvents. In contrast, time
to debridement had a significant impact upon survival of the
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body part in patients who had sustained injections with the
most toxic substances (paint, diesel, oil, paint thinner, gaso-
line, automotive undercoating). In this study, surgery within
six hours of injury resulted in amputation 40% of the time,
compared with 57% of the time if surgery was delayed greater
than six hours.2 If debridement was delayed greater than one
week, the amputation rate rose to 88%.

KEY TEACHING POINTS

1. High-pressure injection injuries to the fingers and hand are
potentially devastating injuries that frequently lead to per-
manent functional loss or amputation.

2. Key points to history and physical examination include
hand dominance, occupation, tetanus status, mechanism
and time of injury, substance involved, and neurovascular
status of the affected limb.

3. High-pressure injections into the fingers are almost three
times more likely to require amputation than injuries to the
palm or thumb.

4. The nature of the injected material is important in deter-
mining the extent of injury, with paint and paint thinners
causing an especially intense inflammatory reaction.

5. Emergency care of high-pressure injection injuries includes
removal of constricting jewelry, elevation of the affected
extremity, radiographs of the affected limb, administration

of prophylactic antibiotics and pain medications, and
prompt consultation with the hand surgeon.

6. Aggressive, prompt debridement is the key to success in
treating high-pressure injection injuries of the hand.
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Finger pain and swelling in a 34-year-old male

HISTORY OF PRESENT ILLNESS

A 34-year-old right-hand dominant male presented to the ED
complaining of four days of pain and swelling to the distal por-
tion of his left middle finger. The patient initially noted mild
redness, swelling and slight drainage around his nail four days
prior to presentation. The volar pad of his finger had become
increasingly red, painful and swollen. He denied fevers, red-
ness spreading from the fingertip, trauma to the finger or
similar episodes in the past. The patient worked as a musician
playing guitar, and his tetanus status was unknown.

PHYSICAL EXAMINATION

GENERAL APPEARANCE: The patient was a well-developed
male in no acute discomfort.

VITAL SIGNS

Temperature 98.6◦F (37◦C)
Pulse 77 beats/minute
Blood pressure 125/85 mmHg
Respirations 20 breaths/minute
Oxygen saturation 100% on room air

Figure 73.1 Left middle finger from a 34-year-old male with pain and swelling for four days.

LEFT MIDDLE FINGER: The distal volar pad of the affected digit
was tense, swollen and erythematous, with marked tenderness
to palpation (Figure 73.1). No erythema was noted below the
distal interphalangeal (DIP) joint. The patient maintained full
active motion at the proximal interphalangeal (PIP) joint, with
limited range of motion at the DIP joint secondary to pain
and swelling. Swelling and exudate were noted adjacent to the
nail’s insertion on the radial aspect of the distal phalanx.

What is your diagnosis?
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ANSWER

The diagnosis is a felon of the distal phalanx. A digital block
of the affected digit was performed with 0.5% bupivacaine, a
tourniquet was placed proximal to the PIP joint, and an inci-
sion and drainage (I&D) of the distal phalanx using a medial
approach on the radial aspect of the volar pad was performed
with a #11 scalpel and sterile technique (Figure 73.2). Kelly
clamps were used to open the incision; no pus was expressed
from the incision site. The digit was soaked in warm water
and Betadine solution, dressed with bacitracin and xeroform
dressing, and splinted in extension. The patient’s tetanus sta-
tus was updated; he was discharged on amoxicillin/clavulanate
875 mg orally two times per day and instructed to continue
warm water and Epsom salt soaks three times per day.

The patient was seen two days later in the hand surgery
clinic with improvement of his swelling and symptoms. A sec-
ond I&D using an anterior approach was performed following
a digital block; again, no pus was expressed. The patient con-
tinued soaking the digit, with resolution of the felon noted on
a return visit to the hand surgeon one week later.

Felon

A felon is an infection of the distal finger or thumb pulp. It
differs from other types of subcutaneous abscesses because of
the presence of multiple vertical septae that divide the pulp
into small fascial compartments.1 The thumb and index finger
are the most commonly affected digits.2 Penetrating trauma
with secondary bacterial invasion is the usual cause. A felon
may also arise when an untreated paronychia spreads into the
pad of the fingertip.2 The most common pathogen is Staphy-
lococcus aureus, although Gram-negative organisms have also
been identified.1 Felons are characterized by throbbing pain,
tenseness and edema of the fingertip pad.3 The swelling does
not extend proximally to the DIP joint.2 Occasionally, the
high pressure in the fingertip pad will cause a felon to spon-
taneously drain, resulting in a visible sinus.

If diagnosed during the early stages of cellulitis, a felon may
be amenable to treatment with elevation, oral antibiotics, and
warm water or saline soaks.2 Tetanus prophylaxis should be
administered when necessary. Proper treatment of a mature

Figure 73.2 Incision and drainage of a felon on the left middle finger of a 34-year-old male.
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Figure 73.3 Felon drainage (from Clark DC, Am Fam Phys 2003;68:
2167–76).

felon consists of early and complete incision and drainage.4

The preferred initial approach is a simple longitudinal incision
over the area of greatest fluctuance, either laterally or along
the volar surface.4 A potential drawback to an incision in the
middle of the fat pad is the production of a scar in a very sen-
sitive and commonly traumatized area. The incision must not
extend to the DIP crease because of the danger of injuring the
flexor tendon mechanism. The subcutaneous tissue is bluntly
dissected using a hemostat to provide adequate drainage
(Figure 73.3). A gauze pack may be placed in the wound for
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24–48 hours to ensure continued drainage.4 A snug dressing
and splint should be placed, and opioid analgesia provided.
The patient should be rechecked in two to three days.

KEY TEACHING POINTS

1. A felon is an infection involving the pulp of the distal volar
pad of the digits (fingers or thumb).

2. Felons are characterized by throbbing pain, tenseness and
edema of the fingertip pulp; the swelling does not extend
proximally to the DIP joint.

3. If diagnosed early, felons may be treated by elevation, oral
antibiotics and warm water soaks.

4. If fluctuance is present, incision and drainage of the felon
at the point of maximal fluctuance is appropriate.
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Finger laceration in a 50-year-old female

HISTORY OF PRESENT ILLNESS

A 50-year-old right-hand dominant female employed as an
OR nurse presented to the ED with a laceration to her right
index finger, sustained with a sterile scalpel while assisting in
the OR. She reported significant bleeding from the wound,
which was now controlled with pressure. The patient reported
numbness around the wound and the inability to extend her
index finger at the proximal joint. Her tetanus status was
current.

PHYSICAL EXAMINATION

GENERAL APPEARANCE: The patient was a well-appearing
female in no acute discomfort.

VITAL SIGNS

Temperature 98.2◦F (36.8◦C)
Pulse 85 beats/minute
Blood pressure 130/80 mmHg
Respirations 20 breaths/minute
Oxygen saturation 100% on room air

RIGHT INDEX FINGER: A 1.5-cm oblique laceration was noted
over the radial portion of the proximal interphalangeal (PIP)
joint (Figure 74.1), with minimal bleeding from the wound.
The patient was unable to extend her finger at this joint but
was able to extend the metacarpophalangeal (MCP) joint.
There was no obvious deformity to the finger or PIP joint, and
the wound edges were clean without erythema. Brisk capillary
refill of the distal phalanx was present. Numbness around the
laceration was noted, although sensation to light touch and
pinprick was present over the distal phalanx, volar pad and
the remainder of the digit.

Figure 74.1 Laceration to the right index finger of a 50-year-old
female attempting to extend the injured finger.

What is your diagnosis?
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ANSWER

The diagnosis is extensor tendon laceration of the right index
finger (zone 3). A digital block of the finger was performed
following the initial physical examination, and the wound was
copiously irrigated with normal saline. Upon careful explor-
ation of the wound, near complete laceration of the extensor
hood at the level of the PIP joint was noted. The wound was
loosely approximated with two simple interrupted 5.0 nylon
sutures. The finger was splinted in extension and the patient
was started on amoxicillin/clavulanate 875 mg orally twice
per day, pending definitive tendon repair. Two days later,
the tendon laceration was repaired in the OR using seven
4.0 monocryl sutures. The patient was placed in a volar hand
splint for four weeks with close follow up in the hand clinic,
and referred for subsequent physical therapy.

Extensor tendon laceration of the fingers

The extensor tendons course over the dorsal side of the fore-
arm, wrist and hand. Nine extensor tendons pass under the
extensor retinaculum and separate into six compartments.1 In
the dorsum of the hand, the extensors digitorum communis
are connected by junctura. Because of this, a complete ten-
don laceration proximal to the junctura may still result in nor-
mal extensor function.1 In the finger, the extensor expansion
divides into a central slip that attaches to the middle phalanx,
and into two lateral bands that join with the tendons of the
lumbricals and interosseous muscles that attach to the base of
the distal phalanx.

The most common site of tendon injury is the extensors
over the dorsum of the hand.1,2 These extensors are predis-
posed to laceration because of their superficial location and
the minimal amount of subcutaneous tissue between these
tendons and overlying skin.2 Because the extensor tendons
are not constrained in tight fibro-osseous canals (except in the
wrist), they are generally easily located and repaired. Closed
injuries to extensor tendons of the hand and digits may appear
innocuous at first but may result in tendon injuries that lead
to severe deformities or dysfunction if undetected.3 Closed
injuries are also commonly associated with fractures. A hand
radiograph is recommended in closed hand injuries when a
fracture is suspected, or in open hand injuries where fracture
or a foreign body is suspected.3

Injuries to the extensor tendons have been grouped
into anatomic zones to improve classification and communi-
cation.1–5 In the Verdan system, there are eight zones: zone I
at the distal interphalangeal (DIP) joint level to zone VIII at
the distal forearm level.2 Zone III is the area of the PIP joint.
The central tendon is the most commonly injured structure
in this zone, and represents the second most common closed
tendon injury in athletes.2 The mechanisms for closed rup-
ture of the central tendon include forced flexion of an actively
extended finger, a direct blow to the dorsum of the PIP joint,
or hyperextension with volar dislocation of the PIP joint.2

Disruption of the central tendon of the digit causes an
imbalance in the extensor mechanism. The flexor digitorum
superficialis (FDS) becomes unopposed and flexes the PIP
joint. The lateral bands displace volarly to the axis of the PIP
joint and become joint flexors. In addition, the extensor hood
retracts proximally, causing extension of the MCP and DIP
joints. The resulting tendon imbalance leads to a buttonhole
(or boutonnière) deformity, with flexion of the PIP joint and
hyperextension of the DIP and MCP joints.2 Although open
injuries of the central tendon may cause an acute boutonnière
deformity, this is usually delayed several weeks after a closed
athletic injury.

Although emergency physicians may repair many extensor
tendon injuries immediately, some injuries are best managed
with delayed repair.3 In cases of extensor tendon lacerations,
a hand surgeon should be consulted to determine the best
course of management.4 A hand specialist may recommend
primary closure of the skin after wound irrigation, splint-
ing the digit in extension and use of prophylactic antibiotics
until definitive repair of the tendon is undertaken (usually
within 24–48 hours). It is imperative the wounds occurring in
zone III be carefully explored in the ED to rule out penetra-
tion of the joint capsule.3 Patients with wounds that are sus-
pected of penetrating the joint or joint capsule are generally
taken to the OR for surgical exploration, irrigation and treat-
ment with IV antibiotics, although protocols vary.3

Zone III tendon lacerations can result in long-term defor-
mity if not carefully repaired, and patients with such injuries
are commonly referred to a hand surgeon.3 Tendons in
zone III are free without ligamentous attachment, and are cov-
ered only by paratenon (tissue between a tendon sheath and
its tendon) and fascia.4 These tendons are generally sutured
individually with a mattress suture of monofilament or other
suture material that does not require removal as there is
much less reaction to foreign materials in this area.4 Lac-
erations over the PIP joint are best repaired with the PIP
joint fixed in full extension. For contaminated wounds, repair
is best delayed.5 The extensor tendons should be splinted
even longer than the flexor tendons to prevent damage to the
repair resulting from the more powerful action of the flexor
tendons.5

KEY TEACHING POINTS

1. Important components in the evaluation of patients pre-
senting with hand injuries include obtaining a history of
hand dominance, occupation, mechanism of injury and
tetanus status.

2. The most common site of tendon injury is the extensors
over the dorsum of the hand, which are predisposed to lac-
eration because of their superficial location and the mini-
mal amount of subcutaneous tissue between the overlying
skin and tendon.

3. Disruption of the central extensor tendon may result in a
boutonnière deformity of the finger.
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4. In cases of extensor tendon lacerations, consultation with
a hand or plastic surgeon should be considered; all flexor
tendon injuries of the hand require specialty consultation.

5. In cases of extensor tendon laceration where repair of
the tendon is not done in the ED, primary closure of the
skin after irrigating the wound, splinting the digit in exten-
sion and prophylactic antibiotics until definitive repair are
appropriate.
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Cat bite to the finger of a 52-year-old male

HISTORY OF PRESENT ILLNESS

A 52-year-old right-hand dominant male presented to the ED
three days after being bitten by his cat on his right index fin-
ger. One day following the cat bite, the patient presented to an
urgent care clinic complaining of pain and a small area of red-
ness around the bite. The patient was prescribed amoxicillin/
clavulanate orally twice per day. Despite six doses, the patient
continued to have pain, increased swelling and redness to the
finger, which had spread to the back of his hand. He denied
fevers or chills. His last tetanus immunization was unknown.

PHYSICAL EXAMINATION

GENERAL APPEARANCE: The patient was a well-developed,
well-nourished male in no acute discomfort.

VITAL SIGNS

Temperature 99◦F (37.2◦C)
Pulse 95 beats/minute
Blood pressure 140/90 mmHg
Respirations 22 breaths/minute
Oxygen saturation 100% on room air

RIGHT HAND: A healing puncture wound on the dorsal sur-
face of the right index finger was noted, as well as significant
erythema and swelling to the finger and dorsum of the hand
(Figure 75.1). The area was warm and tender to touch. The
patient could flex his index finger and was able to make a fist,
but experienced significant discomfort.

Figure 75.1 Right hand of a 52-year-old male three days after a cat
bite to his right index finger (arrow indicates site of bite).

What is your diagnosis?
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ANSWER

The diagnosis is cellulitis and lymphangitis of the hand from
a cat bite. The patient received intravenous piperacillin/
tazobactam and his tetanus status was updated. A radiograph
of the right hand did not show subcutaneous air, osteomyeli-
tis or a foreign body (e.g., cat tooth) (Figure 75.2). A com-
plete blood count was normal. The right hand was splinted
in neutral position and the patient was admitted to the plas-
tic surgery service for additional intravenous antibiotics and
hand elevation.

Mammalian bites of the hand

Mammalian bites of the hand generally have a high risk for
infection because of the relatively poor blood supply of many
structures and anatomic considerations that make adequate
cleansing of the wound difficult. In general, the better the
vascular supply and the easier the wound is to clean (i.e.,
laceration versus puncture), the lower the risk of infection.1

Infections from mammalian bites can be caused by nearly
any group of pathogens (bacteria, viruses, rickettsia, spiro-
chetes or fungi). Common bacteria involved in cat bite wound
infections include Pasteurella, Actinomyces, Propionibac-
terium, Bacteroides, Fusobacterium, Clostridium, Wolinella,
Peptostreptococcus, Staphylococcus and Streptococcus.1

Figure 75.2 Radiograph of the right hand of a 52-year-old male with a
cat bite to his right index finger.

Of an estimated 3–6 million animal bites in the United
States, approximately 5–15% are from cats.2 Approximately
6% of cat bite wounds require hospitalization. Women are
more frequently bitten by cats, whereas men are more often
bitten by dogs. Nearly half of all victims of cat bites are older
than 20 years, and up to two-thirds of cat bite injuries occur
on the upper extremity, typically the hand.2 Pasteurella mul-
tocida infection, the most common pathogen contracted from
cat bites, may be complicated by sepsis in rare cases. Menin-
gitis, osteomyelitis and septic arthritis are additional concerns
in bite wounds.

In taking a history for mammalian bites, note the type of
animal and its immunization status (e.g., rabies vaccination),
health and behavior. Note the time and location of the event,
circumstances surrounding the bite (i.e., provoked or defen-
sive bite versus unprovoked), current whereabouts of the ani-
mal (i.e., quarantined) and what pre-hospital treatment for
the bite has been rendered. The victim’s comorbidities (e.g.,
diabetes, peripheral vascular disease), immune status, tetanus
status and allergies to medications should be carefully noted.
In examination of the bite, consider distal neurovascular sta-
tus, tendon and tendon sheath involvement, bone injury (par-
ticularly of the skull in infants and young children), joint space
violation, visceral injury and foreign bodies.

A clenched fist injury that occurs when one person strikes
another person’s mouth is referred to as a “fight bite.” This
is a serious injury, where a tooth typically penetrates the dor-
sum of the hand over the third or fourth metacarpophalangeal
(MCP) joint.3 Although initial findings may reveal a small,
seemingly innocuous puncture or laceration, the penetration
often injures the soft tissue, extensor tendon and sheath, and
may disrupt the MCP joint. If deep structures have been
penetrated, a hand surgeon should be consulted immediately
because of the high risk of spreading infection.3

Fresh wounds are not generally cultured, whereas infected
wounds should be cultured. Other laboratory tests are gener-
ally not indicated in simple wound infections.1 Radiographs
are indicated if any concerns exist that deep structures are
at risk (hand wounds, deep punctures, crush injuries), espe-
cially over joints. Radiographs may reveal occult fractures or
osteomyelitis, as well as foreign bodies.

Bite wounds should be cleaned initially with soap and
water; subsequently, all wounds should be copiously irrigated
with normal saline or lactated Ringer’s solution under high
pressure with an 18- or 19-gauge catheter tip and large syringe.
Devitalized tissue should be debrided.1,4 Infected wounds and
those first seen more than 24 hours after the bite should be left
open. Some physicians recommend consideration of wound
closure after irrigation and debridement in patients present-
ing less than eight hours after the injury if there is no visible
evidence of infection.4 For bite wounds in anatomic regions
where there are significant cosmetic concerns (such as the
face), a primary closure approach is often undertaken to pre-
vent significant scarring. However, wounds with high risk of
complication or infection, such as hand wounds, are generally
left open even in patients who present early. Other important
elements of treatment include elevation and immobilization
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TABLE 75.1 Guide to tetanus prophylaxis in routine wound management among
adults aged 19–64 years7

Characteristic History
of absorbed Clean, minor wound All other woundsa

Tetanus toxoid Tdap or Tdb TIG Tdap or Tdb TIG

Unknown or < 3 Yes No Yes Yes
≥ 3 Noc No Nod No

a Such as, but not limited to, wounds contaminated with dirt, feces, soil and saliva; puncture wounds;
avulsions; and wounds resulting from missiles, crushing, burns and frostbite.
b Tdap is preferred to Td for adults who have never received Tdap. Td is preferred to TT for adults who
received Tdap previously, or when Tdap is not available. If TT and TIG are both used, tetanus toxoid absorbed
rather than tetanus toxoid for booster use only (fluid vaccine) should be used.
c Yes, if more than 10 years since last tetanus toxoid-containing vaccine dose.
d Yes, if more than 5 years since the last tetanus toxoid-containing vaccine dose.

of the wound, early removal of jewelry such as rings (which
may cause constriction after edema occurs), and close follow
up after discharge.

Whether antibiotics prevent infection after mammalian
bites remains controversial. Although early studies reported
rates of infection as high as 45% after dog or cat bites, the
incidence was closer to 2–3% among patients who were not
selected on the basis of risk factors for infection in subse-
quent studies.5 Currently, antibiotic prophylaxis is indicated
in all human bites and in selected cat and dog bite wounds
(e.g., bites on the hand from a cat or dog).5,6 If an antibi-
otic is prescribed, in most cases a β-lactam antibiotic such
as amoxicillin combined with a β-lactamase inhibitor (e.g.,
amoxicillin/clavulanate) would be the appropriate choice.2,5

Doxycycline may be considered in patients who are allergic to
penicillin, although the anaerobic coverage may be less than
ideal.4

In the case of infected bites, physicians must distinguish
the normal inflammatory response from the erythema and
swelling of infection. If a wound is obviously infected, some
or all of the sutures should be removed (if present) and fluc-
tuant collections of pus should be drained. Intravenous antibi-
otics should be administered in the majority of cases. Given
the risk of tetanus after bites of all kinds, tetanus immune
globulin (TIG) and tetanus toxoid (Td) should be adminis-
tered to patients with two or fewer primary immunizations.
Tetanus, diphtheria and pertussis toxoid (Tdap) is preferred
to Td for adults 19–64 years of aged vaccinated more than
five years ago who require a tetanus toxoid-containing vaccine
as part of wound management, and who have not previously
received Tdap (Table 75.1).7 For adults previously vaccinated
with Tdap, Td should be used if a tetanus toxoid-containing
vaccine is indicated for wound care.

KEY TEACHING POINTS

1. Mammalian bites of the hand generally have a high risk
of infection because of the relatively poor blood supply
of many structures and anatomic considerations that make
adequate cleansing of the wound difficult.

2. Evaluation of patients with mammalian bites should
include noting patient comorbidities, tetanus status,
medication allergies and hand dominance (in cases of hand
or upper extremity bites).

3. In examination of the bite, consider distal neurovascular
status, tendon and tendon sheath involvement, bone injury,
joint space violation, visceral injury and foreign bodies
(e.g., teeth or debris) in the wound.

4. Currently, antibiotics are recommended for all human bites
and for high-risk wounds, such as deep punctures (partic-
ularly if inflicted by cats), those requiring surgical repair,
and those involving the hand.

5. Wounds with high risk of complications or infection (such
as hand wounds) are generally left open, even in patients
who present early.
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Rapid heart rate in an 8-week-old male

HISTORY OF PRESENT ILLNESS

An 8-week-old male with a medical history significant for fetal
supraventricular tachycardia and Wolff-Parkinson-White syn-
drome (diagnosed in utero) was brought to the ED by his
mother when she noted a rapid heart rate while holding her
baby and feeling his chest. According to the mother, the child
did not appear short of breath, and was not sweating during
the episode. He had been feeding well prior to the onset of
the rapid heart rate. The patient’s only medication was sotalol
6 mg orally every eight hours; he had not missed any doses.

PHYSICAL EXAMINATION

GENERAL APPEARANCE: The patient appeared well nourished
and well hydrated, was nontoxic and in no acute discomfort.

VITAL SIGNS

Temperature 98.0◦F (36.6◦C) rectal
Pulse 240 beats/minute
Blood pressure not obtained
Respirations 30 breaths/minute
Oxygen saturation 99% on room air
Weight 11 lbs (5 kg)

Figure 76.1 12-lead ECG from an 8-week-old male with a rapid heart rate.

HEENT: PERRL, EOMI, oropharynx moist.

NECK: Supple.

CARDIOVASCULAR: Tachycardic rate, regular rhythm, unable
to assess for rubs, murmurs or gallops. Palpable and rapid
brachial and femoral pulses.

LUNGS: Clear to auscultation bilaterally.

ABDOMEN: Soft, nontender, nondistended.

EXTREMITIES: No cyanosis or edema, capillary refill less than
2 sec.

SKIN: Pink, warm, well perfused, no rashes.

NEUROLOGIC: Nonfocal, age-appropriate exam.

The patient was placed on the cardiac monitor and a 12-lead
ECG was obtained (Figure 76.1).

What is your diagnosis?
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ANSWER

The diagnosis is paroxysmal supraventricular tachycardia
(PSVT). The 12-lead ECG demonstrated supraventricular
tachycardia with a ventricular rate of 223 beats per minute.
An ice bag was firmly placed over the child’s face, which suc-
cessfully converted the rhythm back to normal sinus rhythm
(Figure 76.2). The patient’s pediatric cardiologist was con-
sulted, and a decision was made to maintain the current
dosage of sotalol. The child was discharged home after a
brief, uneventful observation period. Several hours later, the
mother returned with her child stating that he had experienced
another episode of PSVT, which had resolved by the time the
patient arrived at the ED. The child was admitted to the pedi-
atric intensive care unit overnight for observation and moni-
toring. The sotalol dose was increased from 6 mg orally three
times per day to 7 mg orally three times per day. The child did
not experience further episodes of PSVT, and was discharged
the following morning.

Supraventricular Tachycardia

Supraventricular tachycardia (SVT) is the most common
symptomatic dysrhythmia in infants and children, with a fre-
quency of 1 in 250–1000 patients.1,2 The peak incidence of
SVT occurs during the first two months of life.2 In newborns
and infants who have SVT, the heart rate is usually greater
than 220 beats/minute.1 In older children, SVT is defined as
a heart rate of more than 180 beats/minute. The ECG shows
a narrow complex tachycardia, either without discernable P
waves or with retrograde P waves with an abnormal axis. The

Figure 76.2 12-lead ECG from an 8-week-old male with a rapid heart rate after applying an ice bag over his
face.

QRS duration is normal but may occasionally be increased
with aberrant conduction. SVT is further characterized by lit-
tle or no variation in the heart rate.1

In infants, the most common cause of SVT is idiopathic
(approximately 50%), likely secondary to a concealed acces-
sory atrioventricular pathway.3 Approximately 25% have
associated conditions such as infection, fever or drug expo-
sure, 23% have previously diagnosed congenital heart disease,
and 22% have Wolff-Parkinson-White syndrome (WPWS).
Typical ECG findings of WPWS are a short PR interval, a
wide QRS, and a positive deflection in the upstroke of the
QRS complex. These findings are only evident after the SVT
is converted to a sinus rhythm.1 In older children and ado-
lescents, atrioventricular node re-entry tachycardia (AVNRT)
becomes more prevalent as a cause of SVT.3

Infants with SVT typically present with nonspecific com-
plaints, such as fussiness, poor feeding, pallor or lethargy.2

Older children may complain of chest pain, pounding in their
chest, dizziness, shortness of breath or may demonstrate an
altered level of consciousness. The diagnosis often begins in
triage, with the nurse reporting that the “heart rate is too
fast to count.”2 If congestive heart failure (CHF) is present,
caretakers may describe pallor, cough and respiratory distress.
Although many infants can tolerate SVT for 24 hours, 50% of
infants with SVT will develop heart failure within 48 hours and
may rapidly decompensate.1

The management of pediatric SVT begins with ensuring
that the patient is maintaining airway, breathing and cardio-
vascular status. In a child presenting with unstable SVT with
severe heart failure and poor perfusion, synchronized car-
dioversion is initiated at 0.5 J/kg, which can be increased up to
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1 J/kg.1 Adenosine may be administered before cardioversion
if intravenous access has already been established. In unstable
patients, cardioversion should not be delayed by attempts at
IV access or sedation.1 If the patient is stable, vagal maneu-
vers may be attempted. Vagal stimulatory maneuvers such as
carotid massage, gagging, pressure on an eyeball, headstand
or Valsalva may be effective in older children; these maneu-
vers are rarely effective in infants.4,5 In infants, the only prac-
tical way to perform a vagal maneuver is by inducing the
diving reflex with an ice bag over the face.3 Reported com-
plications of this maneuver include profound vagal response,
retinal detachment if pressure is placed on the eye, and fat
necrosis from cold injury to the face.3

Although intravenous calcium-channel blockers may be
used as therapy for SVT in adults, they are contraindicated
in children, especially those under 1 year of age. Hemody-
namic compromise and sudden death have been reported in
infants who were given verapamil.5 Adenosine, an endoge-
nous nucleoside, has negative chronotropic, dromotropic and
inotropic actions of very short duration (half-life less than
1.5 sec), with minimal hemodynamic consequences.4 It tran-
siently blocks AV conduction and sinus node pacemaking
activity. Adenosine is therefore the drug of choice in the treat-
ment of SVT, terminating almost all SVT in which the AV
node forms part of the reentry circuit. Adenosine is given as a
rapid intravenous bolus followed by a saline flush, starting at
0.1 mg/kg (maximum dose 6 mg).3 If the initial dose is unsuc-
cessful, an increased dose of 0.2 mg/kg (maximum dose 12 mg)
can be tried. An effective response results in a brief period
of asystole on ECG, followed by the immediate return of a
normal sinus rhythm.1 Failure to terminate the dysrhythmia
after the second dose of adenosine in a stable pediatric patient
should prompt consultation with a pediatric cardiologist.

Alternative medications for pediatric SVT include pro-
cainamide (15 mg/kg IV over 30–60 min or 20–80 μg/kg/min)
or amiodarone (5 mg/kg over 20–60 min, with a maximum sin-
gle dose of 150 mg and a maximum daily dose of 15 mg/kg).1

Amiodarone should not be used in newborns during the first
month of life because it contains the preservative benzyl alco-
hol, which has been associated with a gasping syndrome char-
acterized by metabolic acidosis, gasping respirations, hypoten-
sion, bradycardia and cardiovascular collapse.1 Beta-blockers
such as propranolol or esmolol should be used with caution
because they may induce hypotension. Digoxin is not rec-
ommended in patients with WPWS because it can precipi-
tate ventricular fibrillation.3 Because WPWS cannot be diag-
nosed during the tachydysrhythmia, digoxin is discouraged in
patients presenting with SVT for the first time.

Any infant found to have an initial episode of SVT should
be thoroughly evaluated by a pediatric cardiologist to rule
out SVT-induced CHF, anatomic anomalies (i.e., Ebstein’s
anomaly), or a re-entrant/aberrant pathway such as WPWS.6

The prognosis for infants with SVT is excellent, with 60–90%
of patients experiencing complete remission of symptoms by
6–12 months of age.6 The long-term management of SVT
may include beta-blockers, procainamide, sotalol, amiodarone
or flecainide.1 When pharmacologic treatment fails, radiofre-
quency catheter ablation has an 85–95% success rate of pre-
venting recurrent SVT.1

KEY TEACHING POINTS

1. Supraventricular tachycardia (SVT) is the most common
symptomatic dysrhythmia in infants and children, with a
frequency of 1 in 250–1000 patients.

2. The ECG in SVT shows a narrow complex tachycardia
either without discernable P waves or with retrograde P
waves with an abnormal axis, a normal QRS duration
(except when aberrancy is present), and little or no vari-
ation in the heart rate.

3. Infants with SVT typically present with nonspecific com-
plaints, such as fussiness, poor feeding, pallor, or lethargy;
older children may complain of chest pain, pounding in
their chest, dizziness, shortness of breath or an altered level
of consciousness.

4. In a child presenting with unstable SVT and severe
heart failure or poor perfusion, synchronized cardioversion
should be performed immediately at 0.5 J/kg, and can be
increased up to 1 J/kg.

5. In stable patients with SVT, vagal maneuvers may be
attempted, followed by intravenous adenosine if necessary.
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Cough, fever and poor feeding in a 4-month-old male

HISTORY OF PRESENT ILLNESS

A 4-month-old male was brought to the ED by his parents
for four days of cough, fever, breathing difficulty and poor
feeding. The patient would breastfeed for only a short time
before becoming agitated with rapid breathing and sweat-
ing, and had produced only two wet diapers over the past 24
hours. The family denied any sick contacts or recent travel,
and the infant’s immunizations and routine medical appoint-
ments were current.

PHYSICAL EXAMINATION

GENERAL APPEARANCE: The patient appeared lethargic and
dusky, with a rapid respiratory rate, visible grunting, nasal flar-
ing and sternal retractions.

VITAL SIGNS

Temperature 95.4◦F (35.2◦C) rectal
Pulse 180 beats/minute
Blood pressure not obtained
Respiratory rate 60 breaths/minute
Oxygen saturation 91% on room air

HEENT: PERRL, oropharynx moist, nasal flaring, no perioral
cyanosis appreciated.

CARDIOVASCULAR: Tachycardic, regular rate, unable to appre-
ciate rubs, murmurs or gallops. Weak femoral pulses noted.

LUNGS: Coarse breath sounds present bilaterally, with
markedly diminished breath sounds on the left.

ABDOMEN: Soft, nontender, nondistended, no masses.

EXTREMITIES: Cool, delayed capillary refill (more than 3 sec).

SKIN: Dusky and clammy, no rashes.

NEUROLOGIC: Awake, crying, moving all extremities.

Figure 77.1 Portable chest radiograph of a 4-month-old male with res-
piratory distress.

The patient was placed on the cardiac monitor, a peripheral
intravenous line was placed and blood was sent for laboratory
testing. He initially received nebulized bronchodilator treat-
ments (albuterol) and oral corticosteroids (prednisolone), and
a portable chest radiograph was obtained (Figure 77.1).

What is your diagnosis?

321



322 Pediatrics

ANSWER

The diagnosis is dilated cardiomyopathy. The initial chest
radiograph demonstrated marked cardiomegaly. As the
patient’s respiratory status continued to deteriorate, the
patient was emergently intubated (post-intubation radio-
graph, Figure 77.2). Two 20 mL/kg boluses of intravenous nor-
mal saline were administered with improvement of his hemo-
dynamic status. Laboratory tests revealed a leukocyte count
of 14.1 K/μL (normal 6.0–17.0 K/μL), hematocrit of 32.4%
(normal 28–42%), and a post-intubation arterial blood gas on
100% inspired oxygen with pH of 7.14 (normal 7.32–7.43),
pCO2 of 37 mmHg, pO2 of 207 mmHg and bicarbonate of 12.6
mmol/L with a base excess of −16.0 mmol/L, consistent with
a metabolic acidosis. The troponin I returned elevated at 0.72
ng/mL (normal 0.00–0.09 ng/mL). The patient was admitted to
the Pediatric Intensive Care Unit (PICU).

A transthoracic echocardiogram showed a left ventricular
end-diastolic dimension of 46 mm (mean for age 23 mm), with
a calculated ejection fraction of 33% consistent with severe
dilated cardiomyopathy (Figure 77.3). The patient was started
on a dobutamine drip (10 mcg/kg/min IV) in the PICU, as
well as a regimen of digoxin, furosemide, spironolactone, cap-
topril, levocarnitine and aspirin per pediatric cardiology rec-
ommendations. The patient remained intubated until hospi-
tal day #10, after which he was weaned to nasal cannula and
finally room air. The patient was discharged home on hospital
day #18.

Pediatric dilated cardiomyopathy

Dilated cardiomyopathy (DCM) is a myocardial disorder
characterized by a dilated left ventricular chamber and systolic
dysfunction. It commonly results in congestive heart failure

Figure 77.2 Portable chest radiograph of a 4-month-old male with res-
piratory distress post-intubation.

Figure 77.3 Transthoracic echocardiogram from a 4-month-old male
showing a dilated left ventricle (arrow).

(CHF), and is the most common form of cardiomyopathy and
reason for cardiac transplantation in adults and children.1,2

The incidence of DCM in children in North America has been
estimated to be 0.56 cases per 100,000 per year, ten-fold lower
than in adults.1 The cause in the vast majority of pediatric
cases is still unknown (idiopathic dilated cardiomyopathy) but
may have a genetic basis. A remote history of viral illness in
many patients suggests that the disease may be a sequela of a
previous episode of myocarditis.3 In as many as 20% of cases,
the disease is recognized as familial, having autosomal domi-
nant, autosomal recessive, X-linked and mitochondrial inher-
itance patterns.3 Nearly 40% of children with symptomatic
cardiomyopathy receive a transplant or die within 2 years.
Outcomes have not improved substantially, despite advances
in medical care and technology.4,5

Dilated cardiomyopathy is a common etiology of CHF
in children.6 CHF exists when the heart is unable to pro-
vide an output sufficient to meet the metabolic demands of
the body. Although CHF is often a chronic condition, acute
decompensation may occur when compensatory mechanisms
are overwhelmed.6 Clinical symptoms of CHF vary depend-
ing on age and underlying cardiac pathophysiology. Neonates
and infants may have failure to thrive, feeding difficulties,
diaphoresis and tachypnea. Viral upper respiratory tract infec-
tions and fevers or dehydration may be poorly tolerated.
Older children with failure of the left ventricle may have
dyspnea on exertion, exercise intolerance or syncope. Com-
mon signs of left-sided decompensated heart failure include
rales on lung auscultation and tachycardia. In advanced cases,
patients may have evidence of cardiogenic shock (poor perfu-
sion, hypotension), severe pulmonary edema and other end-
organ insufficiency.6

The electrocardiogram in DCM shows a combination of
atrial enlargement, varying degrees of left or right ventric-
ular hypertrophy, and nonspecific T-wave abnormalities.3

The chest radiograph confirms cardiomegaly. Pulmonary
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congestion and pleural effusions may be present. Echocardio-
graphy shows dilatation of the left atrium and ventricle, and
poor contractility. Doppler studies show decreased flow veloc-
ity through the aortic valve and mitral regurgitation.3

Treatment of acute decompensated CHF of infants and
children in the emergency department includes supplemen-
tal oxygen to keep saturations about 95%.7 Over-oxygenating
the patient may lead to pulmonary vascular dilation and wors-
ened failure. The infant should be kept in a semi-reclining
position if possible, although older children will generally
find their own best position. Fluid and sodium restriction are
necessary, and furosemide should be given at 0.5–2.0 mg/kg
intravenously as diuretic therapy.6 Patients may require seda-
tion, but careful attention must be paid to maintaining air-
way, breathing and circulation. Preparations should be made
for endotracheal intubation and ventilatory support in the
event they are needed. If the patient is in shock, fluids
must be used judiciously (boluses of only 5 mL/kg, if at
all), and inotropic support with dopamine (3–10 μg/kg/min)
or dobutamine (starting dose of 5 μg/kg/min) may be more
appropriate.6,7 Complete blood count, chemistry panel, cal-
cium level, rapid bedside glucose test and arterial blood gas
should be assessed. Vital signs, including blood pressure, car-
diac rhythm and oxygen saturation, should be monitored con-
tinuously. It is important to involve the pediatric intensivist as
well as a pediatric cardiologist early in the evaluation of any
child in acute decompensated CHF.

KEY TEACHING POINTS

1. The cause of pediatric dilated cardiomyopathy (DCM) in
the vast majority of cases is unknown but may have a
genetic basis; a remote history of viral illness suggests that
the disease may be a sequela of a previous episode of
myocarditis.

2. The onset of DCM is usually insidious but symptoms of
heart failure may occur suddenly. Irritability, anorexia, ab-

dominal pain, cough from pulmonary congestion and dys-
pnea with exertion (such as during feeding) are common.

3. The electrocardiogram in DCM shows a combination of
atrial enlargement, varying degrees of left or right ventric-
ular hypertrophy, and nonspecific T-wave abnormalities,
whereas the chest radiograph confirms cardiomegaly.

4. Emergency treatment of decompensated CHF includes
supplemental oxygen, proper positioning, fluid and sodium
restriction, and diuretic administration. Early involvement
of a pediatric cardiologist or intensivist is essential.

5. In patients with shock, fluids must be used judiciously;
inotropic support with dopamine or dobutamine may be
necessary.
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Head trauma in a 5-month-old male

HISTORY OF PRESENT ILLNESS

A 5-month-old male was brought to the ED by his parents
after falling out of his car safety seat, which had been on the
kitchen counter. The patient fell approximately 4 feet onto the
floor, striking the back of his head. The child was noted to cry
immediately, and had not experienced any episodes of vomit-
ing following the injury. The parents reported a bump on his
scalp but denied other associated injuries.

PHYSICAL EXAMINATION

GENERAL APPEARANCE: The patient was awake and alert, play-
ful, smiling and interactive with the examiner.

VITAL SIGNS

Temperature 98.3◦F (36.8◦C) rectal
Pulse 115 beats/minute
Blood pressure not obtained
Respirations 26 breaths/minute
Oxygen saturation 100% on room air

HEENT: 4 cm × 4 cm hematoma over the left occipital region
without lacerations or crepitance. PERRL, conjugate gaze,
oropharynx moist.

NECK: Supple.

CARDIOVASCULAR: Regular rate and rhythm without rub, mur-
mur or gallop.

LUNGS: Clear to auscultation bilaterally.

ABDOMEN: Soft, nontender, nondistended, active bowel sounds
present, no bruising or masses.

EXTREMITIES: No cyanosis or edema, brisk capillary refill, no
deformities or swelling.

NEUROLOGIC: Alert, moving all four extremities, age appro-
priate.

Figure 78.1 Noncontrast CT of the brain from a 5-month-old male
after a fall from 4 feet.

The parents were instructed not to give the child anything
by mouth, and a noncontrast CT of the brain was obtained
(Figure 78.1).

What is your diagnosis?
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ANSWER

The diagnosis is subdural hematoma (SDH). The noncontrast
CT demonstrated a hyperdense region in the left occipital area
just underneath the occipital hematoma, consistent with a sub-
dural hematoma (Figure 78.2). The patient was transferred
to the pediatric neurosurgery service, and was observed for
24 hours in the pediatric intensive care unit. The patient’s neu-
rologic status remained stable, and a repeat CT scan obtained
the following day demonstrated dramatic improvement in the
SDH (Figure 78.3). The patient was discharged home on hos-
pital day #2, with close follow up in the pediatric neurosurgery
clinic.

Pediatric head injury

Pediatric head injury comprises a large portion of pediatric
trauma cases seen in EDs. Among children up to 14 years of
age, traumatic brain injury (TBI) results in over 400,000 ED
visits each year.1 Injury rates are highest among children up
to 4 years of age. A total of 1–2% of all pediatric patients
seen in the ED present with minor head trauma; only 3–5%
of those patients have intracranial injury, and less than 1% of
these patients require neurosurgical intervention.1 Nonethe-
less, TBI accounts for the single largest source of childhood
mortality, with an additional 29,000 children suffering perma-
nent neurologic disability.2

Child abuse is a common etiology of head injury in young
children, and must be considered when evaluating a child with
a head injury. In one study, 24% of head injuries in infants
resulted from inflicted trauma; among infants with severe
injuries, the proportion was even higher.3 In cases of acciden-

Figure 78.2 Noncontrast CT of the brain from a 5-month-old male
with a left occipital subdural hematoma (arrow).

Figure 78.3 Repeat noncontrast CT of the brain from a 5-month-old
male following head trauma the following day.

tal head injury, falls account for the most common mecha-
nism of injury, particularly in children less than 2 years old.1

One study of head-injured infants demonstrated a relation-
ship between mechanism of injury and likelihood of intracra-
nial injury (ICI), with direct falls from heights greater than or
equal to 3 feet and falls on stairs being more likely to result in
ICI than falls less than 3 feet.4

Children who sustain head trauma often have more pro-
nounced physical signs and symptoms than adults. Despite
apparent “trivial” trauma, children may appear pale, lethargic,
have frequent emesis, and complain of headaches and dizzi-
ness.2 Conversely, the clinical presentation of post-traumatic
intracranial lesions in infants can be extremely subtle, espe-
cially in those younger than 6 months.2 Clinical signs and
symptoms are poor indicators of ICI in infants, and occult ICIs
are more common among younger infants.1 In asymptomatic
infants, the presence of a scalp hematoma on physical exami-
nation has been shown to be a clinical indicator of a potential
underlying skull fracture, and warrants further investigation.4

A noncontrast CT should be strongly considered in pedi-
atric patients with minor head trauma who have history of
vomiting, abnormal mental status or lethargy, clinical signs of
skull fracture, obvious scalp hematomas in children 2 years old
or younger, and increasing headache.2 The use of skull radio-
graphy to screen infants for skull fractures is still controver-
sial because skull radiographs do not detect underlying brain
injury.1 If a fracture is detected on radiographs, a head CT is
required to evaluate for underlying intracranial pathology.

In an effort to derive a decision rule for identifying children
at low risk for traumatic brain injuries, Palchak et al. enrolled
2043 children with blunt head trauma in an observational
cohort study.5 Of the children who underwent CT (62%),
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98 (7.7%) had traumatic brain injuries on CT scan. Of the
2043 patients, 105 had traumatic brain injuries requiring acute
intervention (29 of those patients did not have a traumatic
brain injury identified on the initial CT scan). Abnormal men-
tal status, clinical signs of skull fracture, history of vomit-
ing, scalp hematoma (in children younger than 2 years) or
headache identified 97/98 of those children with traumatic
brain injuries on CT scan and 105/105 of those with traumatic
brain injuries requiring acute intervention. The authors con-
cluded that the absence of all of these findings were important
factors for identifying children at low risk for traumatic brain
injuries after blunt head trauma.

KEY TEACHING POINTS

1. Although less than 1% of pediatric patients with head
injury require neurosurgical intervention, TBI accounts
for the single largest source of childhood mortality, with
29,000 children suffering permanent neurologic disability
each year.

2. Child abuse is a common etiology of head injury in young
children, and must be considered when evaluating any child
with a head injury.

3. The clinical presentation of post-traumatic intracranial
lesions in infants can be extremely subtle, especially in
those younger than 6 months.

4. In asymptomatic infants, presence of scalp hematomas on
physical examination has been shown to be a clinical indi-
cator of a potential underlying skull fracture, and warrants
further investigation.

5. Abnormal mental status, clinical signs of skull fracture,
history of vomiting, scalp hematoma (in children younger
than 2 years) or headache following minor head injury
may indicate significant intracranial pathology in these
patients.
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PEG tube complication in a 7-month-old female

HISTORY OF PRESENT ILLNESS

A 7-month-old female with a medical history significant for
Treacher Collins syndrome presented to the ED one day
following percutaneous endoscopic gastrostomy (PEG) tube
replacement in the gastroenterology clinic. The PEG tube had
been in place since 3 months of age for enteral feedings. Her
mother noted significant leakage of formula around the PEG
tube site on the day of presentation, as well as several episodes
of nonbloody, watery diarrhea.

PHYSICAL EXAMINATION

GENERAL APPEARANCE: The child appeared well nourished,
well hydrated and in no acute discomfort.

VITAL SIGNS

Temperature 98.4◦F (36.9◦C)
Pulse 110 beats/minute
Blood pressure not obtained
Respirations 26 breaths/minute
Oxygen saturation 100% on room air
Weight 26.4 lbs (12 kg)

HEENT: Downward slanting eyes, a small lower jaw and
malformed ears consistent with Treacher Collins syndrome.
PERRL, EOMI, oropharynx moist.

NECK: Supple.

CARDIOVASCULAR: Regular rate and rhythm without rubs,
murmurs or gallops.

LUNGS: Clear to auscultation bilaterally.

ABDOMEN: Soft, nontender, nondistended. PEG tube site
clean and intact, no erythema, slight leakage of formula at the
PEG tube insertion site was noted.

EXTREMITIES: No cyanosis or edema, brisk capillary refill (less
than 2 sec).

NEUROLOGIC: Nonfocal.

An abdominal radiograph was obtained (Figure 79.1), fol-
lowed by observing flow of contrast through the PEG tube
under fluoroscopy (Figure 79.2).

What is your diagnosis?
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Figure 79.1 Abdominal radiograph from a 7-month-old female with
leakage around the PEG tube site.

Figure 79.2 KUB radiograph under fluoroscopy following instillation
of contrast into the PEG tube in a 7-month-old female with recent
PEG tube replacement.



PEG tube complication in a 7-month-old female 331

ANSWER

The diagnosis is translocation of the PEG tube into the trans-
verse colon during recent replacement. The contrast fluor-
oscopy demonstrates opacification of the colon, with neither
uptake of contrast into the stomach nor leakage of contrast
into the peritoneum. Placement of the tip of the tube was
at the level of the hepatic flexure (Figure 79.2). The patient
received prophylactic intravenous antibiotics and was taken
to the OR by the pediatric surgeon where an exploratory
laparotomy was performed. Upon surgical exploration, the
gastrostomy tube button was in the colon; it appeared that the
initial gastrostomy tube had been placed such that it perfo-
rated through the transverse colon into the stomach. In fact,
it had functioned normally for several months in this position
until the tube was replaced in the clinic one day prior to pre-
sentation. No leakage of formula or stool was noted into the
peritoneum. The section of transverse colon that the tube had
transversed was resected with the colon re-anastamosed; the
gastrostomy tube was replaced intraoperatively in the correct
position in the stomach.

Colocutaneous fistula as a PEG tube complication

Colocutaneous fistula is a rare PEG tube-related comp-
lication.1 In some reported cases of colocutaneous fistula, the
tip of the gastrostomy tubes were in the stomach at the time
of insertion and functioned normally until they migrated to
the colon.1 After this migration, the patients exhibited symp-
toms including diarrhea, malnutrition, formula in their stools
due to the direct passage of feedings into the colon, and fecal
material in the gastrostomy tube. The fistula is thought to form
during insertion of the original PEG tube, when the colon
becomes interposed between the stomach and the abdomi-
nal wall.2,3 The fistula initially functions normally, and the
patient can remain asymptomatic for several months. The
transverse colon is tightly compressed but not completely
obstructed, enabling feces and flatus to pass. Such colocuta-
neous fistulae often remain asymptomatic until the tube is
exchanged.2

Appreciation of a colocutaneous fistula is important for
clinicians who insert PEG tubes. The occurrence of such a
complication should be taken into consideration whenever

this procedure is performed for the initial placement or sub-
sequent replacement of the cannulae.4 Early accidental dis-
lodgement of a PEG tube in a patient with a colocutaneous
fistula, in whom the tract is not yet mature, may lead to
fecal peritonitis and death. At the time of changing a PEG
tube, the correct position of the new tube must be confirmed
before feeding commences. The development of feculent eme-
sis, severe diarrhea, formula in the stool or fecal material
in the gastrostomy tube after replacement of a PEG tube
should alert clinicians to the possibility of this rare complica-
tion.4

KEY TEACHING POINTS

1. Colocutaneous fistula is a rare but significant complication
of PEG tube placement.

2. The presence of a colocutaneous fistula is generally not
recognized until the tube dislodges into the colon or upon
replacement of the tube.

3. Signs and symptoms of colocutaneous fistula follow-
ing PEG tube placement include diarrhea, malnutrition,
appearance of formula in the stool, and fecal material in
the gastrostomy tube.

4. Passage of contrast through the PEG tube visualized under
fluoroscopy is the test of choice for diagnosing a colocuta-
neous fistula.

5. The gastroenterology and surgical services should be con-
sulted upon diagnosis of a colocutaneous fistula after PEG
tube placement.
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Cough and fever in a 10-month-old female

HISTORY OF PRESENT ILLNESS

A 10-month-old female born at 31 weeks gestation presented
to the ED with three days of cough, runny nose, rapid breath-
ing and fevers to 102◦F (38.9◦C). The mother reported her
infant was acting normal for her age, feeding and urinating
well. Neither vomiting nor diarrhea had occurred. Her last
dose of acetaminophen was 12 hours earlier. The patient’s
mother denied any recent travel or sick contacts, and her
immunizations were current.

PHYSICAL EXAMINATION

GENERAL APPEARANCE: The child appeared well nourished,
well hydrated, active and nontoxic, although she was breath-
ing rapidly.

VITAL SIGNS

Temperature 102◦F (38.9◦C) rectal
Pulse 173 beats/minute
Blood pressure not obtained
Respirations 70 breaths/minute
Oxygen saturation 92% on room air
Weight 23 lbs (10.5 kg)

HEENT: PERRL, nasal flaring, oropharynx pink and moist.

NECK: Supple, no meningeal signs.

CARDIOVASCULAR: Tachycardic rate, regular rhythm without
rubs, murmurs or gallops.

LUNGS: Intercostal retractions, mild expiratory wheezing and
crackles present bilaterally, with good air movement.

ABDOMEN: Soft, nontender, nondistended.

EXTREMITIES: No clubbing, cyanosis or edema; brisk capillary
refill (less than 2 sec).

SKIN: Pink, warm and dry.

NEUROLOGIC: Age-appropriate.

The patient was placed on the cardiac monitor with contin-
uous pulse oximetry, and supplemental oxygen was adminis-
tered by face mask. Acetaminophen 160 mg rectal suppository
was administered, albuterol nebulized treatments were begun
and a chest radiograph was obtained (Figure 80.1).

What is your diagnosis?

A

B

Figure 80.1 Anteroposterior (panel A) and lateral (panel B) views of
the chest radiograph from a 10-month-old female with three days of
cough, fevers and rapid breathing.
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ANSWER

The diagnosis is respiratory syncytial virus (RSV) bronchioli-
tis with concomitant bacterial pneumonia. The chest radio-
graph demonstrates mild hyperinflation of the lungs with peri-
bronchial infiltrates in a central, symmetric pattern consistent
with a viral-type pattern of pneumonitis. There is also a focal
infiltrate in the medial segment of the right middle lobe con-
sistent with pneumonia (arrow, Figure 80.2). The patient re-
ceived amoxicillin suspension orally (500 mg) and was admit-
ted to the pediatric service. A nasopharyngeal swab obtained
in the ED returned positive for RSV by reverse transcriptase-
polymerase chain reaction (RT-PCR). The patient’s respira-
tory status improved, and she was discharged home on hospi-
tal day #3 to complete a ten-day course of oral amoxicillin.

Pediatric pneumonia

Community-acquired pneumonia (CAP) is one of the most
common serious infections in children, with an annual inci-
dence of 34–40 cases per 1000 children in North America.1–3

Group B streptococcus and Gram-negative enteric bacte-
ria are the most common pathogens in neonates (i.e., birth
to 20 days), and are transmitted from the mother during
birth.3 Anaerobic organisms may be acquired from chorioam-
nionitis (inflammation of the fetal membranes). Pneumo-
nia in infants three weeks to three months of age is most
often bacterial; Streptococcus pneumonia is the most com-
mon pathogen.2 From three months of age to the preschool
years, viruses are the predominant causative organisms, with
RSV the most common viral cause.2,3 The etiology of bacterial

Figure 80.2 Anteroposterior chest radiograph from a 10-month-old
female with RSV bronchiolitis and coexisting bacterial pneumonia
(arrow indicates focal infiltrate within the medial segment of the right
middle lobe).

pneumonia during this age range is still predominantly
S. pneumoniae. Other potential bacterial causes of pediatric
pneumonia include Mycoplasma pneumoniae, Haemophilus
influenza type B and non-typeable strains, Staphylococcus
aureus, and Moraxella catarrhalis.1,2

Pneumonia can be defined clinically as the presence of
lower respiratory tract dysfunction in association with radio-
graphic opacity.4 Bacterial pneumonia generally has an abrupt
onset with fever and chills, productive cough, and chest pain.2

However, infants may have poor feeding, disturbed sleep or
symptoms less typical than older children. Regarding clinical
findings indicative of pneumonia, tachypnea has good clini-
cal reproducibility compared with observation of retractions
or auscultatory findings such as crackles or wheezes.4 How-
ever, no finding in itself can be used to diagnose or rule out
pneumonia. The absence of the symptom cluster of respira-
tory distress, tachypnea, crackles and decreased breath sounds
accurately excludes the presence of pneumonia.4 Assessment
of oxygenation gives a good indication of disease severity.
Although the respiratory rate is neither sensitive nor spe-
cific for identifying hypoxia, the children’s general well-being
and ability to be consoled typically indicate normal oxygena-
tion. Oximetry should be used in the assessment of a child
with suspected pneumonia in the outpatient or hospital set-
ting because these results correlate well with clinical outcome
and length of hospital stay.4

In an immunocompetent patient with an uncomplicated
lower respiratory tract infection who is otherwise stable, lab-
oratory testing is not necessary.2 The complete blood count
(CBC) with differential does not differentiate bacterial from
viral infection, and should not be measured routinely.3 Rapid
antigen tests are available for RSV, parainfluenza 1, 2 and 3,
influenza A and B, and adenovirus. These assays, performed
on specimens collected from the nasopharynx, can help deter-
mine the etiology of viral pneumonia.3 A confirmatory chest
radiograph is necessary to diagnose pneumonia. Both bron-
chiolitis and asthma may cause hyperinflation and atelecta-
sis, and must therefore be distinguished from pneumonia.4

Two main patterns of pneumonia are recognized: intersti-
tial and alveolar. However, these patterns cannot be used to
identify the etiology. Peribronchial thickening, diffuse inter-
stitial infiltrates and hyperventilation tend to be seen with
viral infections.4 Lobar infiltrates, particularly with pneuma-
toceles and pulmonary abscesses, strongly suggest bacterial
pneumonia.

In the majority of mild to moderate cases of pediatric
bacterial pneumonia, oral antimicrobial therapy is adequate.
Antibiotics should be initiated based on the presumptive
causative organism. For infants less than 28 days old, empiric
ampicillin 50 mg/kg every six hours and a third-generation
cephalosporin such as cefotaxime at 50 mg/kg every six hours
should be considered.2 For patients older than three months
who are stable, amoxicillin may be prescribed as an outpa-
tient at 100–120 mg/kg/day divided in three doses.2 In children
older than three years, oral azithromycin at a dose of 10 mg/kg
the first day followed by 5 mg/kg/day for the next four
days is appropriate therapy to cover atypical pneumonias.
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Intravenous antibiotics are usually reserved for neonates and
patients with severe pneumonia who warrant hospitalization.
The ultimate decision to admit a patient must be based on the
overall clinical picture and the reliability of parents. Given the
rise in incidence of organisms resistant to antibiotics, prescrib-
ing antibiotics for nonbacterial (i.e., viral) infections should be
actively discouraged.

Bronchiolitis

Bronchiolitis is a common, usually self-limited, lower respira-
tory tract infection caused by RSV observed in all geographic
areas, usually between October and April.5 The underlying
pathophysiology of viral bronchiolitis is inflammation of the
small airways (bronchioles). Infection of the bronchiolar and
ciliated epithelial cells produces increased mucous secretion,
cell death and sloughing, followed by a peribronchial lympho-
cytic infiltrate and submucosal edema.6 This combination of
debris and edema results in distal airway obstruction, which in
turn results in increased work of breathing due to increased
end expiratory lung volume and decreased lung compliance.
Although bronchiolitis may occur in all age groups, the larger
airways in older children better accommodate mucosal edema;
thus, severe symptoms are usually seen in children less than
two years of age.2

The incubation period of RSV varies from two to eight
days and, after a prodrome of several days, results in an acute
illness characterized by rhinorrhea, cough and low-grade
fever.5 Young children may be restless or lethargic and drink
less than normal. The physical examination is marked by
tachypnea, accessory muscle use, wheezes or crackles.5 Hy-
poxemia may be seen secondary to ventilation-perfusion mis-
match. Respiratory distress in these children manifests as
tachypnea, with respiratory rates as high as 80–100 breaths/
minute, nasal flaring, intercostal and supraclavicular retrac-
tions, apnea, grunting and cyanosis.2 The natural course of this
illness is about 7–10 days but can last several weeks to a
month.2

The chest radiograph in patients with bronchiolitis typ-
ically shows lung hyperinflation with flattening of the
diaphragm.2 Diagnosis of RSV can be confirmed by nasopha-
ryngeal aspirates. Because the diagnosis of bronchiolitis is a
clinical one, routine RSV antigen testing has little value in out-
patient management. Respiratory viral antigen testing may be
helpful for infection control in patients admitted to inpatient
units.5 Some centers are using rapid nasopharyngeal swabs to
test for RSV to gain confidence that the etiology of presen-
tation is not due to an alternate source, such as the urine or
CNS; however, this strategy has not gained full acceptance.

Treatment of patients with bronchiolitis is largely support-
ive, paying attention to hydration and maintaining satisfactory
oxygenation.2,6 Because most children with bronchiolitis will
have some degree of hypoxia, oximetry monitoring and pro-
vision of oxygen are important.7 Many of these children will
have difficulty drinking secondary to their increased work of
breathing. Intravenous hydration should be considered if the
child is not able to take adequate oral fluids.7 A chest radio-

graph will often reveal areas of opacity suggestive of pneu-
monia. Deciding whether to use antibiotics in these patients
is often difficult; no significant benefit has been demonstrated
from routine antibiotic use. In the severely-ill patient, a broad-
spectrum antibiotic (i.e., cefuroxime) may be warranted to
cover the possibility of bacterial superinfection until ruled out
by appropriate cultures.7

No study to date has convincingly documented the benefit
of steroid use in bronchiolitis.7 Steroids are therefore not rec-
ommended for routine use by most authors. Inhaled steroids
in children with bronchiolitis have also been studied, and
have not demonstrated any benefit. The use of bronchodila-
tors (i.e., albuterol, nebulized epinephrine) in bronchiolitis
is also controversial. Most authors recommend that patients
with bronchiolitis, especially those with a history of wheezing,
should be given at least a trial of adrenergic bronchodilators.
If there is no response to the trial dose, then therapy should
be discontinued.7

The antiviral drug ribavirin, delivered by small-particle
aerosol for three to five days, probably has a modest ben-
eficial effect on the course of RSV pneumonia.8 How-
ever, neither shortened hospital stay nor reduced mortal-
ity have been demonstrated, and trials in intubated infants
have not shown efficacy. Therefore, its use is rarely indi-
cated except in selected cases of severe immunodeficiency, in
which unrestricted viral replication is clearly important in the
pathogenesis of severe disease.8 Intravenous immunoglobu-
lin (RSV-IGIV) as well as humanized monoclonal antibody
(palivizumab) have been used to treat severely immunodefi-
cient patients with pneumonia and RSV infection. Although
there is no clear evidence of efficacy, these treatments reduce
virus titers in the respiratory tract and may offer a ration-
al therapeutic approach in situations with otherwise poor
prognoses.8

KEY TEACHING POINTS

1. Pneumonia can be defined clinically as the presence of
infection and lower respiratory tract dysfunction in asso-
ciation with radiographic opacity.

2. Bacterial pneumonia in older children generally has an
abrupt onset with fever and chills, productive cough and
chest pain, whereas infants may present with signs and
symptoms less typical than older children, such as poor
feeding, disturbed sleep, irritability or tachypnea.

3. In the majority of mild-to-moderate cases of pediatric
bacterial pneumonia, oral antimicrobial therapy is appro-
priate; intravenous antibiotics are usually reserved for
neonates and patients with severe pneumonia who warrant
hospitalization.

4. Bronchiolitis is a common, self-limited, lower respiratory
tract infection in infants caused by RSV, usually occurring
between October and April in all geographic areas.

5. Because the diagnosis of bronchiolitis is clinical, routine
RSV antigen testing has little utility in the outpatient
setting but may be helpful for infection control in patients
admitted to inpatient units.



336 Pediatrics

6. Treatment of patients with bronchiolitis is largely support-
ive; attention to and addressing both hydration and oxy-
genation status are of particular importance.
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Vomiting in a 21-month-old male

HISTORY OF PRESENT ILLNESS

A 21-month-old male presented to the ED following several
episodes of vomiting that began in the middle of the night.
The patient had been having intermittent bouts of vomiting
beginning two weeks earlier. He had been seen on three sepa-
rate occasions, diagnosed with acute gastroenteritis. The par-
ents reported that between the bouts of vomiting, their son
maintained a very poor appetite and had experienced some
weight loss. On this visit, the parents reported the first episode
of emesis beginning 10 hours prior to arrival, followed by three
more episodes. The patient had refused to take fluids during
this period. The family denied recent travel or sick contacts,
and the child had not experienced fevers, cough, congestion
or diarrhea.

His medical history was significant for a similar episode
occurring three months earlier and lasting approximately one
week. The patient had no other medical problems and had
been prescribed Phenergan R© suppositories and Zantac R© for
his symptoms; no Phenergan R© was given prior to this visit.

PHYSICAL EXAMINATION

GENERAL APPEARANCE: The patient was awake, making good
eye contact, but appeared listless and very fatigued.

VITAL SIGNS

Temperature 98.9◦F (37.2◦C)
Pulse 64 beats/minute
Blood pressure 110/60 mmHg
Respirations 24 breaths/minute
Oxygen saturation 100% on room air

HEENT: Atraumatic, normocephalic, PERRL, EOMI, oro-
pharynx moist.

NECK: Supple, no meningeal signs.

CARDIOVASCULAR: Bradycardic, regular rate and rhythm with-
out rubs, murmurs or gallops.

LUNGS: Clear to auscultation bilaterally.

ABDOMEN: Soft, nontender, nondistended, active bowel sounds
present.

EXTREMITIES: No clubbing, cyanosis or edema, capillary refill
less than 2 sec.

Figure 81.1 Portable chest and abdominal radiograph of a 21-month-
old male with persistent vomiting.

NEUROLOGIC: Awake, following commands, moving all ex-
tremities.

An ECG, chest and abdominal radiograph were obtained. The
ECG demonstrated sinus bradycardia, otherwise normal for
age. The combined chest and abdominal radiograph is shown
in Figure 81.1. A peripheral intravenous line was placed, and
blood was drawn and sent for laboratory testing. A 20 mL/kg
bolus of normal saline IV was administered. Laboratory tests,
including a complete blood count, electrolytes, glucose, crea-
tinine and urinalysis, were all within normal limits.

What is your diagnosis?
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ANSWER

The diagnosis is obstructive hydrocephalus from a poste-
rior fossa brain tumor (ependymoma), determined following
admission to the pediatric service. The chest and abdominal
radiograph was normal. The pediatrics service was consulted,
and the patient was admitted for observation. Approximately
nine hours after admission, the patient had a witnessed tonic-
clonic seizure that resolved with intravenous lorazepam. After
resolution of the seizure, the patient underwent a CT scan
of the brain with and without contrast, which demonstrated
obstructive hydrocephalus with a posterior fossa mass, most
likely tumor (Figure 81.2). The patient was transferred to
the pediatric neurosurgical service, where he had an apneic
episode and was intubated for airway protection. He contin-
ued to have brief seizures, which were treated with lorazepam
and fosphenytoin. An MRI of the brain was obtained (Fig-
ure 81.3), which demonstrated a posterior fossa tumor. The

patient was taken to the OR and underwent resection of
the tumor; pathology results confirmed the tumor to be an
ependymoma.

Posterior fossa brain tumors and ependymomas in children

Primary brain tumors are the most common solid neoplasms
of childhood, comprising 15–20% of all malignancies occur-
ring in childhood and adolescence.1,2 The best current esti-
mates of primary brain tumors place the incidence between
2.76–4.28 per 100,000 children per year.1 Compared with brain
tumors in adults, a much higher percentage of pediatric brain
tumors arise in the posterior fossa. The most frequent types of
posterior fossa tumors diagnosed in children are medulloblas-
toma, ependymoma, cerebellar astrocytoma and brainstem
glioma.1 Most symptomatic children require several visits to a
physician before the correct diagnosis is made. One retrospec-
tive study demonstrated that the mean time interval between

A B
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Figure 81.2 Noncontrast (panels A, B) and contrast (panels C, D) CT of the brain from a 21-month-
old male demonstrating posterior fossa brain tumor (arrows, panels A, C) and obstructive hydrocephalus
(panels B, D).
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Figure 81.3 MRI of the brain from a 21-month-old male with vomiting and bradycardia, demonstrating
posterior fossa brain tumor (arrows).

first chart-documented symptoms from posterior fossa tumors
and radiographic diagnosis was 142 days.3

Regardless of histology, posterior fossa tumors in chil-
dren characteristically present with symptoms of increased
intracranial pressure (ICP) caused by hydrocephalus. At least
90% of patients with medulloblastoma or cerebellar astro-
cytomas and 65% of patients with ependymomas present
with symptoms of hydrocephalus.1 Generally, these symptoms
include headache and recurrent vomiting, although irri-
tability, lethargy and feeding intolerance may also be noted,
especially in infancy.1–3 Symptoms are typically worse in the
morning because recumbency and a relatively elevated PaCO2

increases ICP.1 Cerebellar symptoms, particularly ataxia, are
a frequent complaint of patients with posterior fossa tumors
that invade or exert mass effect on the cerebellum or cerebral
peduncles. Bradycardia is particularly ominous because it sig-
nifies that ventilatory arrest is imminent.4

CT is often the first imaging technique obtained for chil-
dren with suspected intracranial pathology. If properly done,
CT will detect 95% or more of brain tumors.2 However,
because of the superior image contrast of MRI it is essential in
the diagnosis of brain tumors, and its multiplanar capabilities
offer far superior localization. In selected cases, PET scanning
may provide additional information but is most useful in sup-
plying baseline diagnostic information as a means to follow
the tumor over time.2

Ependymomas comprise 5–10% of all childhood brain
tumors.2,5 Most (70–80%) arise in the posterior fossa. Because
of a relative predilection for the cerebellopontine angle and
lateral portion of the lower brainstem, these often cause mul-
tiple cranial nerve deficits, including sixth and seventh nerve
palsies, hearing loss, and swallowing difficulties.2 Ependy-
momas arising in the fourth ventricle, brainstem or lateral
ventricles can present with headaches or other symptoms of
hydrocephalus (especially nausea and vomiting), ataxia, and
increased head circumference.5 Because ependymomas may

be present for as long as three to six months before they come
to clinical attention, symptoms may sometimes be labeled as
“chronic.”5

Surgery is the primary treatment for ependymoma, with
the extent of surgical resection a major prognostic factor.6

Two other major prognostic factors are age, with younger chil-
dren having poorer outcomes, and tumor location, with local-
ization in the posterior fossa often seen in young children asso-
ciated with poorer outcomes.6 After surgery, radiotherapy is
the mainstay of treatment for patients with residual tumor.5

Some advocate watchful waiting after surgery, administering
radiotherapy only when there is evidence of tumor recurrence
or growth, especially if a gross, total resection of tumor has
been achieved and confirmed with MRI.5 Ependymoma is sen-
sitive to a spectrum of chemotherapeutic agents; however, the
role of chemotherapy in multimodal therapy (surgery, radia-
tion therapy) remains unclear.6

KEY TEACHING POINTS

1. Posterior fossa tumors in children characteristically present
with symptoms of increased intracranial pressure (ICP)
caused by hydrocephalus, including (but not limited to)
headache, vomiting, irritability, feeding intolerance and
cerebellar symptoms (e.g., ataxia).

2. Symptoms of posterior fossa tumors in children are often
subtle, and are commonly missed initially by physicians.

3. Bradycardia in patients with posterior fossa tumors is a
particularly ominous sign, indicating imminent brainstem
herniation and respiratory arrest.

4. Treatment of patients diagnosed with posterior fossa
tumors includes airway management, seizure prophylaxis,
measures to reduce ICP in cases of impending herniation
(e.g., mannitol), and urgent neurosurgical consultation and
evaluation.
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5. Treatment of ependymoma involves surgery followed by
radiotherapy in most cases; the role of chemotherapy
remains unclear.
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Choking episode in a 21-month-old male

HISTORY OF PRESENT ILLNESS

A 21-month-old male was noted by his mother to be chok-
ing at home. He was found sitting next to some loose change,
which was left on the coffee table. The mother patted the child
on the back and the choking slowly resolved. The patient was
brought to the ED by his mother for evaluation. According to
her, he did not appear short of breath, nor had he been drool-
ing, stridorous or have any change to his cry. He was tolerating
sips of liquids.

PHYSICAL EXAMINATION

GENERAL APPEARANCE: The child appeared well nourished,
well hydrated, was smiling and playful during the examination,
and was tolerating his secretions.

VITAL SIGNS

Temperature 98.6◦F (37◦C)
Pulse 120 beats/minute
Blood pressure 90/50 mmHg
Respirations 24 breaths/minute
Oxygen saturation 100% on room air

HEENT: The oropharynx was moist, pink and clear without
uvular or tonsillar swelling; no pooling of secretions was
noted.

NECK: Supple, nontender without anterior swelling. No stridor
noted upon auscultation of the anterior neck.

LUNGS: Clear to auscultation bilaterally without the presence
of rales, rhonchi or wheezes.

CARDIOVASCULAR: Regular rate and rhythm without rubs,
murmurs or gallops.

ABDOMEN: Soft, nontender, nondistended with active bowel
sounds present.

EXTREMITIES: No cyanosis or edema; capillary refill less than
2 sec.

A radiograph of the neck, chest and abdomen was obtained
(Figure 82.1).

Figure 82.1 Anteroposterior radiograph of the neck, chest and
abdomen from a 21-month-old male following a choking episode.

What is your diagnosis?
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ANSWER

The diagnosis is esophageal foreign body. The radiograph
demonstrates a small coin most likely in the esophagus.
The pediatric gastroenterologist was consulted. Because the
patient was tolerating liquids, the patient was kept in the ED
overnight for observation and kept NPO. A repeat radiograph
was performed the following morning to determine if the coin
had passed into the stomach. The radiograph showed the coin
in the same location as the previous evening. The patient was
taken to the OR by the pediatric gastroenterologist, where
an upper endoscopy was performed to retrieve the foreign
body under general endotracheal anesthesia. The scope was
passed through the mouth into the upper esophagus with-
out difficulty, where a dime was located in the esophagus 12
cm from the incisors (panel A, Figure 82.2). The dime was
carefully grasped with toothed forceps and removed (panel
B, Figure 82.2). No major lesions, erosions, rings or strictures
were noted throughout the esophagus (panels C and D, Fig-
ure 82.2). The patient was discharged from the pediatrics ward
later that day.

Esophageal coins in children

Coins are the most common foreign body ingested by pedi-
atric patients according to Poison Control, with more than
3000 pediatric cases annually.1 Because the condition is under-
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Figure 82.2 Images during upper endoscopy of the upper esophagus with foreign body (dime) and removal
of the foreign body with toothed forceps (panels A and B); images of the normal lower esophagus following
removal of the foreign body (panels C and D).

reported, the actual number of cases is most likely much
higher. Not surprisingly, coins are also the most common for-
eign body lodged in the esophagus.1 As many as 35% of the
children who have esophageal coins will be asymptomatic.2

Because lodged coins can result in life-threatening complica-
tions, determining the location of ingested coins is important.
Anteroposterior and lateral chest radiographs can confirm the
diagnosis of a coin in the esophagus. Esophageal coins gen-
erally align so as to appear as a circular disc (en face) on the
anteroposterior view, and as a thick line (on edge) on the lat-
eral view. Coins in the trachea generally align to appear on
edge on the anteroposterior view and en face on the lateral
view. A mnemonic has been proposed to remember the pre-
sentation on the anteroposterior view: “Is it SAFE?” – Side
Airway, Face Esophagus.2

The main anatomic locations of esophageal coin retention
are the level of the cricopharyngeus muscle, the thoracic inlet,
the aortic arch and the lower esophageal sphincter.3 Radio-
graphically, these anatomic areas correlate with the proximal
third (cricopharyngeus and aortic thoracic inlet), middle third
(aortic arch) and distal third (lower esophageal sphincter) of
the esophagus. Esophageal coins lodge at relatively equal fre-
quencies at these locations.3 Patients with airway symptoms
(cough, stridor, respiratory distress) generally have the coins
retained in the proximal esophagus. Pain, drooling and dys-
phagia are generally seen in patients with coins in the middle
or distal third of the esophagus.3 Children less than 2 years
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of age with wheezing, rhonchi, stridor or retractions must be
considered to have a retained foreign body, even if there is no
witness to or history of foreign body ingestion.

Severe complications are possible from esophageal for-
eign bodies. These include esophageal stricture, mediastinitis,
lung abscess, esophagoaortic fistula, respiratory distress and
death.4,5 Perforation of the esophagus due to swallowed for-
eign bodies is rare, representing only 12–25% of all cases.4 It
is important to try to determine how long a foreign body has
been present, because those lodged for greater than 24 hours
represent a greater risk of erosion or other damage.4 This will
affect the choice and timing of procedure for removing the for-
eign body. One study found the risk of perforation to be high-
est in children who had swallowed coins more than 36 hours
prior to presentation.4

There are several strategies available for the management
of esophageal coins in children. The most common modali-
ties are endoscopic coin retrieval, a brief period of observa-
tion to monitor spontaneous passage of the coin into the stom-
ach, fluoroscopically guided removal with a balloon catheter,
and immediate esophageal bougienage.1 Endoscopy has been
the mainstay of management of esophageal foreign bodies in
children.3 Although spontaneous passage of esophageal coins
occurred in 30% of children in one study (range of 8–16
hours), greater than two-thirds of patients managed by expec-
tant observation will require endoscopic coin removal.1,5

Spontaneous passage is more likely to occur in older, male
patients, and when the coin is lodged in the distal third of the
esophagus.5

One special circumstance of ingested foreign bodies in chil-
dren involves the ingestion of button batteries. These may
appear as coins on the radiograph but, if suspected, must
be removed immediately. Button batteries generally contain
a heavy metal like mercury, silver or lithium and a strong
hydroxide of sodium or potassium.6 Although they are sealed,
occasional leakage of these corrosive substances is not uncom-
mon, leading to mucosal damage by ulceration, stricture for-
mation or perforation.

KEY TEACHING POINTS

1. Coins are the most common foreign body ingestion by chil-
dren reported to Poison Control, and are also the most
common foreign body lodged in the esophagus.

2. On chest radiographs, esophageal coins generally align so
as to appear as a circular disc (en face) on the anteroposte-
rior view and as a thick line (on edge) on the lateral view;
coins in the trachea generally align to appear on edge on
the anteroposterior view and en face on the lateral view.

3. Symptoms indicating a possible esophageal foreign body
include throat, neck or chest pain, drooling, dysphagia,
cough, stridor and respiratory distress.

4. Severe complications may result from esophageal foreign
bodies, such as esophageal stricture, mediastinitis, lung
abscess, esophagoaortic fistula, respiratory distress and
death.

5. Endoscopy by a skilled pediatric endoscopist under general
anesthesia is the preferred management of an esophageal
coin in most pediatric patients.
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Abdominal pain and vomiting in a 23-month-old male

HISTORY OF PRESENT ILLNESS

A 23-month-old male presented to the ED with intermittent
abdominal pain and vomiting for two days. The patient first
presented to his pediatrician’s office one day earlier, where
the mother reported several episodes of crying followed by
three episodes of nonbilious, nonbloody emesis. The mother
denied fevers or diarrhea, and between the episodes the
patient tolerated sips of fluids. On examination by the pedi-
atrician, the patient was afebrile and nontoxic-appearing,
with the abdomen reported to be soft, nontender and non-
distended. A diagnosis of viral gastroenteritis was made, and
the mother was instructed to encourage fluid intake. The fol-
lowing day the patient returned to his pediatrician where
the mother again reported several episodes of intermittent
abdominal pain, as well as decreased stool output with small,
hard stools without blood. The patient was afebrile, and exam-
ination again revealed a well-appearing infant with a soft, non-
tender abdomen. The patient was diagnosed with constipa-
tion versus viral syndrome, and was discharged home. That
evening, the child was brought to the ED where the mother
reported intermittent episodes of abdominal pain, each last-
ing 15–20 minutes, during which the child seemed to be clutch-
ing his abdomen in pain. Each episode was followed by non-
bilious, nonbloody emesis.

PHYSICAL EXAMINATION

GENERAL APPEARANCE: The child was nontoxic in appearance,
well hydrated, and in no acute discomfort.

VITAL SIGNS

Temperature 98◦F (36.6◦C) rectal
Pulse 100 beats/minute
Blood pressure not obtained
Respirations 26 breaths/minute
Oxygen saturation 100% on room air

HEENT: PERRL, conjugate gaze, oropharynx pink and moist.

NECK: Supple, no meningeal signs.

CARDIOVASCULAR: Regular rate and rhythm without rubs,
murmurs or gallops; capillary refill less than 2 sec.

LUNGS: Clear to auscultation bilaterally.

Figure 83.1 Plain radiograph of the abdomen from a 23-month-old
male with intermittent abdominal pain.

ABDOMEN: Slightly distended, hypoactive bowel sounds, ten-
derness in the right upper quadrant.

GENITOURINARY: Normal genitalia, circumcised, testes de-
scended bilaterally, no hernias.

RECTAL: Brown stool, hemoccult negative.

EXTREMITIES: No clubbing, cyanosis or edema.

NEUROLOGIC: Nonfocal.

An intravenous line was placed, blood was drawn and sent
for laboratory testing, and an IV fluid bolus of normal saline
was administered (20 mL/kg). Laboratory tests, including a
complete blood count, chemistry panel and urinalysis, were
within normal limits. A plain radiograph of the abdomen was
obtained (Figure 83.1).

What is your diagnosis?
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ANSWER

The diagnosis is intestinal (ileocolic) intussusception. The
plain radiograph in Figure 83.1 demonstrates a dilated loop of
bowel in the right upper quadrant, with paucity of gas in the
right lower quadrant. The patient underwent a contrast enema
study under fluoroscopy after notification of the pediatric sur-
geon, which demonstrated an intussusception in the right,
mid-ascending colon (panel A, Figure 83.2). The intussuscep-
tion was successfully reduced by the contrast enema (panel B,
Figure 83.2), with a post-procedural KUB radiograph demon-
strating opacification of the terminal ileum (panel C, Fig-
ure 83.2). The patient was admitted to the hospital for obser-
vation; he was discharged home 24 hours later doing well and
tolerating feedings.

Intussusception

Intussusception is the most common etiology for bowel
obstruction in children less than 2 years of age.1 It is the pro-
lapse of one part of the intestine into the lumen of an imme-
diately distal adjoining part. The most common type of intus-
susception is ileocolic invagination.2 During the invagination,
the mesentery is dragged along into the distal lumen, obstruct-
ing venous return. This leads to bowel wall edema, bleeding of
the intestinal mucosa, increased pressure in the area and even-
tually obstruction to arterial flow.2 Gangrene and perforation
may result.

Intussusception is estimated to occur in about 1 in 2000
infants and children.1 The typical age distribution is between
3 months and 6 years of age, with the peak incidence between
5 months and 1 year of age. There is a 3:2 male to female
distribution.1 Approximately 90% of intussusceptions are
ileocolic and do not have a pathologic lead point. Common
lead points include an appendix, lipoma, intestinal polyp,
Meckel’s diverticulum, enlarged Peyer’s patch and Henoch-
Schönlein purpura (HSP)-associated submucosal hematoma.1

The second most common type, representing 4% of intussus-
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Figure 83.2 Contrast enema in a 23-month-old male demonstrating ileocolic intussusception (panel A) and
reduction of intussusception (panel B); plain radiograph demonstrates opacification of the terminal ileum
following procedure (arrow, panel C).

ceptions, is ileoileocolic. Approximately 40% of ileoileocolic
intussusceptions will have a pathologic lead point.1

The “classic” symptoms and signs of intussusception (vom-
iting, abdominal pain, red currant jelly stool and a palpable
abdominal mass) are frequently not all present in children
with intussusception.3 Reliance on “classic” symptoms alone
might therefore lead to a delay in diagnosis. Vomiting is fre-
quently the first symptom of intussusception, particularly in
infants under 4 months of age.4 Initially, the emesis consists
of gastric contents; if the diagnosis is delayed and intestinal
obstruction occurs, it may become bile-stained or even fecu-
lent. The “classic” abdominal pain associated with intussus-
ception is described as severe, intermittent, and cramping.4

Episodes may persist for 4–5 minutes, with a period of
10–20 minutes of relief. During episodes of pain, infants may
pull their knees up toward the abdomen, and may become
pale, sweaty and lethargic.4 Episodes of intermittent lethargy
have been named a “cardinal symptom” of intussusception.5

These episodes are typically associated with episodes of pal-
lor. Presentation with hypovolemic shock has been associated
with prolonged duration of symptoms and high mortality.4 In
fact, intussusception should be part of the differential diagno-
sis in infants presenting with altered mental status.

On physical examination, the abdomen may be distended
and tender, but usually the pain appears to be out of propor-
tion to the physical findings.2 There may be an elongated mass
in the right upper or lower quadrants. Any type of blood in
the stool may be caused by intussusception. Rectal examina-
tion may reveal either occult blood or bloody, foul-smelling
stool, classically described as “currant jelly.”2 However, frank
rectal bleeding is a late and unreliable sign; its absence should
not deter physicians from pursuing this diagnosis. A period of
observation for the recurrence of a painful episode may prove
helpful in equivocal cases.2

No laboratory test reliably rules in or rules out the diag-
nosis of intussusception. If the bowel has become ischemic or
necrotic, acidosis may be present. Initial radiographic studies
for patients with suspected intussusception might include plain



Abdominal pain and vomiting in a 23-month-old male 347

radiographs of the abdomen, although their use remains con-
troversial.1 Nevertheless, certain radiographic findings have
become almost pathognomonic for intussusception. These
include a soft-tissue mass in the right upper quadrant, the
meniscus sign (a crescent of gas within the colonic lumen
outlining the apex of the intussusception), and the target sign
(a soft-tissue mass outlined by a lucency of peritoneal fat).1

These findings are not common and, more importantly, an
infant with intussusception may have a normal radiograph.

The use of ultrasonography to diagnose intussusception
is noninvasive, avoids radiation exposure and is accurate in
experienced hands; unfortunately, interpretation and study
quality are operator-dependent.6 Findings on ultrasound are
distinct; on cross-section, a 3-cm to 5-cm diameter mass is
seen in the shape of a target or doughnut.1 Sonography has
also been shown effective in diagnosing pathologic lead points
and determining other causes of abdominal pain in children,
such as appendicitis, hernias, ovarian torsion and small bowel
volvulus.1

Barium contrast enema can be both diagnostic and ther-
apeutic and, until recently, has traditionally been the study
of choice.7 More recently, air or saline hydrostatic reductions
have become preferred. Infants with ileocolic intussuscep-
tion can be successfully managed by nonoperative reduction
in the vast majority of cases (85–90%).6 Enema reduction
with either hydrostatic barium contrast technique or pneu-
matic reduction with air under fluoroscopic or ultrasono-
graphic guidance should be attempted only in clinically sta-
ble, well-hydrated patients without evidence of peritonitis.6

The pediatric surgery team should be available to intervene
if the attempted reduction fails or perforation occurs; there-
fore, it is important to notify them once the diagnosis is enter-
tained, in advance of any contrast or hydrostatic study. The
recurrence rate of intussusception after successful reduction is
approximately 10%, with two-thirds occurring within the first
few days.6

KEY TEACHING POINTS

1. Intussusception is the most common etiology for bowel
obstruction in children less than 2 years of age, with the
peak incidence occurring between 5 months and 1 year of
age.

2. The “classic” symptoms and signs of intussusception (vom-
iting, abdominal pain, red currant jelly stool and a palpa-
ble, sausage-shaped abdominal mass) are frequently not all
present in children with intussusception.

3. Signs and symptoms of intussusception include intermit-
tent episodes of crampy, severe abdominal pain, vomiting,
intermittent lethargy and bloody stools.

4. Ultrasonography is noninvasive, avoids radiation exposure
and can be highly accurate in diagnosing intussusception.

5. Barium contrast or air enema is both diagnostic and thera-
peutic in cases of intussusception.
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Vomiting, diarrhea and seizure in a 3-year-old male

HISTORY OF PRESENT ILLNESS

A 3-year-old male came to the ED by ambulance after hav-
ing a generalized seizure lasting 30 seconds. The father woke
to a noise in his child’s room, and upon entering found the
child with his neck arched, eyes rolled back and both arms
shaking. The seizure lasted approximately 30 seconds, after
which the child was slow to arouse. Three days earlier, the
child developed a low-grade fever, crampy abdominal pain,
diarrhea and vomiting. He was seen one day previously by
his pediatrician, diagnosed with acute gastroenteritis and pre-
scribed Phenergan R© suppositories for the vomiting. The par-
ents denied recent travel or sick contacts. The patient’s immu-
nizations were current, and he was otherwise healthy. He had
neither a history of seizures nor any family history of the same.

PHYSICAL EXAMINATION

GENERAL APPEARANCE: The patient appeared dehydrated and
lethargic but arousable.

VITAL SIGNS

Temperature 97◦F (36.1◦C)
Pulse 117 beats/minute
Blood pressure 115/60 mmHg
Respirations 26 breaths/minute
Oxygen saturation 97% on room air

HEENT: Atraumatic, normocephalic, PERRL, EOMI, oro-
pharynx dry.

NECK: Supple, no meningeal signs.

CARDIOVASCULAR: Regular rate and rhythm without rubs,
murmurs or gallops.

LUNGS: Clear to auscultation bilaterally.

ABDOMEN: Soft, nontender, nondistended, hyperactive bowel
sounds.

EXTREMITIES: No clubbing, cyanosis or edema, capillary refill
approximately 3 sec.

Figure 84.1 Noncontrast CT of the brain from a 3-year-old male with
vomiting, diarrhea and seizure.

SKIN: Warm, good skin turgor.

NEUROLOGIC: Lethargic, arousable but minimally able to fol-
low commands, moving all extremities.

A bedside blood glucose was 112 mg/dL. A peripheral intra-
venous line was placed, and blood was drawn and sent for lab-
oratory testing. Lorazepam 0.05 mg/kg IV and ceftriaxone 50
mg/kg IV, followed by a 20 mL/kg normal saline IV bolus were
administered. A chest radiograph was normal, and noncon-
trast CT of the brain was obtained (Figure 84.1). The patient’s
laboratory tests revealed a leukocyte count of 21.8 K/μL (nor-
mal 5.0–15.5 K/μL), hematocrit of 26% (normal 34–40%) with
presence of schistocytes and platelet count of 98 K/μL (normal
140–400 K/μL). The creatinine was 6.6 mg/dL (normal 0.30–
0.70 mg/dL), BUN 119 mg/dL (normal 9–20 mg/dL), potas-
sium 5 mEq/L (normal 3.5–5.3 mEq/L), sodium 131 mEq/L
(normal 137–145 mEq/L), bicarbonate 15 mEq/L (normal 22–
30 mEq/L) and an anion gap 21 mEq/L (normal 5–16 mEq/L).

What is your diagnosis?
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ANSWER

The diagnosis is hemolytic uremic syndrome (HUS). The CT
of the brain was normal. The patient was started on dilantin
IV (loading dose 18 mg/kg) for seizures, continued on intra-
venous fluids and admitted to the Pediatric Intensive Care
Unit (PICU) for close monitoring of fluid and electrolyte
status. Rectal swabs for stool culture were obtained in the
ED, and returned one day later positive for E. coli O157:H7.
Hemodialysis was initiated in the PICU. The patient began to
produce urine two weeks following admission, at which time
hemodialysis was discontinued and he was discharged home.
His creatinine had nearly normalized (1.0 mg/dL) one week
following discharge.

Hemolytic uremic syndrome

Hemolytic uremic syndrome (HUS) is a disease primarily of
infancy and early childhood, generally occurring in children
1–10 years of age.1,2 It is caused primarily by Shiga toxin-
producing Escherichia coli O157:H7, and is characterized by
the triad of microangiopathic hemolytic anemia, thrombo-
cytopenia and acute renal failure.1,2 HUS occurs in 9–30% of
infected children about one week after an episode of bloody
diarrhea caused by E. coli O157:H7.3 The incubation period
for E. coli O157:H7 is usually three to four days; however, the
incubation also can range from just one day to eight days.2

Infections with other E. coli serotypes, Shigella dysenteriae
and (occasionally) other microbes may cause HUS in children
and adults. HUS occurs with an average annual incidence of
1–3 cases per 100,000 children, and a survival rate of nearly
95%.2 The use of antimotility drugs may increase the risk of
developing HUS, as the gut is exposed to a greater number of
toxins for a longer period due to slowed intestinal motility.1,2

HUS and thrombotic thrombocytopenic purpura (TTP)
represent different ends of what is probably the same dis-
ease continuum.1 In TTP, systemic microvascular aggregation
of platelets causes ischemia in the brain and other organs. In
the HUS, platelet-fibrin thrombi predominantly occlude the
renal circulation.3 However, nonrenal complications of HUS
should be anticipated; neurologic complications are the most
ominous and are important determinants of morbidity and
mortality.4 Irritability, lethargy and confusion could be caused
by fatigue, cerebral microvascular thrombi, cerebral hypoxia,
or the direct neuronal effects of Shiga toxin; stroke (throm-
botic or hemorrhagic), seizures and coma occur in about 10%
of patients.4 Cranial imaging should be used to assess neuro-
logic complications.

Typically, E. coli O157:H7 infections cause one to three
days of nonbloody diarrhea, after which the diarrhea becomes
bloody.4 Bloody diarrhea, which occurs in about 90% of cases,
is generally the sign that prompts patients or their families to
seek medical attention. Most patients with E. coli O157:H7
are afebrile when investigated in a medical setting, even
though about half of all infected patients report fever before
assessment.4 Leukocytes are found in only half of examined

fecal samples, and are rarely described as abundant if present.
Normal testing for stool cultures does not reveal E. coli
O157:H7; the physician must specifically request this analysis.1

Abdominal pain is greater than is generally seen in other
forms of bacterial gastroenteritis (physicians commonly note
abdominal tenderness during their examination), and defeca-
tion tends to be painful.4 About half of the patients will have
nausea and vomiting.5 Infection with E. coli O157:H7 must be
immediately reported to local public health officials.2,4

HUS cannot be diagnosed without evidence of hemolytic
anemia.1,2 Hematologic findings include destruction and
fragmentation of erythrocytes that result in microangiopathic
hemolytic anemia. A mean hemoglobin concentration of 6 g/dL
is common, and often requires red blood cell transfusion.2

Ninety-two percent of patients with HUS develop thrombo-
cytopenia, which results from entrapment of platelets in
organs.1,2 Acute renal failure results when microthrombi are
deposited in kidney parenchyma. This manifests in the form
of hypertension associated with oliguria and anuria, which
are early signs of acute renal failure. Prothrombin time (PT),
activated partial thromboplastin time (aPTT), fibrinogen and
a disseminated intravascular coagulation (DIC) panel are
generally within the reference ranges.1

HUS is typically a self-limiting disease with spontaneous
recovery, although close monitoring and treatment of symp-
toms are essential.2 Because HUS has a wide spectrum of pre-
sentation, supportive therapy and close monitoring of fluid
and electrolyte status are crucial for a good outcome. Strict
fluid monitoring is important in detecting early renal failure;
if it develops, it should be handled aggressively with peri-
toneal or hemodialysis. Hypertension is treated with anti-
hypertensives. Antibiotics are ineffective except for certain
cases caused by Shigella dysenteriae.1 In fact, antibiotic ther-
apy may increase the risk of developing HUS in children
with E. coli O157:H7 colitis. Platelet transfusion is not rec-
ommended because it could exacerbate the thrombotic pro-
cess; however, risks and benefits should be considered when
platelet transfusion is necessary (e.g., invasive vascular proce-
dures, active bleeding).2

Plasma infusion or exchange has been tried as treat-
ment for HUS with equivocal results.3 Other modalities, such
as antithrombotic agents, steroids and Shiga toxin-binding
agents have proved ineffective and remain controversial.2

Infection-induced HUS presenting with a diarrheal prodrome
has a good prognosis; the average length of hospitalization in
children is 11 days, with a range of 1 to 388 days.6 Predictors
of the severity of HUS include elevated peripheral leukocyte
count, a severe gastrointestinal prodrome, anuria early in the
course of the illness and an age under 2 years.5 Currently, the
mortality rate for all patients with HUS is less than 10%.2

KEY TEACHING POINTS

1. Hemolytic uremic syndrome (HUS), a disease primarily of
infancy and early childhood, is characterized by the triad
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of microangiopathic hemolytic anemia, thrombocytopenia
and acute renal failure.

2. The most common cause of HUS is a toxin produced by
Escherichia coli serotype O157:H7, transmitted by contam-
inated food, such as undercooked ground beef and other
cattle products and unpasteurized dairy products.

3. HUS is primarily a clinical diagnosis coupled with con-
sistent laboratory findings, including a microangiopathic
hemolytic anemia (hemoglobin typically less than 8 g/dL
and presence of schistocytes on peripheral smear), throm-
bocytopenia that is mild to moderate in severity, and
marked elevations in BUN and creatinine.

4. Emergency care should focus on supportive management,
treatment of blood pressure elevation, blood transfusions
and admission to the hospital with arrangement for prompt
dialysis.

5. Antibiotics should be avoided in children with bloody diar-
rhea if suspicion for infection with E. coli O157:H7 exists,
as they may increase the risk of developing HUS.

6. Infection with E. coli O157:H7 (and HUS) must be imme-
diately reported to local public health officials.
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Left arm and leg weakness in a 6-year-old female

HISTORY OF PRESENT ILLNESS

A 6-year-old female with no significant medical history pre-
sented to the ED with one day of weakness and inability to
move her left arm. She denied trauma to the arm, pain or
numbness. On examination, her left arm was completely flac-
cid (strength 0/5) with intact sensation and a normal radial
pulse. Radiographs of the left arm and a noncontrast CT of the
brain were obtained. Both tests were normal, and the patient
was admitted to the pediatric service. On hospital day #2 an
MRI of the neck was obtained, which was normal. By this
time, the patient had regained most of the strength in her
left arm, and was discharged home with the diagnosis of left
brachial plexitis.

Eight days following discharge, the patient again presented
to the ED, now with the chief complaint of left leg weakness,
as well as worsening weakness in her left arm. She was having
difficulty walking secondary to the leg weakness. She denied
pain or numbness to the arm, and her parents denied recent
trauma, fevers, illnesses, travel or sick contacts.

PHYSICAL EXAMINATION

GENERAL APPEARANCE: The patient appeared well nourished,
well hydrated, nontoxic and in no acute discomfort.

VITAL SIGNS

Temperature 98.2◦F (36.8◦C)
Pulse 95 beats/minute
Blood pressure 100/60 mmHg
Respirations 20 breaths/minute
Oxygen saturation 100% on room air

HEENT: PERRL, EOMI, oropharynx pink and moist.

NECK: Supple, no midline tenderness, no meningeal signs.

CARDIOVASCULAR: Regular rate and rhythm without rubs,
murmurs or gallops.

A B

Figure 85.1 Coronal views of MRI of the brain (FLAIR image, panel
A; T2-weighted image, panel B) from a 6-year-old female with left
arm and leg weakness.

LUNGS: Clear to auscultation bilaterally.

ABDOMEN: Soft, nontender, nondistended.

EXTREMITIES: No clubbing, cyanosis or edema; strong and
equal peripheral pulses, upper and lower extremities.

NEUROLOGIC: Alert and oriented to person, place and time;
cranial nerves II–XII grossly intact. Right upper and lower
extremity strength 5/5 proximal and distal, left upper extrem-
ity strength 3/5, left lower extremity strength 2/5. Bilateral
knee, ankle and biceps reflexes 2+. Patient could ambulate
but with a slow, wide-based gait.

A peripheral intravenous line was placed, blood was drawn
and sent for laboratory testing, and MRI of the brain was
obtained (Figure 85.1). Laboratory tests, including a complete
blood count, electrolytes, creatinine, glucose and INR, were
within normal limits.

What is your diagnosis?
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ANSWER

The diagnosis is Moyamoya disease (MMD). The MRI images
(Figure 85.1) demonstrate extensive hypoxic/ischemic insult
involving the right frontal, parietal and occipital cerebral cor-
tices (bright signal intensities). The patient underwent mag-
netic resonance angiogram (MRA) of the brain (Figure 85.2),
which demonstrated occlusion of the supraclinoid portion of
the right internal carotid artery with Moyamoya-associated
collaterals. The patient was transferred to the pediatric neu-
rosurgical service, where she underwent a nuclear single
photon emission computed tomography (SPECT) perfusion
study (Figure 85.3). This demonstrated moderate to severe
reversible ischemia and decreased cerebrovascular reserve
involving the majority of her right cerebral hemisphere.
The patient’s weakness improved during hospitalization. A
cerebral angiogram was performed that confirmed extensive
Moyamoya-like changes in the right anterior circulation with
occlusion of the supraclinoid internal carotid artery (Figure
85.4). She underwent an encephaloduroarteriosynangiosis
(EDAS) for external revascularization of the right cerebral
circulation, with a complete and uneventful recovery.

Moyamoya disease

Moyamoya disease is a cerebrovascular disorder that features
a narrowing or stenosis of the cerebral circulation, starting at
the distal internal carotid artery and involving proximal por-
tions of the anterior and middle cerebral arteries.1 The term
moyamoya means a “wavering puff of smoke,” and is used
to describe the abnormal collateral vasculature present at the
base of the brain in patients with this disease. MMD is char-
acterized by progressive intracranial vascular obliterations of
the circle of Willis, resulting in successive ischemic or hemor-
rhagic events.2 It is an extremely rare disorder in most parts
of the world (except Japan and Korea), and tends to affect
children as well as adults in their third or fourth decades.

The etiology of MMD is unknown, although a number
of factors have been postulated to play a role (e.g., fibroblast
growth factor, transforming growth factor beta-1, prostaglan-
dins, Epstein-Barr virus infection, hypercoagulable states).1 A

A B

Figure 85.2 MRA of the brain demonstrating occlusion of the supra-
clinoid portion of the right internal carotid artery (arrow, panel A)
and Moyamoya-associated collaterals (arrow, panel B).

Figure 85.3 Nuclear SPECT perfusion study from a 6-year-old female
with Moyamoya disease, demonstrating moderate to severe reversible
ischemia and decreased cerebrovascular reserve involving the major-
ity of the right cerebral hemisphere (white arrows).

genetic predisposition exists in endemic areas, with a famil-
ial predilection in about 10% of cases.3 There are two age
peaks for disease presentation: between 6–15 years of age
and around the fourth decade, with a higher incidence among

Figure 85.4 Cerebral angiogram of the right internal carotid artery
demonstrating occlusion of the supraclinoid internal carotid artery
(white arrow) and Moyamoya-associated collateral vessels (dark
arrow).
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females in all age groups affected.3 Progressive vascular steno-
sis causes cerebral hypoperfusion and a reduced hemody-
namic reserve. Children usually present with cerebral ischemic
events, causing transient (or less often, permanent) motor,
sensory, cognitive-behavioral deficits, endocrine dysfunction,
incontinence, migraine-like symptoms and seizures.3,4 In
adults, ischemic events usually manifest as an infarction rather
than a transient ischemic attack (TIA). Hemorrhagic stroke
related to MMD is more frequent in adults than in children.4

Traditionally, cerebral angiography has been used to diag-
nose MMD. MRA is being used more frequently to confirm
the diagnosis because of its excellent accuracy and nonin-
vasive nature, especially in children.1 Moyamoya vessels are
visualized as multiple small, round or tortuous low-intensity
areas extending from the suprasellar cisterns to the basal gan-
glia. Occlusive changes in the distal internal carotid, anterior
cerebral and middle cerebral arteries, as well as ischemic cere-
bral lesions and collateral vessels, can also be visualized using
MRI.1

Surgical options exist for the treatment of MMD and are
generally recommended in symptomatic patients.1 The treat-
ment goal is to improve blood flow to hypoperfused cerebral
regions by neurosurgery. EDAS, also known as pial synan-
giosis, has shown excellent postoperative results in the surgi-
cal treatment of MMD.5 This procedure involves sewing the
superficial temporal artery to the inside edge of the dura such
that it remains in contact with the exposed cortex. Over time,
angiogenesis results in the formation of small arteries to the
brain.5 Several studies have demonstrated 100% revascular-
ization of the brain using this technique in pediatric patients,
with excellent neurologic short-term outcomes.5–8

KEY TEACHING POINTS

1. Moyamoya disease (MMD) is characterized by progressive
intracranial vascular obliterations of the circle of Willis,
resulting in recurrent and progressive ischemic or hemor-
rhagic events.

2. Children with MMD usually present with cerebral ischemic
events, causing transient (or less often, permanent) motor,
sensory, cognitive-behavioral deficits, endocrine dysfunc-
tion, incontinence, migraine-like symptoms and seizures.

3. MRA is the imaging test of choice for diagnosing MMD,
as it can visualize occlusive changes in the distal internal
carotid, anterior and middle cerebral arteries, as well as
ischemic cerebral lesions and collateral vessels.

4. Surgical treatment of MMD (e.g., EDAS) is generally rec-
ommended in symptomatic patients, and has shown excel-
lent revascularization and improved neurologic outcomes,
particularly in pediatric populations.
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Chest pain in a 9-year-old female

HISTORY OF PRESENT ILLNESS

A 9-year-old female with a medical history significant for con-
genital, progressive sensorineural hearing loss presented to
the ED complaining of chest pain that woke her from sleep.
She denied shortness of breath but reported nausea and a
mild headache related to her chest pain. Her chest pain was
located on the left lower chest, was not pleuritic and (accord-
ing to the mother) was reproducible by pressing on the left
chest. The patient was recently diagnosed with a left knee
sprain after twisting her knee; she was seen four days pre-
viously in the ED with normal knee radiographs and given
crutches. She returned to the ED two days later after noting
significant swelling to her knee and left leg. The patient was
diagnosed with nonspecific leg swelling, instructed to continue
conservative management of her injury, and was referred to
the orthopedics clinic. The patient had recently visited rela-
tives in Pennsylvania, where a cousin had been diagnosed with
Lyme disease. The patient denied any rashes.

PHYSICAL EXAMINATION

GENERAL APPEARANCE: The patient appeared awake and alert,
and in no acute discomfort.

VITAL SIGNS

Temperature 98◦F (36.6◦C)
Pulse 46 beats/minute
Blood pressure 110/60 mmHg
Respirations 20 breaths/minute
Oxygen saturation 99% on room air

Figure 86.1 Rhythm strip from a 9-year-old female with chest pain.

HEENT: Unremarkable.

NECK: Supple, no jugular venous distension.

CARDIOVASCULAR: Bradycardic rate, regular rhythm without
rubs, murmurs or gallops.

LUNGS: Clear to auscultation bilaterally.

ABDOMEN: Soft, nontender, nondistended.

LEFT KNEE: Moderate swelling anteriorly, no warmth or ery-
thema; tenderness to medial aspect of knee with full range of
motion; patient was weight-bearing on left knee.

EXTREMITIES: No clubbing, cyanosis or edema.

NEUROLOGIC: Nonfocal.

SKIN: No rashes.

The patient was placed on the cardiac monitor, a peripheral
intravenous line was placed, and blood was drawn and sent for
laboratory testing. A rhythm strip (Figure 86.1) and a 12-lead
ECG (Figure 86.2) were obtained. Laboratory tests, includ-
ing a complete blood count, electrolytes, creatinine, glucose,
troponin-I and D-dimer, were all within normal limits. A chest
radiograph was normal.

What is your diagnosis?
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Figure 86.2 12-lead ECG from a 9-year-old female with chest pain.
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ANSWER

The diagnosis is third-degree atrioventricular (AV) block
(complete heart block) secondary to Lyme carditis. The initial
rhythm strip and 12-lead ECG demonstrate a third-degree AV
block. A repeat ECG was obtained four hours after the initial
ECG (Figure 86.3) that demonstrated sinus bradycardia with
first-degree AV block and the presence of blocked premature
atrial contractions (partially buried in the T waves). Pediatric
cardiology was consulted and recommended to set the patient
up for an outpatient Holter monitor as well as close follow
up with her pediatrician and pediatric cardiology. At the time
of discharge (approximately eight hours after presentation), a
third ECG (Figure 86.4) demonstrated only first-degree AV
block.

The patient was referred to the pediatric infectious disease
specialist by her pediatrician. During that clinic visit (approx-
imately six days following her initial ED visit), she was found
to be in third-degree AV block (Figure 86.5) without symp-
toms. The presumptive diagnosis of Lyme carditis was made
based on her travel history (she spent the summer in Penn-
sylvania with a relative diagnosed with Lyme disease), her
recent history of arthralgias and the intermittent high-grade
AV blocks. The patient was admitted to the Pediatric Inten-
sive Care Unit (PICU) for monitoring and PICC line place-
ment to begin daily intravenous ceftriaxone administration
(1 gm IV daily for 28 days). The patient was seen by the pedi-
atric cardiologist at this time, who agreed with the diagnosis
of Lyme carditis. An initial Lyme screen by enzyme-linked

Figure 86.3 Second ECG obtained four hours after ED presentation of a 9-year-old female with chest pain
demonstrating sinus bradycardia with first-degree AV block and the presence of blocked premature atrial
contractions.

immunosorbent assay (ELISA) returned positive, which was
confirmed by western blot technique.

Third-degree heart block and Lyme carditis

Complete heart block (also referred to as third-degree heart
block) may be an isolated anomaly. It may be congenital,
associated with structural lesions such as in L-transposition
of the great arteries or maternal connective tissue disorders.1

Acquired heart block may result from cardiac surgery, espe-
cially when there is suturing in the atrium. This effect can be
either transient, generally resolving within eight days post-
operatively, or permanent. Other causes include myocardi-
tis, Lyme disease, rheumatic fever, diphtheria or inflamma-
tory disorders such as Kawasaki disease and systemic lupus
erythematosus.1 Complete heart block has also been associ-
ated with myocardial infarction, cardiac tumors, muscular dys-
trophies, hypocalcemia and drug overdoses.

Lyme disease is the most commonly reported vector-born
disease in the United States.2 Lyme borreliosis is a multi-
organ infection caused by the spirochete Borrelia burgdor-
feri, which is transmitted by ticks of the species Ixodes.3

Although Lyme disease has been reported in 49 states and
the District of Columbia, 92% of cases have been reported
to occur in only 10 states (Massachusetts, Rhode Island, Con-
necticut, Delaware, Pennsylvania, Maryland, New York, New
Jersey, Wisconsin and Minnesota).2 Late extracutaneous man-
ifestations of Lyme borreliosis are characterized by carditis,
neuroborreliosis and arthritis. Carditis due to B. burgdorferi
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Figure 86.4 Third ECG obtained eight hours after initial presentation of a 9-year-old female with chest pain
demonstrating first-degree AV block.

typically occurs weeks to months after infection (commonly
between June and December), and is usually manifested by
atrioventricular block.2,3 The patient may not recall either the
rash or the tick bite. Complete heart block has been reported
as the sole manifestation of Lyme carditis.2

Autopsy and biopsy specimens demonstrate that cardiac
Lyme disease can affect all layers of the heart. The histology
of Lyme carditis shows a transmural, inflammatory infiltrate.2

In hyperacute disease, small inflammatory nodules composed
primarily of neutrophils and macrophages have been seen.

Figure 86.5 12-lead ECG obtained on return visit to pediatric infectious disease specialist six days following
initial ED visit demonstrating third-degree AV block.
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Later, lymphoid cells infiltrate the endocardium, creating a
characteristic band- or plaque-like pattern. Isolated myocyte
necrosis and evolution to endocardial fibrosis can be seen.2

Patients with Lyme carditis most commonly present with
fluctuating degrees of AV block, but occasionally present
with acute myopericarditis or mild left ventricular dysfunc-
tion. Rarely, cardiomegaly or fatal pancarditis occurs.4 Com-
mon complaints are lightheadedness, syncope, dyspnea and
palpitations.2 The level of AV block varies and fluctuates;
the symptoms may be intermittent. As the block rarely
lasts longer than a week, a temporary pacemaker is rarely
required.5

In the United States, the diagnosis of Lyme disease is usu-
ally based on the recognition of characteristic clinical find-
ings, a history of exposure in an endemic area and, except in
patients with erythema migrans, an antibody response to B.
burgdorferi by ELISA and western blotting.4 The most com-
mon test is an ELISA assay to detect serum antibodies (IgM
and IgG) to B. burgdorferi. IgM and IgG antibodies to outer-
surface protein A, B or C can also be measured by western
blot immunoblot assays, which are generally more sensitive
and specific than ELISA assays. However, only one-third of
patients with a single erythema migrans lesion have detectable
antibodies to B. burgdorferi during the first six to eight weeks
after transmission of the spirochete. Moreover, if the dis-
ease is treated appropriately, antibodies develop in only a
few patients.6 By the time carditis, arthritis and neurobor-
reliosis develop, most patients have positive serologic tests.
More specific tests can be performed on tissue samples from
affected organs. In cases of Lyme disease with cardiac involve-
ment, biopsy and autopsy specimens of the myocardium show
changes that are characteristic of myocarditis.6 In addition,
B. burgdorferi organisms have been isolated from endomyo-
cardial biopsy samples of patients with chronic dilated car-
diomyopathy.3

Common antibiotic regimens for the treatment of Lyme
carditis include amoxicillin (500 mg orally three or four times
daily for 30 days), doxycycline (100 mg orally twice daily for
30 days), and ceftriaxone (2 g intravenously daily for two to
four weeks).2 Patients with minor cardiac involvement (i.e.,
first-degree AV block with P-R interval less than or equal to
0.3 seconds) and no other symptoms should receive antibi-
otic therapy with doxycycline, tetracycline or amoxicillin as
for early disease. Patients with more severe conduction sys-
tem disease (such as P-R interval greater than 0.3 seconds,
second- or third-degree AV block, or clinical evidence of con-
gestive heart failure) should be hospitalized because of the
increased risk of complete heart block or asystole.2 These

patients should be given intravenous ceftriaxone or high-dose
penicillin G. Temporary pacing may be necessary for patients
with high-grade or symptomatic heart block; the indications
for pacing are the same as in other causes of heart block. Com-
plete heart block generally resolves within one week; lesser
conduction disturbances typically resolve within six weeks.2

The overall prognosis of Lyme carditis is very good, although
recovery may be delayed and late complications such as di-
lated cardiomyopathy may occur.7

KEY TEACHING POINTS

1. Causes of third-degree heart block in children include con-
genital anomalies, cardiac surgery, infectious etiologies
(such as Lyme carditis), inflammatory disorders, myocar-
dial infarction, cardiac tumors, muscular dystrophies,
hypocalcemia and drug overdoses.

2. Lyme carditis typically develops weeks to months follow-
ing infection with B. burgdorferi, and usually manifests
with various degrees of AV block.

3. By the time carditis, arthritis and neuroborreliosis develop,
most patients have positive serologic tests for antibodies to
B. burgdorferi.

4. Treatment for patients with Lyme carditis presenting with
second- or third-degree AV block or P-R interval greater
than 0.3 seconds is intravenous antibiotics (ceftriaxone or
penicillin G) and telemetry monitoring.

5. Complete heart block in patients with Lyme carditis gener-
ally resolves within one week.
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Headache and vomiting in a 12-year-old female

HISTORY OF PRESENT ILLNESS

A 12-year-old female with no significant medical history was
brought to the ED by her parents after experiencing the sud-
den onset of a severe headache that began earlier that day at
school. The patient described the pain as a throbbing, severe
pain rated at a level of 10 (on a scale of 0 to 10), localized to the
forehead. She had experienced several episodes of vomiting,
as well as dizziness and difficulty walking. She also reported
sensitivity to light and neck stiffness, but denied focal weak-
ness or numbness, visual or hearing changes.

PHYSICAL EXAMINATION

GENERAL APPEARANCE: The patient appeared well developed,
well nourished and in moderate discomfort.

VITAL SIGNS

Temperature 98.6◦F (37◦C)
Pulse 95 beats/minute
Blood pressure 130/90 mmHg
Respirations 22 breaths/minute
Oxygen saturation 99% on room air

HEENT: PERRL, EOMI, no nystagmus, mild photophobia
present.

NECK: Supple, no meningeal signs.

CARDIOVASCULAR: Regular rate and rhythm without rubs,
murmurs or gallops.

LUNGS: Clear to auscultation bilaterally.

ABDOMEN: Soft, nontender, nondistended.

Figure 87.1 Noncontrast CT of the brain from a 12-year-old female
with the sudden onset of a frontal headache, vomiting, dizziness and
difficulty walking.

EXTREMITIES: No clubbing, cyanosis or edema.

NEUROLOGIC: Alert and oriented to person, place and time;
cranial nerves II–XII grossly intact; left upper and lower ex-
tremity strength 5/5, right upper and lower extremity strength
4/5, pronator drift present in the right upper extremity; sensa-
tion grossly intact.

A peripheral intravenous line was placed, and blood was
drawn and sent for laboratory testing. Morphine sulfate as
well as Phenergan R© IV were administered for pain and nau-
sea, respectively. Laboratory tests, including a complete blood
count, electrolytes, BUN, creatinine and glucose, were within
normal limits. A noncontrast CT of the brain was obtained
(Figure 87.1).

What is your diagnosis?

363
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ANSWER

The diagnosis is intracerebral hemorrhage (ICH) secondary
to an arteriovenous malformation of the brain. The noncon-
trast cranial CT (Figure 87.1) demonstrates a left frontal ICH
with diffuse calcifications, edema and mass effect, with dis-
placement of the anterior falx toward the right by 7 mm.
Careful assessment of the patients ABCs was undertaken
(patient was awake, breathing and protecting her airway). Her
head was kept elevated at 45◦, and she was given mannitol
to decrease intracranial pressure (ICP) in consultation with
the pediatric neurosurgeon, as well as phenytoin for seizure
prophylaxis. Intravenous fluids were held to a minimum, and

Figure 87.2 MRI of the brain from a 12-year-old female with the sud-
den onset of a headache, vomiting, dizziness and difficulty walking,
demonstrating intracerebral hematoma in the left frontal lobe (arrow).

Figure 87.3 Cerebral angiogram from a 12-year-old female with a left frontal intraparenchymal hemorrhage,
demonstrating a left frontal AVM (arrows).

the blood pressure was carefully monitored. The patient was
transferred to the pediatric neurosurgical service for further
evaluation and treatment. She subsequently underwent an
MRI/MRA of the brain (Figure 87.2), which demonstrated
the ICH in the left frontal lobe with the presence of mild het-
erogeneous enhancement of multiple tubular structures within
the parenchymal hematoma, consistent with an arteriovenous
malformation (AVM).

Cerebral angiography was performed, which demonstrated
a complex AVM in the left frontal lobe (Figure 87.3). The
patient’s clinical condition improved, and a repeat CT scan
performed several days later demonstrated minimal resolu-
tion in the edema and hematoma. The patient was discharged
home with precautions given to the parents to seek immediate
medical attention if symptoms recurred, as well as instructions
to avoid strenuous activity. A repeat CT scan was performed
as an outpatient four weeks later, which demonstrated near
complete resolution of the hematoma. Seven months follow-
ing the initial presentation for her ICH, the patient underwent
gamma knife radiation resection of her AVM.

Pediatric hemorrhagic stroke

Intracerebral hemorrhage (ICH) may occur in the subarach-
noid space, or may be primarily located in the parenchyma
of the brain.1 Subarachnoid bleeding is generally character-
ized by severe headache, nuchal rigidity and progressive loss
of consciousness. Intracerebral bleeding is more often char-
acterized by focal neurologic signs and seizures. ICH is more
common in premature infants than older children.1

Pediatric stroke is caused by heterogeneous diseases; no
specific cause can be determined in approximately one-third
to one-half of the children affected.2 The predominant risk
factors for stroke in children are congenital heart disease, pro-
thrombic and metabolic disorders, vascular abnormalities, and
infections.2 Hemorrhagic stroke accounts for approximately
half of strokes in childhood.3 Intraparenchymal hemorrhage is
the most common type of hemorrhagic stroke. Retrospective
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studies suggest that intraparenchymal hemorrhage in child-
hood is most often the result of AVM, hypertension, hemato-
logic abnormality or brain tumor.3,4 Other etiologies include
cavernous hemangioma, vasculopathy, vasculitis, cerebral and
systemic infections, and (rarely) illicit drug use.3 In children,
AVMs are 10 times more frequent than saccular aneurysms.5

The overall mortality from hemorrhagic stroke is approxi-
mately 25% in children; significant disability is present in 42%
of those who survive.3

AVMs result from failure of normal capillary bed devel-
opment between arteries and veins during embryogenesis.1

AVMs produce abnormal shunting of blood, which causes
an expansion of vessels resulting in space-occupying effect or
rupture of a vein and intracerebral bleeding. AVMs are typi-
cally located in the cerebral hemispheres, but may be situated
in the cerebellum, brainstem or spinal cord.1 Although the
AVM may remain asymptomatic throughout life, rupture and
bleeding can occur at any age. Children with AVMs frequently
have a history of seizures and migraine-like headaches. Typ-
ical migraine headache pain alternates from one side of the
head to the other, whereas headaches associated with an
AVM classically occur on the same side.1 A contrast CT scan,
or MRI with gadolinium followed by an MRA, are useful for
identifying large AVMs; however, four-vessel cerebral angio-
graphy is the study of choice for investigating most AVMs and
cerebral aneurysms.1

Unenhanced CT is considered the initial imaging study of
choice in children with suspected ICH because it is rapid,
widely available and clearly distinguishes hemorrhagic from
ischemic stroke.3 MRI sequences such as susceptibility-
weighted images clearly identify hemorrhage, but are not uni-
versally available and require experience and training to cor-
rectly identify the hemorrhage.3 Once an ICH is identified, the
pediatric neurosurgical service should be consulted and cere-
bral angiography performed to identify the source of bleeding
(e.g., AVM, cerebral aneurysm).

Medical management guidelines do not currently exist for
pediatric patients with spontaneous intraparenchymal hemor-
rhage, but most guidelines for adults from the American Heart
Association are applicable to children.6 Fluid management to
maintain euvolemia and maintenance of body temperature
at normal levels with acetaminophen and cooling blankets
are recommended.3,6 Careful monitoring for and treatment
of hydrocephalus is essential. Perihematomal edema is typical
with intraparenchymal hemorrhage, and osmotherapy (e.g.,
mannitol) is recommended to treat elevated intracranial pres-
sure. Corticosteroids are not recommended because random-
ized trials in adults with intraparenchymal hemorrhage have
failed to demonstrate efficacy.3 Additionally, hyperglycemia
in this setting has been demonstrated to be detrimental.3

Treatment of children with intraparenchymal hemorrhage
has primarily been guided by extrapolation from the adult
literature.3 Treatment of brain AVMs depend on their size,

venous drainage pattern and location. In general, small, super-
ficial AVMs are microsurgically resected. Embolization may
facilitate microsurgery or radiosurgery of larger AVMs in crit-
ical areas by reducing the size of the AVM; rarely, it may
obliterate the AVM entirely.3 Radiosurgery typically results
in involution of an AVM over three to five years to achieve
angiographic obliteration. A particular form of radiotherapy
known as gamma knife surgery has recently been shown effec-
tive for the treatment of intracranial AVMs in children, yield-
ing high obliteration and low complication rates.7

KEY TEACHING POINTS

1. Intraparenchymal hemorrhage is the most common type of
hemorrhagic stroke in children, most often the result of an
arteriovenous malformation (AVM).

2. Intracerebral bleeding is generally characterized by head-
ache, nausea and vomiting, focal neurologic signs and
seizures.

3. Unenhanced CT is considered to be the initial imaging
study of choice in children with suspected ICH.

4. Immediate treatment of children with ICH includes assess-
ment and stabilization of the airway, breathing and circu-
lation, maintenance of euvolemia, use of osmotic agents to
control elevated ICP, seizure prophylaxis, and tight temp-
erature and glycemic control.

5. Children diagnosed with a spontaneous ICH should under-
go urgent neurosurgical consultation and cerebral angio-
graphy to identify the source of bleeding.
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Back pain and fever in a 24-year-old male

HISTORY OF PRESENT ILLNESS

A 24-year-old male with no significant medical history pre-
sented to the ED by ambulance complaining of several days
of mid-lower back pain. The patient reported that the pain
started gradually and had worsened over the past several
days, to the point were he could not bear weight. He denied
leg weakness or numbness, problems with bowel or blad-
der function, abdominal pain, dysuria or hematuria. He sim-
ilarly denied any recent trauma, heavy lifting or previous back
injuries. He had developed tactile fevers and chills over the
past 24 hours. The patient denied intravenous drug use, alco-
hol, a history of diabetes and had no HIV risk factors.

PHYSICAL EXAMINATION

GENERAL APPEARANCE: The patient was an obese male lying
supine on the gurney in moderate discomfort.

VITAL SIGNS

Temperature 101.6◦F (38.7◦C)
Pulse 100 beats/minute
Blood pressure 135/85 mmHg
Respirations 20 breaths/minute
Oxygen saturation 99% on room air

HEENT: Unremarkable.

NECK: Supple, no meningeal signs, no midline tenderness.

CARDIOVASCULAR: Tachycardic rate, regular rhythm without
rubs, murmurs or gallops.

LUNGS: Clear to auscultation bilaterally.

ABDOMEN: Soft, nontender, nondistended.

RECTAL: Normal tone, no perianal anesthesia; brown stool,
hemoccult negative.

BACK: Left paraspinous tenderness in the lumbar region with
the presence of midline tenderness over the lumbar spinous
processes. No thoracic spine tenderness. Lower back pain
exacerbated by movement.

EXTREMITIES: No clubbing, cyanosis or edema.

NEUROLOGIC: Alert and oriented to person, place and time;
cranial nerves II–XII grossly intact; upper and lower extremity
strength 5/5 bilaterally, proximal and distal; sensation grossly
intact. Patellar reflexes were brisk bilaterally. The patient was
unable to ambulate secondary to low back pain.

A peripheral intravenous line was placed, blood was drawn
and sent for laboratory testing and cultures, and Dilaudid R©

was administered for pain as well as acetaminophen for fever.
Laboratory results were significant for a leukocyte count
of 12.5 K/μL (normal 3.5–12.5 K/μL) with 94% neutrophils
(normal 50–70%) and C-reactive protein (CRP) of 3.5 mg/L
(normal less than 0.9 mg/L); the erythrocyte sedimentation
rate (ESR), electrolytes, BUN, creatinine and liver function
tests were all within normal limits. A urinalysis was negative
for blood or infection.

The patient continued to experience significant pain
despite multiple repeat doses of intravenous Dilaudid R©, and
his temperature rose to 102.5◦F (39.2◦C). A noncontrast CT
of the abdomen and pelvis did not reveal evidence of renal
or ureteral calculi, hydronephrosis, or abnormal fluid col-
lections in the abdomen or retroperitoneum. The patient
was given empiric antibiotics intravenously (vancomycin and
piperacillin/tazobactam), and the medicine service was con-
sulted for admission and further evaluation.

What is your diagnosis?
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ANSWER

The diagnosis is vertebral osteomyelitis. MRI of the lumbo-
sacral spine was obtained, which demonstrated mild increase
in T2-weighted signal and enhancement of the L4 and L5 ver-
tebral bodies, without significant disc enhancement (Figure
88.1). The patient’s blood cultures subsequently grew out Ser-
ratia marcescens, and the patient’s antibiotics were changed to
ciprofloxacin and meropenem upon recommendation of the
infectious disease specialist. The patient’s symptoms contin-
ued to improve during hospitalization, and he was discharged
home on hospital day #10, at which time he remained afebrile
and was able to ambulate with minimal pain. A PICC line was
placed prior to discharge, and the patient continued a three-
week course of intravenous ertapenem and oral ciprofloxacin
as an outpatient.

Vertebral osteomyelitis

Vertebral osteomyelitis is defined as the inflammation of
a vertebral body due to a pyogenic organism.1 Bacterial
osteomyelitis is the most common type of spinal vertebral
infection.2 It is notoriously difficult to diagnose early because
of its insidious nature and lack of localizing symptoms and
signs. Frequently, the infection spreads to the adjacent disc
space, resulting in spondylodiscitis.1 The vertebral body is the
most common site of bacterial seeding, with the posterior ele-
ments (such as lamina or facet joints) rarely involved.2 The
lumbar spine is involved most frequently, followed by the tho-
racic and cervical spinal regions.

Hematogenous bacterial dissemination is the most com-
mon mechanism for vertebral osteomyelitis.2 Staphylococcal
species are the major infectious organisms, although mycobac-
terial organisms are also common in some populations.3 Com-
pared with younger hosts, elderly patients are more likely to
be infected with Gram-negative organisms (particularly uri-
nary tract organisms) and to have had recent surgery.3 Some
well-known predisposing factors of vertebral osteomyelitis are
male gender, diabetes mellitus, immunocompromised state,
sickle cell anemia, hemodialysis, spinal instrumentation and
intravenous drug use.2

Most patients who have vertebral osteomyelitis present
with back pain, which typically develops in an indolent fash-
ion over a period of weeks to months.1 Nocturnal pain, symp-
toms of malaise, generalized fatigue and depressed appetite
are commonly seen with fever.2 Neurologic symptoms are not
seen until later stages, when infection extends directly into the
epidural space and an epidural abscess begins to compress
adjacent neural tissue. Physical examination usually reveals
tenderness to percussion of the spinous process of the involved
vertebral body. Nearly all patients report localized pain and
tenderness of the involved bone segments.4 Fever and periph-
eral leukocytosis are present in approximately half of patients,
and ESR is usually elevated. Following the ESR provides a
prognostic guide during treatment.4 The CRP level is also usu-

Figure 88.1 MRI of the lumbar spine from a 24-year-old male demon-
strating enhancement of L4 and L5 vertebral bodies on T2-weighted
images (arrows), consistent with vertebral osteomyelitis.

ally elevated in cases of vertebral osteomyelitis; it may be
more useful than the ESR because it generally shows eleva-
tion earlier than the ESR.5 Because the most frequent mode
of infection is hematogenous spread, blood cultures should be
obtained in every patient. Depending on the study, blood cul-
tures are positive in up to 70% of patients, and should guide
antibiotic therapy.1

Plain radiographs should be obtained in all patients sus-
pected of having a spinal infection.6 These may reveal the
degree of bony destruction, and may identify any correspond-
ing coronal or sagittal deformity due to the disease process.
Radionuclide studies are more sensitive than radiographs in
detecting early disease. Three-phase 99mTc bone scans are sen-
sitive (about 90%) but nonspecific (about 78%) for spinal
infections, particularly in older patients with some degree of
spondylosis and degenerative disc disease present.6 CT pro-
vides excellent detail of bony anatomy, and can also iden-
tify and delineate the presence of adjacent soft tissue masses
or abscesses. However, CT is inferior to MRI in evaluating
disc spaces and the neural elements. MRI is the gold standard
for evaluating spinal infections, and is especially useful in the
early stages of infection when other modalities are still nor-
mal (radiography) or nonspecific (nuclear medicine). Early in
the disease process, MRI demonstrates signs of edema and
inflammation.1 Additional advantages of MRI include its abil-
ity to identify the extent of disease and spinal cord involve-
ment.

Once the diagnosis of vertebral osteomyelitis is made,
treatment with broad-spectrum antibiotics should be initiated
and a spine surgeon should be consulted.3 Antibiotics should
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be given for 6–12 weeks, and should be modified based on cul-
ture results. Nonoperative management with antibiotics and
analgesia is appropriate in patients who have a stable spine
and minor or no neurologic deficit; this strategy is effective in
60–95% of such patients.3 In pyogenic vertebral osteomyelitis,
surgical intervention is reserved for the management of com-
plications (e.g., presence of fluid collection, impending cord
compression) or for the failure of medical therapy.7 However,
in spinal epidural abscess, decompressive laminectomy with
antibiotics is the treatment of choice.

KEY TEACHING POINTS

1. Predisposing factors for vertebral osteomyelitis include
male gender, diabetes mellitus, immunocompromised
state, sickle cell anemia, hemodialysis, spinal instrumenta-
tion and intravenous drug use.

2. Signs and symptoms of vertebral osteomyelitis include
indolent back pain (over a period of weeks to months), noc-
turnal back pain, malaise, generalized fatigue, depressed
appetite and fever.

3. ESR, CRP and leukocyte count are useful but nonspecific
laboratory tests in the diagnosis of vertebral osteomyelitis.

4. MRI is the gold standard for diagnosing vertebral
osteomyelitis and related spinal infections.

5. Treatment of vertebral osteomyelitis is primarily with a
prolonged course of broad-spectrum antibiotics; surgery
is reserved for the management of complications or when
medical management fails.
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Intermittent fevers, chills and headache in a 26-year-old male

HISTORY OF PRESENT ILLNESS

A 26-year-old male visiting the United States from India pre-
sented to the ED complaining of several days of intermittent
fevers, shaking chills and headaches. He denied shortness of
breath or cough, neck stiffness, abdominal pain or dysuria.
He reported mild nausea, diarrhea and anorexia, as well as
a sore throat and decreased oral intake during this time. He
was seen two days previously in an outside clinic, diagnosed
with streptococcal pharyngitis and started on oral amoxicillin-
clavulanate. His symptoms had not improved. The patient
arrived from India five days prior to presentation in the ED.
He denied chronic medical problems and took no medications.
He denied tobacco, alcohol or illicit drugs, and was traveling
on business. According to the patient, his immunizations were
up to date.

PHYSICAL EXAMINATION

GENERAL APPEARANCE: The patient was awake and alert,
although he appeared ill and dehydrated.

VITAL SIGNS

Temperature 104.4◦F (40.2◦C)
Pulse 123 beats/minute
Blood pressure 115/64 mmHg
Respirations 22 breaths/minute
Oxygen saturation 99% on room air

HEENT: PERRL, EOMI, sclera anicteric, oropharynx dry,
without oral lesions or exudates.

NECK: Supple, no meningeal signs, no cervical lymphadeno-
pathy.

CARDIOVASCULAR: Tachycardic rate, regular rhythm without
rubs, murmurs or gallops.

LUNGS: Clear to auscultation bilaterally.

ABDOMEN: Soft, nontender, nondistended, without hepato- or
splenomegaly.

EXTREMITIES: No clubbing, cyanosis or edema.

SKIN: Warm and moist, no rashes.

NEUROLOGIC: Nonfocal.

A peripheral intravenous line was placed, and blood was
drawn and sent for cultures and laboratory testing. Intra-
venous fluids were administered (2 liters of normal saline)
along with acetaminophen orally for the fever and morphine
sulfate IV for the headache. A 12-lead ECG demonstrated
sinus tachycardia, rate 120, without acute ST-T wave changes.

Laboratory tests revealed a leukocyte count of 4.5 K/μL
(normal 3.5–12.5 K/μL) with 12% bands (presence of bands
abnormal), 53% neutrophils, 16% lymphocytes, 19% mono-
cytes, and hematocrit of 41% (normal 39–51%) with 77
K/μL platelets (normal 140–400 K/μL). The serum glucose
was slightly elevated at 170 mg/dL (normal 60–159 mg/dL),
whereas the serum sodium was slightly decreased at 131 mEq/
L (normal 137–145 mEq/L). The remainder of the electrolytes
were within normal limits. Liver function tests revealed an
AST of 72 U/L (normal 17–59 U/L), ALT of 81 U/L (normal
11–66 U/L) and total bilirubin of 1.7 mg/dL (normal 0.2–1.3
mg/dL). A chest radiograph and noncontrast CT of the brain
were performed (Figures 89.1 and 89.2, respectively).

A lumbar puncture to evaluate for possible meningitis
was performed. Examination of the cerebrospinal fluid (CSF)
revealed 1 white blood cell (WBC) and 1 red blood cell (RBC)
per μL, slight elevation in CSF glucose at 86 mg/dL (normal
40–73 mg/dL) and normal CSF protein. Gram stain of the CSF
revealed neither organisms nor white blood cells.

What is your diagnosis?
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Figure 89.1 Chest radiograph of a 26-year-old male with fevers, chills and
headache.

Figure 89.2 Noncontrast CT of the brain from a 26-year-old male with fevers, chills and headache.
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ANSWER

The diagnosis is malaria caused by Plasmodium vivax. The
head CT and chest radiograph were normal. Thin and thick
blood smears were performed, which were positive for ma-
laria. The patient received one oral dose of Malarone R© (ato-
vaquone and proguanil chloride) in the ED, and was admit-
ted to the medicine service to continue intravenous hydration,
hemodynamic monitoring and daily oral doses of Malarone R©.
Two days after admission to the hospital, blood cultures
returned positive for Plasmodium vivax. By hospital day #4,
the patient’s condition had improved considerably; he was tol-
erating food and was afebrile. The patient was seen in the
infectious disease clinic two weeks after discharge, at which
time he was asymptomatic with normal liver function tests.
The patient was prescribed primaquine 30 mg orally daily for
two weeks as terminal prophylaxis.

Malaria

Malaria is an infection caused by the coccidian protozoan par-
asite of the genus Plasmodium, carried by female Anopheles
species mosquitoes.1 The clinical disease in humans may vary
widely according to the species of parasite – Plasmodium fal-
ciparum, vivax, ovale or malariae – as well as the genetics,
immune status, and age of the host. These variables have a
major influence on all aspects of the disease, including epi-
demiology, pathogenesis, clinical features and management.1

The annual global clinical caseload of malarial infections
is estimated at nearly 500 million, with 1–3 million deaths
(mainly among young children in Africa).2 Malaria occurs
annually in about 25,000 cases of travelers; about half of these
are reported and about 150 (less than 1%) are fatal.2 About
1000 cases of malaria occur in the United States annually,
whereas the United Kingdom has over 2000 cases each year,
with 10–20 deaths.2

The female Anopheles mosquito is the arthropod vector
that can transmit malaria after ingesting gametocytes from
infected persons.3 After sexual reproduction in the gut of the
mosquito, sporozoites are released from the salivary glands
of the arthropod into the human host during a blood meal.
The sporozoites rapidly penetrate the liver parenchymal cells.
The protozoans, now termed cryptozoites or exoerythrocytic
schizonts, rapidly multiply. Eventual lysis of the hepatic cells
results in the release of merozoites into the bloodstream,
where they invade erythrocytes. In P. vivax and P. ovale infec-
tions, a dormant hypnozoite can reside in hepatocytes, allow-
ing for recrudescent infection many months to years later.3

After invading red blood cells (RBC), the merozoites trans-
form into trophozoites, which feed on the cell’s hemoglobin.
These trophozoites mature into schizonts, which may divide
asexually into additional merozoites. The RBCs undergo lysis,
releasing many merozoites into the blood. Although some
merozoites are destroyed by the body’s immune apparatus,
many enter new erythrocytes. After several repetitions of this
erythrocytic cycle, the cyclic process changes, and male mi-

crogametocytes or female macrogametocytes may develop in-
stead of merozoites.3 These gametes subsequently complete
the reproductive cycle by fusion within the gut of a new
female Anopheles mosquito after she has taken a blood meal
from an infected host (Figure 89.3).3

Plasmodium falciparum causes most malaria deaths and
can be rapidly fatal.4 Although malaria is found throughout
the tropics, various countries are endemic to specific species.
P. falciparum is the predominant species in Africa, causing
the development of symptoms within one month. In contrast,
P. vivax is rare in Africa because Africans generally lack the
Duffy antigen on the surface of the red blood cell necessary for
the parasite to penetrate.4 P. vivax predominates in Asia and
Latin America; here, symptoms develop within one month
only 50% of the time.5

Travelers with malaria are usually male and female adults,
who may be elderly.2 Most patients become symptomatic 10
days to four weeks after infection, although patients may pres-
ent many months later.4 The clinical presentation of malaria is
nonspecific, with fever, cough, sore throat and flu-like illness.
Headaches, myalgias, fatigue and rigors occur, as may nau-
sea, vomiting and diarrhea. Although a history of fever is typi-
cally present, 10–40% of persons with malaria may be afebrile
when first examined.5 Patterns of fever are rarely diagnostic,
but fevers at regular 48–72 hour intervals are virtually pathog-
nomonic of P. vivax, P. ovale, and P. malariae infections.5 In
severe cases, malaria may present with shock, renal failure,
hypoglycemia, pulmonary edema, acidosis, seizures, abnormal
bleeding and disseminated intravascular coagulation (DIC).4

The definitive diagnosis of malaria is made by microscopic
examination of thick and thin blood films.1–5 There is no need
to wait for the fever to peak before carrying out a blood film,
as parasites are often present throughout the red cell cycle
(Figure 89.4). Malarial chemoprophylaxis should be withheld
during investigation for malaria, as antimalarials can suppress
peripheral parasitemia.1 The most common abnormality on
full blood count is thrombocytopenia, especially in the nonim-
mune host. This is due largely to splenic pooling of platelets
and platelet activation.1 The total WBC count is usually in the
normal range, but lymphopenia may be present due to lym-
phocytic redistribution. More recently, apoptosis of lympho-
cytes has been identified in P. falciparum malaria.1

Chloroquine remains the treatment of choice for P.
falciparum acquired in areas without chloroquine-resistant
strains.6 In areas with chloroquine resistance, a combination
of atovaquone and proguanil (Malarone R©) or quinine plus
either tetracycline, doxycycline or clindamycin are the best
treatment options. Chloroquine remains the treatment of
choice for all other malarial species, with the exception of P.
vivax acquired in Indonesia or Papua New Guinea. In these
areas, atovaquone-proguanil is best, with either mefloquine
alone or a combination of quinine plus tetracycline or doxycy-
cline as alternatives. Quinidine is currently the recommended
treatment for severe cases of malaria in the United States.6

Infections with P. vivax and P. ovale should be treated
with primaquine to prevent potential relapses.6,7 To achieve
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Figure 89.3 Plasmodium life-cycle (from CDC, available at http://dpd.cdc.gov/dpdx, accessed June 23, 2008).

more reliable eradication of hypnozoites, the CDC currently
recommends a regimen of 0.5 mg/kg to a maximum of 30 mg
of primaquine base daily for 14 days.6 The most common
severe adverse effect associated with primaquine is intravascu-
lar hemolysis in persons with glucose-6-phosphate dehydroge-
nase (G6PD) deficiency, a contraindication to using this drug.
Patients must be screened for G6PD deficiency prior to use of
primaquine. If possible, primaquine treatment should overlap
with the blood schizonticidal treatment.6

Figure 89.4 Photomicrograph of red blood cells infected with P. vivax
(available at http://health.howstuffworks.com/malaria1.htm, accessed
June 23, 2008).

For travelers, malarial chemoprophylaxis should start one
week before entering an endemic area (to ensure adequate
blood levels and to identify any potential side effects), and
continue while within an endemic area and for four weeks
after return. Malarone can be commenced on the day before
entry, and continued for one week after leaving.3 Chloro-
quine, two tablets (300 mg base) once a week, together with
proguanil, two tablets (200 mg) daily, is one of the safest
and most inexpensive regimens, but has diminishing efficacy.
These drugs have only minor side effects, the most common
being difficulty in visual accommodation (chloroquine) and
mouth ulcers (proguanil).3 There is increasing use of meflo-
quine one tablet (250 mg) weekly, or doxycycline one tablet
(100 mg) daily, or Malarone R© one tablet daily, by travelers
to sub-Saharan Africa, Papua New Guinea and the Solomon
Islands because of chloroquine resistance. The main side
effects of mefloquine are neuropsychiatric and are of vary-
ing severity; doxycycline can lead to light sensitization and
Malarone R© can cause gastrointestinal upset.3 Because of con-
stantly changing malarial resistance patterns, it is necessary to
consult an updated resource or consultant for current treat-
ment recommendations.

KEY TEACHING POINTS

1. Malaria is a parasitic infection whose vector is carried by
female Anopheles species mosquitoes. It is caused by one
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of four species of parasite – Plasmodium falciparum, vivax,
ovale or malariae.

2. P. falciparum, the predominant species of parasite respon-
sible for malaria in Africa, causes most malaria deaths and
can be rapidly fatal.

3. The nonspecific clinical presentation of malaria includes
fever, cough, sore throat and flu-like illness.

4. The definitive diagnosis of malaria is made by prompt
microscopic examination of thick and thin blood films.

5. Chloroquine remains the treatment of choice for P. falci-
parum acquired in areas without chloroquine-resistant
strains.

6. It is important to identify areas with chloroquine resis-
tance, and to consult appropriate malarial sites or infec-
tious disease specialists regarding the most updated treat-
ment and chemoprophylactic regimens.
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Fever and rash in a 39-year-old male

HISTORY OF PRESENT ILLNESS

A 39-year-old male with a medical history significant for
hypertension presented to the ED complaining of one day of
fevers, chills, malaise, headache, nausea, vomiting, and a pur-
ple rash on his face and extremities. He had recently been
traveling in rural China for two weeks. His symptoms began
prior to boarding his return flight to the United States one
day prior to presentation. Upon return to the United States,
his symptoms became progressively worse. He was brought to
the ED by a friend. He denied chest pain, cough, shortness of
breath or abdominal pain. He denied alcohol, tobacco, intra-
venous or illicit drug use. He denied recent ill contacts or sex-
ual activity, and traveled alone while in China.

PHYSICAL EXAMINATION

GENERAL APPEARANCE: The patient was a well-developed,
ill-appearing male breathing rapidly yet able to speak in full
sentences.

VITAL SIGNS

Temperature 101.8◦F (38.8◦C) rectal
Heart rate 118 beats/minute
Blood pressure 118/79 mmHg
Respiratory rate 30 breaths/minute
Oxygen saturation 91% on room air

HEENT: PERRL, EOMI, oropharynx dry.

NECK: Supple, no meningeal signs.

CARDIOVASCULAR: Tachycardic rate, regular rhythm without
rubs, murmurs or gallops.

TABLE 90.1 Laboratory results from a patient with fever and rash

WBC 6.6 K/μL Fibrin split products > 20 Lactic acid >12 mmol/L
RBC 5.2 M/μL Fibrinogen 118 mg/dL (L) Glucose 40 mg/dL
Hemoglobin 16.3 g/dL PT 31.1 sec Potassium 3.9 mEq/L
Hematocrit 48.1% INR 3.1 Sodium 135 mEq/L
Platelets 19 K/μL Chloride 88 mEq/L
Neutrophils 82% Alkaline phos 78 U/L CO2 9 mEq/L
Lymphocytes 17% Amylase 93 U/L BUN 27 mg/dL
Monocytes 1% Bilirubin 1.9 mg/dL Creatinine 5.4 mg/dL
Metamyelocytes 13% AST 2752 U/L Anion gap 38 mEq/L
Bands 41% ALT 1075 U/L

LDH 10,562 U/L

CHEST: Clear to auscultation bilaterally.

ABDOMEN: Soft, nontender, nondistended, active bowel sounds
present.

EXTREMITIES: Weak peripheral pulses, extremities cool and
cyanotic, with markedly delayed capillary refill.

SKIN: Mottled with evidence of large, coalesced areas of pur-
pura on the face and extremities (Figure 90.1).

NEUROLOGIC: Nonfocal.

Two peripheral intravenous lines were placed, blood was
drawn and sent for laboratory testing and culture, and intra-
venous fluid boluses (2 liters of normal saline) were given. A
portable chest radiograph was obtained (Figure 90.2). Labo-
ratory test results returned as shown in Table 90.1 (abnormal
test results in red).

What is your diagnosis?
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A B

Figure 90.1 Purpuric rash on the face (panel A) and leg (panel B) of a 39-year-old male with fevers, chills and
vomiting for one day.

Figure 90.2 Portable chest radiograph from a 39-year-old male with fevers,
chills, rash and vomiting for one day.
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ANSWER

The diagnosis is purpura fulminans and multi-organ failure
due to pneumococcal sepsis (Streptococcus pneumoniae). Fol-
lowing initial examination, intravenous antibiotics (ceftriax-
one and vancomycin) were given along with IV steroids
(Decadron R©) due to concern for meningococcemia. Strict iso-
lation precautions were instituted, and the medical intensivist
and infectious disease specialists were consulted. Early during
the ED encounter, the patient began wheezing and developed
respiratory distress. An arterial blood gas performed while
his oxygen saturation was 88% on a 100% non-rebreather
mask demonstrated a pH of 6.99 (normal 7.35–7.45), pCO2

of 19 mmHg (normal 35–45 mmHg), pO2 of 82 mmHg (nor-
mal 80–95 mmHg), bicarbonate of 4.5 mmol/L (normal 23–
28 mmol/L) with a base excess of −27 (normal −2.4 to
+2.3). The patient was orotracheally intubated using rapid
sequence induction. Pressors (dopamine and norepinephrine)
were started along with continuation of intravenous fluids, and
the patient was transferred to the ICU. A portable chest radio-
graph performed four hours after the initial radiograph (fol-
lowing intubation) demonstrated the development of acute
respiratory distress syndrome (ARDS) (Figure 90.3). Repeat
laboratory tests performed five hours following the initial
tests demonstrated an AST of 1,000,000 U/L. The patient
expired approximately seven hours after presentation, despite
aggressive antibiotics and resuscitative efforts. Blood cultures
returned positive for Gram-positive cocci in pairs and chains,
identified as Streptococcus pneumoniae.

Sepsis-induced purpura fulminans

Purpura fulminans (PF) is an acute illness commonly asso-
ciated with meningococcemia or invasive streptococcal dis-

Figure 90.3 Portable chest radiograph from a 39-year-old male with
purpura fulminans and Streptococcus pneumoniae sepsis, performed
four hours after initial chest radiograph (arrow indicates endotracheal
tube).

ease. It is typically characterized by disseminated intravas-
cular coagulation (DIC) and purpuric lesions.1 More specifi-
cally, PF can be identified in three clinical conditions: patients
with pre-existing inherited or acquired abnormality of the pro-
tein C or S anticoagulant pathway; patients with acute severe
infection, predominantly Gram-negative bacterial infections,
called acute infectious purpura fulminans; and patients with-
out known infections, termed idiopathic purpura fulminans.2

The last subtype occurs primarily in children, usually after
benign infections.2 In sepsis-induced PF, there are four pri-
mary features: large purpuric skin lesions, fever, hypotension
and DIC.1

Most cases of PF have been reported in children, although
it can occur at all ages. PF sometimes represents a fatal
disorder.3 Most cases develop in childhood during an acute
infection, particularly meningococcal sepsis.4 PF occurs only
rarely in the course of infection with other organisms, for
example group A and B Streptococcus, varicella, rubella and
Streptococcus pneumoniae.4 Skin and soft tissue infections due
to Streptococcus pneumoniae are reported mainly in patients
with immunosuppression or other underlying conditions.4

Regardless of the precipitating condition, PF initially
presents with erythematous macules and petechiae, which
rapidly evolve into painful, indurated and well-demarcated
purpuric plaques.3 Late findings include hemorrhagic bullae,
skin necrosis and eschars. Necrosis may extend to subcuta-
neous tissue, muscles and bones. A characteristic histologic
feature is dermal vessel thrombosis.3 Vascular changes may
be widespread and involve multiple organ systems, rendering
PF a life-threatening disorder.

DIC is present in more than 90% of cases of sepsis-induced
PF, supporting the notion that PF is a cutaneous marker
of DIC.2 DIC is the clinical manifestation of inappropriate
thrombin activation.5 The development of DIC is mediated by
several simultaneously occurring mechanisms, initiated by the
proinflammatory cytokines TNF-α, IL-1 and IL-6.2 The mech-
anisms include ongoing generation of thrombin, the inhibition
of natural anticoagulant mechanisms, and the impairment of
fibrinolysis caused by plasminogen activator inhibitor-1.2

PF is a syndrome, not a specific disease; therefore, treat-
ment must be aimed at the underlying infection, along
with supportive management.2 Early administration of antibi-
otics as soon as the diagnosis of PF is entertained pro-
vides a significant therapeutic advantage. Patients present-
ing with PF should receive antibiotic therapy active not
only against Neisseria meningitides and streptococci but also
against methicillin-resistant Staphylococcus aureus (MRSA).1

Some authors also recommend considering early adminis-
tration of activated protein C (i.e., drotrecogin-alpha) in an
attempt to minimize purpuric skin injury and down-regulate
the inflammatory cascade before irreparable tissue injury
occurs.1 Despite early antibiotic intervention and intensive
care treatment, the mortality rate for PF remains high, aver-
aging 40% (range 20–70%).2

All patients with sepsis-induced PF should be treated in
an intensive care setting for optimal supportive management.
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Hemodynamic monitoring of blood pressure and arterial
blood gases is necessary. Aggressive fluid resuscitation to
restore intravascular volume, inotropic and ventilatory sup-
port, and continuous renal replacement therapy (when
required) are major therapeutic interventions.2 If patients sur-
vive the acute phase of PF, attention is turned to the treatment
of cutaneous manifestations. Most authors agree that debride-
ment and subsequent coverage with skin grafts are the main-
stays of managing necrotic lesions resulting from PF.4

KEY TEACHING POINTS

1. Sepsis-induced purpura fulminans (PF) is characterized by
large purpuric skin lesions, fever, hypotension and dissem-
inated intravascular coagulation (DIC).

2. DIC is present in more than 90% of cases of sepsis-induced
PF, supporting the notion that PF is a cutaneous marker of
DIC.

3. PF presents initially with erythematous macules and
petechiae, which rapidly evolve into painful, indurated and
well-demarcated purpuric plaques.

4. Treatment of sepsis-induced PF includes early administra-
tion of antibiotics, aggressive fluid, inotropic and ventila-

tory support in an ICU setting, and consideration of acti-
vated protein C administration.

5. Despite early antibiotic intervention and intensive care
treatment, the mortality rate for PF remains high.
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Fever, abdominal pain and diarrhea in a 51-year-old male

HISTORY OF PRESENT ILLNESS

A 51-year-old male with a medical history significant for
hypertension presented to the ED complaining of several
days of crampy abdominal pain, nausea and loose stools. He
reported that two weeks earlier, he began developing fevers
with shaking chills and mild right upper quadrant abdominal
pain. The patient was seen two days previously by his primary
care provider and diagnosed with gastroenteritis. He contin-
ued to experience abdominal pain, nausea and mild diarrhea,
as well as fevers to 104◦F (40◦C), chills and anorexia. His only
medication was atenolol, which he had not taken for several
days. He had no known allergies, did not smoke or drink, and
had no history of abdominal surgeries. He was originally from
India, and his last travel to that country was one year ago.
The patient denied cough, chest pain, headache, neck stiffness,
sore throat or urinary symptoms.

PHYSICAL EXAMINATION

GENERAL APPEARANCE: The patient appeared pale and acutely
ill. He was awake and alert and responded appropriately to
questioning.

VITAL SIGNS

Temperature 103◦F (39.4◦C)
Pulse 130 beats/minute
Blood pressure 70/40 mmHg
Respirations 26 breaths/minute
Oxygen saturation 97% on room air

HEENT: PERRL, EOMI, slight scleral icterus, oropharynx dry.

NECK: Supple, no nuchal rigidity.

CARDIOVASCULAR: Tachycardic, regular heart sounds without
rubs, murmurs or gallops.

LUNGS: Clear to auscultation bilaterally.

ABDOMEN: Soft, nondistended, hypoactive bowel sounds; epi-
gastric and right upper quadrant tenderness, no Murphy’s sign
or pulsatile masses.

EXTREMITIES: Cool, delayed capillary refill, weak pulses.

SKIN: Pale and dry, no rashes.

NEUROLOGIC: Nonfocal.

The patient was placed on the cardiac monitor, a peripheral
intravenous line was placed, and blood as well as blood cul-
tures were drawn and sent for laboratory testing. A 1-liter
normal saline IV bolus was infused. An initial 12-lead ECG
demonstrated sinus tachycardia, rate 130, with nonspecific ST-
T wave changes. A portable chest radiograph revealed no
focal consolidation. Initial laboratory tests were significant for
a leukocyte count of 2.0 K/μL (normal 3.5–12.5 K/μL) with
27% immature bands (presence of bands abnormal), hema-
tocrit of 29% (normal 39–51%), platelets of 81 K/μL (nor-
mal 140–400 K/μL), creatinine of 1.6 mg/dL (normal 0.8–
1.5 mg/dL), total bilirubin of 2.9 mg/dL (normal 0.2–1.3
mg/dL), AST of 84 U/L (normal 17–59 U/L), ALT of 93 U/L
(normal 11–66 U/L), alkaline phosphatase of 205 U/L (normal
38–126 U/L) and troponin I of 0.18 ng/dL (normal 0.00–0.09
ng/dL).

What is your diagnosis?

383
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ANSWER

The diagnosis is septic shock secondary to a hepatic abscess.
Additional laboratory tests revealed a lactate level of 4.6
mmol/L (normal 0.7–2.1 mmol/L), INR of 1.3, fibrinogen of
516 mg/dL (normal 189–434 mg/dL) and an arterial blood gas
demonstrating a pH of 7.46 (normal 7.35–7.45), pCO2 of 22
(normal 35–45), pO2 of 79 (normal 80–95), bicarbonate of
18 mmol/L (normal 23–28 mmol/L) and base excess of −8.1
(normal −2.4 to +2.3). The patient received a total of 5 liters
normal saline IV; a norepinephrine IV drip was started after
minimal improvement in the patient’s blood pressure follow-
ing IV fluids. A central venous catheter and ScVO2 moni-
tor were placed, and empiric broad-spectrum antibiotics were
given.

The patient was admitted to the ICU, and a noncontrast
CT of the abdomen showed ill-defined, fluid-filled areas of low
attenuation in the left lobe of the liver. CT of the abdomen
with IV contrast demonstrated a 4-cm multiloculated left hep-
atic abscess (Figure 91.1). The liver abscess was drained under
CT guidance by an interventional radiologist. Cloudy, brown-
ish fluid was aspirated and sent for culture. A Jackson-Pratt
drain was left in place at the drainage site. Blood and abscess
fluid cultures both grew out Streptococcus constellatus (viri-
dans group). The patient’s antibiotic regimen was switched to
metronidazole and cefotaxime IV based on abscess fluid cul-
tures and sensitivities, and a PICC line was placed for long-
term antibiotic treatment. On hospital day #8, the patient’s
vital signs had normalized and he was discharged home to
complete his course of IV antibiotics.

Figure 91.1 CT of the abdomen with intravenous contrast demonstrat-
ing a 4-cm multiloculated left hepatic abscess (arrow).

Sepsis and hepatic abscesses

Sepsis has been defined as a suspected or proven infection plus
the systemic inflammatory response syndrome (SIRS): fever,
tachycardia, tachypnea and leukocytosis.1,2 Severe sepsis may
be defined as sepsis with organ dysfunction (hypotension,
hypoxemia, oliguria, metabolic acidosis, thrombocytopenia or
obtundation). Septic shock is generally defined as severe sep-
sis with hypotension, despite adequate fluid resuscitation. The
mortality rates associated with severe sepsis and septic shock
are 25–30% and 40–70%, respectively.1

The cornerstone of emergency management of sepsis is
early, goal-directed therapy (EGDT), plus lung-protective
ventilation, broad-spectrum antibiotics and possibly activated
protein C.1 Rivers and colleagues conducted a randomized
controlled trial in which patients with severe sepsis and sep-
tic shock received either early, goal-directed, protocol-guided
therapy during the first six hours after enrollment or “stan-
dard” therapy.3 Crystalloids were administered to maintain
central venous pressure at 8–12 mmHg. Vasopressors were
added if the mean arterial pressure (MAP) was less than
65 mmHg; if central venous oxygen saturation was less than
70%, erythrocytes were transfused to maintain a hematocrit
of greater than 30%. Dobutamine was added if the central
venous pressure (CVP), MAP and hematocrit were optimized
yet venous oxygen saturation remained below 70%. EGDT in
that study decreased mortality at 28 and 60 days, as well as the
duration of hospitalization.3 The mechanisms of the benefit of
EGDT are unclear, but may include reversal of tissue hypoxia
and a decrease in inflammation and coagulation defects.1

The use of lactate as a biomarker for tissue oxygenation
and perfusion has enhanced the early identification of patients
with severe sepsis.2 Lactate greater than or equal to 4 mmol/L,
independent of blood pressure, was used as a major crite-
ria for the EGDT study.2,3 Nguyen et al. found that for each
10% decrease in serum lactate, mortality decreased by 11%.2,4

Additionally, 29% of infected patients with elevated lactates
were normotensive – yet if the lactate was not cleared within
six hours, their mortality was 55%. These results underscore
two major points: a normal blood pressure does not equate
to effective end-organ perfusion, and when serum lactate is
elevated, the patient is in a critical but potentially reversible
situation in which oxygen delivery is not meeting demand.2

Once EGDT has been initiated, lung-protective ventila-
tion should be considered.1 Lung-protective mechanical ven-
tilation, with the use of a tidal volume of only 6 cc/kg (com-
pared with 12 cc/kg of ideal body weight) has been shown to
decrease the mortality rate from 40% to 31%, to reduce organ
dysfunction, and to lower levels of cytokines.1,5 Therapy with
activated protein C (24 μg/kg/hour for 96 hours) has been
reported to decrease mortality and to ameliorate organ dys-
function in patients with severe sepsis (APACHE II score
greater than 25 or dysfunction of two or more organs).
Patients with severe sepsis had the greatest benefit from this
therapy – an absolute decrease in the mortality rate of 13%.6
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However, a subsequent trial of activated protein C in patients
having a low risk of death was halted after an interim analysis
demonstrated its lack of effectiveness.7 This outcome strongly
suggests that activated protein C is not beneficial in low-risk
patients.

The use of corticosteroids in septic patients remains con-
troversial. Because adrenal insufficiency is being reconsidered
as part of septic shock, there has been renewed interest in
therapy including corticosteroids, with focus on timing, dose
and duration.1 A patient may be tested for adrenal insuf-
ficiency using cosyntropin stimulation testing. Because this
testing may not be feasible in the ED, the emergency physi-
cian may empirically treat patients for adrenal insufficiency
by administering an initial bolus of dexamethasone (5–10 mg
IV), as this exogenous cortisol analog will not interfere with
cosyntropin stimulation testing done after ICU admission.
Alternative steroid therapies, such as methylprednisolone or
prednisone, should not be used as they mimic endogenous
serum cortisol and will falsely elevate serum cortisol assays.2

In a recent multicenter, randomized, double-blind, placebo-
controlled trial, hydrocortisone did not improve survival or
reversal of shock in patients with septic shock, either over-
all or in patients who did not have a response to corti-
cotropin, although hydrocortisone hastened reversal of shock
in patients in whom shock was reversed.8

Bacterial (pyogenic) abscesses of the liver are relatively
rare; mortality rates are currently 5–30%.9 When not diag-
nosed early and treated promptly, pyogenic liver abscess can
be fatal, with reported mortality rates as high as 80–100%.10

There are three forms of liver abscesses: pyogenic, most often
polymicrobial, accounts for 80% of hepatic abscesses in the
United States; amebic abscesses, due to Entamoeba histolyt-
ica, account for 10% of cases; fungal abscesses, most often
due to Candida species, account for less than 10% of cases.9

The most frequent symptoms of hepatic abscess include fever,
chills, right upper quadrant pain, anorexia and malaise. Cough
or hiccups and referred pain to the right shoulder may be
present. Fever of unknown origin can frequently be an initial
diagnosis in indolent cases.

Physical sequelae of hepatic abscesses most commonly
include fever and tender hepatomegaly. Mid-epigastric ten-
derness, with or without a mass, is suggestive of left lobe
involvement. Decreased breath sounds in the right lung base
with signs of atelectasis and effusion on examination or chest
radiograph may be present. Jaundice may be present in as
many as 25% of cases. A complete blood count may show ane-
mia of chronic disease and neutrophilic leukocytosis. Hypoal-
buminemia and elevated alkaline phosphatase are the most
common liver function test abnormalities, whereas elevated
transaminases and bilirubin levels are variable. Blood cul-
tures are positive in roughly 50% of cases of hepatic abscess.9

Cultures of abscess fluid should be the goal in establishing a
microbiologic diagnosis.

CT evaluation with contrast and ultrasonography remain
the radiologic modalities of choice as screening procedures.

Both can also be used as techniques for guided percutaneous
aspiration and drainage.9–11 CT scan is 95–100% sensitive,
whereas ultrasound is 80–90% sensitive in identifying hepatic
abscesses.8 Percutaneous catheter drainage with antimicrobial
therapy is the standard of care for treating hepatic abscesses,
although open surgical treatment is occasionally required.9,10

Empiric antimicrobial therapy (before culture identification)
must be comprehensive and should cover all likely pathogens
in the context of the clinical setting. Meropenem appears to
be a good first choice for hepatic abscesses, as it is a broad-
spectrum bactericidal agent effective against most Gram-
positive and Gram-negative bacteria. Metronidazole or clin-
damycin should be added to cover Bacteroides fragilis if other
antibiotics do not offer anaerobic coverage.

KEY TEACHING POINTS

1. Sepsis is defined as suspected or proven infection plus a
systemic inflammatory response syndrome (SIRS).

2. The mortality rates associated with severe sepsis and sep-
tic shock are 25–30% and 40–70%, respectively, although
EGDT has decreased these rates.

3. The cornerstone of emergency management of sepsis
involves EGDT, lung-protective ventilation, broad-
spectrum antibiotics, and the use of activated protein C in
selected patients with severe sepsis.

4. The most frequent symptoms of hepatic abscess include
fever, chills, right upper quadrant abdominal pain, anorexia
and malaise.

5. CT and ultrasonography remain the radiologic modali-
ties of choice to screen for hepatic abscesses, whereas
CT-guided percutaneous catheter drainage with broad-
spectrum antimicrobial therapy remain the standard of
care for this condition.
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Right groin pain and swelling in a 56-year-old female

HISTORY OF PRESENT ILLNESS

A 56-year-old female with a history of diabetes, hypertension,
asthma and hypothyroidism presented to the ED complain-
ing of one month of intermittent fevers and chills, right lower
quadrant pain and nausea. The patient had noted increased
pain and swelling in her right lower abdomen and right groin
area. She denied vomiting, diarrhea or constipation, as well
as dysuria or abnormal vaginal bleeding. She also denied any
back pain or focal weakness. She did not drink alcohol, smoke
or use intravenous drugs.

PHYSICAL EXAMINATION

GENERAL APPEARANCE: The patient appeared well developed,
well hydrated and in moderate discomfort.

VITAL SIGNS

Temperature 98.2◦F (36.8◦C)
Pulse 92 beats/minute
Blood pressure 130/90 mmHg
Respirations 22 breaths/minute
Oxygen saturation 98% on room air

HEENT: Unremarkable

NECK: Supple, no jugular venous distension.

CARDIOVASCULAR: Regular rate and rhythm without rubs,
murmurs or gallops.

LUNGS: Clear to auscultation bilaterally.

A B

Figure 92.1 CT of the abdomen and pelvis with oral and IV contrast from a 56-year-old female with a one-
month history of right lower quadrant abdominal and groin pain (transverse view, panel A; sagittal view,
panel B).

ABDOMEN: Moderate swelling in right lower quadrant and
right groin without erythema; tenderness to palpation in this
area, without rebound or guarding. No hernias noted, no pul-
satile masses.

RECTAL: Normal tone, normal perianal sensation, brown stool,
hemoccult negative.

EXTREMITIES: No clubbing, cyanosis or edema.

BACK: Mild tenderness to palpation over spinous processes
and paraspinous area in lower thoracic/upper lumbar area.

NEUROLOGIC: Alert and oriented to person, place and time;
upper and lower extremity strength 5/5 proximal and distal,
bilaterally; sensation grossly intact throughout; abnormal gait
with patient favoring her right side secondary to pain.

A peripheral intravenous line was placed, and blood was
drawn and sent for laboratory testing. Laboratory tests,
including a complete blood count, chemistry panel with BUN,
creatinine, glucose and urinalysis, were all within normal
limits. A C-reactive protein (CRP) was mildly elevated at
1.4 mg/dL (normal less than 0.9 mg/dL), as was an erythrocyte
sedimentation rate (ESR) at 35 mm/Hr (normal 0–30 mm/Hr).
A CT of the abdomen and pelvis with oral and intravenous
contrast was obtained (Figure 92.1).

What is your diagnosis?
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ANSWER

The diagnosis is psoas muscle abscess with discitis and
osteomyelitis at the T12-L1 spine. The CT demonstrates a
right psoas abscess extending into the soft tissue of the pelvic
brim, as well as sclerosis of the T12 and L1 vertebral bod-
ies with widening of the disc space, concerning for discitis
(arrows, Figure 92.2). An MRI of the lumbosacral spine was
obtained (Figure 92.3), which demonstrated definite discitis at
the T12-L1 level with some mild, early vertebral osteomyeli-
tis involving the T12 and L1 vertebral bodies. There was no
evidence of an associated epidural abscess. The patient was
given intravenous empiric antibiotics (piperacillin/tazobactam
and vancomycin), and the abscess was drained under CT guid-
ance by interventional radiology. Cultures from the abscess
fluid grew Staphylococcus aureus. The patient continued to
improve and was discharged on hospital day #7 to continue
IV antibiotics for six weeks through a PICC line.

Psoas muscle abscess

Because the psoas muscle lies in close relationship with all the
major abdominal and pelvic structures, any infectious process
in these regions can spread to the psoas muscle, resulting in
psoas abscess formation.1 Primary psoas muscle abscess usu-
ally arises in young persons, generally without a definable eti-
ology. Eighty-three percent of cases occur under the age of
30 years, with males more often affected than females.1 Intra-
venous drug use and HIV-positive individuals are at increased
risk to develop a psoas abscess.2 Hematogenous spread is the
presumed cause, and Staphylococcus aureus is identified in
88% of positive blood cultures in patients with primary psoas
abscesses.1

A B

Figure 92.2 CT of the abdomen and pelvis from a 56-year-old female demonstrating right psoas abscess
extending into the soft tissue of the pelvic brim (arrow, panel A), as well as sclerosis of the T12 and L1
vertebral bodies with widening of the disc space (arrow, panel B).

Secondary psoas abscess results from the spread of infec-
tion from adjacent gastrointestinal (e.g., Crohn’s disease,
appendicitis, diverticulitis, typhlitis, neoplasms), urological
(e.g., perinephric abscess, pyelonephritis) or skeletal (e.g.,
osteomyelitis, discitis, Pott’s disease) regions.2 Microorgan-
isms normally in the bowel flora (Escherichia coli, bacteroides
and enterococcus) are frequently isolated from these sec-
ondary psoas muscle abscesses.1 Secondary infections occur in
older and more debilitated people with pre-existing diseases,
particularly diabetic patients.1,3

The classic triad of psoas muscle abscess includes lower
back pain, anterior thigh or groin pain, and persistent fever
with daily spikes.1,2 The abscess may present as back pain,
fever of unknown origin, groin pain, hip pain, increased fre-
quency of urination, or abdominal pain.4 Onset is usually sub-
acute, and symptoms are generally present for a few weeks.
Patients usually present with flexion of the hip and lumbar
lordosis.1,4 Distal extension of a psoas abscess may present as
a mass in the inguinal region. Proximity to the hip capsule can
precipitate symptoms that mimic a septic hip. Clinically, it may
be possible to distinguish a septic hip from a psoas abscess,
as hip flexion does not generally cause pain in cases of psoas
abscess, but hip flexion or extension is very painful in cases of
septic arthritis.4

Chern et al. reported their one-year experience in which
10 ED patients were diagnosed with psoas abscesses; in seven
cases, diagnoses were established in the ED.5 Patients’ mean
age was 64.6 years. Pain was the most frequently encountered
symptom (80%), with five patients (50%) complaining of flank
pain. The triad of fever, flank pain and limitation of hip move-
ment, which is specific for psoas abscess, was present in only
three patients (30%). The mean duration of symptoms was
10.6 days (range 1 to 30 days). The diagnosis of psoas abscess
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Figure 92.3 MRI of the lumbosacral spine (sagittal view) from a 56-
year-old female demonstrating discitis and early osteomyelitis at the
T12 and L1 vertebrae (arrow).

was established by ultrasound in six patients, CT in three
patients and during surgery in one patient. Only three patients
presented to the ED with an initial diagnosis of psoas abscess;
the remaining seven had the following initial ED diagnoses:
fever of unknown origin (2), septic shock (2), shock (1), sepsis
(1) and peritonitis (1). All but one patient had manifestations
of sepsis. Two patients died of septic shock; these two patients
were not drained.

Psoas abscesses should be initially treated with antibiotics
and CT- or ultrasound-guided percutaneous drainage; smaller
abscesses may be treated with antibiotics alone.6 In the past,
open drainage of the abscess through an iliac crest incision was
the treatment of choice. Surgical drainage should be reserved
only for complicated recurrences.6

KEY TEACHING POINTS

1. Psoas abscess may present as back pain, fever of unknown
origin, groin pain, hip pain, increased frequency of urina-
tion or abdominal pain; in other words, a broad constella-
tion of presenting complaints.

2. Risk factors for development of a psoas abscess include
infective spondylitis, infections of sacroiliac joint, renal
infections, vertebral osteomyelitis, IV drug use, HIV infec-
tion and diabetes.

3. The triad of fever, flank pain and limitation of hip move-
ment, which is specific for psoas abscess, may be present in
only 30% of patients.

4. Ultrasound and CT are useful in establishing the diagnosis
of psoas abscess.

5. CT- or ultrasound-guided drainage and appropriate antibi-
otic therapy are the mainstays of treatment in cases of sup-
purative psoas muscle abscess.
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Fatigue, weight loss, intermittent fevers and sweats
in a 74-year-old male

HISTORY OF PRESENT ILLNESS

A 74-year-old male with a medical history significant for
hypertension, hyperlipidemia, diabetes and gout presented to
the ED complaining of several months of fatigue, intermittent
tactile fevers, sweats and an unintentional 15-pound weight
loss over two months. He had traveled to the Philippines four
months prior to presentation for three weeks. The patient
denied chest pain, cough or shortness of breath, as well as
abdominal pain, nausea or vomiting. He reported decreased
appetite and poor oral intake over the same time period. The
patient did not drink alcohol or smoke cigarettes. His medica-
tions included Lipitor R©, atenolol, aspirin and allopurinol.

PHYSICAL EXAMINATION

GENERAL APPEARANCE: The patient was a slightly cachectic,
elderly male in no acute discomfort.

VITAL SIGNS

Temperature 100.1◦F (37.8◦C)
Pulse 81 beats/minute
Blood pressure 132/72 mmHg
Respirations 18 breaths/minute
Oxygen saturation 97% on room air

HEENT: PERRL, EOMI, sclera anicteric, oropharynx moist.

NECK: Supple, no jugular venous distension.

CARDIOVASCULAR: Regular rate and rhythm without rubs,
murmurs or gallops.

LUNGS: Clear to auscultation bilaterally without presence of
rales, rhonchi or wheezes.

ABDOMEN: Soft, nontender, nondistended.

EXTREMITIES: No clubbing, cyanosis or edema.

NEUROLOGIC: Nonfocal.

Figure 93.1 Chest radiograph from a 74-year-old male with several
months of fatigue, unintentional weight loss, fevers and sweats.

A peripheral intravenous line was placed, and blood was
drawn and sent for laboratory testing. A 12-lead ECG showed
a normal sinus rhythm, rate 81 without presence of any acute
ST-T wave changes. Laboratory tests revealed a leukocyte
count of 9.8 K/μL (normal 3.5–12.5 K/μL) with 74% neutro-
phils, 9% lymphocytes, 14% monocytes, 3% eosinophils,
hematocrit of 30% (decreased from 37% one month previ-
ously; normal 39–51%) and alkaline phosphatase at 234 U/L
(normal 38–126 U/L); amylase, AST, ALT, lipase and total
bilirubin were within normal limits. A urinalysis was normal.
A chest radiograph was obtained (Figure 93.1).

What is your diagnosis?
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ANSWER

The diagnosis is miliary tuberculosis (TB) from Mycobac-
terium tuberculosis. The chest radiograph demonstrated dif-
fuse reticular nodular interstitial disease and innumerable
tiny interstitial nodules throughout both lungs, consistent with
an infectious etiology such as miliary TB. The patient was
admitted to the hospital and placed in a negative pressure
room. A sputum sample and sputum culture demonstrated
rare acid-fast bacilli, positive for Mycobacterium tuberculosis
by RNA amplification method. The public health department
was immediately notified, and he was started on a four-drug
regimen for tuberculosis (isoniazid, rifampin, ethambutol and
pyrazinamide). He had several repeat sputum cultures during
hospitalization, which were all negative for M. tuberculosis.
He continued to have intermittent, low-grade fevers to 101◦F.
On hospital day #17, he was pan-cultured and underwent a
noncontrast CT of the chest to rule out possible lung abscess
or effusion (Figure 93.2). The CT did not show evidence of
lung abscesses or effusions but demonstrated diffuse, fine alve-
olar densities within the upper lung zones consistent with the
clinical history of miliary TB. By hospital day #18, the fevers
had subsided, three subsequent sputum cultures had returned
negative for TB, and the patient was discharged home to con-
tinue his four-drug regimen as an outpatient. Close follow up
was arranged with the infectious disease specialist, to which
the patient agreed prior to hospital discharge.

Miliary tuberculosis

Tuberculosis is a global infection. The World Health Orga-
nization estimates that approximately 1.7 billion persons
are infected with Mycobacterium tuberculosis (approximately
one-third of the world’s population).1 A total of 16,377 cases
(5.8 cases per 100,000 population) were reported to the CDC
in the United States in 2000, a 45% decrease from the peak
rate in 1992.2 This decline was largely attributable to a com-

Figure 93.2 Noncontrast chest CT from a 74-year-old male with miliary TB, demonstrating diffuse, fine
alveolar densities within the upper lung zones.

prehensive strengthening of control activities and the resulting
decrease in the transmission of M. tuberculosis from persons
with active disease. As the rates of tuberculosis have declined
in the United States, the distribution of cases has been limited
to identifiable populations, such as in urban and immigrant
communities.2

Virtually all M. tuberculosis is transmitted by airborne par-
ticles that are 1–5 μm in diameter.2 Transmission is greatly
influenced by characteristics of the source case (such as the
number of bacteria excreted) and the nature of the encounter
(such as the duration and closeness of exposure). Regardless
of these factors, it is thought that infection results when as few
as one to five bacteria are deposited in a terminal alveolus.2

Primary TB, a self-limited, mild pneumonic illness that gener-
ally goes undiagnosed, may develop in a subgroup of infected
persons. During this illness, bacillemia and seeding of other
organs may occur, setting the stage for subsequent reactiva-
tion in extrapulmonary sites.

Miliary TB is the widespread dissemination of M. tuber-
culosis from hematogenous spread.3 Classic miliary TB is
defined as millet-like (mean size 2 mm) seeding of TB bacilli
in the lung, as can be seen on chest radiograph. This pat-
tern is seen in 1–3% of all TB cases.1,3 Miliary TB may occur
in an individual organ (less than 5%), in several organs or
throughout the entire body, including the brain.3 Up to 25%
of patients with miliary TB have meningeal involvement.

Patients diagnosed with miliary TB usually do not have
a prior history of TB. The onset of this disease is often
subtle.4 Generalized symptoms of fever, anorexia, weakness
and weight loss are nonspecific. When present, headache may
indicate meningitis, abdominal pain may be due to peritonitis,
and pleural pain may result from pleuritis. Clinical manifesta-
tions depend on the organs involved. Fulminant disease (sep-
tic shock, acute respiratory distress syndrome and multi-organ
failure) has been described.5

Physical findings are usually nonspecific but a careful
search for cutaneous eruptions, sinus tracts, scrotal masses
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or lymphadenopathy may yield a prompt biopsy diagnosis.4

A “miliary” infiltrate on chest radiograph is the most help-
ful finding, and is typically the reason miliary TB is suspected.
High-resolution CT scans have improved the antemortem
diagnosis of miliary tuberculosis, revealing the classic miliary
pattern even when the chest radiograph appears normal.6

Common laboratory abnormalities include normochromic
anemia, leukopenia or leukocytosis, elevated sedimentation
rate and hyponatremia.5 Examination of the sputum, bron-
choalveolar lavage, gastric washings, CSF, blood culture, or
biopsies of liver and bone marrow may be necessary to make
the diagnosis. Sputum induction has low sensitivity, as findings
are smear- and culture-negative in 80% of patients with mil-
iary TB because of hematogenous spread.3 Fiberoptic bron-
choscopy is the most effective procedure for obtaining cul-
tures through bronchoalveolar lavage, whereas the culture
yield for transbronchial biopsies is 90%.3 A tuberculin skin
test is not a useful diagnostic test in patients with miliary TB,
as the result is positive in less than 50% of patients.5,6

Miliary TB is uniformly fatal if not treated.6 Antitubercu-
losis treatment is the cornerstone of management. Directly
observed therapy is strongly recommended to encourage med-
ication compliance.5 Because treatment differs for persons
infected with drug-resistant strains, every effort should be
made to obtain adequate specimens for culture and suscep-
tibility testing before treatment is initiated.2 In the absence
of associated meningeal involvement, the American Thoracic
Society (ATS), the Centers for Disease Control and Pre-
vention (CDC), the Infectious Disease Society of America
(IDSA) and the British Thoracic Society (BTS) guidelines
state that six months of treatment (two-month intensive
phase with isoniazid, rifampin, pyrazinamide and ethambu-
tol or streptomycin, followed by a four-month continuation
phase with isoniazid and rifampin) is adequate in miliary
tuberculosis.6 The American Academy of Pediatrics (AAP)
advocates nine months of treatment for children with mil-
iary TB.7 In the presence of associated tuberculosis meningi-
tis, treatment needs to be given for at least 12 months in all
patients.6

Patients diagnosed with miliary TB should be admitted
to the hospital and placed in a negative pressure room with
strict respiratory precautions for initiation and direct obser-
vation of therapy. All states require that cases of tuberculo-
sis be reported to public health authorities.2 Such reports set
in motion a range of activities designed not only to treat the
individual patient but also to protect the health of others in
the community. The treatment of patients with tuberculosis
should be monitored by public health officials to ensure com-
pliance, prevent the emergence of drug-resistant organisms,
coordinate the evaluation of contacts, monitor patterns of
drug resistance in the community, provide patient education
and identify possible outbreaks.2 Patients who discontinue
their medications may be remanded to custody and ordered
to continue therapy if judged to be a public health risk.3

In persons with positive sputum cultures, conversion to
negative cultures provides the only objective measure of suc-

cessful treatment. Cultures should be obtained monthly until
conversion is documented.2 Once the patient receives sev-
eral weeks of effective therapy, experiences significant clini-
cal improvement and has three consecutive negative acid-fast
bacillus sputum smears, restrictions are minimal.3 More than
85% of patients who receive both isoniazid and rifampin have
negative sputum cultures within two months after the initia-
tion of treatment.2 If cultures remain positive for more than
three months, nonadherence, malabsorption of drugs, drug
resistance or some combination of these factors should be
suspected.2

KEY TEACHING POINTS

1. Miliary tuberculosis (TB) is a potentially lethal form of
TB resulting from massive lymphohematogenous dissem-
ination of Mycobacterium tuberculosis bacilli.

2. Presenting symptoms include fever, chills, night sweats,
weight loss and anorexia; fulminant disease including septic
shock, acute respiratory distress syndrome and multi-organ
failure has been described.

3. A chest radiograph or CT scan reveals numerous 2- to
3-mm nodules (millet-seed in appearance) scattered
throughout the lung in more than 85% of patients.

4. Patients diagnosed with miliary TB should be placed in
negative pressure isolation rooms and hospitalized with
respiratory precautions.

5. Examination of sputum, bronchoalveolar lavage, gastric
washings, CSF, blood culture, or biopsies of liver and bone
marrow may be necessary for diagnosis.

6. Treatment of miliary TB initiated under direct observation
should include current four drug regimen according to local
and individual sensitivities.
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Acute agitation and confusion in a 13-year-old male

HISTORY OF PRESENT ILLNESS

A 13-year-old male was brought to the ED by paramedics
after being found acutely agitated and confused by his par-
ents. He had been outside playing with friends most of the day
and returned home very agitated, confused and complaining
of visual hallucinations. The patient had no significant medi-
cal problems, took no medications, and denied drug or alcohol
use. The parents did not report finding illicit drugs or medica-
tions at home.

PHYSICAL EXAMINATION

GENERAL APPEARANCE: The patient appeared alert, agitated
and unable to keep still.

VITAL SIGNS

Temperature 98.9◦F (37.2◦C)
Pulse 125 beats/minute
Blood pressure 153/83 mmHg
Respirations 24 breaths/minute
Oxygen saturation 98% on room air

HEENT: Pupils round, dilated to 5 mm, equal and reactive to
light. EOMI without nystagmus. Oropharynx dry.

NECK: Supple, no meningeal signs.

CARDIOVASCULAR: Tachycardic rate, regular rhythm without
rubs, murmurs or gallops.

LUNGS: Clear to auscultation bilaterally.

ABDOMEN: Soft, nontender, nondistended, hypoactive bowel
sounds.

EXTREMITIES: No clubbing, cyanosis or edema.

SKIN: Warm, dry and flushed; no rashes.

NEUROLOGIC: Alert and oriented to person, place, and time;
moving all extremities, following commands.

PSYCHIATRIC: Patient exhibited signs of acute paranoia and re-
ported visual hallucinations; easily distractible and appeared
to be responding to his own internal stimuli. He denied
suicidal or homicidal ideations.

A bedside fingerstick blood glucose returned normal (100 mg/
dL). The patient was placed on the cardiac monitor, a periph-
eral intravenous line was placed, and blood was drawn and
sent for laboratory testing. Laboratory tests, including a com-
plete blood count, chemistry panel, creatinine, serum glucose
and urinalysis, were all within normal limits. A urine toxicol-
ogy screen was sent, and an ECG demonstrated sinus tachy-
cardia with normal intervals.

What is your diagnosis?
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ANSWER

The diagnosis is Jimson weed poisoning (Datura stramonium)
that caused an anticholinergic toxidrome. The patient admit-
ted consuming several Devil’s Trumpet flowers (Jimson weed)
approximately eight hours prior to presentation in an attempt
to “get high.” Poison control was called, with recommenda-
tions for supportive care and admission to the Pediatric Inten-
sive Care Unit (PICU) for close observation. Administration
of activated charcoal was not recommended based upon the
eight-hour time interval between his ingestion and presenta-
tion. The patient received 1 liter normal saline IV, a total of
3 mg lorazepam IV for agitation, and was admitted to the
PICU for close observation. The following day, his symptoms
had completely resolved, his vital signs had stabilized, and he
was counseled and discharged home with his parents.

Jimson weed poisoning

Jimson weed is a wild herb that grows throughout the United
States. It usually matures between May and September, is
accessible to almost anyone, and is particularly popular among
adolescents curious about the plant’s hallucinogenic effects.1

Jimson weed contains the tropane alkaloids atropine, scopol-
amine and hyoscyamine.2 The plant grows to approximately
1.5 meters (5 feet) tall and has a solitary white, trumpet-
shaped flower (Figure 94.1). Each autumn, a spiny capsular
fruit is produced that contains up to 50 small black seeds.
Although all parts of the plant are toxic, the seeds contain the
highest concentration of atropine.3 One hundred seeds con-
tain up to 6 mg of atropine.1,3 A dose of atropine exceeding
10 mg is regarded as potentially lethal.1

Any part of the plant can be eaten; usually the seeds or
flowers are consumed. A common practice is to prepare tea
for consumption by boiling the seeds. The toxicity of tropane
compounds from Jimson weed results from competitive block-

Figure 94.1 Jimson weed plant (Datura stramonium), from Wildflow-
ers of Ontario Website (available at www.wildflowersofontario.ca/
list1.html, last accessed January 12, 2009).

ade of acetylcholine at peripheral and central muscarinic sites.
The onset of symptoms is usually within 30–60 minutes of
ingestion, and may last for 24–48 hours.4 Both central and
peripheral nervous system syndromes may be seen.

Initial symptoms include hallucinations, dry mucous mem-
branes, thirst, dilated pupils, blurred vision, and difficulty
speaking and swallowing.1 Subsequent effects may include
tachycardia, urinary retention and ileus. Rarely, late symp-
toms may include hyperthermia, episodes of seizures and
respiratory arrest.11 The mnemonic for anticholinergic symp-
toms – “blind as a bat, dry as a bone, red as a beet, mad as a
hatter, hot as a hare and loony as a tune” – applies to Jimson
weed poisoning.

Treatment of Jimson weed poisoning is mainly support-
ive, including intravenous hydration, sedation with benzodi-
azepines and cooling measures.5 Pediatric patients present-
ing with anticholinergic poisoning from Jimson weed should
be admitted to the PICU for close observation and monitor-
ing. Efforts at GI contamination may be warranted because
the ingestion often results in delayed gastric emptying and
the plant material often demonstrates delayed absorption.5

Activated charcoal binds to the toxins in Jimson weed and
decreases their overall absorption.1 Administer activated
charcoal (1–2 g/kg) orally or per nasogastric or orogastric tube
if the patient can protect their airway and the risk of seizures
or aspiration is low.2 If medical attention is sought within sev-
eral hours after ingestion or if the patient is intubated, removal
of the ingested plant by gastric lavage can be considered. How-
ever, one study in pediatric patients admitted to the PICU
with Jimson weed poisoning failed to demonstrate a decrease
in ICU admissions or decreased length of stay for patients
who underwent successful nasogastric lavage of Jimson weed
seeds.6

Physostigmine, a cholinesterase inhibitor, may be used to
reverse central nervous system manifestations of Jimson weed
poisoning.7 The use of physostigmine is warranted in severe
cases, in which patients have symptoms of anticholinergic cri-
sis (e.g., dysrhythmias, poorly controlled hyperpyrexia, clini-
cally significant hypertension, seizures or coma).1 The initial
dose of physostigmine is 0.5–2.0 mg in adults or 0.02 mg/kg in
children; the drug is given slowly by the intravenous route.1

Physostigmine can induce life-threatening cholinergic crisis
(e.g., seizures, respiratory depression, asystole), and prefer-
ably should be used in consultation with a poison control
center and only in patients exhibiting signs of anticholiner-
gic crisis described previously.2 Physostigmine is contraindi-
cated in patients receiving tricyclic antidepressants, disopyra-
mide, quinidine, procainamide, cocaine or other agents that
may produce cardiac conduction abnormalities.2 Relative con-
traindications to physostigmine use include reactive airway
disease, intestinal obstruction and administration of depolar-
izing agents. In one study, pediatric patients admitted to the
PICU with Jimson weed poisoning who received physostig-
mine did not demonstrate a decrease in ICU admissions or
decreased length of stay compared to patients not receiving
this medication.6
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KEY TEACHING POINTS

1. Jimson weed contains the tropane alkaloids atropine,
scopolamine and hyoscyamine; poisoning from this plant
presents as an anticholinergic toxidrome.

2. Initial symptoms of Jimson weed poisoning include hallu-
cinations, dry mucous membranes, thirst, dilated pupils,
blurred vision, and difficulty speaking and swallowing. Sub-
sequent effects may include tachycardia, urinary retention
and ileus. Rarely, late symptoms may include hyperther-
mia, seizures and respiratory arrest.

3. Treatment of patients presenting with Jimson weed poison-
ing is primarily supportive (intravenous hydration, seda-
tion with benzodiazepines and cooling measures).

4. The use of physostigmine is warranted only in severe cases,
in which patients have symptoms of anticholinergic crisis
(e.g., dysrhythmias, poorly controlled hyperpyrexia, clini-
cally significant hypertension, seizures or coma).

5. All pediatric patients presenting with Jimson weed poison-
ing (anticholinergic toxidrome) should be admitted to the
PICU for close observation and monitoring.
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Lethargy and bradycardia in a 14-year-old male

HISTORY OF PRESENT ILLNESS

A 14-year-old developmentally delayed male with a medi-
cal history significant for cerebral palsy, seizure disorder and
autonomic instability was brought to the ED by his mother
after one week of worsening lethargy and fatigue. The patient
was nonverbal and nonambulatory at baseline. According to
his mother, he had not experienced cough, shortness of breath,
fevers, abdominal pain or vomiting, and his oral intake had
been good. At triage, his heart rate was 45 beats/minute. The
patient was placed on the cardiac monitor, which revealed
sinus bradycardia.

PHYSICAL EXAMINATION

GENERAL APPEARANCE: The patient was awake, alert, shiver-
ing and nonverbal (baseline).

VITAL SIGNS

Temperature 92◦F (33◦C) rectal
Pulse 45 beats/minute
Blood pressure 110/70 mmHg
Respirations 22 breaths/minute
Oxygen saturation 97% on room air

Figure 95.1 12-lead ECG from a developmentally delayed 14-year-old male with increased lethargy for one week.

HEENT: Unremarkable.

NECK: Supple, no meningeal signs.

CARDIOVASCULAR: Bradycardic rate, regular rhythm without
rubs, murmurs or gallops.

LUNGS: Clear to auscultation bilaterally.

ABDOMEN: Soft, nontender, nondistended.

EXTREMITIES: No edema, cool to touch with delayed capillary
refill, peripheral pulses palpable, slow and weak.

NEUROLOGIC: Patient was awake, tracking with his eyes,
unable to follow commands (according to his mother, this was
his neurologic baseline).

A peripheral intravenous line was placed, and a bedside blood
glucose was within normal limits (75 mg/dL; normal range
60–159 mg/dL). A 12-lead ECG was obtained (Figure 95.1).

What is your diagnosis?
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ANSWER

The diagnosis is hypothermia, in this case most likely brought
on by autonomic instability, the exact etiology of which
remained unclear. This was his third visit to the ED for the
same condition, and a work-up for an infectious etiology did
not reveal evidence of infection. The patient was warmed
by external measures (bear-hugger) to a core temperature of
97◦F/36.1◦C (patient’s baseline temperature) and admitted to
the pediatric service for monitoring and further evaluation.
The findings on the ECG consistent with the diagnosis of
hypothermia are the presence of tremor artifact (from shiv-
ering), Osborn or J-waves, PR and QT segment prolongation,
and sinus bradycardia.

ECG manifestations of hypothermia

The most widely accepted grading system divides hypother-
mia into three grades: mild (core temperature 90–95◦F or 32–
35◦C), moderate (core temperature 82–90◦F or 28–32◦C) and
severe (core temperature less than 82◦F or 28◦C).1 Hypother-
mia decreases spontaneous depolarization of cardiac pace-
maker cells, prolongs action potential duration (of both
depolarization and repolarization), slows myocardial impulse
conduction and results in abnormal repolarization.1 Classic
ECG manifestations of hypothermia include tremor artifact,
slowing of the sinus rate resulting in bradycardia, the presence
of J (Osborn) waves, prolonged PR, QRS and QT intervals,
and atrial dysrhythmias.1–4

Although nonspecific, tremor artifact is one of the earli-
est ECG findings in patients with hypothermia.2 The body’s
ability to shiver diminishes as the core temperature decreases,
and is uncommon when the body temperature falls to less than
90◦F (32◦C). Tremor or shivering artifact on an electrocardio-
gram has been associated with increased survival in severe
hypothermia.3 Sinus rhythm predominates in cases of mild
hypothermia.2

The Osborn or J wave, also known as the camel-hump
sign, is an extra positive deflection noted on the ECG at
the terminal junction of the QRS complex and the begin-
ning of the ST segment takeoff.2 The Osborn wave is usually
present when the core body temperature falls to less than 90◦F
(32◦C), and has been consistently identified when the body
temperature falls to less than 77◦F (25◦C).2 The exact cause of
this wave is uncertain. Investigators have suggested that the
J wave is related to acidosis, a hypothalamic or neurogenic
factor, an injury current, delayed ventricular depolarization
or early repolarization that occurs in a portion of the ven-
tricle before delayed depolarization is completed in another
portion.4 However, none of these theories has been proven.
J waves are most commonly found in the anterior and lateral
precordial leads and in lead II, although they may be present
in only a single lead.4 The presence of prominent J waves is
not pathognomonic of hypothermia; they have been reported
in the literature in normothermic individuals with hypercal-
cemia, subarachnoid hemorrhage, cerebral injuries, myocar-
dial ischemia and following resuscitation from cardiac arrest,
especially in association with ventricular fibrillation.1

Increasing levels of hypothermia result in progressive slow-
ing of myocardial conduction, producing prolongation of the
cardiac cycle. Delayed atrioventricular (AV) conduction
results in prolongation of the PR interval and various degrees
of AV block.4 Prolongation of both the depolarization and
repolarization phases of the action potential produces in-
creases in the QRS and QT intervals, respectively, as hypo-
thermia worsens.4

Hypothermia is associated with various atrial and ventricu-
lar dysrhythmias. At mild levels of hypothermia (greater than
90◦F/32◦C), sinus rhythm predominates.4 Decreased AV con-
duction velocity often causes sinus bradycardia. With progres-
sive hypothermia (79–90◦F or 26–32◦C), junctional rhythms
and atrial reentrant dysrhythmias may occur. More than 50%
of patients with moderate hypothermia develop atrial fibrilla-
tion with a slow ventricular response.2,4 Atrial fibrillation usu-
ally converts to sinus rhythm spontaneously during rewarm-
ing, or soon after restoration of normothermia.4 Ventricular
fibrillation may occur below 84.2◦F (29◦C), and becomes com-
mon as the core drops to 77◦F (25◦C).3 Asystole commonly
occurs at 64.4◦F (18◦C) but has been seen at higher temper-
atures; initial core temperature does not necessarily correlate
with outcome.3

KEY TEACHING POINTS

1. Hypothermia is categorized as mild (core temperature 90–
95◦F or 32–35◦C), moderate (core temperature 82–90◦F or
28–32◦C) and severe (core temperature less than 82◦F or
28◦C).

2. ECG manifestations of hypothermia include tremor arti-
fact, slowing of the sinus rate leading to bradycardia, the
presence of Osborn (J) waves, prolonged PR, QRS and QT
intervals, and atrial and ventricular dysrhythmias.

3. The Osborn (J) wave, an extra positive deflection noted
on the ECG at the terminal junction of the QRS complex
and the beginning of the ST segment, is usually present
when the core body temperature falls to less than 90◦F
(32◦C).

4. More than 50% of patients with moderate hypothermia
develop atrial fibrillation with a slow ventricular response.

5. Ventricular fibrillation may occur below 84.2◦F (29◦C);
asystole commonly occurs at 64.4◦F (18◦C) but has been
seen at higher temperatures.
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Acetaminophen overdose in a 17-year-old female

HISTORY OF PRESENT ILLNESS

A 17-year-old female was brought to the ED by her mother
after admitting that she took an overdose of acetaminophen
(Tylenol R©) 24 hours prior to arrival in a suicide attempt. She
stated that she had taken 48 extra-strength Tylenol R© tablets
(500 mg each). The patient reported mild right upper quadrant
abdominal pain and two episodes of vomiting earlier on the
day of presentation. She denied co-ingestions, illicit drugs or
alcohol use, and the possibility of pregnancy.

PHYSICAL EXAMINATION

GENERAL APPEARANCE: The patient was a well-developed,
well-nourished teenager who appeared subdued and remorse-
ful, but in no acute distress.

VITAL SIGNS

Temperature 98.5◦F (36.9◦C)
Pulse 93 beats/minute
Blood pressure 120/76 mmHg
Respirations 16 breaths/minute
Oxygen saturation 99% on room air

HEENT: PERRL, EOMI, sclera anicteric, oropharynx moist.

NECK: Supple.

CARDIOVASCULAR: Regular rate and rhythm without rubs,
murmurs or gallops.

LUNGS: Clear to auscultation bilaterally.

ABDOMEN: Soft, nondistended, active bowel sounds present.
Mild right upper quadrant tenderness noted, no Murphy’s sign
present.

EXTREMITIES: No clubbing, cyanosis or edema.

NEUROLOGIC: Nonfocal.

PSYCHIATRIC: The patient endorsed suicidal ideations but
denied homicidal ideation, visual or auditory hallucinations.
She was acutely depressed over recent family and social situa-
tions, as well as poor school performance and perceived pres-
sure from her parents to succeed.

An intravenous line was placed and blood was drawn and sent
for laboratory testing. Laboratory tests were significant for a
total bilirubin of 1.4 mg/dL (normal 0.2–1.3 mg/dL), AST of
234 U/L (normal 14–36 U/L), ALT of 261 U/L (normal 11–
66 U/L), an International Normalized Ratio (INR) of 1.2
(normal 0.8–1.2), acetaminophen level of 15 μg/mL and sali-
cylate level of less than 1.0 mg/dL. Her serum pregnancy test
was negative.

What is your diagnosis?
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ANSWER

The diagnosis is acute hepatotoxicity from acetaminophen
(APAP) overdose. The patient was placed on an involuntary
psychiatric hold, and the Poison Control Center was consulted
by phone. The patient’s APAP level of 15 μg/mL fell well
above the toxicity line at 24 hours on the Rumack-Matthew
nomogram for acute single acetaminophen poisoning. She was
started on IV N-acetylcysteine (NAC) (Acetadote R©) in the
ED, with an initial loading dose of 150 mg/kg over 15 minutes.
During the loading dose, the patient began to experience chest
and throat tightness, shortness of breath, palpitations and a
flushing sensation. Her vital signs remained stable. Diphenhy-
dramine 25 mg IV was administered and the infusion of NAC
was continued with gradual resolution of her symptoms. The
patient was continued on the 20-hour IV NAC regimen and
admitted to the pediatric service with a psychiatric consulta-
tion. Her liver function tests peaked on hospital day #2, with
an AST of 3313 U/L and ALT of 3828 U/L, as well as an ele-
vated INR to 1.5. The patient was transitioned from IV NAC
to the oral preparation once her liver function tests began to
recover, based upon recommendations from Poison Control.
She received a total of three doses of Vitamin K at 5 mg orally
for her elevated INR. NAC therapy was discontinued once her
ALT fell below 1000 U/L, and the patient was transferred to a
psychiatric facility on hospital day #6, at which time her AST
had fallen to 80 U/L, ALT to 935 U/L, and INR had normal-
ized to 1.0.

Acetaminophen overdose and toxicity

The first priority in evaluating any overdose patient is a rapid
assessment of the airway, breathing and circulation. Once
the patient is stabilized, the next priority should involve con-
sideration of gut decontamination with activated charcoal,
depending on the ingested material and time from ingestion.
In the case of acetaminophen overdose, activated charcoal has
been shown to significantly reduce acetaminophen absorption
when given after one hour of ingestion in healthy volunteers,
but not when administered longer than four hours following
ingestion.1 All patients presenting with an intentional over-
dose should be placed on a psychiatric hold by an emergency
physician.

Typically, the potentially toxic dose of acetaminophen
(acetyl-para-aminophenol, or APAP) in an acute poisoning is
150 mg/kg (children) or 7.5–10 gm (adults).2–4 With therapeu-
tic dosing, 90% of APAP is conjugated with glucuronide or
sulfate to form nontoxic metabolites. Approximately 5% of
APAP is metabolized by the hepatic cytochrome p450 mixed-
function oxidase enzyme to a toxic metabolite, N-acetyl-p-
benzoquinone imine (NAPQI). In normal dosing, NAPQI is
rapidly detoxified by glutathione (GSH) to nontoxic metabo-
lites. Acetaminophen overdoses overwhelm conjugation path-
ways, resulting in increased use of the cytochrome p450 path-
way and increased formation of NAPQI, increased depletion
of GSH and ultimately hepatic injury.2,3 As GSH stores are
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Figure 96.1 Rumack-Matthew nomogram for single acute acetamin-
ophen poisoning (from Merck Manuals, Online Medical Library,
Acetaminophen Poisoning, available at http://www.merck.com/
mmpe/sec21/ch326c.html, accessed June 22, 2008).

reduced in acetaminophen overdoses, the highly reactive
NAPQI can bind to cellular macromolecules that contain
cysteine. This covalent binding of NAPQI causes hepatocel-
lular damage at many sites in the liver, although centrilobu-
lar necrosis predominates.4 Finally, because APAP is metab-
olized to NAPQI (its toxic metabolite) by the cytochrome
p450 system, any agent that induces this system theoretically
increases the risk for APAP hepatotoxicity. Ethanol is the
best-studied inducer. Chronic alcohol ingestion induces the
cytochrome p450 enzyme system and in turn makes the liver
capable of metabolizing more APAP to the toxic metabolite
NAPQI.3

The Rumack-Matthew treatment nomogram is the primary
tool used to guide treatment after acute single dose ingestion
of APAP (Figure 96.1). The nomogram was first studied retro-
spectively in 64 cases of acute ingestion of APAP in an attempt
to correlate APAP serum levels with hepatotoxicity.3,5 Hepa-
totoxicity was defined arbitrarily as an aspartate aminotrans-
ferase (AST) level of 1000 IU/L. Serum APAP levels at or
above a line connecting 200 μg/mL at four hours postinges-
tion and 6.25 μg/mL at 24 hours postingestion consistently
predicted hepatoxicity.5 This line is referred to as the “prob-
able toxicity line.” When the nomogram was introduced in
the United States, the Food and Drug Administration (FDA)
insisted on a 25% reduction of this treatment threshold. A line
connecting 150 μg/mL at four hours and 4.7 μg/mL at 24 hours,
considered the “possible toxicity line,” is therefore used for
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treatment.6 This nomogram was later validated in a large trial
using the 72-hour NAC treatment protocol.7

Laboratory indicators of hepatic injury should be mea-
sured initially and daily during therapy in any patient with a
serum acetaminophen concentration above the possible tox-
icity line. With progressive hepatic failure, testing should be
done every 12 hours.3 Subclinical elevation of serum liver
transaminases (ALT, AST) occur about 12 hours after inges-
tion, whereas most patients who develop liver toxicity have
an elevated AST level within 24 hours of ingestion.2,4 The
demonstration of a normal AST 36 hours after an acute
acetaminophen ingestion is considered sufficient to elimi-
nate the possibility of liver toxicity.4 However, transaminase
levels do not predict the clinical course. They may decline
during hepatic recovery or with progressive fulminant hepatic
failure.4 During recovery, it is common for declining serum
transaminases to precede the decline of serum bilirubin. Thus,
the patient’s liver function tests should be followed and may
rise over time. Development of a coagulopathy (indicated by
elevations of PT and INR) is an indicator of APAP hepato-
toxicity. These levels should be monitored in a patient with a
toxic overdose of APAP.

Patients with acetaminophen-induced hepatotoxicity present
in four clinical phases. In Phase 1 (0–24 hours), patients may
present with anorexia, nausea, vomiting, malaise and diapho-
resis. Because these clinical signs are nonspecific, patients might
inadvertently be given additional doses of an acetaminophen-
containing product for treatment.2 Although some patients
remain asymptomatic during this phase, they may still develop
clinically significant toxicity. Phase 2 begins 24 hours after
ingestion, lasting for an additional 48 hours. Symptoms during
this phase become less apparent and may resolve. Patients
generally present with pain and tenderness in the right upper
quadrant, hepatomegaly can be present, and some patients
report decreased urine output during this phase. Phase 3
develops three to five days after ingestion. Symptoms seen
during Phase 1 may reappear (e.g., anorexia, nausea, vomiting,
malaise). Patients may have symptoms of hepatic failure with
jaundice, hypoglycemia, bleeding or encephalopathy; renal
failure and cardiomyopathy may occur.2 Hepatic centrilobular
necrosis is evident on liver biopsy; nearly 4% of patients who
develop this degree of hepatotoxicity progress to fulminant
hepatic failure. Death may occur from cerebral edema, sepsis,
or multi-organ failure. Finally, Phase 4 occurs 5–14 days after
ingestion, and can last as long as 21 days; patients have either
complete recovery of liver function or die.2

The accepted antidote to treat toxic ingestions of aceta-
minophen is NAC. NAC works in the liver by a number of
proposed mechanisms.8 First, NAC increases the synthesis
and availability of GSH by itself being converted to cysteine
and then GSH. Second, NAC (via its reduced sulfur group)
can substitute for GSH and directly bind NAPQI, thus detox-
ifying it. Finally, NAC can supply a substrate for sulfation,
increasing the percentage of nontoxic metabolites produced.8

NAC is an extremely effective antidote when administered
within eight hours of ingestion of a potentially toxic dose

of APAP.3 Because it takes significant time to deplete body
stores of GSH, NAC is equally effective whether started
immediately following or within eight hours of ingestion. Evi-
dence exists that NAC is effective no matter how late it is ini-
tiated or how profoundly the patient’s clinical toxic effects.3

Proposed mechanisms to explain improved outcomes of late
presenters treated with NAC include improved oxygen deliv-
ery by means of increased hepato-splanchnic circulation and
increased oxygen extraction, improved cerebral blood flow,
a protective antioxidant effect of NAC, and NAC’s limita-
tion of lipid peroxidation minimizing the hepatotoxic effect of
APAP.3

Prior to 2004 in the United States, the standard treatment
for APAP toxicity was a 72-hour protocol using oral NAC.
Using the FDA guidelines, the oral dosing protocol of NAC
(Mucomyst R©) is a 140 mg/kg loading dose followed by a main-
tenance dose of 70 mg/kg every four hours for 17 doses.2–4,6–8

Given that nausea and vomiting are reported in 33% of APAP
overdoses before NAC and in an estimated 51% during oral
NAC therapy, vomiting within one hour of dosing requires a
repeat dose.3 In 2004, the FDA approved a 20-hour protocol
for using intravenous NAC (Acetadote R©) that had been in use
in Europe, Australia and Canada for more than 20 years.3 In
this 20-hour protocol, NAC is administered as a loading dose
of 150 mg/kg over 15 minutes, followed by 50 mg/kg infused
over four hours. Over the remaining 16 hours, an additional
100 mg/kg is administered as a constant infusion.2,3 Intra-
venous NAC is recommended for use in selected patients,
including those with an altered mental status, GI bleeding,
obstruction, a history of caustic ingestion, potential fetal tox-
icity from maternal toxicity, or an inability to tolerate oral
NAC because of refractory emesis despite proper antiemetic
use.2

Although there is general agreement that IV administra-
tion is preferable in the setting of intractable vomiting, to date
no study shows clear evidence that IV therapy is more or less
effective than oral NAC therapy.3 Some evidence suggests
that longer courses of NAC are more effective in late presen-
ters, especially in the face of fulminant hepatic failure. In cases
with documented elevations in AST and ALT, NAC ther-
apy should be continued indefinitely until significant improve-
ment, liver transplantation or death.3

Anaphylactoid reactions to IV NAC have been reported in
3–6% of acetaminophen-poisoned patients, although the rate
may be as high as 48%.9 These are likely the result of his-
tamine release. Symptoms include pruritus, rash, angioedema,
bronchospasm, tachycardia, hypotension, nausea and vomit-
ing. Anaphylactoid reactions generally occur within 30 min-
utes after infusion of the loading dose. In most reported cases,
antihistamine therapy was effective, and these transient reac-
tions did not preclude the completion of the NAC course.7

Kao et al. have suggested that increasing the infusion time for
the loading dose of NAC to one hour can attenuate the ana-
phylactoid response, based on a retrospective study of patients
receiving IV NAC.10 Finally, after any adverse reaction, a crit-
ical reassessment of the need for NAC therapy is warranted.
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If treatment remains indicated, evidence demonstrates that
restarting the infusion at a slower rate is safe.11

Although increased AST and ALT levels are frequently
the first laboratory signs of liver injury in APAP toxicity, their
rate of rise and peak level give no indication of prognosis.3

A collection of clinical parameters and laboratory findings
known as the King’s College Criteria have been established
and validated to predict poor outcome from APAP toxic-
ity. Patients who have acute isolated APAP overdoses and
develop significant metabolic acidosis (pH less than 7.3 after
adequate fluid resuscitation), a serum creatinine greater than
3.3 mg/dL, a prothrombin time greater than 1.8 times control
(more than 100 sec), an INR greater than 6.5, or grade III
or higher encephalopathy have the poorest prognosis.12 Any
patient meeting any one of these criteria should be transferred
to a tertiary care center in anticipation of fulminant hepatic
failure and possible transplantation. Institution of NAC ther-
apy alone is not an indication for ICU admission.

KEY TEACHING POINTS

1. Initial management of patients presenting with an inten-
tional acetaminophen (APAP) overdose includes attention
to the airway, breathing and circulation (ABCs), place-
ment of the patient on a psychiatric hold, and phone con-
sultation with the Poison Control Center.

2. The potentially toxic dose of APAP in an acute poisoning
is 150 mg/kg (children) or 7.5–10 gm (adults).

3. The Rumack-Matthew treatment nomogram is the pri-
mary tool used to guide treatment after acute ingestion of
APAP. A line connecting 150 μg/mL at four hours and
4.7 μg/mL at 24 hours, known as the “possible toxicity
line,” is used as the treatment threshold.

4. The accepted antidote for ingestion of toxic levels of
acetaminophen is N-acetylcysteine (NAC); the intravenous
and oral preparations are equally effective but are most
effective if administered within eight hours of the inges-
tion.

5. According to the King’s College Criteria, patients with
acute APAP overdoses who develop significant metabolic

acidosis (pH less than 7.3 after adequate fluid resuscita-
tion), a serum creatinine greater than 3.3 mg/dL, a pro-
thrombin time greater than 1.8 times control (more than
100 sec), an INR greater than 6.5, or grade III or higher
encephalopathy have a poor prognosis.
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Headache and rash in a 21-year-old male

HISTORY OF PRESENT ILLNESS

A 21-year-old male presented to the ED with the chief com-
plaint of a throbbing bilateral headache. He also complained
of facial flushing, palpitations, transient severe shortness of
breath, a rash over his arms and trunk, and red eyes. He had
just eaten dinner at a local seafood restaurant. He denied any
previous similar symptoms or ingestion of new or different
foods or medications.

PHYSICAL EXAMINATION

GENERAL APPEARANCE: The patient was awake and alert in no
acute discomfort.

VITAL SIGNS

Temperature 97◦F (36.1◦C)
Pulse 121 beats/minute
Blood pressure 112/66 mmHg
Respirations 22 breaths/minute
Oxygen saturation 99% on room air

HEENT: PERRL, EOMI, sclera injected bilaterally, facial
flushing noted.

NECK: Supple, no jugular venous distension.

CARDIOVASCULAR: Tachycardic rate, regular rhythm without
rubs, murmurs or gallops.

LUNGS: Clear to auscultation bilaterally.

ABDOMEN: Soft, nontender, nondistended.

EXTREMITIES: No clubbing, cyanosis or edema.

SKIN: An erythematous, macular rash on the extremities and
trunk, slightly warm to touch (Figure 97.1)

NEUROLOGIC: Nonfocal.

Figure 97.1 Example of rash from a patient with headache and facial
flushing (from eMedicine Website, available at http://www.emedicine.
com/emerg/topic523.htm, accessed June 23, 2008).

What is your diagnosis?

407
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ANSWER

The diagnosis is scombroid fish poisoning. The patient
reported that approximately 30 minutes before the onset of
symptoms, he had eaten mahi mahi fish from a local restau-
rant, which tasted normal. He had eaten the same food in
the past without subsequent symptoms. The patient was given
diphenhydramine 25 mg IV and cimetidine 300 mg IV, which
resulted in resolution of his symptoms over two hours. The
patient was discharged home, and the County Public Health
Department was notified by phone regarding the scombroid
fish poisoning.

Scombroid fish poisoning

Scombroid fish poisoning (scombrotoxism, scombroid ichthyo-
toxicosis) is a food-related illness typically associated with the
consumption of fish.1 Originally, the illness was associated
with Scombroidea fish (e.g., marine tuna, albacore, mackerel);
however, the Centers for Disease Control and Prevention
(CDC) have identified the largest vector to be nonscombroid
fish, such as mahi mahi and amberjack. Epidemiologic data
from the CDC suggest that scombroid poisoning is the
principal chemical agent type of food-borne disease found
in the United States; the second most common is ciguatera
poisoning.1

Symptoms of scombroid fish poisoning are related to the
ingestion of biogenic amines, especially histamine.1,2 The his-
tamine is produced via bacterial decarboxylation of histidine,
normally present at levels less than 0.1 mg per 100 gm of fish.
In contrast, samples of fish that produce poisoning contain
histamine levels of at least 20–50 mg per 100 gm fish. Serum
histamine levels and urinary histamine excretion are elevated
in humans with acute illness.2 Antihistamines (H1- and H2-
blockers) have been used safely, with good efficacy abating
the symptoms.

Scombroid poisoning is relatively uncommon (although it
is likely highly underreported), comprising up to 5% of food-
borne disease outbreaks reported to the CDC.1,4 The illness is
usually self-limited but may cause significant discomfort. The
onset of symptoms is typically 10–30 minutes following inges-
tion, but may occur up to three hours after ingestion of the
implicated fish, which is said to sometimes have a characteris-
tic peppery and bitter taste.3–5 The symptoms are nonspecific
and include flushing, palpitations, headache, nausea, diarrhea,
sense of anxiety, prostration or loss of vision (rare).1,3,4 Find-
ings on physical exam may include a diffuse, macular, blanch-
ing erythematous rash (most common), tachycardia, wheezing
(generally only in histamine-sensitive asthmatics), hypoten-
sion or hypertension, and conjunctivitis. The magnitude of
symptoms are related to individual differences in sensitivity to
histamine, size of the portion consumed, whether the portion
was from the same fish, and how cold the fish was before cook-
ing. Scombroid fish poisoning can be avoided if the offend-
ing fish species are promptly refrigerated below 59◦F (15◦C)

or iced after catch and maintained until the fish is cooked
or processed for storage.4 Cooking does not inactivate the
toxin.

If the patient has only minimal symptoms, reassurance and
observation may be the only treatment necessary. Acute ill-
ness should be treated with antihistamines as needed, such
as H1-blockers (e.g., diphenhydramine 25–50 mg PO/IV/IM
q4–6h) and H2-blockers (e.g., ranitidine 150 mg PO q12h
or 50 mg IV q8–12h, or cimetidine 300mg PO/IV q6–8h). If
the patient is symptomatic enough to require treatment, anti-
histamines are used to counteract the excessive histamine-
induced effects. Epinephrine or other adrenergic agents are
rarely necessary because the entire cascade of mediators
released by a true allergic reaction is not found in scom-
broid poisoning.1 Blockade of histamine, the sole pharma-
cologic mediator of scombrotoxism, is generally the only
treatment necessary.1 Although bronchospasm is rare, bron-
chodilators or other adrenergic agents are recommended if
it occurs. Patients receiving antihistamine therapy (particu-
larly diphenhydramine) in the ED should not be allowed to
drive at discharge. Scombroid fish poisoning is an “immedi-
ately” reportable disease to the local public health depart-
ment, requiring a completed Confidential Morbidity Report
form to be faxed to the health department, as well as timely
notification of the public health department by phone.

KEY TEACHING POINTS

1. Symptoms of scombroid fish poisoning are related to the
ingestion of biogenic amines, especially histamine. The
onset of symptoms of scombroid fish poisoning usually oc-
curs 10–30 minutes after ingestion of the implicated fish,
which sometimes has a characteristic peppery and bitter
taste.

2. The symptoms of scombroid fish poisoning are nonspe-
cific, and may include flushing, palpitations, headache, nau-
sea, diarrhea, sense of anxiety, prostration or loss of vision
(rare).

3. Findings on physical examination can include a diffuse, mac-
ular, blanching erythematous rash (most common), tachy-
cardia, wheezing (generally only in histamine-sensitive
asthmatics), hypotension or hypertension, and conjuncti-
vitis.

4. Treat acute illness with antihistamines as needed; H1-
blockers (e.g., diphenhydramine 25–50 mg PO/IV/IM q4–
6h) and H2-blockers (e.g., ranitidine 150 mg PO q12h or
50 mg IV q8–12h, or cimetidine 300 mg PO/IV q6–8h).

5. Scombroid fish poisoning must be immediately reported to
the local public health department.
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Bilateral foot pain and swelling in a 47-year-old male

HISTORY OF PRESENT ILLNESS

A 47-year-old male with no significant medical history pre-
sented to the ED complaining of six days of gradually wors-
ening pain and swelling of his feet and ankles bilaterally. The
patient reported great difficulty ambulating secondary to pain,
as well as pain in his leg muscles bilaterally. He also reported
that he had begun jogging six days prior to presentation. In
the ED, he admitted to using methamphetamine five days
prior to presentation, both by nasal insufflation and smok-
ing. He also drank alcohol on a regular basis. He was seen
by his primary care physician (PCP) one day earlier with the
same complaints, was diagnosed with bilateral plantar fasciitis
and given ketorolac 30 mg IM for pain. The patient was pre-
scribed nabumetone and Vicodin R© for pain, and furosemide
for swelling prior to discharge. In the ED, he denied chest
pain, shortness of breath, abdominal pain, nausea, vomiting
or dysuria. He did note that his urine had become darker
recently.

PHYSICAL EXAMINATION

GENERAL APPEARANCE: The patient was an obese male who
appeared well nourished, well hydrated and in no acute dis-
comfort.

VITAL SIGNS

Temperature 98.4◦F (36.9◦C)
Pulse 76 beats/minute
Blood pressure 159/93 mmHg
Respirations 18 breaths/minute
Oxygen saturation 100% on room air

HEENT: Unremarkable.

NECK: Supple, no jugular venous distension.

CARDIOVASCULAR: Regular rate and rhythm without rubs,
murmurs or gallops.

CHEST: Clear to auscultation bilaterally.

ABDOMEN: Soft, nontender, nondistended.

EXTREMITIES: 3+ pitting edema to the mid-tibial region bilat-
erally over his lower extremities.

NEUROLOGIC: Nonfocal.

A peripheral intravenous line was placed, blood was drawn
and sent for laboratory testing, and a 12-lead ECG (Fig-
ure 98.1) and clean catch urine were obtained. The urine was
noted to appear tea-colored, and the dipstick reagent test
turned positive for blood.

What is your diagnosis?
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Figure 98.1 12-lead ECG from a 47-year-old male with bilateral foot pain and swelling.
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ANSWER

The diagnosis is acute renal failure secondary to rhabdomy-
olysis, most likely resulting from recent methamphetamine
use. The laboratory results were significant for a serum
creatinine of 14.5 mg/dL (normal 0.8–1.5 mg/dL), BUN of
145 mg/dL (normal 9–20 mg/dL), potassium of 6.6 mEq/L
(normal 3.5–5.3 mEq/L) and sodium of 124 mEq/L (normal
137–145 mEq/L). The serum creatine kinase was markedly
elevated at 114,720 U/L (normal less than 170 U/L). The ECG
demonstrates early peaked T waves, particularly in leads V2

and V3. The patient received 1 ampule D50 IV, 10 units reg-
ular insulin IV and kayexelate 30 gm orally for his hyper-
kalemia. A Foley catheter was placed, and a sodium bicarbon-
ate drip (3 ampules sodium bicarbonate in 1 liter D5/water)
was administered intravenously to treat the rhabdomyolysis,
as well as continued intravenous hydration with normal saline.
The nephrologist was consulted, a dialysis catheter was placed
by interventional radiology and the patient underwent emer-
gent dialysis and admission to the hospital. The patient was
discharged on hospital day #13, with continued dialysis for one
more week until his kidney function normalized.

Rhabdomyolysis and acute renal failure

Rhabdomyolysis is a clinical syndrome caused by injury to
skeletal muscle. It results in the release of cellular contents
into the extracellular fluid and circulation.1 The diagnosis rests
on measuring these released substances in either plasma or
urine. The injury can be irreversible, leading to disability,
renal failure or death. The most common causes of rhab-
domyolysis are crush injury, overexertion, alcohol abuse, cer-
tain medicines, drugs and toxic substances.2 Rhabdomyoly-
sis accounts for an estimated 8–15% of acute renal failure.3

The overall mortality rate for patients with rhabdomyolysis
is approximately 5%; however, the mortality rate of any sin-
gle patient is dependent upon the underlying etiology and any
existing comorbidities.3

The etiologies of rhabdomyolysis may vary but the out-
come is the same; as cellular membrane integrity is lost, intra-
cellular sodium and calcium levels rise, resulting in cell break-
down and death.4 In turn, various intramuscular components,
including creatine phosphokinase (CPK), are released into
plasma. Clinically, an elevated CPK is the primary marker
used to identify rhabdomyolysis. It is postulated that the
breakdown products of myoglobin may have a directly toxic
effect on the renal system. This may be responsible for the
potential renal complications of rhabdomyolysis.4 Screening
for rhabdomyolysis may be performed with a urine dipstick
in combination with urine microscopy. A positive urine myo-
globin test provides evidence of the diagnosis.2

Patients with rhabdomyolysis classically present with com-
plaints of muscle weakness, swelling and pain.1 The myalgias
may be focal or diffuse, depending on the underlying etiol-
ogy. The patient may also note dark- or tea-colored urine.1,2

However, a high clinical suspicion for rhabdomyolysis must be
maintained in patients at risk because up to 50% of those with

serologically proven rhabdomyolysis do not report myalgias
or muscle weakness.1

Along with measuring the serum CPK and urine myoglobin
in patients with suspected rhabdomyolysis, potassium, BUN
and creatinine levels should be measured and closely moni-
tored. Hyperkalemia, an immediate threat to life (particularly
in the hours immediately after injury), occurs in 10–40% of
cases.3 Hypocalcemia is another early complication that can
be potentiated by the release of large amounts of phosphate
from the lysed muscle cells.2 Hepatic dysfunction occurs in
approximately 25% of patients with rhabdomyolysis. Finally,
acute renal failure and disseminated intravascular coagulation
(DIC) are late complications of rhabdomyolysis (i.e., beyond
12–24 hours).2

Methamphetamine use causes elevated levels of serum
norepinephrine and dopamine, which result in increasing
adenosine triphosphate (ATP) demand.5 Methamphetamine
abusers frequently neglect eating and drinking during
“binges.” This combination of decreased intake of calories,
dehydration and the sympathomimetic effect of metham-
phetamine may play a large role in the high incidence of rhab-
domyolysis seen in this population.5

Patients with CPK elevation in excess of two to three
times the reference range, an appropriate clinical history and
risk factors should be suspected of having rhabdomyolysis.3

Administer isotonic crystalloid 500 mL/h and titrate to main-
tain a urine output of 200–300 mL/h. Creatine kinase (CK)
assay should be repeated every 6–12 hours to determine the
peak CK level.3 Urinary alkalinization is recommended for
a patient with rhabdomyolysis and CK levels in excess of
6000 IU/L.3 Alkalinization should be considered earlier in
patients with acidemia, dehydration or underlying renal dis-
ease. A suggested regimen is half-normal saline solution
(0.45% NaCl) with one ampule of sodium bicarbonate admin-
istered at 100 mL/h, titrated to a urine pH greater than 7.3

Mannitol may have beneficial effects in the treatment of
rhabdomyolysis. It acts as an osmotic diuretic, an intravas-
cular volume expander, a renal vasodilator and possibly a
free radical scavenger.1 However, the use of mannitol remains
controversial, as it is mostly supported by experimental ani-
mal and retrospective clinical studies.2 Loop diuretics (e.g.,
furosemide) should not be used because they may acidify the
urine and do not improve (and may actually worsen) ultimate
renal outcome.1,2 Despite treatment, patients with rhabdomy-
olysis often develop oliguric acute tubular necrosis (ATN). In
this situation, a nephrologist should be consulted for aggres-
sive hemodialysis, often on a daily basis.2 Over time, many
patients partially or completely recover renal function.

KEY TEACHING POINTS

1. Rhabdomyolysis is a potentially life-threatening syndrome
resulting from the breakdown of skeletal muscle, with leak-
age of muscle contents into the circulation.

2. The most common causes of rhabdomyolysis are crush
injuries, overexertion, alcohol abuse, certain medications,
drugs and toxins.
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3. Patients with rhabdomyolysis classically present with com-
plaints of muscle weakness, swelling and pain.

4. Elevated CPK levels and a positive urine myoglobin test
support the diagnosis of rhabdomyolysis.

5. Treatment of rhabdomyolysis includes aggressive intra-
venous hydration, alkalinization of the urine with sodium
bicarbonate and emergent hemodialysis in cases of acute
renal failure. Mannitol may be of some benefit, but its use
remains controversial.
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Snakebite in a 55-year-old female

HISTORY OF PRESENT ILLNESS

A 55-year-old female with a medical history significant for
asthma and hypertension presented to the ED by ambulance
after being bitten by a snake. The patient was walking on a
trail in a wooded area wearing sandals when she accidentally
stepped on the snake, which bit her right mid-foot. The patient
felt sudden, sharp pain to her foot, and was able to shake the
snake off. She reported hearing a rattling sound after the bite,
and saw the snake slither away. She quickly developed severe
pain, redness and swelling of her foot, followed by sensations
of numbness and tingling in her hands and tongue. A com-
panion called emergency services, and she was transported to
the ED. In the ED, she complained of worsening pain and
swelling to her right foot, as well as nausea. She denied chest
pain, shortness of breath, abdominal pain or throat swelling.
The patient’s tetanus immunization status was unknown.

PHYSICAL EXAMINATION

GENERAL APPEARANCE: The patient was a well-developed,
middle-aged female in moderate discomfort.

VITAL SIGNS

Temperature 98.6◦F (37◦C)
Pulse 95 beats/minute
Blood pressure 175/74 mmHg
Respirations 18 breaths/minute
Oxygen saturation 100% on room air

HEENT: PERRL, EOMI, oropharynx moist, no uvular swel-
ling.

NECK: Supple.

CARDIOVASCULAR: Regular rate and rhythm without rubs,
murmurs or gallops.

LUNGS: Clear to auscultation bilaterally, no rales, rhonchi or
wheezes.

ABDOMEN: Soft, nontender, nondistended, active bowel sounds
present.

RIGHT FOOT: Edema with erythema of the entire foot, extend-
ing to the mid-calf (panel A, Figure 99.1). Two small punc-
ture wounds present on the medial aspect of the foot (panel B,
Figure 99.1). Diffuse tenderness to palpation and warmth; pal-
pable dorsalis pedis pulse, normal sensation and motor func-
tion of the toes and foot. No increased pain on passive exten-
sion of the toes.

NEUROLOGIC: Nonfocal.

A peripheral intravenous line was placed, and blood was
drawn and sent for laboratory testing. Morphine sulfate and
Zofran R© were administered IV for pain and nausea, respec-
tively. The wound was cleaned with normal saline, the foot
was elevated and ice packs were applied. Laboratory results,
including a complete blood count (CBC), electrolytes, BUN,
creatinine, glucose, prothrombin time (PT), activated partial
thromboplastin time (aPTT), International Normalized Ratio
(INR), fibrin split products, fibrinogen and creatine kinase
(CK), were all within normal limits.

What is your diagnosis?

415
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A B

Figure 99.1 Feet from a 55-year-old female following a snakebite to the right foot (panel A); medial view of
the right foot demonstrating two small puncture wounds (panel B, arrows).
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ANSWER

The diagnosis is snake envenomation from a Northern Pacific
rattlesnake (subfamily of Crotalinae, pit vipers) (Figure 99.2).
The patient’s tetanus status was updated, and she was given
an initial four vials of Crotalidae polyvalent immune Fab
antivenom (CroFabTM) IV after consultation with the Poi-
son Control Center. Six hours after the initial infusion of
antivenom, the swelling and erythema appeared to increase,
and an additional four vials of antivenom was administered.
The patient was admitted to the ICU by the podiatry ser-
vice. Laboratory tests including CBC, PT, aPTT, INR and
CK remained within normal limits. By hospital day #3, the
swelling, erythema and pain had reduced considerably, and
the patient was discharged home weight-bearing on the right
foot, with close follow up arranged.

Venomous snakebites in the United States

Approximately 15% of the 3000 species of snakes found
worldwide are considered dangerous to humans.1,2 Data from
the American Association of Poison Control Centers for 2003
included 2911 bites by indigenous venomous snakes in the
United States.3 However, the total is clearly greater because a
significant number of such bites are never reported to poison
control centers. The medically important New World (North
and South America) venomous snakes may be divided into
the families Viperidae (subfamily Crotalinae, the crotalines or
pit vipers) and Elapidae (elapids, the coral and sea snakes).3

Pit vipers are found throughout most of the New World south
of southern Canada. For example, in the United States all
48 contiguous states except Maine have at least one pit viper
species.3 Rattlesnakes are the most widespread of pit vipers,
found throughout most of the Western hemisphere. The east-
ern and western diamondback rattlesnakes account for most
fatalities.4 Deaths typically occur in children, the elderly and
in victims to whom antivenom is not given because envenom-
ation is not recognized, is given after a delay or is administered
in insufficient quantities.4

The majority of snakebites victims are men between the
ages of 17–27 years.2 Alcohol intoxication is a contributing
factor in many envenomations.3,5 More than 95% of bites
are on extremities (lower more than upper) and most occur
between April and October, with peak months July and
August.2,3 These months coincide with the times when native
snakes are active. Humans are more prone to be bitten during
outdoor activities, especially during these months. Twenty-
five percent of all pit viper bites are “dry” (i.e., do not result
in envenomation).1,3 The cardinal characteristic of the rat-
tlesnake is the tail rattle, which is formed by a group of inter-
locking keratin rings that vibrate against each other, pro-
ducing the characteristic buzzing sound when the snake is
aroused.2 Although rattlesnakes are generally quick to sound
out a warning when threatened, it is a misconception that
they always do so before striking.3 Most bites result from the

Figure 99.2 Northern Pacific rattlesnake (photograph courtesy of
Robert Norris, MD, Division of Emergency Medicine, Department of
Surgery, Stanford University).

eastern diamondback rattlesnake (C. atrox), the prairie and
Pacific rattlesnakes (C. viridis), the timber rattlesnake (C.
horridus) and the pygmy rattlesnake (S. miliarius).2

Snake venoms are complex chemical cocktails of approx-
imately 100 distinct molecular moieties.3 The best character-
ized of these include the phospholipase A2 neurotoxins, met-
alloproteinases and thrombin-like enzymes. Phospholipase A2

neurotoxins competitively bind to presynaptic calcium chan-
nels, inhibiting acetylcholine release, thereby blocking neu-
rotransmission at the neuromuscular junction and inactivat-
ing the muscle.3 Phospholipase A2 also damages muscle cell
membranes, causing calcium influx and release of creatine
and CK, which can result in diffuse myonecrosis and rhab-
domyolysis. Metalloproteinases activate tumor necrosis factor
alpha (TNF-α) and stimulate endogenous human metallopro-
teinases, intensifying inflammation.3 Thrombin-like enzymes
cause a consumptive coagulopathy but do not directly activate
coagulation factors or complex with antithrombin III.3

Definitive diagnosis of snake-venom poisoning requires
positive identification of the snake and clinical manifestations
of envenomation.1 Patients may bring the snake into the ED,
alive or dead, in parts or whole, for identification. Snake parts
should never be handled directly because the bite reflex in
recently killed or decapitated snakes remains intact, rendering
them capable of inflicting a bite.1,2 The most common reaction
to any snakebite is impending doom. Fear might cause symp-
toms such as nausea, vomiting, diarrhea, fainting, tachycardia
or cold, clammy skin.2 The primary local clinical findings after
most pit viper bites emerge within 30–60 minutes. Common
characteristics of crotaline envenomation include the presence
of one or more fang marks or puncture wounds, pain, edema,
erythema, or ecchymosis of the bite site and adjacent tissue.2

Localized burning pain and early progressive edema around
the bite site are common. Over a period of hours to days, the
patient may develop hemorrhagic or serous vesicles and bul-
lae at the bite site that may extend proximally.3
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Early manifestations of snakebite envenomations typically
include nausea, vomiting, perioral paresthesias, tingling of the
fingertips and toes, lethargy and weakness.1 Victims may com-
plain of a numb sensation of the mouth or tongue.3 More
severe systemic effects include hypotension, tachypnea, res-
piratory distress, severe tachycardia and altered sensorium.
Most pit viper snake venoms are hemotoxic (attacking tis-
sue and blood), resulting in damage to capillary endothelial
cells. This causes a third-spacing of plasma and extravasa-
tion of erythrocytes.6 Bites by rattlesnakes and the result-
ing envenomation may result in a consumptive coagulopathy
manifested by a prolonged or immeasurable INR, PT or aPTT,
hypofibrinogenemia, the presence of fibrin-degradation prod-
ucts, or a platelet count less than 20,000 per cubic millimeter.1

Muscle damage can result in elevated serum potassium and
CK levels.3 Envenomations can result in severe systemic reac-
tions, including a syndrome similar to disseminated intravas-
cular coagulation (DIC), acute renal failure, hypovolemic
shock and death.6

The factors that most reduce snakebite-related injuries and
mortality in the United States are rapid transport, intensive
care and antivenom.3 Once airway, breathing and circula-
tion have been assessed and secured, a rapid, detailed history
should be obtained. Key points include the time and circum-
stances of the bite, a general description of the snake, first-aid
measures used, coexisting medical conditions, drug and food
allergies, allergy to horse or sheep products, and history of
snakebite and therapy.1 The bite should be examined for fang
or tooth marks and scratches, edema, erythema and ecchy-
mosis. All rings, watches, and constrictive clothing should be
removed.2 Baseline circumferential measurements at several
points above and below the bite should be documented, with
measurements at the same sites repeated every 20–30 min-
utes until the swelling subsides.1,2 Laboratory studies should
include a CBC with platelet count, coagulation profile (PT,
aPTT, INR, fibrinogen), electrolytes, BUN, serum creatinine
and urinalysis.1,2 Tests such as CK, blood typing and cross-
matching, chest radiography, and electrocardiography might
be indicated based on age, comorbid history and severity of
the envenomation.2 Tetanus prophylaxis should be adminis-
tered based on the patient’s immunization history.

The mainstay of therapy for pit viper envenomation is
the early and judicious use of antivenom. Antivenom ther-
apy is predicated on imparting passive immunity against cir-
culating snake venom antigens.3 Two antivenoms are cur-
rently available in the United States for use in pit viper bites:
Crotalidae Polyvalent Immune Fab (CroFab R©, Savage Lab-
oratories, Melville, NY) and Antivenin Crotalidae Polyva-
lent (ACP R©, Wyeth-Ayerst Laboratories, Philadelphia, PA).3

ACP was introduced in the United States in 1954 and con-
tributed to a remarkable decrease in the mortality rate from
crotaline (pit viper) snakes, from an estimated 5%–25% in
the nineteenth century to less than 0.5% currently.1 CroFab R©

is a mixed, monospecific, polyvalent antivenom produced by
immunizing sheep with the venoms of crotaline snakes.1 In

animal testing, CroFab R© was 5.2 times as potent as ACP R©.
Current experience indicates that CroFab R© is more effective
for most North American pit viper species and safer to use
than ACP R©.3,7

Indications for the use of antivenom in cases of rattlesnake
bites include progressive venom effects, such as worsening
local injury (e.g., pain, swelling, ecchymosis), abnormal coag-
ulation profile or systemic effects (e.g., hypotension, altered
mental status).2 Antivenom should be given as soon as pos-
sible after the bite (preferably within four to six hours) to
be most effective.3 CroFab R© is administered according to the
concepts of initial control and maintenance of therapy. The
starting dose is four to six reconstituted vials further diluted in
250 mL of normal saline, administered to achieve initial con-
trol (defined as reversal or marked attenuation of local injury,
systemic effects and coagulopathy).2,3,8 If there is evidence of
progression of local finding one hour after initial antivenom
administration, or if coagulation studies and systemic signs
and symptoms fail to improve, this dose should be repeated
until stabilization occurs.3 After initial control has been estab-
lished, an additional two vials of CroFab R© are infused at 6, 12
and 18 hours to prevent local recurrence.1–3,8 Monitoring of
patients for response to treatment and possible adverse events
(e.g., anaphylaxis) in an ICU is recommended for all patients
treated with antivenom.1

KEY TEACHING POINTS

1. The reported incidence of venomous snake bites in the
United States is 7000–8000 per year, with five or six annual
deaths.1

2. Victims of venomous snakebites require aggressive sup-
portive care, baseline circumferential measurements at
several points above and below the bite, and a CBC
with platelet count, coagulation profile, electrolytes, BUN,
serum creatinine, CK and urinalysis.

3. Indications for treatment of rattlesnake bites with
antivenom include progressive venom effects, such as wors-
ening local injury, abnormal coagulation profile or systemic
effects (e.g., hypotension, altered mental status).

4. All patients treated with antivenom should be monitored
in an ICU.
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Facial swelling in a 62-year-old female

HISTORY OF PRESENT ILLNESS

A 62-year-old female with a history of type II diabetes and
hypertension presented to the ED with several hours of facial
swelling after eating Mexican food. Soon after her meal, the
patient began experiencing generalized pruritus; over the next
few hours, she developed progressive facial edema with mild
shortness of breath and chest tightness. She denied throat
tightness, difficulty swallowing or taking a breath. The patient
reported two similar episodes over the past two months, both
occurred shortly after eating tomatoes. She reported eat-
ing tomatoes her entire life without similar occurrences. The
patient’s medications included Prinizide R© (lisinopril/HCTZ),
glipizide and trazodone; none of these were new medications
and no recent dose changes had occurred. She denied any
known drug allergies.

PHYSICAL EXAMINATION

GENERAL APPEARANCE: The patient was a well-developed
female with obvious facial swelling who appeared to be in no
acute distress.

VITAL SIGNS

Temperature 98.1◦F (36.7◦C)
Pulse 80 beats/minute
Blood pressure 130/80 mmHg
Respirations 20 breaths/minute
Oxygen saturation 98% on room air

HEENT: PERRL, EOMI, obvious swelling of the lips and
tongue appreciated (Figure 100.1). The oropharynx was moist
without lesions; mild uvular swelling was noted. The patient
had a coarse voice on phonation.

Figure 100.1 A 62-year-old female with facial swelling after eating
Mexican food.

NECK: Supple, no jugular venous distension, no stridor on aus-
cultation.

CARDIOVASCULAR: Regular rate and rhythm without rubs,
murmurs or gallops.

LUNGS: Clear to auscultation bilaterally, no wheezes.

ABDOMEN: Soft, nontender, nondistended, active bowel
sounds present.

EXTREMITIES: No clubbing, cyanosis or edema.

SKIN: Warm, dry, well perfused, without rashes.

NEUROLOGIC: Nonfocal.

What is your diagnosis?

421
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ANSWER

The diagnosis is angioedema. In the ED, the patient received
Solu-Medrol R© 125 mg IV, Benadryl R© 25 mg IV, Pepcid R©

20 mg IV and nebulized racemic epinephrine with some
improvement of her symptoms. After several hours, signif-
icant lip and tongue swelling persisted, and the patient was
admitted to the medical service for further observation. ACE
inhibitors were held, and the patient was continued on IV
steroids, Benadryl R© and Pepcid R©. Laboratory tests were all
within normal limits on admission, as well as normal tryptase
and C1-esterase inhibitor levels obtained during the hospital-
ization. Radioallergosorbent tests (RAST) for allergy to foods
returned negative to tomatoes and mildly reactive to wheat.
She was discharged on hospital day #2 with nearly complete
resolution of symptoms, with instructions to continue a pred-
nisone taper, Pepcid R© and Benadryl R© as an outpatient. An
EpiPen R© was prescribed, with instructions for its use in an
emergency given.

Angioedema

Angioedema (AE) is the result of interstitial edema from
mediators affecting capillary and venule permeability.1

Upward of 50% of patients with urticaria may have AE
concurrently.1 The swelling due to AE involves tissues deeper
than the dermis and thus appears and feels different than
urticaria. The mechanisms responsible for the swelling in both
urticaria and AE are generally similar. However, a major
exception to this is AE associated with C1-esterase inhibitor
deficiency, which is caused by a distinct pathophysiologic
mechanism and is not accompanied by urticaria.1

AE occurs in approximately 15% of the general popu-
lation, and is more common in females than males.2 Com-
mon locations of swelling include the periorbital region, lips,
tongue, extremities and bowel wall.2,3 Bowel wall AE may
occur without skin involvement and cause abdominal pain,
nausea, and possibly (although rare) bowel obstruction. The
leading cause of death is airway obstruction from laryngeal
edema, with a mortality of 25–40%.2 Episodes of AE typi-
cally last between two to three days, and may be isolated or
recurrent. Recurrent episodes of AE and urticaria that last
less than six weeks are considered acute (90%); those that per-
sist longer than six weeks are classified as chronic (10%).3

Allergic (histamine-induced) AE is a hypersensitivity reac-
tion to various antigens, such as drugs, foods and insect
venoms.4 Kinin-induced AE is believed to be caused by
bradykinin-induced activation of endothelial cells resulting in
vasodilatation and capillary leakage. Two different types of
kinin-induced AE are known, hereditary and drug-induced
forms.4 Hereditary AE (HAE) is an autosomal-dominant dis-
order that results from C1-esterase inhibitor (C1-INH) defi-
ciency, which regulates the activity of the complement com-
ponent C1, the first step in the classic component cascade.2

C1-INH deficiency results in unregulated activity of the
vasoactive mediators bradykinin, kallikrein and plasmin.2

ACE inhibitors precipitate attacks of AE by directly interfer-
ing with the degradation of bradykinin, thereby potentiating
its biological effect.5 The incidence of AE with ACE inhibitors
is highest (25%) during the first month of taking the medi-
cation, although the first event can occur spontaneously after
many years of use.2

The clinical evaluation of AE starts with a focused search
for emergency conditions, followed by a detailed history
aimed at identifying the underlying cause.3 Life-threatening
airway compromise can occur if the AE involves the upper air-
way. Following stabilization of the patient, a detailed history
should be aimed at eliciting exposures to foods, drugs, physical
stimuli, infection, occupational elements and insect stings. The
differential diagnosis includes evolving anaphylaxis syndrome,
erythema multiforme minor, bullous pemphigoid and der-
matitis herpetiformis, urticarial vasculitis, mastocytosis, HAE
(C1-esterase inhibitor deficiency), ACE inhibitor-associated
AE and serum sickness.3 Family history can assist in deter-
mining whether a hereditary component exists. Diagnosis of
IgE-mediated AE is usually made historically; however, epi-
cutaneous skin testing or RAST testing for foods may be
confirmatory.5 Hereditary AE is characterized by low levels
of C1-INH, whereas serum tryptase levels are often elevated
in persons with acute allergic reactions.5

The first priority of acute management of AE is airway pro-
tection. Providers must have a low threshold for intubation at
the first signs of airway compromise.2 For allergic AE, allergen
avoidance is the standard of treatment; antihistamines (H1-
and H2-blockers) and glucocorticoids improve symptoms dur-
ing an acute episode.2 Intramuscular epinephrine (0.3 cc of
a 1:1000 concentration) should be the first line of treatment
when laryngeal edema is suspected or airway compromise is
evident. Life-threatening acute attacks of HAE do not usually
respond satisfactorily to treatment with epinephrine (normal
dosage), antihistamines or steroids.3 The treatment of choice
for acute episodes of HAE is plasma-derived C1-INH con-
centrate or fresh-frozen plasma, which contains C1-INH (and
has been shown to be as effective as C1-INH concentrate).2

Stanazol, an anabolic steroid, and danazol, a gonadotropin
inhibitor, may be used for the acute phase of an attack of
HAE.5

KEY TEACHING POINTS

1. The initial goal of therapy for angioedema (AE) is airway
management. Most patients with mild acute angioedema
may be treated similarly to those with an allergic reaction,
although an extended observation period is recommended.

2. Severe symptoms of AE require epinephrine, H1- and H2-
blockers, and glucocorticoids.

3. Drugs associated with urticaria and AE include radio-
contrast agents, opiates, dextran, ACE inhibitors, aspirin
and NSAIDs.

4. ACE inhibitors precipitate attacks of AE by directly inter-
fering with the degradation of bradykinin, thereby potenti-
ating its biological effect.
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5. Patients with severe symptoms of AE that do not respond
to initial treatment in the ED should be admitted to the
ICU for close observation and definitive airway manage-
ment (if necessary).
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Intentional alkali ingestion in a 65-year-old female

HISTORY OF PRESENT ILLNESS

A 65-year-old female with a history of mental illness presented
to the ED after consuming two glasses of liquid DranoTM

approximately three hours prior to presentation in a suicide
attempt. Fifteen minutes after consuming the drain cleaner,
the patient developed epigastric pain and difficulty swallow-
ing and called emergency services. On presentation, she com-
plained of sharp epigastric pain rated at a level of 8 (on
a scale of 0 to 10), nausea and difficulty swallowing. She
denied shortness of breath or throat tightness, or any other co-
ingestions.

PHYSICAL EXAMINATION

GENERAL APPEARANCE: The patient was awake and alert and
appeared to be in no acute discomfort. She was speaking full
sentences in a normal voice, tolerating her secretions.

VITAL SIGNS

Temperature 98◦F (36.6◦C)
Pulse 80 beats/minute
Blood pressure 145/90 mmHg
Respirations 22 breaths/minute
Oxygen saturation 99% on room air

HEENT: PERRL, EOMI; posterior oropharynx erythema with-
out swelling, exudates or ulcerations.

NECK: Supple, no anterior tenderness to palpation or crepi-
tance.

CARDIOVASCULAR: Regular rate and rhythm without rubs,
murmurs or gallops.

LUNGS: Clear to auscultation bilaterally.

ABDOMEN: Soft, nondistended, epigastric tenderness to palpa-
tion without rebound or guarding.

RECTAL: Brown stool, hemoccult negative.

EXTREMITIES: No clubbing, cyanosis or edema.

NEUROLOGIC: Nonfocal.

PSYCHIATRIC: Suicidal ideations; denied homicidal ideations,
visual or auditory hallucinations.

A peripheral intravenous line was placed, and blood was
drawn and sent for laboratory testing. The patient was not
allowed to have anything by mouth, and a 1-liter normal
saline IV bolus was administered. Laboratory tests revealed
a leukocyte count of 19 K/μL (normal 3.5–12.5 K/μL); the
remainder of her laboratory tests (including hematocrit, elec-
trolytes, BUN, creatinine, glucose, anion gap, aspirin and
acetaminophen levels) were within normal limits.

What is your diagnosis?

425
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ANSWER

The diagnosis is caustic alkali ingestion. The patient was
placed on a psychiatric hold in the ED for danger to self,
under close supervision for suicide precautions. Gastroen-
terology was urgently consulted. The patient was transferred
to the endoscopy suite, where upper GI endoscopy was per-
formed under procedural sedation. Endoscopy revealed sig-
nificant edema, hyperemic mucosa and hemorrhagic exudates
in the distal esophagus (Figure 101.1), with moderate edema
and exudates present in the proximal to mid-esophagus with-
out ulceration. Endoscopy of the stomach also revealed areas
of moderate to severe erythema and edema with associated
hemorrhagic mucosa, without evidence of ulcerations or ero-
sions.

Following endoscopy, the patient was admitted to the
medicine service with suicide precautions and continued
close supervision. Intravenous antibiotics (ciprofloxacin and
metronidazole) and omeprazole were begun, the patient was
not allowed to eat or drink, and she received maintenance
IV fluids. The patient’s diet was slowly advanced over the
next few days. By the time she was transferred to an inpa-
tient psychiatric facility on hospital day #4, she was tolerating
a mechanical soft diet without abdominal pain or dysphagia.

Alkali ingestions

Acids and alkalis are known to produce different types of tis-
sue damage. Acids generally cause coagulation necrosis, with
eschar formation that may limit substance penetration and
injury depth.11 In contrast, alkalis combine with tissue proteins
to cause liquefactive necrosis and saponification, and tend to
penetrate deeper into tissues. Additionally, alkali absorption
leads to thrombosis of blood vessels, impeding blood flow to
already damaged tissue.1

From a clinical perspective, exposure to alkali is a rel-
atively common occurrence. In the United States, poison
centers receive more than 100,000 calls annually for alkali
exposures; nearly one-quarter are evaluated in a health care
facility.2 Overall, alkali injuries remain a leading cause of

Figure 101.1 Upper endoscopy images from a 65-year-old female after ingesting liquid DranoTM demonstrate
significant edema and hyperemic mucosa to the distal and mid-esophagus, along with the presence of hemor-
rhagic exudates.

death from nonpharmaceuticals. Ingestion of a single identi-
fied alkali accounts for approximately 1–2% of all poisoning-
related deaths reported to poison centers.2 The most com-
mon substances encountered clinically are sodium hydroxide,
sodium hypochlorite (bleach), sodium carbonate, phosphate,
silica and ammonia. These are found primarily in cleaning
products, disinfectants, automatic dishwasher detergents and
mildew removal products.2 Other sources of alkali include
Clinitest R© tablets, denture cleaning tablets, hair dyes, cement
(lime) and alkaline batteries.

Tissue injury from alkali ingestion occurs rapidly; severe
injury may occur within minutes of contact.3 The most
severely injured tissues are the squamous epithelial cells of
the oropharynx, hypopharynx and esophagus (the most com-
monly involved organ). The stomach is involved in only
20% of alkali ingestions.3 Tissue edema occurs immediately
and may persist for 48 hours, eventually progressing to air-
way obstruction. Over time, granulation tissue replaces the
necrotic tissue. Mucosal sloughing occurs four to seven days
after the initial insult, and is followed by enhanced fibroblast
activity.4 The esophageal wall is weakest 7–21 days after alkali
exposure. Symptomatic stricture usually occurs three weeks
after the injury, but may present several years later.4

ED management of alkali ingestions begins with careful
assessment of the airway, breathing and circulation (ABCs).
After alkali ingestions, the most important task is to monitor
the patient and intervene as necessary to treat complications,
such as esophageal perforation. Early endotracheal intubation
is warranted when airway compromise is suspected (hoarse-
ness, throat pain, drooling or edema).5 Intubation should
occur early if significant exposure is suspected, before edema
and secretions threaten the airway and make intubation dif-
ficult or impossible. Patients should have intravenous access
and vigorous fluid resuscitation.

In alert patients who are not vomiting and can tolerate liq-
uids, small volumes (1–2 cups) of water or milk are recom-
mended within the first few minutes after ingestion.5 Because
injuries occur almost immediately, later dilution is not war-
ranted. Emesis induction and activated charcoal administra-
tion are contraindicated in the treatment of alkali ingestions
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because of the likelihood of further injury on re-exposure
(emesis) or obscuring findings on endoscopy. Indications for
immediate operative intervention include the presence of
hemodynamic instability associated with clinical evidence of
peritonitis, mediastinitis or massive hemorrhage.2

Flexible esophagogastroduodenoscopy (EGD) has been
established as a safe and reliable tool for assessing esophageal
damage up to 96 hours after caustic ingestion, as long as gentle
insufflation of the upper gastrointestinal tract is used during
the procedure (to avoid perforation).1 Only clinical or radio-
logic suspicion for perforated viscus is a contraindication for
EGD. Classifying burn degree by findings on EGD is impor-
tant for prognosis and management. Generally, patients who
have grade 0 (normal) and 1 (mucosal edema or hyperemia)
lesions do not develop delayed sequelae, such as stricture
or gastric outlet obstruction.1 These patients with accidental
ingestions can be safely discharged home after complete res-
olution of symptoms and confirmation of their ability to tol-
erate ingestions of solids and liquids (those with intentional
ingestions in an attempt to cause harm still require a psychi-
atric evaluation). Grade 2a burns involve localized, superficial
friability with blisters or ulceration, whereas grade 2b burns
involve features of grade 2a burns but with circumferential
ulceration. Following a grade 2b burn, stricture incidence may
be as high as 71%. After grade 3 burns (necrosis ranging from
small, scattered areas to extensive areas), stricture incidence
can be as high as 100%.1

Although previously felt controversial, steroids are rec-
ommended in patients with circumferential esophageal burns
and those with strongly suspected injury who cannot undergo
endoscopy.4 Antibiotics should be administered to patients
with evidence of perforation or to those receiving steroids.3,5

Psychiatric consultation should be obtained for any patient
presenting with a nonaccidental ingestion in an attempt to
cause personal harm. Patients deemed to be a danger to
themselves or others, or those who are gravely disabled,
should be placed on a psychiatric hold with urgent psychiatric
evaluation.

KEY TEACHING POINTS

1. Ingestion of a single identified alkali accounts for approx-
imately 1–2% of all poisoning-related deaths reported to
poison centers.

2. Alkalis combine with tissue proteins to cause liquefactive
necrosis and saponification, penetrating deep into tissues
and leading to thrombosis of blood vessels, impeding blood
flow to already damaged tissue.

3. Early endotracheal intubation is warranted when airway
compromise is suspected (hoarseness, throat pain, drooling
or edema).

4. Indications for immediate surgical intervention in alkali
ingestions include the presence of hemodynamic instability
associated with clinical evidence of peritonitis, mediastini-
tis or massive hemorrhage.

5. The gastroenterologist should be consulted early in the
management of patients with alkali ingestions for consid-
eration of urgent EGD.

6. Psychiatric consultation should be obtained for any patient
presenting with an ingestion in an attempt to cause per-
sonal harm.
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Symptomatic bradycardia in an 85-year-old female

HISTORY OF PRESENT ILLNESS

An 85-year-old female with a medical history significant
for hypertension, congestive heart failure, atrial fibrillation
and Alzheimer’s dementia was brought to the ED from her
skilled nursing facility (SNF) by paramedics following a syn-
copal episode, at which time she was found to be brady-
cardic and hypotensive. Her medications included atenolol,
digoxin, captopril, aspirin and acetaminophen as needed. Per
the nurse at the SNF, the patient was found unresponsive in
her wheelchair; she regained consciousness upon being trans-
ferred to her bed, but remained somnolent and more confused
than her baseline. When the paramedics arrived, they found
her bradycardic, with an irregular heart rate ranging from 30–
40 beats/minute and a blood pressure of 102/palp. An intra-
venous line was placed by the paramedics and 1 mg atropine
was administered, after which her heart rate increased to 60–
70 beats/minute.

PHYSICAL EXAMINATION

GENERAL APPEARANCE: The patient was an elderly, cachectic
female who was arousable but confused and slow to respond.

VITAL SIGNS

Temperature 98.5◦F (36.9◦C)
Pulse 50–60 beats/minute
Blood pressure 113/34 mmHg
Respirations 22 breaths/minute
Oxygen saturation 100% on room air

HEENT: PERRL, EOMI, oropharynx dry.

NECK: Supple, no jugular venous distension.

CARDIOVASCULAR: Bradycardic rate with irregular rhythm, no
rubs, murmurs or gallops.

LUNGS: Clear to auscultation bilaterally.

ABDOMEN: Soft, nontender, nondistended.

RECTAL: Normal tone, brown stool, hemoccult negative.

EXTREMITIES: No clubbing, cyanosis or edema.

NEUROLOGIC: Alert, confused, oriented to name only. Patient
was able to move all extremities and follow simple commands.

A 12-lead ECG was obtained (Figure 102.1) and the patient
was placed on the cardiac monitor. A peripheral intravenous
line was placed and blood was drawn and sent for laboratory
testing.

What is your diagnosis?

429
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Figure 102.1 12-lead ECG from an 85-year-old female with syncope and altered mental status.
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ANSWER

The diagnosis is syncope from bradycardia secondary to
digoxin toxicity. The ECG shows atrial fibrillation with ven-
tricular rate of 50 with longer pauses (lead II), narrow QRS
complexes with coved, down-sloping ST segments (digitalis
effect). The patient’s digoxin level was 3.0 ng/mL (normal
range 0.9–2.0 ng/mL), potassium was 4.8 mEq/L (normal
range 3.5–5.3 mEq/L) and creatinine was 1.1 mg/dL. The
patient was admitted to the medicine service, where she
received gentle IV hydration and no additional digoxin or
atenolol. The following day, the digoxin level was 1.4 ng/mL,
and her heart rate and symptoms had improved. She did not
require further doses of atropine, nor were digoxin-Fab frag-
ments (Digibind R©) administered, as her heart rate remained
50–60 beats/minute with systolic blood pressures consistently
above 110 mmHg. The decision was made not to place a
pacemaker during this hospitalization based on the patient’s
advanced dementia. The digoxin and atenolol were withheld
indefinitely prior to discharge. The patient remained in atrial
fibrillation with a ventricular rate in the 60s, and was dis-
charged back to her SNF with resolution of her symptoms.

Digoxin toxicity

Digoxin is a member of the class of drugs known as car-
diac glycosides, which act by inhibiting active transport of
Na+ and K+ across cell membranes by inhibiting the Na+/K+

ATPase (sodium pump). This results in an increase in extra-
cellular K+ and intracellular Na+. An increased intracellu-
lar Na+ reduces the transmembrane Na+ gradient and sub-
sequently increases activity of the Na+-Ca2+ exchanger. In
turn, this activity increases the intracellular calcium concen-
tration, which augments myofibril activity in cardiac myocytes
resulting in positive inotropy. The cardiac glycosides also
increase vagal tone that may lead to direct atrioventricular
nodal depression.1 Therapeutically, digitalis derivatives are
used to increase myocardial contractility or slow atrioventricu-
lar conduction. However, these actions can result in significant
cardiac disturbances and ECG abnormalities in the setting of
toxicity.

Digitalis derivatives at therapeutic doses have been asso-
ciated with several electrocardiographic changes.1 These
findings include the “digitalis effect” (abnormal inverted
or flattened T waves coupled with ST-segment depression,
frequently described as a sagging or scooped ST segment/T
wave complex). These findings are most pronounced in leads
with tall R waves. In addition, other findings on ECG with
therapeutic doses of digitalis include QT-interval shortening
(the result of decreased ventricular repolarization time), PR-
interval lengthening (the result of increased vagal activity)
and increased U wave amplitude. These electrocardiographic
manifestations are also seen with therapeutic digoxin levels
and do not correlate with toxicity.

ECG abnormalities with cardiac glycoside toxicity are the
result of the propensity for increased automaticity (from

increased intracellular calcium) accompanied by slowed con-
duction through the atrioventricular node. As a result, cardiac
glycoside toxicity may result in a wide array of dysrhyth-
mias. Excitant activity (atrial, junctional, ventricular prema-
ture beats, tachydysrhythmias and triggered dysrhythmias),
suppressant activity (sinus bradycardia, bundle branch blocks,
first-, second- and third-degree atrioventricular blocks), or
any combination of excitant and suppressant activity (atrial
tachycardia with atrioventricular block, second-degree atrio-
ventricular block with junctional premature beats) have been
reported.2–4

The most common dysrhythmia associated with toxicity
induced by these agents is frequent premature ventricular
beats. Paroxysmal atrial tachycardia with variable block or
accelerated junctional rhythm is highly suggestive of digi-
talis toxicity. Marked slowing of the ventricular response in
a patient with a history of atrial fibrillation on digoxin should
suggest the possibility of toxicity.1

The ECG may demonstrate findings associated not only
with cardiac glycoside toxicity but also with hyperkalemia.
Acute digoxin toxicity may be associated with hyperkalemia
because the Na+/K+ ATPase is inhibited and extracellular K+

increases. In chronic digoxin toxicity, hyperkalemia may not
be seen because the slower extracellular increase in K+ allows
for renal compensation.1

Drug-drug interactions are one of the most common
causes of digoxin toxicity.5 Some medications directly increase
digoxin plasma levels; other medications alter renal excre-
tion or induce electrolyte abnormalities. For example, clar-
ithromycin, erythromycin and tetracycline have been shown to
increase digoxin level by altering the gut flora that is important
in digoxin metabolism.6 Some of the most important drugs
causing interaction with digoxin are antiarrhythmic agents.
Quinidine, amiodarone and verapamil cause an increase in
digoxin levels by reducing its renal clearance.6

Pre-hospital care for patients with suspected digoxin tox-
icity includes supplemental oxygen, cardiac monitoring, IV
access, and transport to the nearest ED. Atropine is indi-
cated for symptomatic bradyarrhythmias; lidocaine is indi-
cated for ventricular tachycardia.5 In the ED, activated char-
coal is indicated for acute overdose or accidental ingestions.
Bradyarrhythmias that are hemodynamically stable may be
treated with observation and discontinuation of the drug.
Proper hydration should be ensured to optimize renal clear-
ance of excess drug. Hemodynamically stable supraventricular
dysrhythmias may be treated conservatively with observation
and discontinuation of digoxin. In the setting of rate-related
ischemia or hemodynamic instability, Digibind R© (digoxin-Fab
fragments) is the treatment of choice.5

Hyperkalemia should be treated when K+ levels are
greater than 5.5 mEq/L. Calcium is contraindicated to treat
hyperkalemia in the setting of digoxin toxicity because
ventricular tachycardia or ventricular fibrillation may be
precipitated.5 Unless the patient is in extremis, other mea-
sures should be preferentially used to treat hyperkalemia
(e.g., sodium bicarbonate, insulin and glucose, Kayexalate R©
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or Digibind R©). Digoxin-Fab fragments (Digibind R©) are gen-
erally indicated in digoxin toxicity for dysrhythmias associated
with hemodynamic instability, altered mental status attributed
to digoxin toxicity, hyperkalemia with K+ greater than 5
mEq/L, serum digoxin level greater than 10 ng/mL in adults
at steady state, or acute ingestion greater than 10 mg in adults
(40 × 0.25 mg tablets) or greater than 0.3 mg/kg in children.5

In an acute overdose, the dose of Digibind R© given can be
calculated using the following equation:

Number of vials = (total amount ingested in mg × 0.8)/0.5

For example, a patient who overdosed on 30 × 0.25 mg
tablets would receive (30 × 0.25 × 0.8)/0.5 vials, or 12 vials
of Digibind R©.5 (Each vial contains 40 mg digoxin-specific anti-
body fragments).

In patients presenting with chronic digoxin toxicity, the cal-
culation is:

Number of vials = digoxin level (ng/mL) × weight(kg)/100

For example, a 50-kg patient with a digoxin level of 5 ng/mL
would be given 2.5 vials of Digibind R©.5

If the amount ingested is unknown or the digoxin level is
unavailable, rapid administration of 10 vials is generally ade-
quate to reverse toxicity; a repeat dose with 10 vials is indi-
cated if there is no or partial clinical response.5 In the setting
of chronic toxicity, where the drug level is not immedi-
ately available, administration of six vials is generally recom-
mended. The calculated IV dose should be administered over
30 minutes; effects should occur within 30 minutes.5

KEY TEACHING POINTS

1. Cardiac glycoside toxicity may result in almost any rhythm
disturbance, from premature ventricular beats to third-
degree atrioventricular block.

2. Marked slowing of the ventricular response in a patient
with a history of atrial fibrillation who is taking digoxin
should suggest the possibility of toxicity.

3. Calcium is contraindicated to treat hyperkalemia in the set-
ting of digoxin toxicity because it may precipitate ventricu-
lar tachycardia or ventricular fibrillation.

4. It is important to correct electrolyte abnormalities, espe-
cially hypokalemia and hypomagnesemia, in patients pre-
senting with digoxin toxicity.

5. Important drug interactions with digoxin include clar-
ithromycin, erythromycin and tetracycline, as well as quini-
dine, amiodarone and verapamil.

6. Digoxin-Fab fragments (Digibind R©) are generally indi-
cated for the following:
a. Dysrhythmias associated with hemodynamic instability
b. Altered mental status attributed to digoxin toxicity
c. Hyperkalemia (K+ greater than 5 mEq/L)
d. Serum digoxin level greater than 10 ng/mL in adults at

steady state
e. Ingestion of greater than 10 mg in adults (40 × 0.25 mg

tablets) or greater than 0.3 mg/kg in children.
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Bilateral leg swelling in a 30-year-old male

HISTORY OF PRESENT ILLNESS

A 30-year-old male with no significant medical history pre-
sented to the ED complaining of three days of bilateral leg
swelling that had progressed up his thighs, as well as facial
and hand swelling. The face and hand swelling had resolved,
but the leg swelling remained. He denied shortness of breath,
chest pain, cough, fevers, chills, dysuria, hematuria, decreased
urination, recent sore throat or abdominal pain. He denied
similar episodes in the past. He took no medications. He
denied alcohol or illicit drug use, and smoked three cigarettes
per day. Family history was significant for hypertension. His
fluid and food intake were reported as normal.

PHYSICAL EXAMINATION

GENERAL APPEARANCE: The patient appeared well developed,
well hydrated and in no acute discomfort.

VITAL SIGNS

Temperature 98.2◦F (36.8◦C)
Heart rate 84 beats/minute
Blood pressure 160/113 mmHg
Respiratory rate 18 breaths/minute
Oxygen saturation 97% on room air

HEENT: Unremarkable.

NECK: Supple, no jugular venous distention.

CARDIOVASCULAR: Regular rate and rhythm without rubs,
murmurs or gallops.

LUNGS: Clear to auscultation bilaterally without rales, rhonchi
or wheezes.

Figure 103.1 Lower extremities of a 30-year-old male with bilateral
leg swelling for three days.

ABDOMEN: Soft, nontender, nondistended.

EXTREMITIES: Examination of the hands and face did not
reveal edema, whereas examination of the lower extremities
demonstrated pitting edema from the feet up through the
pre-tibial region to the knees bilaterally (Figure 103.1). Mild
edema was noted to the mid-thighs bilaterally.

A peripheral intravenous line was placed, and blood was
sent for laboratory testing. While awaiting the laboratory test
results, a clear, yellow urine sample was obtained, and a bed-
side dipstick reagent test demonstrated 4+ protein.

What is your diagnosis?
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ANSWER

The diagnosis is nephrotic syndrome. Laboratory tests results
were significant for a serum total protein of 3.9 g/dL (nor-
mal 6.3–8.2 g/dL) and serum albumin of 1.6 g/dL (normal 3.4–
4.8 g/dL). The blood urea nitrogen, creatinine and electrolytes
(including potassium) were within normal limits. The uri-
nalysis demonstrated 600 mg/dL protein (range 0–9 mg/dL).
The nephrologist was consulted and the recommendation was
made to start the patient on furosemide 20 mg orally daily,
with follow up in nephrology clinic the following day. The
patient’s lower extremity edema improved dramatically fol-
lowing initiation of furosemide, and a kidney biopsy per-
formed two weeks after initial presentation demonstrated
minimal change nephrotic syndrome (MCNS). The patient
was prescribed steroid therapy (prednisone), with close follow
up arranged with the nephrologist.

Nephrotic syndrome and minimal change disease

Nephrotic syndrome is characterized by the presence of pro-
teinuria greater than 3.5 g/day/1.73 m2, with accompanying
edema, hypoalbuminemia, hypertension and hyperlipidemia.1

It leads to a multitude of other sequelae, such as predispo-
sition to systemic infection and hypercoagulability. In gen-
eral, the diseases associated with nephrotic syndrome cause
chronic kidney dysfunction, but only rarely cause acute renal
failure.1 Acute renal failure may be seen with minimal change
disease, HIV-associated nephropathy and bilateral renal vein
thrombosis. The causes of nephrotic syndrome can be divided
into primary and secondary causes.2 The causes of idio-
pathic (primary) nephrotic syndrome (in decreasing order
of prevalence) are focal and segmental glomerulosclerosis,
membranous nephropathy, minimal change disease and mem-
branoproliferative glomerulonephritis.1 Secondary causes
include diabetic nephropathy, amyloidosis and systemic lupus
erythematosus (SLE) with membranous nephropathy. Of
these, diabetic nephropathy is the most prevalent cause of
nephrotic proteinuria and end-stage renal disease in the
United States.1

Minimal change nephropathy is responsible for 90% of
nephrotic syndrome in children and about 20% in adults.3

Clinical onset is usually abrupt, and the glomeruli are nor-
mal on light microscopy. Fusion of epithelial foot processes
may be identified on electron microscopy.3 Nephrotic syn-
drome may also be caused by a wide range of relatively rare
diseases (e.g., amyloidosis, SLE, various infections including
HIV and preeclampsia), as well as malignancy and drugs (e.g.,

probenecid, captopril, lithium, warfarin, penicillamine).2,3

Edema, the predominant clinical feature, is ultimately the
result of urinary loss of large amounts of albumin from the
serum with a consequent lowering of the serum albumin
concentration.4 Definitive diagnosis of the cause of nephrotic
syndrome is made by renal biopsy (which can be performed on
an outpatient basis following initiation of treatment). Initial
treatment of patients with nephrotic syndrome should include
loop diuretics (furosemide) in consultation with a nephrol-
ogist. Adults with MCNS are treated initially with steroids
(1 mg/kg/day) but respond more slowly than children; approx-
imately 25% of adults fail to respond within three to four
months.3 Patients who frequently relapse or are dependent
on steroids should be treated with cyclophosphamide, as this
agent has been shown to result in long-term remission without
the side affects inherent to chronic steroid therapy.3

KEY TEACHING POINTS

1. Nephrotic syndrome is characterized by the presence of
proteinuria, with accompanying edema, hypoalbuminemia,
hypertension and hyperlipidemia.

2. Evaluation of the urine by a simple urine dipstick in the ED
provides qualitative information on the amount of protein
in the urine. This offers preliminary evidence (along with
history, physical examination and further laboratory test-
ing) of nephrotic syndrome.

3. The causes of idiopathic nephrotic syndrome include focal
and segmental glomerulosclerosis, membranous nephropa-
thy, minimal change disease and membranoproliferative
glomerulonephritis.

4. Definitive diagnosis of the cause of nephrotic syndrome is
made by renal biopsy.

5. Treatment of minimal change nephrotic syndrome includes
initiation of loop diuretics and steroids, in consultation with
a nephrologist.
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Headache and bruising in a 33-year-old female

HISTORY OF PRESENT ILLNESS

A 33-year-old female presented to the ED complaining of sev-
eral days of a constant, severe headache and bruising to her
extremities. Her headache was throbbing, located over the
forehead, rated at a level of 8 (on a scale of 0 to 10), and not
relieved with acetaminophen. She reported associated nausea
without vomiting and fatigue, but denied fevers, neck stiff-
ness, photophobia, visual changes, focal numbness or weak-
ness. She also noted bruising and small, red dots to her arms
and legs for the past week. She denied any bleeding episodes.
Her last normal menstrual period was three weeks earlier.

PHYSICAL EXAMINATION

GENERAL APPEARANCE: The patient appeared well nourished,
well hydrated and in no acute discomfort.

VITAL SIGNS

Temperature 99.5◦F (37.5◦C)
Pulse 102 beats/minute
Blood pressure 120/82 mmHg
Respirations 18 breaths/minute
Oxygen saturation 100% on room air

HEENT: PERRL, EOMI, pale conjunctivae, oropharynx pink
and moist.

NECK: Supple, no meningeal signs.

CARDIOVASCULAR: Tachycardic rate, regular rhythm without
rubs, murmurs or gallops.

LUNGS: Clear to auscultation bilaterally.

ABDOMEN: Soft, nontender, nondistended.

EXTREMITIES: No clubbing, cyanosis or edema; small areas of
ecchymosis on the upper and lower extremities, as well as
areas of petechiae more prominent on the lower extremities
(Figure 104.1).

Figure 104.1 Left thigh from a 33-year-old female with headache and
bruising.

NEUROLOGIC: Alert and oriented to person, place and time;
cranial nerves II–XII grossly intact; upper and lower extremity
strength 5/5 bilaterally, proximally and distally; no pronator
drift, finger-to-nose intact, normal gait.

A peripheral intravenous line was placed, and blood was
drawn and sent for laboratory testing. A noncontrast CT scan
of the brain did not demonstrate an acute bleed or ischemic
changes. Laboratory tests were significant for a hematocrit of
21% (normal 34–46%) with schistocytes on a peripheral smear,
platelet count of 15,000/μL (normal 140,000–400,000/μL),
total bilirubin of 3.4 mg/dL (normal 0.2–1.3 mg/dL) and lactate
dehydrogenase (LDH) of 4151 U/L (normal 313–618 U/L).
The fibrinogen, prothrombin time (PT) and activated partial
thromboplastin time (aPTT) were all within normal limits, and
a serum pregnancy test was negative.

What is your diagnosis?
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ANSWER

The diagnosis is thrombotic thrombocytopenic purpura
(TTP). The patient was admitted to the ICU. Hematology
was consulted, and the patient received a transfusion of fresh
frozen plasma as well as prednisone 60 mg orally. Plasma-
pheresis was initiated the following day, and continued on a
daily basis. By hospital day #5, the patient’s hematocrit and
platelet count had normalized to 35% and 162,000/μL, respec-
tively, and the LDH was 817 U/L (normal range 313–618 U/L),
with dramatic improvement in her symptoms. She was dis-
charged on hospital day #8 with close follow up arranged, and
instructed to continue prednisone 60 mg daily.

Thrombotic thrombocytopenic purpura

Thrombotic thrombocytopenic purpura (TTP) is a life-
threatening disease characterized by thrombocytopenia,
microangiopathic hemolytic anemia, fluctuating neurologic
signs, renal failure and fever. The condition is rare, with an
annual incidence of 3.7 cases per million adults.1 It is seen pre-
dominantly in females, usually between 30 and 40 years of age.
Untreated, TTP has a mortality rate of 90%.2 Neurologic and
hemorrhagic presentations are the most common.

The pathogenesis of TTP is attributed to the presence
of unusually large von Willebrand factor (vWF) multimers
that lead to platelet clumping and subsequent microvascu-
lar thrombosis.1 Normally, vWF circulates in plasma as large
multimers that allow platelets to adhere to vascular surfaces.
These are cleaved into smaller units by ADAMTS-13, a zinc-
containing metalloproteinase (also known as von Willebrand
factor-cleaving protease).3 If ADAMTS-13 is lacking, the very
high-molecular-weight vWF multimers accumulate, causing
platelet agglutination and vascular occlusion that results in
the manifestations of TTP.3 TTP is mostly idiopathic but may
be triggered by clinical situations such as bacterial or viral
infections, pregnancy, drugs (e.g., clopidogrel, ticlopidine, qui-
nine, cyclosporine) and autoimmune disorders, such as sys-
temic lupus erythematosus, thyroiditis and antiphospholipid
syndrome.1

The most common symptoms of TTP at presentation are
nonspecific, and include abdominal pain, nausea, vomiting and
weakness.4 Neurologic abnormalities range from headache,
confusion, and somnolence to focal deficits and coma.2 Hem-
orrhagic presentations such as purpura, epistaxis, hemoptysis
and gastrointestinal bleeding are often seen because throm-
bocytopenia (84%) is a frequent finding.2 Fever is present
at admission in approximately 50% of patients but may
develop in additional cases during the course.5 A temperature
greater than 102◦F (38.9◦C) and chills suggests infection rather
than TTP.4 Patients may have renal abnormalities, including
oligoanuria, acute renal failure, albuminuria and microscopic
hematuria.1

The key diagnostic clues to this condition are from labora-
tory evaluation. The presence of both anemia and thrombo-
cytopenia (platelet count less than 50,000/μL) in the absence
of leukopenia suggests the diagnosis.4 The following evidence

of microangiopathic hemolytic anemia provides support (but
is not specific) for the diagnosis: fragmented red cells (schis-
tocytes) and polychromatophilic red cells (reticulocytes),
increased serum levels of LDH and indirect-reacting bilirubin,
and a negative direct Coombs’ test.4 Routine coagulation tests
are usually normal, although slight increases in D-dimer, fib-
rin degradation products and thrombin-antithrombin (TAT)
complexes may be seen.6 However, in the case of severe
or protracted episodes, secondary disseminated intravascular
coagulation (DIC) may occur as a result of overactivation of
the coagulation pathway.6

Plasma exchange is the treatment of choice for TTP.
Approximately 80% of patients who are treated aggressively
with exchange plasmapheresis survive the initial episode of
TTP.5 Platelet transfusion should be avoided because bleed-
ing complications are uncommon in TTP, and marked dete-
rioration in neurologic status has been reported in associa-
tion with platelet transfusions.5 The effectiveness of plasma
exchange has been attributed to the removal of ADAMTS-
13 autoantibodies and replacement of ADAMTS-13 activity.4

However, plasma exchange seems to be effective for patients
who do not have a severe deficiency of ADAMTS-13 activity.
Daily plasma exchange should be continued until the platelet
count is normal.4 LDH levels, which reflect tissue ischemia
as well as hemolysis, also serve as markers of response to
treatment.4 Although benefit has been demonstrated with
high-dose plasma infusions for the treatment of TTP, prob-
lems can arise with volume overload if the patient develops
renal insufficiency.5 Plasma infusion should be reserved for
two situations: if plasma exchange cannot be started promptly,
and for patients with severe or refractory disease between
plasma exchange sessions.5

The use of glucocorticoids in patients with TTP is based on
clinical experience and case series alone. Clinical trials have
not been carried out to guide the use of immunosuppressive
agents in treating TTP. Thus, although widely used, only weak
recommendations for these agents in TTP treatment exist.4,5

Finally, relapses are rare in patients with TTP, except in those
with a severe deficiency of ADAMTS-13 activity; half of such
patients may have a relapse, most within a year.4

KEY TEACHING POINTS

1. Thrombotic thrombocytopenic purpura (TTP) is character-
ized by the pentad of thrombocytopenia, microangiopathic
hemolytic anemia, fluctuating neurologic signs, renal fail-
ure and fever.

2. The most common symptoms of TTP at presentation are
nonspecific, including abdominal pain, nausea, vomiting,
weakness and neurologic abnormalities (e.g., headache,
confusion, somnolence, focal deficits and coma).

3. Laboratory findings providing evidence of TTP include
thrombocytopenia (platelet count less than 50,000/μL),
microangiopathic hemolytic anemia, elevated LDH and
indirect-reacting bilirubin, and a negative direct Coombs’
test.
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4. Plasma exchange is the treatment of choice for TTP; ap-
proximately 80% of patients treated aggressively with ex-
change plasmapheresis survive the initial episode of TTP.

5. Patients with TTP should not be treated with platelet trans-
fusions because bleeding complications are uncommon in
TTP and marked deterioration in neurologic status has
been reported in association with platelet transfusions.
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Total body rash in a 33-year-old male

HISTORY OF PRESENT ILLNESS

A 33-year-old male with a medical history significant for gout
and Stevens-Johnson syndrome at the age of 20 secondary to
allopurinol presented to the ED complaining of a red and irri-
tating rash on his face, torso and extremities for the past six
days. The patient had been started on probenecid for gout
one month earlier. The patient stopped taking the probenecid
when his rash began. He was seen by his primary care provider
two days prior to presentation to the ED, and started on pred-
nisone 40 mg orally daily, hydroxyzine 10 mg orally daily and
fluocinonide 0.05% cream to affected areas twice per day. One
day prior to arrival, the rash worsened with increased red-
ness, irritation and itching, and the patient also developed
mild throat tightness. He denied shortness of breath, wheez-
ing, difficulty swallowing, abdominal pain, nausea, lighthead-
edness or dizziness.

PHYSICAL EXAMINATION

GENERAL APPEARANCE: The patient was a well-developed,
well-nourished male, alert and in no acute distress.

Figure 105.1 A 33-year-old male with a rash for six days.

VITAL SIGNS

Temperature 100.1◦F (37.8◦C)
Pulse 130 beats/minute
Blood pressure 140/90 mmHg
Respirations 22 breaths/minute
Oxygen saturation 100% on room air

HEENT: Facial erythema and mild swelling; conjunctivae clear
without erythema or discharge; no oral lesions, erythema or
uvular swelling in the oropharynx.

CARDIOVASCULAR: Tachycardic, regular rate without rubs,
murmurs or gallops.

LUNGS: Clear to auscultation bilaterally without wheezes.

ABDOMEN: Soft, nontender, nondistended, active bowel sounds
present.

EXTREMITIES: No clubbing, cyanosis or edema.

SKIN: Red, raised papules at the distal extremities that coa-
lesced into red macules present on the upper extremities,
trunk, back, neck and face. The skin was warm to touch and
mildly tender to palpation. No blisters were noted (Figure
105.1).

What is your diagnosis?
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ANSWER

The diagnosis is morbilliform drug eruption. The patient
received epinephrine 0.3 mL of a 1:1000 dilution subcu-
taneously, Solu-Medrol R© 125 mg, ranitidine 50 mg and
Benadryl R© 50 mg intravenously in the ED. The patient exper-
ienced mild improvement in symptoms following adminis-
tration of these medications. Laboratory tests were signif-
icant for a leukocyte count of 13.6 K/μL (normal range
3.5–12.5 K/μL) with a differential of 83% neutrophils, 6%
lymphocytes, 7% monocytes and 4% eosinophils. The elec-
trolytes, creatinine and glucose were within normal limits. The
patient was observed overnight in the ED with continuation
of steroids and antihistamines and discharged to the derma-
tology clinic the following morning. A punch biopsy of the
affected skin was obtained that demonstrated a superficial
perivascular lymphohistiocytic infiltrate with eosinophils, con-
sistent with a dermal hypersensitivity reaction as can be seen
in a drug reaction. The patient was continued on a prednisone
taper, triamcinolone ointment and hydroxyzine as an outpa-
tient, with close follow up in dermatology arranged. The rash
resolved completely over the next two weeks.

Drug eruptions

In cases of adverse drug reactions involving the skin, it is
important for the clinician to distinguish between self-limited
exanthematous drug eruptions and more severe presentations
of drug reactions. Examples of severe drug eruptions include
DRESS syndrome (drug rash with eosinophilia and systemic
symptoms), Stevens-Johnson syndrome (SJS) or toxic epider-
mal necrolysis (TEN). These are associated with significant
mortality and may necessitate treatment beyond just the with-
drawal of the inciting medication.1 Morbilliform (exanthema-
tous) eruptions most often start 7–14 days after initiation of a
new medication. These are composed primarily of erythema-
tous macules and papules that are symmetrically distributed
on the trunk and extremities, with coalescence of the lesions
over the course of several days.1 Fever, facial involvement, or
pruritus may or may not be present, and resolution of the skin
lesions within one to two weeks after recognition and discon-
tinuation of the offending drug is generally seen.

Although any medication is capable of causing a morbilli-
form drug eruption, beta-lactam antibiotics are the most com-
monly implicated agents.1,2 Skin biopsy of morbilliform drug
eruptions is nonspecific, but may reveal perivascular inflam-
mation composed of lymphocytes and eosinophils (though
eosinophils are not always present). Treatment consists of
symptom control with topical corticosteroids and systemic
antihistamines for pruritus. Systemic steroids are frequently
given on the presumption that this will expedite resolution of
the rash; however, no randomized trials have been done to
assess the efficacy of such therapy.1

DRESS syndrome describes a severe systemic drug reac-
tion. The most common causal medications are certain anti-

convulsants (phenytoin, carbamazepine and phenobarbital),
sulfonamides, allopurinol, azathioprine, dapsone, minocy-
cline, terbinafine, gold salts and antiviral agents (abacavir,
efavirenz and nevirapine).3,4 Patients typically present with
a morbilliform rash that can progress to erythroderma two
to six weeks after onset of the new medication, much later
than the onset of other types of drug reactions. Diffuse exfo-
liation can occur following the erythroderma.4 Facial edema
may progress to widespread diffuse edema. Although the
edema may lead to the formation of bullae, there is a neg-
ative Nikolsky’s sign and epidermal necrosis typical of TEN
is not seen. Mucosal involvement, elevated liver enzymes,
and thyroid, renal, pulmonary and cardiac abnormalities
are often noted. Lymphadenopathy occurs in 75% of cases,
whereas the most characteristic finding that helps differen-
tiate DRESS from other forms of cutaneous drug eruptions
is the presence of eosinophilia in the peripheral leukocyte
count (present in 70% of cases).4 Evaluation of a patient
for DRESS syndrome should include a thorough drug his-
tory, chest radiograph to evaluate for pulmonary involvement,
assessment for lymphadenopathy and laboratory tests (CBC,
liver enzymes, BUN, creatinine and urinalysis). Treatment of
DRESS syndrome includes oral and topical corticosteroids,
which improve the rash, fevers and systemic abnormalities.4

The spectrum of severe cutaneous adverse reactions, which
may represent variants of the same disease process, includes
SJS and TEN. Key components of both SJS and TEN include
epidermal detachment, fever, skin tenderness, and erythema
and erosions of mucous membranes (genital, ocular, oral and
respiratory).1 Classically, SJS and TEN often present with
prodromal symptoms, such as malaise, rhinitis, odynophagia,
myalgias and arthralgias, which may often be mistaken for
a viral syndrome.5 This prodromal state may last up to two
weeks, and is followed by the abrupt development of a mac-
ular rash that may or may not be “targetoid” (as classically
described). This macular exanthem generally starts centrally,
then spreads to the extremities. The exanthem becomes con-
fluent and significant dermal-epidermal dissociation ensues,
resulting in a positive Nikolsky’s sign (denudation with shear
stress).5

Differentiation between cases of SJS and TEN depends on
the nature of the skin lesions and extent of body surface area
involvement.6 SJS is diagnosed when the extent of involve-
ment is less than 10%; TEN is diagnosed when the body
surface area (BSA) involved is greater than 30%.5 The inci-
dence of SJS runs anywhere between 1.1–7.1 cases per mil-
lion person-years, with a mean age of patients between 25–
47 years.5 Older age is associated with an increased degree of
skin loss. Mortality has been reported at less than 5% in SJS,
and as high as 50% for TEN.5 The most frequent drugs cited
as causes for SJS and TEN are anticonvulsants, sulfonamides,
nonsteroidal anti-inflammatory drugs (especially piroxicam)
and allopurinol.6 Treatment of patients with SJS and TEN
involves discontinuation of the offending medication and
early transfer to a burn unit, where experienced personnel
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can care for the patient to prevent electrolyte abnormali-
ties and infections that may occur as a result of an impaired
cutaneous barrier.1 Although various anecdotal treatments
have been reported (e.g., plasmapheresis, cyclophosphamide,
tumor necrosis factor-alpha, systemic corticosteroids, intra-
venous immunoglobulin [IVIG]), data from large random-
ized trials providing evidence of these treatments efficacies is
lacking.

KEY TEACHING POINTS

1. Along the spectrum of cutaneous drug reactions, the mor-
billiform or exanthematous drug eruption is the most com-
mon and the least severe, with essentially no associated risk
of death, and little morbidity.

2. The typical manifestations of DRESS (drug rash with
eosinophilia and systemic symptoms) syndrome include
persistent fever, elevated liver enzymes, atypical lympho-
cytosis or peripheral eosinophilia, facial edema and diffuse
morbilliform patches that can progress to vesicles, bullae
and erythroderma.

3. Key components of both Stevens-Johnson syndrome (SJS)
and toxic epidermal necrolysis (TEN) include epidermal
detachment, fever, skin tenderness, and erythema and ero-

sions of mucous membranes (genital, ocular, oral and res-
piratory).

4. The most frequent drugs cited as causes for SJS and
TEN are anticonvulsants, sulfonamides, nonsteroidal anti-
inflammatory drugs and allopurinol.

5. Treatment of patients with SJS and TEN involves discon-
tinuation of the offending medication, careful fluid and
electrolyte management, and early transfer to a burn unit.
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Bleeding gums and fatigue in a 40-year-old female

HISTORY OF PRESENT ILLNESS

A 40-year-old female with a history of hypothyroidism, status-
post radioactive iodine treatment for Plummer’s disease, and
thymoma presented to the ED with two weeks of bleeding
from her gums after dental cleaning. On further history, she
reported abnormal vaginal bleeding. The patient also com-
plained of increasing fatigue, shortness of breath and bilat-
eral lower extremity swelling, as well as an unintentional 10-lb
(4.5-kg) weight loss over the prior two months. She had also
been experiencing fevers and sweats, as well as a rash on her
legs. She denied recent travel, sick contacts or starting any new
medications.

PHYSICAL EXAMINATION

GENERAL APPEARANCE: The patient appeared pale, diapho-
retic and ill, was awake and alert but in no acute discomfort.

VITAL SIGNS

Temperature 100◦F (37.8◦C)
Pulse 108 beats/minute
Blood pressure 109/71 mmHg
Respirations 22 breaths/minute
Oxygen saturation 97% on room air

HEENT: Right pupil 3 mm, left pupil 4 mm, both reactive to
light and accommodation, EOMI, oropharynx dry with gingi-
val hyperplasia, no lesions, punctate areas of bleeding on gin-
givae.

NECK: Supple, no jugular venous distension, no meningeal
signs, anterior cervical lymphadenopathy noted.

CARDIOVASCULAR: Tachycardic rate, regular rhythm, II/VI
holosystolic murmur at left upper sternal border.

LUNGS: Clear to auscultation bilaterally.

ABDOMEN: Soft, nontender, nondistended.

EXTREMITIES: No clubbing or cyanosis, 2+ pitting edema to
lower extremities up to knees bilaterally.

SKIN: Petechia on bilateral lower extremities.

NEUROLOGIC: Nonfocal.

The patient was placed on the cardiac monitor, a peripheral
intravenous line was started, and blood was drawn and sent for
laboratory tests and cultures. An arterial blood gas performed
on room air demonstrated a pH of 7.47 (normal 7.35–7.45),
pCO2 of 33 mmHg (normal 35–48 mmHg), pO2 of 31 (normal
80–95), bicarbonate of 24 (normal 23–28) and base excess of
0.6 (normal −2.4 to +2.3), with a derived oxygen saturation of
52%.

What is your diagnosis?
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ANSWER

The diagnosis is acute myelogenous leukemia (AML) with
blast crisis and leukostasis. The complete blood count revealed
a leukocyte count of 377 K/μL (normal 3.5–12.5 K/μL) with
92% blast cells, 1% neutrophils and hematocrit of 20%
(normal 34–46%) with 53,000 platelets/μL (normal 140,000–
400,000 platelets/μL). Additional labs revealed a troponin I of
0.20 ng/mL (normal 0.00–0.09 ng/mL) and INR of 1.6 (normal
range 0.8–1.2), with electrolytes, BUN, creatinine and glucose
within normal limits. A transfusion of packed red blood cells
was started in the ED. A bone marrow biopsy performed 12
hours after admission revealed marrow replacement by blas-
tic cells with 100% cellularity, with flow cytometry of the
aspirate demonstrating myeloid lineage (acute myelogenous
leukemia).

Shortly after the biopsy was performed, the patient began
vomiting and became acutely altered. A noncontrast CT of the
brain was performed emergently, demonstrating multifocal
areas of coalescent, ill-defined, high attenuation abnormalities
in the right superior and posterior frontal-parietal white mat-
ter, consistent with parenchymal hemorrhage (Figure 106.1).
Significant mass effect was noted on the right lateral ventricle,
with midline shift from left to right about 5 mm.

The patient was intubated for airway protection, and a
post-intubation chest radiograph was obtained (Figure 106.2),
demonstrating diffuse, bilateral patchy infiltrates. A neurol-
ogy consultation was obtained for evaluation and prognosis.
Neurologic examination at this time demonstrated no localiza-
tion to physical stimuli, bilateral dilated and unreactive pupils,
absence of doll’s eyes and right corneal reflex, and a Babinski’s
sign present on the right. Neurologic diagnosis was herniation
syndrome resulting from cumulative mass effect of intracra-
nial hemorrhage. In the context of coagulopathy, this has a
grave prognosis. The decision was made by the family to with-
draw support, and the patient expired a short time thereafter.

Acute myelogenous leukemia and leukostasis

Acute myelogenous leukemia (AML) is a malignant disease
of the bone marrow in which hematopoietic precursors are

Figure 106.1 Noncontrast CT of the brain in a 40-year-old female
diagnosed with acute myelogenous leukemia with blast crisis and
leukostasis, demonstrating intraparenchymal hemorrhages (arrows).

Figure 106.2 Chest radiograph from a 40-year-old female with acute
myelogenous leukemia following intubation for airway protection
(arrow indicates endotracheal tube).

arrested in an early stage of development.1 Most AML sub-
types are distinguished from other related blood disorders by
the presence of more than 20% blasts in the bone marrow. The
underlying pathophysiology consists of a maturational arrest
of bone marrow cells in the earliest stages of development.
The mechanism of arrest in many cases involves the activation
of abnormal genes through chromosomal translocations and
other genetic abnormalities.1 There are approximately 10,500
new cases of AML each year; this incidence has remained sta-
ble over the past decade.2 AML causes approximately 1.2%
of all cancer deaths in the United States. It is primarily a dis-
ease of adulthood, with a mean age at diagnosis of 63 years;
the incidence is increasing with age.2

The presenting signs and symptoms of AML are nonspe-
cific, related to decreased production of normal hematopoietic
cells and invasion of other organs by leukemic cells.2 Some
patients, particularly younger ones, present with acute symp-
toms over a few days to one to two weeks. Others have longer
courses, with fatigue or other symptoms lasting from weeks
to months. Symptoms of bone marrow failure are related to
anemia, neutropenia and thrombocytopenia.1 The most com-
mon symptom of anemia is fatigue.2 Other symptoms of ane-
mia include dyspnea on exertion, dizziness and, in patients
with coronary artery disease, anginal chest pain.1,2 Patients
often have decreased neutrophil levels despite an increased
total white blood cell (WBC) count. Patients may present with
fever, with or without specific documentation of infection.1,2

Patients with low absolute neutrophil counts (i.e., less than
500 cells/μL) have the highest risk of infection.

Patients may present with oozing from the gums, epis-
taxis, and excessive bleeding after dental procedures or minor
trauma.2 Bleeding may be caused by thrombocytopenia, coag-
ulopathy resulting from DIC or both. Alternatively, symptoms
may be the result of organ infiltration with leukemic cells. The
most common sites of infiltration include the spleen, liver and
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gums.1 Infiltration occurs most commonly in patients with the
monocytic subtypes of AML. Gingivitis due to neutropenia
can cause swollen gums, and thrombocytopenia can cause the
gums to bleed.1

Patients with markedly elevated WBC counts (more than
100,000 cells/μL) can present with symptoms of leukosta-
sis (i.e., respiratory distress and altered mental status).1,2

Leukostasis is a medical emergency that requires immedi-
ate intervention. In patients with hematologic malignancies,
the extremely high number of WBCs can result in hypervis-
cosity syndromes, as these cells are not easily deformable.
They accumulate in capillaries, impairing normal function.3–5

Anemia that accompanies many hematologic malignancies
often compensates for increased viscosity due to the increased
WBC count; this may account for the relative infrequency
of leukostasis despite many patients with markedly elevated
WBC counts.

Leukostasis is more common in acute leukemias than
in chronic leukemias, with an incidence ranging from 5–
13% in adult AML and 10–30% in adult acute lymphoblas-
tic leukemia (ALL).5 Symptoms and signs are nonspecific
but usually indicate pulmonary and neurologic pathology –
dyspnea, tachypnea, hypoxia, lethargy and slurred speech.
WBC counts are most often greater than 100,000 (hyperleuko-
cytosis). Even in the setting of hypoxia, a chest radiograph
can be normal or show relatively unimpressive diffuse non-
specific opacities.5 “Leukocyte larceny” can occur (pseudo-
hypoxemia), a phenomenon of artificially low pO2 on ABG
due to markedly increased O2 consumption by malignant
leukocytes.5 In these instances, pulse oximetry is often a better
measure of oxygenation.

Pulmonary and neurologic complications are the most seri-
ous and most common causes of morbidity and mortality
in leukostasis – respiratory failure, intracranial hemorrhage
and coma.3–5 Pulmonary leukostasis occurs as a result of
leukocyte thrombi and plugging of pulmonary microvascular
channels, leading to vascular rupture, pulmonary hemorrhage
and infiltration of the lung parenchyma.2 Intracranial hem-
orrhage associated with leukostasis is often multiple and
intraparenchymal.6 Hyperviscosity occurs as a result of
leukostasis, and leukemic blasts plug thin-walled cerebral ves-
sels, which results in the formation of leukemic nodules,
hypoxic vasodilatation and rupture of cerebral vessels.6,7

Leukostasis is considered an oncologic emergency, with
mortality rates as high as 40% if untreated.5 The immediate
goals of treatment after stabilization of the airway, breathing
and circulation (ABCs) is to reduce the number of circulat-

ing malignant WBCs. This is done by induction chemother-
apy (e.g., initiating treatment of AML), hydroxyurea (inhibits
DNA synthesis of malignant cells) or leukapheresis (removal
of WBCs from the circulation by a filtration machine).5 Defini-
tive cytoreductive therapy (chemotherapy) must be adminis-
tered within a short time of leukapheresis, as malignant cells
can rapidly replicate, rendering leukapheresis ineffective.

KEY TEACHING POINTS

1. Bleeding gums in a patient may be a sign of thrombo-
cytopenia or disseminated intravascular coagulation from
undiagnosed AML with blast crisis.

2. Leukostasis (WBC counts greater than 100,000) is a med-
ical emergency requiring immediate intervention; it has a
mortality rate as high as 40%.

3. The immediate goal in patients with AML blast crisis and
leukostasis is aggressive stabilization of the ABCs.

4. Once the ABCs are stabilized, the immediate therapeutic
goal in patients with leukostasis from AML is to reduce
the number of circulating malignant WBCs by induction
chemotherapy, hydroxyurea or leukapheresis.

REFERENCES

[1] Seiter K. Acute myelogenous leukemia. eMedicine Website.
Available at http://www.emedicine.com/med/topic34.htm.
Accessed June 23, 2008.

[2] Miller KB, Daoust PR. Clinical manifestations of acute
myeloid leukemia. In: Hoffman R, Benz EJ, Shattil SJ,
et al. (eds.). Hematology: Basic Principles and Practice, 4th
edition. Philadelphia: Elsevier, 2005;1059–74.

[3] Kushinka J. Leukocytosis: an example of hyperviscosity syn-
drome. Conference Handout, Virginia Commonwealth Uni-
versity Internal Medicine Residency Program, September 19,
2005. Available online at http://www.eric.vcu.edu/home/
conferences/0506handout.html. Accessed June 23, 2008.

[4] Hemingway TJ, Savitsky EA. Hyperviscosity syndrome.
eMedicine Website. Available at http://www.emedicine.com/
emerg/topic756.html. Accessed June 23, 2008.

[5] Majhail NS, Lichtin AE. Acute leukemia with a very high
leukocyte count: confronting a medical emergency. Cleve
Clin J Med 2004;71:633–7.

[6] Hess EP, Sztajnkrycer MD. Images in emergency medicine.
Ann Emerg Med 2005;46:314, 322.

[7] Chou SH, Singhal AB. Multiple punctate cerebral hemor-
rhages in acute leukemia with blast crisis. Neurology 2007;
68:953.





107

Vomiting and dizziness in a 47-year-old male

HISTORY OF PRESENT ILLNESS

A 47-year-old male with no significant medical history pre-
sented to the ED complaining of nausea, vomiting, diffuse
abdominal pain, and dizziness with associated general body
weakness for one day. He recently experienced a mild cough,
runny nose and flu-like symptoms, as well as increased urina-
tion and thirst. He was found to be ataxic earlier that day by
his primary care provider (PCP), and was urgently referred to
the ED for further evaluation of a possible cerebellar stroke.
The patient smoked cigarettes but denied drugs or alcohol.
His family history was significant for hypertension. He took
no medications.

PHYSICAL EXAMINATION

GENERAL APPEARANCE: The patient appeared acutely ill, was
hyperventilating and had a fruity odor on his breath.

VITAL SIGNS

Temperature 95◦F (35◦C)
Pulse 110 beats/minute
Blood pressure 75/35 mmHg
Respirations 35 breaths/minute
Oxygen saturation 97% on room air

HEENT: PERRL, EOMI, oropharynx with dry mucous mem-
branes.

NECK: Supple, flattened jugular veins.

CARDIOVASCULAR: Tachycardic, regular rate without rubs,
murmurs or gallops.

LUNGS: Rales at the bases bilaterally, mild expiratory wheezes
throughout.

ABDOMEN: Mildly distended, diffusely tender to palpation,
hypoactive bowel sounds.

RECTAL: Normal tone, brown stool, hemoccult negative.

EXTREMITIES: Cool to touch, delayed capillary refill, weak
peripheral pulses.

SKIN: Cool, pale and dry, no rashes.

NEUROLOGIC: The patient was somnolent but arousable, min-
imally followed commands, and was moving all extremities.

A peripheral intravenous line was placed and blood was
drawn and sent for laboratory testing. A 12-lead ECG
(Figure 107.1) and a portable chest radiograph (Figure 107.2)
were obtained.

What is your diagnosis?

449



450 Miscellaneous

Figure 107.1 12-lead ECG from a 47-year-old male with dizziness, vomiting and abdominal pain.

Figure 107.2 Portable chest radiograph from a 47-year-old male with
dizziness, vomiting and abdominal pain.
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ANSWER

The diagnosis is diabetic ketoacidosis (DKA). A bedside glu-
cometry test (finger-stick blood glucose) was obtained which
read “critical high” (indicates more than 500 mg/dL). An
arterial blood gas was also quickly obtained, which returned
with results of pH of 6.95 (normal 7.35–7.45), pCO2 of 10
mmHg (normal 35–45 mmHg), pO2 of 132 mmHg (normal 80–
95 mmHg) and base excess −28 mmol/L (normal −2.4 to
+2.3 mmol/L). The 12-lead ECG demonstrated sinus tachy-
cardia, rate 108, with peaked T waves prominent in leads V2–
V4. The chest radiograph showed low lung volumes without
infiltrate.

Two large-bore intravenous lines were placed, with normal
saline boluses rapidly infusing in each line. Initial laboratory
tests revealed a blood glucose level of 1419 mg/dL (normal 66–
159 mg/dL), sodium of 126 mEq/L (normal 137–145 mEq/L),
potassium of 7.3 mEq/L (normal 3.5–5.3 mEq/L), chloride
of 83 mEq/L (normal 98–107 mEq/L), CO2 of less than 5
(normal 22–30), anion gap greater than 45 (normal 5–16),
creatinine of 4.7 mg/dL (normal 0.8–1.5 mg/dL), blood urea
nitrogen of 68 mg/dL (normal 9–20 mg/dL), troponin I of 0.06
ng/mL (normal 0.00–0.09 ng/mL) and positive serum ketones.
Peaked T waves in the anterior leads of the 12-lead ECG
were consistent with hyperkalemia. A lactic acid level was
elevated at 3.4 mmol/L (normal 0.8–2.1 mmol/L). A complete
blood count showed a leukocyte count of 34.5 K/μL (normal
3.5–12.5 K/μL) and hematocrit of 47% (normal 39–51%). An
insulin drip was begun at 0.1 units/kg body weight, and intra-
venous antibiotics were administered for possible pneumonia.
A Foley catheter was placed to monitor urine output.

Shortly after beginning the intravenous fluids and insulin
therapy, his heart rate and blood pressure improved to 100
beats/minute and 95/45 mmHg, respectively. However, the
patient began wheezing and gradually became hypoxic. Neb-
ulized albuterol was administered. Shortly after transfer to
the ICU, the patient was urgently intubated for acute respi-
ratory distress. A repeat chest radiograph was obtained (Fig-
ure 107.3), which demonstrated infiltrates in the left perihilar
and right lower lung zones. The patient’s blood pressure con-
tinued to drop; he developed septic shock despite aggressive
fluid resuscitation, so a norepinephrine IV drip was begun.

Seventeen hours following presentation to the ED and
aggressive fluid replacement with insulin therapy, the patient’s
serum glucose was 173 mg/dL, creatinine was 1.6 mg/dL,
sodium was 146 mEq/L and CO2 was 13 mEq/L, with an anion
gap of 8 mEq/L. A venous blood gas obtained on 80% inspired
oxygen showed a pH of 7.25, pCO2 of 31 mmHg and PO2

of 40 mmHg, with bicarbonate of 14 mmol/L and base excess
−12 mmol/L. His blood pressure improved to 110/70 mmHg,
at which time the norepinephrine drip was discontinued. Intra-
venous antibiotics and fluids were continued. The patient
remained intubated until hospital day #7. He was discharged
on hospital day #14 with instructions to continue insulin ther-
apy for diabetes and complete an oral course of antibiotics for
pneumonia.

Figure 107.3 Portable chest radiograph from a 47-year-old male with
DKA following endotracheal intubation.

Diabetic ketoacidosis

Diabetic ketoacidosis consists of a triad of hyperglycemia,
ketonemia and acidemia, each of which may be caused by
other conditions. DKA is a potentially fatal metabolic dis-
order that can have significant mortality if misdiagnosed or
mistreated; it may be the first presentation of diabetes.1 The
incidence of DKA is between 4.6–8.0 per 1000 person-years
among patients with diabetes; currently mortality is approxi-
mately 4–10%.2 DKA occurs most commonly when an inter-
current illness or stress develops (e.g., infection, GI bleed or
myocardial infarction) in a person with known diabetes, when
a patient’s insulin dose is inappropriately decreased or discon-
tinued, or when an individual has new-onset type I diabetes.3

Although DKA most commonly occurs in patients with type I
diabetes, it may also occur in patients with type II diabetes.2,3

The main features of DKA are hyperglycemia, metabolic
acidosis (pH less than 7.35 and bicarbonate less than
15 mEq/L) with a high anion gap and heavy ketonuria (3+).
This contrasts with hyperosmolar nonketotic hyperglycemia
(formerly known as hyperosmotic nonketotic coma, HONC),
where there is no acidosis, absent or minimal ketonuria, but
often very high glucose and serum sodium levels (greater
than 150 mEq/L).1 Major components of the pathogenesis of
DKA are reductions in effective concentrations of circulat-
ing insulin and concomitant elevations of counter-regulatory
hormones (catecholamines, glucagon, growth hormone and
cortisol).2,4 These hormonal alterations bring about three
major metabolic events: hyperglycemia resulting from accel-
erated gluconeogenesis and decreased glucose utilization,
increased proteolysis and decreased protein synthesis, and
increased lipolysis with ketone production.

Hyperglycemia initially causes the movement of water out
of cells, with subsequent intracellular dehydration, extracellu-
lar fluid expansion and hyponatremia. It also leads to diure-
sis, in which water loss exceeds sodium chloride loss. Urinary
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loss then leads to progressive dehydration and volume deple-
tion, which causes diminished urine flow and greater reten-
tion of glucose in plasma. The net result of these alterations
is hyperglycemia with metabolic acidosis and an increased
plasma anion gap (difference between the sum of cations and
anions in plasma or serum).4

The diagnosis of DKA is comparatively straightforward
when there is a clear history that the patient has diabetes.
However, this diagnosis can be challenging when the patient is
unconscious or DKA is the first presentation of diabetes. The
possibility of DKA should be considered whenever assessing a
patient who presents with “hyperventilation” or “anxiety.” It
is essential to measure the blood glucose rapidly, especially
in the resuscitation of any unconscious or altered patient.1

Polyuria, polydipsia and weakness are usually present. Nau-
sea, vomiting and abdominal pain may predominate. If the
patient is already being treated with insulin, there may be
a history of reduced or omitted doses. Chest pain may be
described if DKA complicates acute myocardial infarction,
although silent infarction may occur. Therefore, a rapid 12-
lead ECG is essential in the initial evaluation of patients pre-
senting with DKA.

On examination, the patient may have an increased depth
and rate of respiration (known as Kussmaul breathing). The
mouth, tongue and lips are usually dry, and the odor of keto-
nes may be noted on the patient’s breath.1 Body temperature
tends to be low or normal, even in the presence of infection.3

A fever almost always indicates infection. Patients can present
with generalized neurologic abnormalities, usually in the form
of depressed mental status. They may present with symptoms
resembling acute stroke. The patient’s level of consciousness
is related to serum osmolality, not to the degree of acidosis.4

Successful therapy for DKA requires correcting hypo-
volemia, hyperglycemia, metabolic acidosis and electrolyte
imbalances.5 This also requires vigilant hemodynamic mon-
itoring. The treatment of DKA consists of providing fluid,
insulin, potassium and phosphate (if needed) while managing
any precipitating illnesses. Rehydration with intravenous nor-
mal saline is the most important step in treating DKA – with-
out adequate fluid replacement, insulin will not work effec-
tively and blood glucose concentrations will remain elevated.3

Initial fluid rates should be 500–1000 mL/h, decreasing to 200–
500 mL/h once orthostatic changes in blood pressure resolve.3

Once blood glucose concentrations fall to less than 250 mg/dL,
intravenous fluids should be changed to contain 5% dextrose
(D5 with 0.45% sodium chloride) to prevent blood glucose
levels from falling too rapidly, which may have a role in the
development of cerebral edema.

An insulin infusion rate should be started at a rate of 0.1
units/kg/hour if the serum potassium is normal or elevated.1–3

If the patient’s serum glucose level is not responding (less
than 10% fall in blood glucose levels) after two or three
hours (with adequate hydration), the infusion rate should be
doubled. Although the typical potassium deficit in DKA is
500–700 mEq, most patients are hyperkalemic at the time
of initial presentation because of the effects of insulino-

penia, hyperosmolality and acidemia.3 During rehydration
and insulin therapies for DKA, the serum potassium concen-
tration typically declines rapidly as potassium re-enters the
intracellular compartment. A reasonable protocol for potas-
sium replacement in DKA entails using intravenous fluids and
insulin until the potassium concentration is less than 5.5 mEq/
L. At this time, potassium chloride is added to the intravenous
fluids in the amount of 20–40 mEq/L. The goal is to maintain
the serum potassium concentration in the range of 4–5 mEq/L
while carefully monitoring the rate of potassium infusion
(rapid infusion can cause life-threatening dysrhythmias).

Bicarbonate therapy does not improve the outcome in
DKA, and is not recommended regardless of the severity of
the acidemia.4 Insulin administration inhibits ongoing lipolysis
and ketone production while promoting the regeneration of
bicarbonate. Phosphorus depletion is common in DKA, aver-
aging 1.0–1.5 mmol/kg. However, phosphorus replacement
seems to have little impact on outcome in DKA, and therefore
is not routinely recommended.4 The serum phosphate level
should be measured four hours after the start of therapy. If
the level is severely depressed (less than 1mg/dL), phosphate
replacement is advised.

KEY TEACHING POINTS

1. The main features of DKA are hyperglycemia, metabolic
acidosis with a high anion gap, and significant ketonuria.

2. The possibility of DKA should be considered whenever
assessing a patient who presents with “hyperventilation”
or “anxiety.”

3. Successful therapy for DKA requires correcting hypo-
volemia, hyperglycemia, metabolic acidosis and electrolyte
imbalances, and necessitates vigilant and frequent moni-
toring.

4. Potassium and glucose levels should be checked immedi-
ately in patients in DKA. Ensure that serum potassium lev-
els are not low prior to insulin administration, which may
result in life-threatening dysrhythmias.

5. Consider and treat precipitating conditions which may be
responsible for DKA (e.g., infection, GI bleeding, myocar-
dial infarction).
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Right leg swelling in a 50-year-old male

HISTORY OF PRESENT ILLNESS

A 50-year-old male with a medical history significant for
depression and restless leg syndrome presented to the ED
complaining of three days of progressively worsening right
leg swelling. He reported some redness associated with the
swelling, as well as lower leg pain. He denied recent long travel
or prolonged immobility, chest pain, shortness of breath, light-
headedness or dizziness. He worked as a manager at a local
supermarket and spent most of his time on his feet. His med-
ications included zolpidem, trazodone, ropinirole and fluoxe-
tine. He denied any family history of clotting disorders.

PHYSICAL EXAMINATION

GENERAL APPEARANCE: The patient appeared well nourished,
well developed and in no acute discomfort.

VITAL SIGNS

Temperature 99◦F (37.2◦C)
Pulse 75 beats/minute
Blood pressure 131/93 mmHg
Respirations 16 breaths/minute
Oxygen saturation 97% on room air

HEENT: Unremarkable.

NECK: Supple, no jugular venous distension.

CARDIOVASCULAR: Regular rate and rhythm without rubs,
murmurs or gallops.

LUNGS: Clear to auscultation bilaterally.

ABDOMEN: Soft, nontender, nondistended.

EXTREMITIES: Right lower extremity swelling from the ankle
to the knee involving the calf anteriorly to the shin, with mild
erythema and warmth to the calf and shin (Figure 108.1).
Leg circumference 10 cm below the tibial tuberosity measured

Figure 108.1 Bilateral lower extremities from a 50-year-old male with
right leg swelling.

44 cm on the right and 38 cm on the left. The right calf was ten-
der, with a positive Homan’s sign. Dorsalis pedis and posterior
tibialis pulses were 2+ on the right foot and ankle, respec-
tively.

A peripheral intravenous line was placed, and blood was
drawn and sent for laboratory testing.

What is your diagnosis?

453



454 Miscellaneous

ANSWER

The diagnosis is deep vein thrombosis (DVT) of the right
popliteal vein. A D-dimer test returned positive, and a pre-
sumptive diagnosis of DVT was made in the ED pend-
ing ultrasound. The patient received 10 mg fondaparinux
(Arixtra R©) subcutaneously, and was started on warfarin 5 mg
orally daily. He returned the following morning for a formal
right lower extremity ultrasound, which demonstrated throm-
bus in the right popliteal vein (Figure 108.2). The patient con-
tinued fondaparinux 10 mg subcutaneously daily, along with
warfarin 5 mg daily until his International Normalized Ratio
(INR) fell into the range of 2–3, at which time the fonda-
parinux was discontinued.

Deep vein thrombosis

Venous thromboembolism (VTE) is estimated to affect
approximately 2 million Americans per year. It is a frequently
encountered problem in the ED.1 To minimize the risk of fatal
pulmonary embolism (PE), accurate diagnosis and prompt
therapy are crucial.2 Long-term complications include the

A

B

Figure 108.2 Right lower extremity Doppler ultrasound from a 50-
year-old male with right leg swelling, demonstrating lack of compress-
ibility of the popliteal vein (right image, panel A) and lack of flow in
the popliteal vein (panel B).

post-thrombotic syndrome and recurrent VTE. The pathogen-
esis of venous thrombosis involves three factors, referred to as
Virchow’s triad. Those factors are damage to the vessel wall,
venous stasis and hypercoagulability.2

The signs and symptoms of DVT are often nonspecific;
thus clinical diagnostic accuracy is poor. Extremity swelling,
pain and edema place the patient at risk for DVT.3 Signifi-
cant thrombus can be present in asymptomatic patients, how-
ever. The clinical accuracy for the diagnosis of acute DVT
has been reported to be about 50% in symptomatic patients.3

Homan’s sign (pain associated with forced dorsiflexion of
the ankle) remains part of the traditional physical examina-
tion of patients with suspected DVT. Numerous studies have
documented the unreliability of this sign, with estimates of
Homan’s sign accuracy ranging from being positive in 8–56%
of cases of proven DVT, yet being positive in greater than
50% of symptomatic patients without DVT.4

Wells and coworkers have developed the first clinical
model for the diagnosis of patients presenting with suspected
DVT.5 This model includes a thorough clinical examination
and the identification of risk factors that predispose patients
to having increased risk of VTE (Table 108.1).6 In accor-
dance with this model, patients are first divided into three
risk categories (low, moderate and high), then further assessed
through the use of D-dimer and ultrasonography. In 15 studies
that evaluated Wells DVT prediction rule, patients whose test
scores put them in the highest strata of pretest probability had
a prevalence of DVT, across studies, ranging from 17–85%.7

Patients with a moderate pretest probability had a prevalence
of 0–38%, and those with the lowest pretest probability had a
prevalence of 0–13%.

Plasma D-dimers are specific cross-linked derivatives of
fibrin, produced when fibrin is degraded by plasmin. Concen-
trations are raised in patients with VTE.8 Although sensitive
for VTE, high concentrations of D-dimers are insufficiently
specific for making a positive diagnosis because they occur

TABLE 108.1 Wells clinical prediction rule for deep vein
thrombosis (DVT)

Clinical feature Points

Active cancer (treatment within 3 months or palliation) 1
Paralysis, paresis or immobilization of lower extremity 1
Bedridden for more than 3 days because of surgery 1

(within 4 weeks)
Localized tenderness along distribution of deep veins 1
Entire leg swollen 1
Unilateral calf swelling of greater than 3 cm (below tibial 1

tuberosity)
Unilateral pitting edema 1
Collateral superficial veins 1
Alternative diagnosis as likely as or more likely than DVT −2

Risk score interpretation (probability of DVT):
� high risk: 3 points or more
� moderate risk: 1 to 2 points
� low risk: less than 1 point
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in other disorders, such as malignancy, pregnancy and follow-
ing surgery. Nevertheless, D-dimer tests generally have a high
negative predictive value and are useful to rule-out disease in
low-risk patients. Diamond et al. measure D-dimer levels fol-
lowed by venous duplex examination in 148 patients seen in
the ED for suspected DVT.9 Nineteen patients (12.8%) had
positive venous duplex examinations and 129 (87.2%) duplex
examinations were negative. None of the 19 patients with pos-
itive venous duplex studies had D-dimer levels within the nor-
mal range. The sensitivity, specificity, positive predictive value
and negative predictive value were 100%, 48.8%, 22.4% and
100%, respectively.9

Compression ultrasound is now recognized as the most
appropriate primary initial imaging modality for evaluating
patients at risk for peripheral DVT. Its accuracy in diagnos-
ing acute or chronic DVT is well established in patients who
have lower extremity symptoms (average sensitivity and speci-
ficity of 97% for proximal DVT).3,8 However, the need for
evaluation of calf veins remains controversial. The advantages
of ultrasound include it is noninvasive, it lacks ionizing radia-
tion and the need for intravenous nephrotoxic contrast media,
it has a relatively low cost, and the equipment is portable.3

The most simple ultrasound criterion for diagnosing VTE is
noncompressibility of the vascular lumen under gentle probe
pressure (compression ultrasound).8 If no residual lumen is
observed, the vein is considered to be fully compressible, indi-
cating the absence of venous thrombosis.

Prior to the introduction of low-molecular-weight hep-
arins (LMWH), unfractionated heparin (UFH) and warfarin
were considered the standard treatment for DVT. The use
of UFH required continuous intravenous application and fre-
quent monitoring, thus precluding the possibility of outpatient
therapy or early discharge.10 Clinical use of LMWH has revo-
lutionized the treatment of DVT by offering many treatment
advantages over UFH, including less frequent dosing, fixed
dosages, and the opportunity to initiate outpatient or short-
stay inpatient programs for DVT treatment, with a subsequent
reduction in costs to patients and the healthcare system.10

LMWH has been shown to have a higher benefit-to-risk ratio
than treatment with UFH, and is at least as effective as UFH
in terms of major bleeding, PE and recurrent VTE risks.10

Fondaparinux (Arixtra R©) is a novel synthetically derived
agent that exerts its antithrombotic activity by selective inhi-
bition of factor Xa.11,12 The predictable and sustained antico-
agulant effect of fondaparinux for 24 hours allows once-daily
injection. Because fondaparinux does not cross-react with
heparin-induced antibodies, platelet count monitoring may
no longer be necessary.12 The dose is 7.5 mg subcutaneously
once daily (patients 50–100 kg) or 10 mg subcutaneously once
daily (patients over 100 kg). In a randomized, double-blind
study comparing fondaparinux with enoxaparin for the initial
treatment of symptomatic DVT, 43 (3.9%) of 1098 patients
randomly assigned to fondaparinux had recurrent throm-
boembolic events compared with 45 (4.1%) of 1107 patients
randomly assigned to enoxaparin.12 Major bleeding occurred
in 1.1% of patients receiving fondaparinux and 1.2% of

patients receiving enoxaparin. Mortality rates were 3.8% and
3.0%, respectively. The researchers concluded that once-daily
subcutaneous fondaparinux was at least as effective (not infe-
rior) and as safe as twice-daily, body weight-adjusted enoxa-
parin in the initial treatment of patients with symptomatic
DVT.

Not all patients are suitable for outpatient treatment of
DVT. According to Douketis, four questions can be asked
to identify patients for whom outpatient treatment might
be inadvisable.11 First, does the patient have massive DVT?
Second, does the patient have objectively confirmed symp-
tomatic PE? Third, is the patient at high risk of anticoagulant-
related bleeding complications? Fourth, does the patient have
major comorbidity or other factors that might warrant hospi-
talization? If the answer to any of these questions is yes, hos-
pitalization for treatment should be considered.11

Whether LMWH, unfractionated heparin or factor Xa
inhibitor is initially used for the treatment of DVT, oral anti-
coagulation therapy with warfarin is started on the first (or
second day) of treatment.11 The usual dose of warfarin is
5–10 mg on the first day and 5 mg daily thereafter. The INR
should be tested at least twice during the next two to three
weeks, every two weeks during the next four weeks, and every
three to four weeks thereafter.11 Treatment with LMWH or
UFH should be continued for at least five days and until
the INR has been greater than 2.0 for two consecutive days.
Warfarin should be administered (with a target INR of 2–3)
for three months to patients with DVT following exposure to
transient risk factors (e.g., surgery, trauma, immobility), and
for at least six months to patients with unprovoked (or idio-
pathic) DVT.11

Finally, treatment of patients with suspected DVT is prob-
lematic if diagnostic imaging is not immediately available.
Pretest clinical probability and D-dimer assessment can be
used to identify patients in whom empiric protective anti-
coagulation is indicated.13 Siragusa et al. demonstrated that
a strategy incorporating Wells criteria to place patients in a
low-, moderate- or high-risk category for VTE, followed by
D-dimer testing, allows for the safe deferral of diagnostic tests
for up to 72 hours.13 In this study, patients identified as hav-
ing a high or moderate pre-test probability with positive D-
dimer received protective full-dose treatment with LMWH;
the remaining patients were discharged without anticoagula-
tion. All patients were scheduled to undergo tests for VTE
within 72 hours. In total, 533 patients with suspected VTE
(409 with suspected DVT and 124 with suspected PE) were
included in the study. A total of 23.8% of patients had con-
firmed VTE. At follow up in 72 hours, only a single throm-
boembolic event (0.2%) occurred, whereas at the three-month
follow-up, five events (1.2%) occurred in patients in whom
the diagnosis of DVT or PE had previously been ruled out.
None of the patients had major bleeding events, and 90% of
the patients were treated as outpatients. The researchers con-
cluded that this approach allows the safe deferral of diagnos-
tic procedures for DVT and PE for up to 72 hours in selected
patients with suspected VTE.
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KEY TEACHING POINTS

1. The pathogenesis of venous thrombosis involves damage
to the vessel wall, venous stasis and hypercoagulability,
known as Virchow’s triad.

2. Extremity swelling, pain and edema increase the likelihood
for DVT; the presence of a Homan’s sign is an unreliable
clinical sign of DVT.

3. The Wells DVT prediction rule is useful in categorizing
patients as low-, moderate- or high-risk for DVT.

4. The plasma D-dimer test generally has a high negative pre-
dictive value and is best used to rule out DVT in low-risk
patients.

5. Compression ultrasonography is the most appropriate ini-
tial imaging modality for diagnosing DVT, with an average
sensitivity and specificity of 97%.

6. Most patients diagnosed with DVT can be treated as out-
patients with either LMWH or synthetic factor Xa inhibitor
(fondaparinux) in combination with warfarin.
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Fever and rash in a 57-year-old male

HISTORY OF PRESENT ILLNESS

A 57-year-old male with a medical history significant for
hypercholesterolemia presented to the ED complaining of
fevers as high as 103◦F (39.4◦C) for eight days and a vesiculo-
pustular, raised rash located on both arms, shoulders and face
spreading to the legs bilaterally. The rash was described as ten-
der to touch but not pruritic. The patient also complained of
arthralgias most prominent in both knees. He reported a dry,
nonproductive cough, but denied shortness of breath, chest
pain, recent travel or sick contacts. His review of systems was
negative for abdominal pain, diarrhea or constipation, nausea
or vomiting, dysuria, hematuria or penile discharge. He did
not take medications, and was allergic to sulfa. He reported
emigrating from China 14 years earlier. He denied tobacco,
alcohol and drug use, including IV drugs. His last PPD test
was negative 14 years ago. The patient had recently received
his routine tetanus, pertussis and diphtheria vaccinations one
month prior to the onset of his symptoms.

PHYSICAL EXAMINATION

GENERAL APPEARANCE: The patient was a middle-aged male,
awake, alert and in no acute discomfort.

VITAL SIGNS

Temperature 102.8◦F (39.3◦C)
Pulse 80 beats/minute
Blood pressure 114/63 mmHg
Respirations 18 breaths/minute
Oxygen saturation 96% on room air

HEENT: PERRL, EOMI, sclera anicteric, oropharynx pink and
moist without lesions.

NECK: Supple, no jugular venous distension, anterior cervical
lymphadenopathy.

CARDIOVASCULAR: Regular rate and rhythm without rubs,
murmurs or gallops.

LUNGS: Clear to auscultation bilaterally.

ABDOMEN: Soft, nontender, nondistended.

GENITOURINARY: No penile lesions or discharge.

EXTREMITIES: No clubbing, cyanosis or edema.

NEUROLOGIC: Nonfocal.

SKIN: Scattered clusters of 2–3 mm vesicles, each cluster 1–2 cm
in diameter. The clusters of vesicles were more confluent on
the shoulders compared to those found on the face and arms
(Figure 109.1). Vesicles were noted on the trunk as well as
both palms, but spared the soles of the feet. Ill-defined plaques
were noted on both knees, without vesicles.

A peripheral intravenous line was placed, and blood was
drawn and sent for laboratory testing. Laboratory tests were
significant for a leukocyte count of 10.5 K/μL (normal range
3.5–12.5 K/μL) with 84% neutrophils (normal 50–70%), ery-
throcyte sedimentation rate (ESR) of 89 mm/hr (normal
0–20 mm/hr), C-reactive protein (CRP) of 32.8 mg/dL (normal
less than 0.9 mg/dL), sodium of 128 mEq/L (normal 137–
145 mEq/L) and ALT of 101 U/L (normal 11–66 U/L).

What is your diagnosis?

457
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Figure 109.1 A 57-year-old male with fever and vesiculopustular rash.
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ANSWER

The diagnosis is Sweet’s syndrome. In the ED, the patient
initially received IV ceftriaxone and acyclovir. The patient’s
varicella DFA samples returned negative for herpes zoster.
He was seen by both a dermatologist and infectious disease
specialist during hospitalization, with the presumptive diag-
nosis of Sweet’s syndrome. The patient was prescribed pred-
nisone 60 mg orally daily, with marked improvement of his
symptoms. A skin biopsy performed one day following admis-
sion demonstrated a dense, fairly discreet infiltrate of poly-
morphonuclear leukocytes in the dermis to the mid-reticular
dermis, confirming the diagnosis of Sweet’s syndrome. The
patient continued to improve clinically and was discharged on
hospital day #5 to continue prednisone and to follow up as an
outpatient with dermatology.

Sweet’s syndrome

Sweet’s syndrome (acute febrile neutrophilic dermatosis), first
described by RD Sweet in 1964, is a condition characterized
by the sudden onset of fever, leukocytosis and tender, erythe-
matous, well-demarcated papules and plaques.1–3 The lesions
may appear anywhere but favor the upper body, including
the face, usually sparing the trunk and back.1,2 The individual
lesions are often described as pseudovesicular or pseudopus-
tular, but may be frankly pustular, bullous or ulcerative.1 Oral
and eye involvement (conjunctivitis or episcleritis) have been
frequently reported. Arthralgias or arthritis are present in 33–
62% of patients.4 Although the condition may occur in the
absence of other known diseases, Sweet’s syndrome is often
associated with hematologic diseases (including leukemia)
and immunologic diseases (rheumatoid arthritis, inflamma-
tory bowel disease). The condition is more common in
females, with the mean age of onset in the mid- to late-fifties.
Sweet’s syndrome may last from one week to more than four
years; recurrence is common (25–37%).4,5

Fever is the most frequent symptom in patients with
Sweet’s syndrome.3 The cutaneous manifestations may be pre-
ceded by fever; alternatively, fever can be present through-
out the duration of the dermatosis. However, in some patients
with biopsy-confirmed malignancy-associated Sweet’s syn-
drome, fever may be absent.3 Arthralgia, general malaise,
headache and myalgia are other associated symptoms that
may be present. Patients with this condition can appear dra-
matically ill.

The erythrocyte sedimentation rate (ESR) and C-reactive
protein (CRP) are generally elevated in patients with Sweet’s
disease.1,2 The leukocyte count is said to be greater than
8 K/μL in 80% of affected individuals. Anemia and elevated
alkaline phosphatase are present about half the time. The
presence of anemia and a low platelet count have been associ-
ated with an underlying malignancy.6

Diagnostic criteria for classical Sweet’s syndrome con-
sist of major and minor criteria.2,3 Major criteria include
abrupt onset of painful erythematous plaques and nodules,

and histopathologic evidence of a dense neutrophilic infil-
trate without evidence of primary leukocytoclastic vasculitis.
Minor criteria include pyrexia (greater than 38◦C), association
with underlying hematological or visceral malignancy, inflam-
matory disease or pregnancy, or preceded by upper respira-
tory infection, gastrointestinal infection or vaccination. Addi-
tional minor criteria include excellent response to treatment
with systemic corticosteroids, potassium iodide or colchicine,
and abnormal laboratory values at presentation (three of the
following four): ESR greater than 20 mm/hr, positive CRP,
leukocyte count greater than 8 K/μL and greater than 70%
neutrophils.

Systemic corticosteroids are the treatment of choice for
Sweet’s disease.1–3 Generally prednisone or prednisolone is
used, with an initial dose of 0.5–1.5 mg/kg/day. The dose is
reduced within two to four weeks. A good response can be
anticipated, with resolution of malaise within hours; mucosal
lesions and fever resolve within two days. Skin lesions of
Sweet’s syndrome should resolve within one to four weeks.
Recurrence is common (25–37% of patients), with chronic
relapsing disease seen in about 15% of patients.1 Other med-
ications have been used in the treatment of Sweet’s dis-
ease with varying success, including topical corticosteroids,
nonsteroidal anti-inflammatory drugs (e.g., indomethacin),
potassium iodide, cyclosporine, doxycycline, dapsone and
colchicine.1–3

KEY TEACHING POINTS

1. Sweet’s syndrome is characterized by the sudden onset
of fever, leukocytosis and tender, erythematous, well-
demarcated papules and plaques.

2. Fever is the most frequent symptom in patients with
Sweet’s syndrome.

3. Elevated ESR, CRP and leukocyte count greater than 8
K/μL are common laboratory abnormalities in patients
with Sweet’s syndrome.

4. Systemic corticosteroids are the treatment of choice for
Sweet’s syndrome.

5. Sweet’s syndrome is often associated with hematologic
disease (including leukemia) and immunologic diseases
(including rheumatoid arthritis or inflammatory bowel dis-
ease).

6. Diagnosis of Sweet’s syndrome is confirmed histologically,
with biopsies of lesions demonstrating a dense neutrophilic
infiltrate without evidence of primary leukocytoclastic vas-
culitis.
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Dehydration and general body weakness in a 75-year-old female

HISTORY OF PRESENT ILLNESS

A 75-year-old female with a medical history significant for
hypertension and depression presented to the ED complain-
ing of general body weakness and fatigue worsening over sev-
eral months, as well as intermittent, bitemporal headaches.
Recently, the patient reported increased difficulty getting
out of bed in the morning because of her weakness. She
denied chest pain, shortness of breath, abdominal pain, fevers
or chills, dysuria, focal weakness, visual changes and blood-
tinged or dark stools. The patient did report a decreased
appetite as well as occasional nausea over the past several
weeks. Her medications include paroxetine, venlafaxine,
hydrochlorothiazide and verapamil. She denied tobacco or
alcohol use, and lived alone.

PHYSICAL EXAMINATION

GENERAL APPEARANCE: The patient appeared fatigued, de-
hydrated, awake and alert, and in no acute discomfort.

VITAL SIGNS

Temperature 98.1◦F (36.7◦C)
Pulse 80 beats/minute
Blood pressure 80/40 mmHg
Respirations 18 breaths/minute
Oxygen saturation 98% on room air

HEENT: PERRL, EOMI, visual fields intact, oropharynx dry.

NECK: Supple, no jugular venous distension.

CARDIOVASCULAR: Regular rate and rhythm without rubs,
murmurs or gallops.

LUNGS: Clear to auscultation bilaterally.

ABDOMEN: Soft, nontender, nondistended, hypoactive bowel
sounds noted.

RECTAL: Normal tone, brown stool, hemoccult negative.

EXTREMITIES: Warm, well-perfused without clubbing, cyano-
sis or edema.

NEUROLOGIC: Alert and oriented to person, place and time;
upper extremity and lower extremity strength 5/5 proximal
and distal; sensation grossly intact; delayed biceps and patellar
reflexes bilaterally.

The patient was placed on the cardiac monitor, a periph-
eral intravenous line was placed, and blood was drawn and
sent for laboratory testing. A 12-lead ECG was obtained
(Figure 110.1), and a 1-liter intravenous bolus of normal saline
was infused. The blood pressure improved to 90/50 at com-
pletion of the NS infusion. A chest radiograph demonstrated
no infiltrate, effusion or cardiomegaly. A noncontrast CT of
the brain showed only age-related atrophy without evidence
of hemorrhage.

What is your diagnosis?
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Figure 110.1 12-lead ECG from a 75-year-old female with general body weakness and fatigue.
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ANSWER

The diagnosis is panhypopituitarism. The 12-lead ECG demon-
strates a normal sinus rhythm, rate 80, first-degree AV block,
with nonspecific ST-T wave changes and U waves. Laboratory
results were remarkable for potassium of 2.5 mEq/L (nor-
mal 3.5–5.3 mEq/L) and magnesium of 1.5 mg/dL (normal
1.6–2.3 mg/dL); the remainder of the laboratory results,
including a complete blood count, remaining electrolytes,
BUN, creatinine, glucose, troponin I and urinalysis, were
within normal limits. The potassium and magnesium were
replaced intravenously in the ED, IV hydration was contin-
ued, and the patient was admitted to the medicine service. A
thyroid-stimulating hormone (TSH) level sent from the ED
returned low the next day (0.068 μIU/mL; normal 0.200–5.500
μIU/mL). An endocrinology consult was obtained during
hospitalization, and further laboratory testing revealed a low
free T4 analog level (0.6 ng/dL; normal 0.8–1.7 ng/dL), as well
as an elevated prolactin level (57 ng/mL; normal 3–30 ng/mL)
and elevated total T3 level (212 ng/dL; normal 87–180 ng/dL);
a random cortisol level was low (less than 1.0 μg/dL; normal
6–19 μg/dL). The patient underwent an MRI of the brain,
which revealed a macrocystic pituitary sellar/suprasellar mass
1.2 cm × 1.5 cm × 1.3 cm, suspicious for cystic degeneration
of a pituitary adenoma (Figure 110.2).

The patient was started on Levothroid R© 75 μg orally daily
and a hydrocortisone oral taper prior to hospital discharge.
Following discharge, the patient was seen by the neuro-
surgeon to consider treatment options for her pituitary
mass. It was decided to repeat the MRI in three months,
which demonstrated substantial regression of the cystic sel-
lar/suprasellar space-occupying lesion.

Panhypopituitarism

Hypopituitarism is a clinical syndrome of deficient pituitary
hormone production.1 This may result from disorders involv-
ing the pituitary gland, hypothalamus or surrounding struc-
tures. The incidence and prevalence of hypopituitarism are
estimated to be 4.2 per 100,000/year and 45.5 per 100,000,
respectively.2 Panhypopituitarism refers to involvement of all
pituitary hormones; however, not all pituitary hormones are

Figure 110.2 MRI of the brain from a 75-year-old female demonstrating a macrocystic pituitary sellar/
suprasellar mass (arrows).

always involved, resulting in partial hypopituitarism. Pitu-
itary hormones of clinical significance include adrenocortico-
tropic hormone (ACTH), follicle-stimulating hormone (FSH),
luteinizing hormone (LH), growth hormone (GH), prolactin,
thyroid-stimulating hormone (TSH) and antidiuretic hormone
(ADH).

Of the various causes of hypopituitarism in adults, pitu-
itary adenoma or its treatment by surgery or radiotherapy
is by far the most common.3 Other causes include traumatic
brain injury, subarachnoid hemorrhage, stroke, nonpituitary
tumors, infections, pituitary infarction, autoimmune disor-
ders and idiopathic causes.2,4 Clinical presentation of pituitary
adenomas is dominated by visual impairment followed by
endocrine symptoms (hypopituitarism).5 Visual impairment
due to chiasmatic compression occurs in 60–80% of nonfunc-
tioning pituitary adenomas, whereas headache is reported in
5–25% of all patients.5 Pituitary apoplexy has been reported
in 6% of cases of nonfunctioning pituitary adenomas.5

When pituitary hormone production is impaired, target
gland hormone production is reduced because of the lack
of trophic stimulus.1 Pituitary hormone deficiencies can be
caused by the loss of hypothalamic stimulation (tertiary hor-
mone deficiency) or by direct loss of pituitary function (sec-
ondary hormone deficiency).6 Normally, subphysiologic tar-
get hormone levels stimulate the pituitary gland to increase
trophic hormone production. However, in hypopituitarism the
pituitary gland response is absent, suboptimal or inappropri-
ate with biologically inert hormone production. This results
in progressive secondary failure of the target glands. Patients
with hypopituitarism typically present with low target hor-
mone levels accompanied by low levels of the corresponding
trophic hormone.

Presentation of panhypopituitarism varies from asymp-
tomatic to acute hemodynamic collapse, depending on the eti-
ology, rapidity of onset, and predominant hormones involved.
Individuals with the following deficiencies typically present
with the indicated conditions (Table 110.1).1 Other pre-
senting features of panhypopituitarism may be attributable
to the underlying cause. A patient with a space-occupying
lesion involving the pituitary may present with headaches
or visual field deficits. A patient with large lesions involving
the hypothalamus may present with polydipsia and syndrome
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TABLE 110.1 Hormone deficiencies and associated conditions
in panhypopituitarism

Hormone deficiency Condition

Adrenocorticotropic hormone (ACTH) Adrenal insufficiency
Thyroid-stimulating hormone (TSH) Hypothyroidism
Gonadotropin Hypogonadism
Growth hormone (GH) Failure to thrive and short stature

in children, fatigue and
weakness in adults

Antidiuretic hormone (ADH) Polyuria and polydipsia

of inappropriate antidiuretic hormone (SIADH).1 Physical
examination findings may be normal in subtle presentations.
Patients may present with features attributable to deficiency
of target hormones, including hypothyroidism, adrenal insuf-
ficiency, hypogonadism and failure to thrive.

ACTH deficiency causes adrenocortical insufficiency, with
clinical features resembling those of primary adrenal failure.7

Weakness, nausea, vomiting, anorexia, weight loss, fever and
postural hypotension may occur. Patients with pituitary fail-
ure are usually slightly overweight. Their skin is fine, pale and
smooth, with fine wrinkling of the face. Body and pubic hair
may be deficient or absent, and atrophy of the genitalia may
occur. Postural hypotension, bradycardia, decreased muscle
strength and delayed deep tendon reflexes occur in more
severe cases. Neuro-ophthalmologic abnormalities may occur
if a large intrasellar or parasellar lesion results in compression
of the optic chiasm.

Hormone studies aimed at both the target gland and
their respective stimulatory pituitary hormone should be per-
formed for proper interpretation (i.e., ACTH and Cortrosyn R©

stimulation test; TSH and thyroxine; FSH, LH, and either
estradiol or testosterone as appropriate for gender; prolactin;
GH provocative testing). MRI or CT of the brain is useful for
imaging the pituitary gland.

Medical care consists of hormone replacement as neces-
sary and treatment of the underlying cause. The goal is to
replace hormones in a physiologic manner, with efforts to
avoid consequences associated with overreplacement.6 Gluco-
corticoids (e.g., hydrocortisone) are required if the ACTH-
adrenal axis is impaired. This is particularly important in
sudden vascular collapse due to pituitary apoplexy, or acute
obstetric hemorrhage with pituitary insufficiency (Sheehan’s
syndrome). In such cases, appropriate hormone replacement
therapy should not be delayed pending a definitive diagno-
sis. Secondary hypothyroidism should be treated with thyroid

hormone replacement. Surgical treatment depends on the
underlying cause and the severity of hypopituitarism. In pitu-
itary apoplexy, prompt surgical decompression may be life-
saving if brain imaging reveals tumor mass effect.1

KEY TEACHING POINTS

1. Patients with hypopituitarism typically present with symp-
toms due to low target hormone levels accompanied by low
levels of corresponding trophic hormones.

2. Presentations vary from asymptomatic, mild and chronic
symptoms, to acute vascular collapse, depending on the
etiology, rapidity of onset and predominant hormones
involved.

3. Pituitary adenoma is the most common cause of hypopitu-
itarism in adults, which typically presents with headache,
visual impairment and symptoms related to endocrine dys-
function.

4. Medical therapy for hypopituitarism consists of hormone
replacement (as indicated) and treatment of the underlying
cause. Glucocorticoids are required if the ACTH-adrenal
axis is impaired.

5. Unless contraindicated, neurosurgery is the primary treat-
ment option for symptomatic pituitary tumors.
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Left arm swelling in a 95-year-old female

HISTORY OF PRESENT ILLNESS

A 95-year-old female was sent to the ED from the ortho-
pedic clinic for left arm swelling. The patient had fallen on
her left shoulder two weeks earlier, sustaining a left humeral
neck fracture. Her left arm was placed in a sling, and she was
transferred to a skilled nursing facility for care issues. Upon
recheck of her left arm at the orthopedic clinic, significant
swelling from the mid-humerus to the fingertips was noted. A
left shoulder radiograph was obtained (Figure 111.1), and the
patient was subsequently transferred to the ED. The patient
had been keeping her left arm in the sling since her fall. She
had noted increasing swelling to her arm and hand, but denied
pain or numbness. She reported weakness in that arm since the
fall, and was unable to raise her arm against gravity.

PHYSICAL EXAMINATION

GENERAL APPEARANCE: The patient appeared well nourished,
well hydrated and in no acute discomfort.

VITAL SIGNS

Temperature 98.6◦F (37◦C)
Pulse 88 beats/minute
Blood pressure 145/90 mmHg
Respirations 18 breaths/minute
Oxygen saturation 99% on room air

HEENT: Unremarkable.

NECK: Supple, no jugular venous distension or midline tender-
ness.

CARDIOVASCULAR: Regular rate and rhythm without rubs,
murmurs or gallops.

LUNGS: Clear to auscultation bilaterally.

ABDOMEN: Soft, nondtender, nondistended.

EXTREMITIES: Left upper extremity in sling, 4+ pitting edema
of the arm noted from the mid-humerus to the fingers. Radial

Figure 111.1 Left shoulder radiograph from a 95-year-old female two
weeks after a fall on her left shoulder.

pulse was palpable, sensation and motor function of the left
hand grossly intact. The patient was unable to abduct her arm
against gravity secondary to weakness.

NEUROLOGIC: Significant for left arm weakness, otherwise
nonfocal.

What is your diagnosis?

465
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ANSWER

The diagnosis is deep vein thrombosis (DVT) of the left inter-
nal jugular vein, in addition to a left humeral neck fracture.
The radiograph (Figure 111.1) demonstrated an impacted
humeral neck fracture. The patient underwent Doppler ultra-
sound evaluation of the left upper extremity, which demon-
strated incomplete occlusion of the left jugular vein due to
intraluminal thrombus (Figure 111.2). The remaining veins of
the deep venous system, including the left subclavian, axillary,
basilic, cephalic and brachial were patent.

The patient was admitted to the medical service and
started on anticoagulation with low-molecular-weight hep-
arin (enoxaparin) subcutaneously and Coumadin R© orally. The
patient was discharged to the skilled nursing facility the fol-
lowing day to continue enoxaparin and Coumadin R© until her
International Normalized Ratio (INR) fell into the range of
2–3, at which time the enoxaparin would be discontinued.

Isolated internal jugular vein thrombosis after
upper extremity trauma

Deep vein thrombosis (DVT) of the upper extremity
occurs infrequently, constituting only 10% of all deep vein
thromboses.1 Upper extremity DVT is characterized by pain,
edema and functional impairment; however, it may be com-
pletely asymptomatic.2 Both isolated or combined thrombo-
sis of internal jugular and subclavian veins may occur.2 Cen-
tral venous catheters (CVC) contribute to the risk of upper
extremity venous thrombosis in 7–14% of all cases.3 Other
specific risk factors are effort-related compression of the deep
veins of the upper extremity and compression caused by
the thoracic outlet syndrome (Paget-Schroetter syndrome).3

Complications associated with upper extremity venous throm-
bosis include pulmonary embolism (11–26%), superior vena
cava syndrome (21–23%) and post-thrombotic syndrome
(27–50%).3

Clinical symptoms of upper extremity DVT include periph-
eral edema, prominent superficial veins and discoloration.4

Neurologic symptoms including pain, paresthesias and motor
weakness may also be present.4 In particular, swelling and
extremity discomfort are the most common complaints,
present in approximately 80% and 40%, respectively.5 Duplex
ultrasound is the initial imaging test of choice for diagnosing
upper extremity DVT because it is noninvasive and has a high
sensitivity for peripheral (jugular, distal subclavian, axillary)
upper extremity DVT.6 However, acoustic shadowing from
the clavicle limits visualization of a short segment of the sub-
clavian vein and may result in a false-negative study.6 Contrast
venography provides excellent characterization of venous
anatomy but has several drawbacks, including possible techni-
cal difficulty in cannulating the vein, requirement of iodinated
contrast agent and radiation exposure.6 Other imaging modal-
ities for diagnosing upper extremity DVT include CT scan
(requires contrast dye) and magnetic resonance angiography.

Anticoagulation is the mainstay of treatment for upper
extremity DVT, alone or in association with fibrinolytic treat-

A

B

Figure 111.2 Ultrasound of the left jugular vein of a 95-year-old
female demonstrating thrombus (panels A and B) and incompress-
ibility of the jugular vein (right image, panel A).

ment or surgery.2 Anticoagulation has been shown to sig-
nificantly decrease the acute and chronic morbidity rates
compared with conservative treatment alone in upper extrem-
ity DVT, and has been recommended as initial therapy for
all cases.4 Treatment with unfractionated or low-molecular-
weight heparin (LMWH), followed by oral anticoagulant (e.g.,
Coumadin R©) for at least three months is well supported and
should be regarded as the option of choice.5 Home treatment
with LMWH is feasible in many patients, and can reduce hos-
pitalization rates and their associated costs. Although internal
jugular vein thrombosis following CVC placement, surgery or
trauma to the neck is more frequently reported, isolated jugu-
lar venous thrombosis following upper extremity trauma is
rare. Only one similar case could be found in the literature, in
a patient with internal jugular vein thrombosis following sur-
gical treatment of a humeral nonunion.4

KEY TEACHING POINTS

1. Risk factors for upper extremity DVT include the presence
of central venous catheters, effort-related compression of
the deep veins of the upper extremity or compression from
thoracic outlet syndrome, trauma to the neck or humerus,
neck surgery and acquired clotting disorders.

2. Clinical symptoms of upper extremity DVT classically in-
clude peripheral edema, prominent superficial veins and
discoloration, with swelling and extremity discomfort being
the most common complaints.
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3. Upper extremity DVT is uncommon, constituting only
10% of all DVTs.

4. Duplex ultrasound is the initial imaging test of choice for
diagnosing upper extremity DVT because it is noninvasive
and has a high sensitivity.

5. Anticoagulation with unfractionated or LMWH and oral
Coumadin R© is the initial treatment of choice for upper
extremity DVT.
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Answer index

I. HEENT (Head, Eyes, Ears, Nose and Throat)
1. Acute epiglottitis
2. Endophthalmitis and orbital cellulitis
3. Retinal detachment
4. Temporal arteritis
5. Endophthalmitis with hypopyon

II. Cardiology/Cardiovascular Surgery
6. Idiopathic fascicular ventricular tachycardia (IFVT)
7. Cocaine-associated chest pain
8. New-onset atrial fibrillation
9. Cardiac tamponade from a pericardial effusion

10. Type B aortic dissection
11. Acute pericarditis
12. Supraventricular tachycardia (SVT)
13. Inferior ST-segment elevation myocardial infarction

(STEMI) with complete heart block
14. Cardiac tamponade due to hemopericardium
15. Ventricular tachycardia (VT)
16. Takotsubo syndrome
17. Type II second-degree atrioventricular block
18. Type A aortic dissection
19. VT converting to third-degree heart block
20. Acute anterior STEMI
21. Painless type A aortic dissection
22. Third-degree heart block
23. Descending thoracic aortic hematoma

III. Pulmonology
24. Right-sided pneumothorax complicated by re-expansion

pulmonary edema
25. Massive pulmonary embolism treated with

thrombolytics
26. Ventriculoatrial shunt causing septic emboli and

recurrent pneumonias
27. Bacterial infection of a cavitary lesion from previous

coccidioidomycosis infection
28. Community-acquired pneumonia (CAP)

IV. Gastroenterology
29. Ruptured appendicitis with abscess
30. Spontaneous splenic laceration from infectious

mononucleosis

31. Midgut malrotation
32. Perforated Meckel’s diverticulitis
33. Perforated cecal volvulus
34. Foreign body in the rectum
35. Gangrenous cholecystitis
36. Acute mesenteric ischemia
37. Ruptured abdominal aortic aneurysm (AAA)
38. Colonic intussusception

V. Genitourinary and Gynecology
39. Right ovarian torsion due to a dermoid cyst
40. Right obstructing ureteral stone with urosepsis
41. Ruptured ectopic pregnancy
42. Penile incarceration from a constricting penile ring
43. Uterine arteriovenous malformation (AVM)
44. Bilateral necrotizing epididymo-orchitis

VI. Neurology/Neurosurgery
45. Right middle cerebral artery (MCA) thrombus with

acute cerebrovascular accident (CVA)
46. Spontaneous subarachnoid hemorrhage (SAH)
47. Spinal epidural abscess (SEA)
48. Vertebral artery dissection resulting in acute CVA
49. Cauda equina syndrome (CES)
50. Cerebral venous sinus thrombosis
51. Status epilepticus and traumatic SAH
52. Brainstem stroke from “top of the basilar” syndrome

VII. Trauma
53. Splenic laceration
54. Penetrating abdominal stab wound with herniated bowel

and early small bowel obstruction (SBO)
55. Acute compartment syndrome of the thigh
56. Clay-shoveler’s fracture of the C7 vertebral process
57. Traumatic arrest from penetrating chest trauma
58. Rectus sheath hematoma
59. Traumatic SAH
60. Type II odontoid fracture of the neck
61. C5-C6 subluxation of the neck

VIII. Orthopedics
62. Type II lateral condyle fracture of the elbow
63. Lisfranc fracture-dislocation and compartment

syndrome of the foot
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64. Open both bone forearm fracture
65. Jones fracture (base of the 5th metatarsal)
66. Occult radial head fracture with associated fat pad

signs
67. Open Monteggia fracture-dislocation of the left

forearm
68. Depressed tibial plateau fracture
69. Septic arthritis of the hip
70. Closed femur fracture

IX. Hand
71. Subungual abscess of the thumb
72. High-pressure injection injury to the hand
73. Felon of the distal phalanx of the finger
74. Extensor tendon laceration of the finger
75. Infected cat bite to the finger

X. Pediatrics
76. Paroxysmal supraventricular tachycardia (PSVT)
77. Dilated cardiomyopathy
78. Subdural hematoma
79. Colocutaneous fistula from PEG tube placement
80. Respiratory syncytial virus (RSV) bronchiolitis with

concomitant bacterial pneumonia
81. Hydrocephalus from a posterior fossa brain tumor
82. Esophageal coin
83. Ileocolic intussusception
84. Hemolytic uremic syndrome (HUS)
85. Moyamoya disease
86. Third-degree heart block from Lyme carditis
87. Intracranial hemorrhage from an arteriovenous

malformation (AVM)

XI. Infectious Disease
88. Vertebral osteomyelitis
89. Plasmodium vivax malaria
90. Purpura fulminans from S. pneumoniae sepsis
91. Sepsis from a liver abscess
92. Psoas muscle abscess with vertebral osteomyelitis
93. Miliary tuberculosis

XII. Toxicology/Environmental
94. Jimson weed poisoning
95. Hypothermia with ECG changes
96. Intentional acetaminophen overdose
97. Scombroid fish poisoning
98. Rhabdomyolysis and acute renal failure from

methamphetamine abuse
99. Pit viper (rattlesnake) envenomation

100. Angioedema
101. Intentional alkali ingestion with caustic esophageal

injury
102. Digoxin toxicity

XIII. Miscellaneous
103. Nephrotic syndrome
104. Thrombotic thrombocytopenic purpura (TTP)
105. Morbilliform drug eruption
106. Acute myelogenous leukemia (AML) with blast crisis

and leukostasis
107. Diabetic ketoacidosis (DKA)
108. Right leg deep vein thrombosis (DVT)
109. Sweet’s syndrome
110. Panhypopituitarism from a pituitary adenoma
111. Left internal jugular vein DVT



Subject index

AAA (abdominal aortic aneurysm), ruptured, 155–157
AAD (acute aortic dissection). See aortic dissection
ABCDEFG (airway, breathing, circulation, disability, exposure, Foley

and gastric tube), 231
ABCs (Airway, Breathing, Circulation)

acetaminophen overdose, 404
acute myelogenous leukemia (AML), 447
alkali ingestion, 426
angioedema (AE), 422
heart block, 89
intracranial hemorrhage (ICH), 364
snakebite, 418
status epilepticus, 215–216
STEMI, 51–52
stroke, 191, 221
subarachnoid hemorrhage (SAH), 195
supraventricular tachycardia (SVT), 318
traumatic brain injury (TBI), 249

abdominal aortic aneurysm (AAA), ruptured, 155–157
abdominal injuries

blunt, 225–228
penetrating, 229–233

abdominal pain
acetaminophen overdose, 403
alkali ingestion, 425
appendicitis, 123–124
cecal volvulus, 139
diabetic ketoacidosis (DKA), 452
ectopic pregnancy, 173–174
in elderly patients, 149
foreign body, 143
gangrenous cholecystitis, 147
hepatic abscess, 383
intestinal intussusception, 159, 345–346
Meckel’s diverticulitis, 135, 138
mesenteric ischemia, 151
midgut malrotation, 131
rectus sheath hematoma (RSH), 245
splenic laceration, 127–128, 225
ureteral colic, 169

abdominal radiography
aortic aneurysm, 156–157
aortic intramural hematoma (IMH), 92
appendicitis, 125
cecal volvulus, 139–140
cholecystitis, 147, 149
esophageal foreign body, 341–342
hepatic abscess, 384
intestinal intussusception, 159–160, 345–347
Meckel’s diverticulitis, 135–138
mesenteric ischemia, 153
midgut malrotation, 131–133

ovarian torsion, 165–166
PEG tube complication, 329–331
psoas muscle abscess, 387
rectal foreign body, 143–144
rectus sheath hematoma (RSH), 245–246
splenic laceration, 127–128, 225–228
stab wounds, 229–231
ureteral colic, 169–171

ABG. See arterial blood gas analysis
ABS (apical ballooning syndrome), 63
abscess

felon, 303–305
hepatic, 383–386
psoas muscle, 387–389
scrotal, 183–185
spinal epidural (SEA), 197–199
subungual, 297–298

accidents. See falls; motor vehicle accidents; trauma
ACE inhibitors, angioedema induced by, 422
Acetadote. See N-acetylcysteine (NAC)
acetaminophen

for bronchiolitis, 333
for cholecystitis, 149
for intracranial hemorrhage, 365
for malaria, 373
overdose, 403–406
for pneumonia, 117
for vertebral osteomyelitis, 369

acetyl-para-aminophenol (APAP). See acetaminophen
acidemia, diabetic ketoacidosis (DKA), 451
acid ingestion, 426
ACLS (advanced cardiac life support) guidelines, 59
ACP (Antivenin Crotalidae Polyvalent), 418
ACTH (adrenocorticotrophic hormone) deficiency,

463–464
activated charcoal

for acetaminophen overdose, 404
contraindications, 426
for digoxin toxicity, 431
for Jimson weed poisoning, 398

activated protein C, 381, 384
acute abdomen. See abdominal pain
acute aortic dissection (AAD). See aortic dissection
acute febrile neutrophilic dermatosis. See Sweet’s syndrome
acute ischemic stroke (AIS). See stroke
acute lymphoblastic leukemia (ALL), 447
acute myelogenous leukemia (AML), 445–447
acute myocardial infarction (AMI). See myocardial infarction
acute renal failure. See renal failure
acute respiratory distress syndrome (ARDS), 381
acute tubular necrosis (ATN), 413
acyclovir, 459
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ADAMTS-13, 438
adenosine, 46–48, 58, 319
adenosine triphosphate (ATP), 413
adnexal torsion, 165–167
adrenal insufficiency, 385
adrenergic agents, 408. See also specific drug
adrenocorticotrophic hormone (ACTH) deficiency, 463–464
advanced cardiac life support (ACLS) guidelines, 59
Advanced Trauma Life Support (ATLS), 231
adverse drug reactions, dermal hypersensitivity, 441–443
AE (angioedema), 421–423
agitation, Jimson weed poisoning, 396
airway management. See also ABCs (Airway, Breathing,

Circulation)
epiglottitis, 4
traumatic brain injury (TBI), 249

AIS (acute ischemic stroke). See stroke
alanine aminotransferase (ALT), 404–406, 457, 459
albuterol

for bronchiolitis, 333
for pneumonia, 109, 118, 451
for respiratory distress, 321

alcohol ingestion, acetaminophen overdose and, 404
alkali ingestion, intentional, 425–427
alkalinization, for rhabdomyolysis, 413
ALL (acute lymphoblastic leukemia), 447
allergic angioedema, 422
ALT (alanine aminotransferase), 404–406, 457, 459
alteplase. See tissue plasminogen activator
altered consciousness

cerebral venous thrombosis (CVT), 210
diabetic ketoacidosis (DKA), 452
intestinal intussusception, 346
ischemic stroke, 219
subarachnoid hemorrhage (SAH), 194

amenorrhea, ectopic pregnancy, 173–174
AMI (acute myocardial infarction). See myocardial infarction
amiodarone, 58, 59, 319, 431
AML (acute myelogenous leukemia), 445–447
ammonia ingestion, 426
amoxicillin, 334, 361
amoxicillin/clavulanate, 119, 304, 308, 311
amphotericin B, 114
ampicillin, 114
amylase, 153, 232
analgesics. See also specific drug

for cervical spine subluxation, 256
for femoral fracture, 292
for rectus sheath hematoma (RSH), 246

anal wink reflex, 207
anaphylactoid reactions, N-acetylcysteine (NAC), 405
anemia

acute myelogenous leukemia (AML), 445–447
microangiopathic hemolytic, 438
normochromic, normocytic, 13–15
Sweet’s syndrome, 459

aneurysm
abdominal aortic, 155–157
intracranial, 194

angioedema (AE), 421–423
angiography

aortic dissection, 38–40, 85–86
aortic intramural hematoma (IMH), 92
brain arteriovenous malformation (AVM), 364–365
cerebral venous thrombosis (CVT), 211
deep vein thrombosis (DVT), 466
mesenteric ischemia, 153

middle cerebral artery (MCA) thrombus, 190
Moyamoya disease (MMD), 353–355
myocardial infarction (MI), 51
pericarditis, 41
pulmonary embolism (PE), 103, 105–106
stroke, 202–203, 220–221
subarachnoid hemorrhage (SAH), 194–195, 215
Takotsubo cardiomyopathy, 61, 63

animal bites
cat, 311–313
snake, 415–419

Anopheles mosquito, 375
anorexia

appendicitis, 124
mesenteric ischemia, 151

anterior compartment syndrome (CS), 235–237
anterior humeral line, 262–263, 276
antiarrhythmic drugs. See also specific drug

for atrial fibrillation, 30–31
digoxin interactions with, 431
for supraventricular tachycardia (SVT), 47

antibiotics. See also specific drug
for alkali ingestion, 426, 427
for appendicitis, 124
for biliary disease, 150
for bite wounds, 312–313
for bronchiolitis, 335
for coccidioidomycosis, 114
digoxin interactions with, 431
for endophthalmitis, 6–7, 18
for epididymo-orchitis, 184–185
for epiglottitis, 4
gastrointestinal side effects of, 149
for hepatic abscess, 384–385
for high-pressure injection hand injury, 300
for ileocecal intussusception, 160
intravitreal injection of, 18
for Lyme disease, 361
for mesenteric ischemia, 153
morbilliform drug eruption caused by, 442
for open fractures, 270
for orbital cellulitis, 6–7
for PEG tube complication, 331
for pneumococcal sepsis, 381
for pneumonia, 109, 111, 119, 334–335, 451
for psoas muscle abscess, 388–389
for septic arthritis, 288–289
for spinal epidural abscess, 198
for subungual abscess, 298
for vertebral osteomyelitis, 369–371

anticholinergic toxidrome, Jimson weed poisoning, 396–399
anticoagulation. See also specific drug

for acute ischemic stroke, 191
before cardioversion, 31
for cerebellar stroke, 203
for cerebral venous thrombosis (CVT), 210
contraindications, 71, 106
for deep venous thrombosis, 455, 466
for pulmonary embolism (PE), 106
reversal of, 55

anticonvulsants. See also specific drug
DRESS syndrome caused by, 442
for status epilepticus, 215–216
for traumatic brain injury (TBI), 249

antiemetics. See also specific drug
for midgut malrotation, 131
for subarachnoid hemorrhage (SAH), 216
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antihistamines. See also specific drug
for angioedema (AE), 422
for morbilliform drug eruption, 441–442
for scombroid fish poisoning, 408

antihypertensive agents. See also specific drug
for aortic dissection, 40
for subarachnoid hemorrhage (SAH), 216

antimalarial drugs, 375–376
antiplatelet agents. See also specific drug

for acute ischemic stroke, 191
for cerebellar stroke, 203

antithrombotic agents. See thrombolysis
antitubercular drugs, 392–393
Antivenin Crotalidae Polyvalent (ACP), 418
antiviral agents, DRESS syndrome caused by, 442
anuria, hemolytic uremic syndrome (HUS), 349–250
aortic aneurysm, abdominal, 155–157
aortic dissection

classification of, 39, 70, 85
intramural hematoma (IMH) leading to, 92
type A, 39, 40, 69–72

painless, 83–86
type B, 37–40, 70–72, 86

aortic intramural hematoma (IMH), 91–93
aortography, 71
APAP (acetyl-para-aminophenol). See acetaminophen
apical ballooning syndrome (ABS), 63
appendectomy, 124
appendiceal perforation, 123–126
appendicitis

versus Meckel’s diverticulitis, 138
ruptured, 124–125

ARDS (acute respiratory distress syndrome), 381
Arixtra. See fondaparinux
arms. See also fingers; hands

deep vein thrombosis (DVT), 465–467
pain, 261, 269, 279
swelling, 465
trauma, 261–263, 269–271, 270, 275–277, 279–282
weakness, 209, 255, 353

arrhythmias. See also palpitations; specific arrhythmia
digitalis-induced, 431
with hypothermia, 402

arterial blood gas (ABG) analysis
acute myelogenous leukemia (AML), 445
diabetic ketoacidosis (DKA), 451
pneumococcal sepsis, 381
pulmonary embolism (PE), 101–105
septic shock, 384
stab wounds, 232
status epilepticus, 215

arteriovenous malformation (AVM)
brain, 363–365
uterine, 179–181

arteritis, temporal, 13–15
arthralgias

Lyme disease, 357, 359
Sweet’s syndrome, 459

arthritis
rheumatoid, 288
septic, 287–289

aspartate aminotransferase (AST), 153, 404–406
aspiration, diagnostic peritoneal (DPA), 231
aspirin

for cocaine-induced chest pain, 26
for coronary artery disease, 51, 81
for dilated cardiomyopathy (DCM), 322

for myocardial infarction (MI), 49, 51
for pericarditis, 41
for stroke, 202
for Takotsubo cardiomyopathy, 61, 63
for uterine arteriovenous malformation (AVM), 191

assault, stab wounds, 229–233
AST (aspartate aminotransferase), 153, 404–406
atenolol, 30, 429, 431
Ativan. See lorazepam
atlantoaxial complex, 252
ATLS (Advanced Trauma Life Support), 231
ATN (acute tubular necrosis), 413
atovaquone, 375–376
ATP (adenosine triphosphate), 413
atrial collapse, cardiac tamponade, 35
atrial fibrillation, 59, 402, 431

new-onset, 29–31
atrial impulse, nonconducted, 67
atrial tachycardia, digitalis-induced, 431
atrioventricular (AV) block, 47, 58

first-degree, 67, 75, 359, 463
second-degree, 65–67, 75
third-degree (See complete heart block (CHB))

atrioventricular (AV) conduction delay, with hypothermia,
402

atrioventricular node re-entry tachycardia (AVNRT), 318
atropine, 49, 51, 52, 89, 398, 429, 431
Augmentin, 298
AV block. See atrioventricular (AV) block
AVM (arteriovenous malformation)

brain, 363–365
uterine, 179–181

AVNRT (atrioventricular node re-entry tachycardia), 318
azithromycin, 119, 184, 334

bacitracin, 304
back pain

abdominal aortic aneurysm (AAA), 155
aortic dissection, 37, 71, 85
aortic intramural hematoma (IMH), 91
cauda equina syndrome (CES), 205–206
physical examination for, 206
psoas muscle abscess, 388
spinal epidural abscess, 198
vertebral osteomyelitis, 369

bacteremia, 109–112, 199
bacterial arthritis, 287–289
bacterial infection. See also specific infection

bite wounds, 312
felon, 303–305
hepatic, 383–386
pulmonary, 117–120, 333–336
purpura fulminans (PF), 379–382
vertebral osteomyelitis, 369–371

Bado classification, 281
bag-valve-mask (BVM) ventilation, 241
barbiturates. See also specific drug

for status epilepticus, 216
for traumatic brain injury (TBI), 249

barium contrast enema, for intestinal intussusception, 346–347
barium enteroclysis, Meckel’s diverticulitis, 137–138
basilar artery (BA) occlusion, stroke secondary to, 219–222
batteries, button, ingestion of, 343
Benadryl, 422, 442
benzodiazepines. See also specific drug

for cocaine intoxication, 26
for status epilepticus, 215–216
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beta-adrenergic blockers. See also specific drug
for aortic dissection, 40, 71, 86
for atrial fibrillation, 31
contraindications, 26, 52
for supraventricular tachycardia (SVT), 47, 319

Betadine, 304
beta-human chorionic gonadotropin (β-hCG), 174–175,

179
Bezold-Jarisch reflex, 52
bicycle injuries, 225–228
bifascicular blocks, 75
biliary disease, 149–150
bilirubin, 437–438
biofilms, 111
biopsy

bone marrow, 445
renal, 436
skin, 441–442, 459
temporal artery, 13–14

bites
cat, 311–313
snake, 415–419

blast crisis, 445–447
bleach (sodium hypochlorite) ingestion, 426
bleeding. See also hemorrhage

acute myelogenous leukemia (AML), 445–447
finger laceration, 307
head laceration, 247
stab wounds, 231
urinary tract, 169, 171
vaginal (See vaginal bleeding)

blood
in emesis, 241
in stool, 346, 350

blood cultures
bacteremia, 109
malaria, 373, 375
pneumococcal sepsis, 381
pneumonia, 119
psoas muscle abscess, 388
septic arthritis, 289
vertebral osteomyelitis, 370

blood glucose, diabetic ketoacidosis (DKA), 451–452
blood transfusion

abdominal aortic aneurysm (AAA), 156–157
acute myelogenous leukemia (AML),

445
cardiac tamponade, 55
hemolytic uremic syndrome (HUS), 350
septic shock, 384
thrombotic thrombocytopenic purpura (TTP), 437–438

blood urea nitrogen (BUN), 413, 451
blunt injuries

abdominal, 225–228
head, 213, 216, 247–249, 325–327

bone fracture. See fractures
bone marrow biopsy, acute myelogenous leukemia (AML),

445
bone scans, vertebral osteomyelitis, 370
Borrelia burgdorferi, 359–361
boutonnière deformity, 308
bowel obstruction, with cecal volvulus, 139–141
bradycardia

atrioventricular (AV) block, 65–67
digoxin toxicity, 429
hypothermia, 401

bradykinin, 422
brain arteriovenous malformation (AVM), 363–365

brain injury, traumatic, 248–249
brainstem stroke, 219–222
brain tumor, posterior fossa, 337–340
broken heart syndrome. See Takotsubo cardiomyopathy
bronchiolitis, 333–336
bronchoalveolar lavage, 393
bronchodilators. See also specific drug

for bronchiolitis, 335
for respiratory distress, 321

bronchoscopy, 393
bruising, thrombotic thrombocytopenic purpura (TTP), 437
bulbocavernosus reflex, 207
BUN (blood urea nitrogen), 413, 451
bupivacaine, 298, 304
burns, alkali ingestion, 425–427
button batteries, ingestion of, 343
buttonhole deformity, 308
BVM (bag-valve-mask) ventilation, 241

CAD (cervical artery dissection), 201–204
calcium-channel blockers. See also specific drug

for atrial fibrillation, 30–31
contraindications, 319
for subarachnoid hemorrhage (SAH), 216
for supraventricular tachycardia (SVT), 47, 58, 319

“calcium sign,” 39
camel-hump sign, 402
CAP (community-acquired pneumonia), 117–120, 334
captopril, 322
cardiac arrest, traumatic, 241–244
cardiac catheterization, 51, 81
cardiac glycosides, 431. See also specific drug
cardiac ischemia, cocaine-associated, 25–27
cardiac tamponade, 43, 85

from hemopericardium, 53–56
from pericardial effusion, 33–36

cardiology consultation
aortic dissection, 85
aortic intramural hematoma (IMH), 92
complete heart block, 67, 75, 89
dilated cardiomyopathy (DCM), 322–323
Lyme carditis, 359
myocardial infarction (MI), 51
supraventricular tachycardia (SVT), 318–319

cardiomyopathy
dilated (DCM), 321–323
Takotsubo, 61–64

cardiopulmonary resuscitation (CPR), 241–242
cardioversion

atrial fibrillation, 30–31
supraventricular tachycardia (SVT), 47, 48, 318–319
ventricular tachycardia, 58–59

cardioverter-defibrillator, implantable (ICD), 58, 59, 75
carotid artery dissection, 203
cat bite, 311–313
catecholamine release, stress-induced, 63
cauda equina syndrome (CES), 205–208
caustic alkali ingestion, 425–427
cavitary lesions, coccidioidal, 113–115
CBC. See complete blood count
cecal volvulus, 139–141
cefazolin

for elbow trauma, 270, 281
for orbital cellulitis, 6
for stab wounds, 229
for subungual abscess, 297

cefotaxime, 384
cefotetan, 149
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cefpodoxime proxetil, 4
ceftriaxone

for epididymo-orchitis, 184
for epiglottitis, 4
for hemolytic uremic syndrome (HUS), 349
for Lyme disease, 359, 361
for orbital cellulitis, 6
for pneumococcal sepsis, 381
for septic arthritis, 288
for Sweet’s syndrome, 459

cellulitis
fingers, 304, 311–313
orbital, 5–7

central venous catheters (CVC), venous thrombosis with,
466

cephalexin, 300
cephalosporins, 6–7, 289
cerebellar stroke, 201–204
cerebral angiography

arteriovenous malformation (AVM), 364
Moyamoya disease (MMD), 353–355
subarachnoid hemorrhage (SAH), 194–195

cerebral ischemia, Moyamoya disease (MMD), 354
cerebral venous thrombosis (CVT), 209–212
cerebrospinal fluid (CSF) analysis

cerebral venous thrombosis (CVT), 211
subarachnoid hemorrhage (SAH), 195

cerebrospinal fluid shunt infection, 109–112
cerebrovascular accident (CVA), 219–222. See also stroke

middle cerebral artery (MCA) thrombus with, 188–191
vertebral artery dissection with, 201–204

cervical artery dissection (CAD), 201–204
cervical os, open, in ectopic pregnancy, 175
cervical spine

fracture, 239–240, 251–253
subluxation, 254–257
trauma series, 256–257

CES (cauda equina syndrome), 205–208
C1-esterase inhibitor (C1-INH) deficiency, 422
CHB. See complete heart block
chest decompression, 242–243
chest injuries, penetrating, 241–244
chest pain

aortic dissection, 39, 69, 71, 85
atrioventricular (AV) block, 73, 357
cocaine-associated, 25–27
myocardial infarction (MI), 50–52, 79
pericarditis, 41, 43
pleuritic, 97, 118
pulmonary embolism (PE), 101, 104
supraventricular tachycardia (SVT), 45
Takotsubo cardiomyopathy, 61

chest pressure
atrioventricular (AV) block, 73
cardiac tamponade, 33
idiopathic fascicular ventricular tachycardia (IFVT), 21
myocardial infarction (MI), 79
pulmonary edema, 98
Takotsubo cardiomyopathy, 61

chest radiography
acute myelogenous leukemia (AML), 445, 447
aortic dissection, 39–40, 69–71, 83–86
aortic intramural hematoma (IMH), 91–93
bronchiolitis, 333–335
cardiac tamponade, 33–36, 53–56
coccidioidomycosis, 113–115
diabetic ketoacidosis (DKA), 450–451
dilated cardiomyopathy (DCM), 321–322

esophageal foreign body in, 341–342
gunshot wound (GSW), 242–243
heart block, 87–89
pericarditis, 41–43
pneumococcal sepsis, 379–381
pneumonia, 109–110, 117–118
pulmonary edema, 97–99
pulmonary embolism (PE), 101–105
stab wounds, 229–232
tuberculosis, 391–393

chest tube thoracostomy, 242–243
CHF. See congestive heart failure
children. See also infants; newborns

acute ischemic stroke, 188–191
brain tumors, 337–340
dilated cardiomyopathy (DCM), 322
elbow fractures, 261–263, 281
esophageal foreign body, 340–343
foot trauma, 267
forearm fractures, 270
head trauma, 326–327
hemolytic uremic syndrome (HUS), 349–350
hemorrhagic stroke, 355, 363–365
intestinal intussusception, 345–347
intra-abdominal injury (IAI), 225–228
Jimson weed poisoning, 396–399
lower respiratory tract infection, 334–335
Moyamoya disease (MMD), 353–355

chills
malaria, 373
vertebral osteomyelitis, 369

chloroquine, 375–376
choking, esophageal foreign body, 340
cholecystectomy, 149
cholecystitis, gangrenous, 147–150
cimetidine, 408
C1-INH (C1-esterase inhibitor) deficiency, 422
ciprofloxacin, 124, 171, 183, 184, 370, 426
CK (creatine kinase), 413
clarithromycin, 119, 431
clay-shoveler’s fracture, 239–240
clindamycin, 385
clopidogrel, 63
closed reduction of fractures, 270, 274, 281, 292
coagulopathy

acetaminophen-induced, 405
acute myelogenous leukemia (AML), 445–446
snakebite, 418

cocaine-associated chest pain, 25–27
coccidioidomycosis, 113–115
coins, esophageal, 340–343
colchicine, 43
colocutaneous fistula, as PEG tube complication, 329–331
colonic intussusception, 159–161
community-acquired pneumonia (CAP), 117–120, 334
compartment pressure, measurement of, 236, 267
compartment syndrome (CS)

elbow, 262–263
foot, 266–267
thigh, 235–237, 292

complete blood count (CBC)
acute myelogenous leukemia (AML), 445
diabetic ketoacidosis (DKA), 451
intra-abdominal injury (IAI), 227
mesenteric ischemia, 151, 153
pneumonia, 334
splenic laceration, 225
stab wounds, 232
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complete heart block (CHB), 67, 87–89
from Lyme carditis, 357–361
STEMI with, 50–52
ventricular tachycardia (VT) converting to, 73–77

compression ultrasound, deep vein thrombosis (DVT), 455
computed tomography (CT)

abdominal aortic aneurysm (AAA), 156–157
acute abdomen, 149
appendicitis, 124, 125
brain, 13, 247–248
brain arteriovenous malformation (AVM), 364–365
brain tumor, 338–339
cecal volvulus, 140
cerebral venous thrombosis (CVT), 209–211
cervical spine fracture, 251–253
cholecystitis, 147, 149
deep vein thrombosis (DVT), 466
hepatic abscess, 384–385
ileocecal intussusception, 159–160
intra-abdominal injury (IAI), 227–228
intracerebral hemorrhage (ICH), 363, 446
knee trauma, 284
Meckel’s diverticulitis, 135–138
mesenteric ischemia, 152–153
midgut malrotation, 131–133
Moyamoya disease (MMD), 354
necrotizing epididymo-orchitis, 184
orbital cellulitis, 6
ovarian torsion, 165–166
psoas muscle abscess, 387–389
pulmonary infection, 114
rectus sheath hematoma (RSH), 245–246
septic arthritis, 289
spinal epidural abscess, 198
splenic laceration, 127–128, 225–227
stab wounds, 229–232
stroke, 189–190, 201–202, 219–221
subarachnoid hemorrhage (SAH), 193–194, 213–216,

247–248
subdural hematoma (SDH), 325–327
tuberculosis, 392–393
ureteral colic, 169–171
vertebral osteomyelitis, 370

computed tomography angiography (CTA)
aortic dissection, 38–40, 70, 85–86
aortic intramural hematoma (IMH), 92
middle cerebral artery (MCA) thrombus, 190
pericarditis, 41
pulmonary embolism (PE), 103, 105–106

computed tomography enteroclysis (CTE), Meckel’s diverticulitis,
137–138

conduction abnormalities. See also specific abnormality
intraventricular (IVCA), 75

confusion, Jimson weed poisoning, 396
congestive heart failure (CHF), 87–89

pediatric, 318, 322–323
consciousness, alterations in. See altered consciousness
constipation, in elderly patients, 149
contrecoup injury, 247–249
coronary angiography

myocardial infarction (MI), 51
Takotsubo cardiomyopathy, 61, 63

coronary artery disease, 51, 81
corticosteroids. See steroids; specific drug
cortisol, 463
cough. See also hemoptysis

aortic dissection, 83

cardiac tamponade, 33, 35
dilated cardiomyopathy (DCM), 321
pneumonia, 117–118
pulmonary edema, 98
respiratory syncytial virus (RSV) infection, 333

Coumadin. See warfarin
CPK (creatine phosphokinase), 153, 235, 413
CPR (cardiopulmonary resuscitation), 241–242
cranial decompression, 249
C-reactive protein (CRP)

appendicitis, 125
psoas muscle abscess, 387
septic arthritis, 287
Sweet’s syndrome, 457, 459
temporal arteritis, 13–14
vertebral osteomyelitis, 369–370

creatine kinase (CK), 413
creatine phosphokinase (CPK), 153, 235, 413
creatinine, 349–350, 406, 413, 451
Crotalidae Polyvalent Immune Fab (CroFab), 417
CRP. See C-reactive protein
crystalloids

for rhabdomyolysis, 413
for septic shock, 384

CS. See compartment syndrome
CSF (cerebrospinal fluid) analysis

cerebral venous thrombosis (CVT), 211
subarachnoid hemorrhage (SAH), 195

CT. See computed tomography
cubitus varus, 263
culdocentesis, 174
CURB-65 rule, 120
CVA (cerebrovascular accident), 188–191, 219–222

See also stroke
CVC (central venous catheter), venous thrombosis with,

466
CVT (cerebral venous thrombosis), 209–212
cyst, ovarian, 165–167
cytochrome p450 enzyme system, 404

danazol, 422
Datura stramonium poisoning, 396–399
DCM (dilated cardiomyopathy), 321–323
D-dimer tests, 41, 105–106, 454–455
DeBakey classification of aortic dissection, 85
debridement

high-pressure injection hand injury, 300
subungual abscess, 298

Decadron, 4, 198, 206, 381
decompression

chest, 242–243
cranial, 249

decontamination, for poisoning, 398, 404, 426, 431
deep vein thrombosis (DVT)

lower extremity, 103, 105–106, 453–456
upper extremity, 465–467

defibrillation, for ventricular tachycardia, 58–59, 75
dehydration, panhypopituitarism, 461
dermatology consult, 459
dermatosis, acute febrile neutrophilic. See Sweet’s syndrome
dermoid cyst, 165–167
descending thoracic aortic hematoma, 91–93
Devil’s Trumpet flower poisoning, 396–399
dexamethasone, 199, 207, 385
diabetic ketoacidosis (DKA), 449–452
diagnostic peritoneal aspiration (DPA), 231
diagnostic peritoneal lavage (DPL), 231–232
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dialysis, for acute renal failure, 413
diarrhea

appendicitis, 124
bloody, 350
cecal volvulus, 139
hemolytic uremic syndrome (HUS), 348
hepatic abscess, 383
ventriculoatrial shunt infection, 109

diazepam, 215, 216
DIC (disseminated intravascular coagulation), 381, 413, 418, 438,

446
Digibind. See digoxin-Fab fragments
digital felon, 303–305
digital injection injuries, 300
“digitalis effect,” 431
digital rectal examination, 144
digoxin, 319, 322

toxicity, 429–432
digoxin-Fab fragments, 431–432
Dilantin, 350. See phenytoin
dilated cardiomyopathy (DCM), 321–323
Dilaudid, 39, 169, 369
diltiazem, 30–31
“dinner fork” deformity, 269–271
diphenhydramine, 404, 408
DIP (distal interphalangeal) joint, 297, 303, 308
discectomy, 206–207, 256
disc herniation, 206
discitis, 387–389
dislocation

elbow, 261–263, 270, 279–282
foot, 265–268

disseminated intravascular coagulation (DIC), 381, 413, 418, 438,
446

distal interphalangeal (DIP) joint, 297, 303, 308
diuretics. See also specific drug

for dilated cardiomyopathy (DCM), 323
for pulmonary edema, 98
for rhabdomyolysis, 413
for traumatic brain injury (TBI), 249

diving reflex, cardioversion using, 318–319
dizziness

cerebellar stroke, 201
diabetic ketoacidosis (DKA), 449
intracerebral hemorrhage (ICH), 363
vertebrobasilar stroke, 220–221

DKA (diabetic ketoacidosis), 449–452
dobutamine, 322, 323, 384
dog bites, 312–313
dopamine, 103, 323, 381, 413
doxycycline, 119, 184, 313, 361
DPA (diagnostic peritoneal aspiration), 231
DPL (diagnostic peritoneal lavage), 231–232
Drano ingestion, 425–427
DRESS syndrome, 442
drug eruption, morbilliform, 441–443
drug interactions, digoxin toxicity, 431
drug use. See also specific drug

abdominal pathology and, 149
duodenal malrotation, 131–134
DVT. See deep vein thrombosis
dysarthria, vertebrobasilar stroke, 221
dysphagia

alkali ingestion, 425
vertebrobasilar stroke, 221

dyspnea
acute myelogenous leukemia (AML), 445

aortic dissection, 69, 83
atrial fibrillation, 29
cardiac tamponade, 33, 35, 55
cocaine-associated, 25
dilated cardiomyopathy (DCM), 321–322
heart block, 87
mesenteric ischemia, 151
pericarditis, 43
pneumonia, 117, 333–335
pulmonary edema, 97
pulmonary embolism (PE), 101, 104
scombroid fish poisoning, 407
supraventricular tachycardia (SVT), 45

dysrhythmias. See also palpitations; specific dysrhythmia
digitalis-induced, 431
with hypothermia, 402

dysuria, appendicitis, 123

early goal-directed therapy (EGDT), 384
EBV (Epstein-Barr virus), 128
ECG. See electrocardiography
echocardiography

aortic dissection, 40, 71
cardiac tamponade, 33–36, 55–56
dilated cardiomyopathy (DCM), 322–323
pericarditis, 43
pulmonary embolism (PE), 105
supraventricular tachycardia (SVT), 47
Takotsubo cardiomyopathy, 61, 63
ventriculoatrial shunt, 111

ectopic pregnancy, ruptured, 173–175
EDAS (encephaloduroarteriosynangiosis), 354–355
edema

alkali ingestion, 426
arm, 465
bite wound, 313, 415
cerebral, 194
eyelid, 5, 17
facial, 421, 435, 442
fingers, 297, 303, 311
foot, 411, 415
forearm, 269
hand, 435
intracerebral hemorrhage (ICH), 364–365
leg, 435, 445, 453
nephrotic syndrome, 435–436
psoas muscle abscess, 387
pulmonary, 97–99
scrotal, 183

EDH (epidural hemorrhage), 248
ED thoracotomy, 243
EEG (electroencephalography), status epilepticus,

215–216
EGD (esophagogastroduodenoscopy), 427
EGDT (early goal-directed therapy), 384
elbow trauma, 261–263, 270, 275–277, 279–282
elderly patients

abdominal pain in, 149
injuries in, 253, 284
septic arthritis in, 289

electrocardiography (ECG)
aortic dissection, 69, 71, 83–86
aortic intramural hematoma (IMH), 91
atrial fibrillation, 29–31
atrioventricular (AV) block, 65–67, 73–77, 87–89

Lyme disease, 357–360
panhypopituitarism, 463
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electrocardiography (ECG) (cont.)
cardiac tamponade, 33–36, 43, 53–56
cerebral venous thrombosis (CVT), 209
cocaine-associated chest pain, 25–27
diabetic ketoacidosis (DKA), 450–452
digoxin toxicity, 429–431
dilated cardiomyopathy (DCM), 322
hypothermia, 401–402
idiopathic fascicular ventricular tachycardia (IFVT), 21–23
myocardial infarction (MI), 50–52, 79–82
pericarditis, 41–44
pneumonia, 117
pulmonary embolism (PE), 101–105
rhabdomyolysis, 411–413
supraventricular tachycardia (SVT), 45–48, 58, 317–318
Takotsubo cardiomyopathy, 61–63
ventricular tachycardia, 57–59

electroencephalography (EEG), status epilepticus, 215–216
ELISA, Lyme disease, 359, 361
embolectomy, 106, 153
embolism

mesenteric, 152–153
pulmonary (PE), 101–107, 454, 466

septic, 109–112
venous, 103, 105–106, 453–456

embolization
arteriovenous malformation (AVM), 365
middle cerebral artery (MCA), 194–195
uterine arteries, 180

emesis. See vomiting
emotional stress, chest pain following, 61
encephaloduroarteriosynangiosis (EDAS), 354–355
endocarditis, with cerebrospinal fluid shunts, 111
endocrinology consult, 463
Endograft, 157
endophthalmitis

with hypopyon, 17–18
and orbital cellulitis, 5–7

endoscopy
alkali ingestion, 426
esophageal coin, 342–343

endovaginal ultrasonography (EVUS), uterine arteriovenous
malformation (AVM), 180

endovascular stenting, for aortic dissection, 39, 40, 72
enema, barium contrast, intestinal intussusception, 346–347
enoxaparin

for cerebral venous thrombosis (CVT), 210
for deep vein thrombosis (DVT), 455, 466
for middle cerebral artery (MCA) thrombus, 190
for pulmonary embolism (PE), 103

enteroenteric intussusception, 160
envenomation, snake, 415–419
ependymoma, 337–340
epididymo-orchitis, necrotizing, 183–185
epidural abscess, 197–199
epidural hemorrhage (EDH), 248
epiglottitis, 3–4
epinephrine

for angioedema (AE), 422
for gunshot wound (GSW), 241
for morbilliform drug eruption, 442
for scombroid fish poisoning, 408
for subarachnoid hemorrhage (SAH), 247

EpiPen, 422
Epsom salt soaks, 304
Epstein-Barr virus (EBV), 128
eptifibatide, 51, 61, 81

ertapenem, 370
erythema

bite wound, 313
eyelid, 5, 17
finger, 297, 303, 311
purpura fulminans (PF), 379–381
snakebite, 415
Sweet’s syndrome, 457, 459

erythrocyte sedimentation rate (ESR)
psoas muscle abscess, 387
septic arthritis, 287
spinal epidural abscess, 197–198
Sweet’s syndrome, 457, 459
temporal arteritis, 13–14
vertebral osteomyelitis, 370

erythromycin, 119, 431
Escherichia coli O157:H7 infection, 349–350
esmolol, 39, 40, 70, 71, 86
esophagogastroduodenoscopy (EGD), 427
esophagus

alkali injury to, 426
foreign body in, 340–343

ESR. See erythrocyte sedimentation rate
estrogen, 180
ethambutol, 392–393
ethanol ingestion, acetaminophen overdose and, 404
ethmoid sinusitis, 6
evisceration, from stab wounds, 231
EVUS (endovaginal ultrasonography), uterine arteriovenous

malformation (AVM), 180
exanthematous drug eruption, 441–443
extensor tendon laceration of finger, 307–309
eye discharge, 5, 17
eye examination, 5, 9–10, 17
eyelid edema, 5, 17
eye pain, 5, 17

facial swelling, 421, 435, 442
factor Xa inhibitor, 455
falls

abdominal injury, 227
anterior compartment syndrome (CS), 235–237
arm fractures, 269–271, 465
cervical spine fracture, 251–253
cervical spine subluxation, 254–257
elbow fractures, 261–263, 275–277, 281
by elderly patients, 253
femoral fracture, 291–293
head trauma, 325–327
knee fractures, 284

fasciitis, necrotizing, 184–185
fasciotomy, 236, 266–267
FAST (Focused Assessment with Sonography for Trauma) exam,

173–174, 227, 232, 242–243
fatigue

acute myelogenous leukemia (AML), 445
atrioventricular (AV) block, 65–67, 87
miliary tuberculosis, 391

fat pad sign, 262, 276
FDA (Food and Drug Administration), acetaminophen overdose

guidelines, 404–405
FDS (flexor digitorum superficialis), 308
felon, 303–305
femoral fracture, 291–293
femoral radiography, anterior compartment syndrome (CS), 235
femoral venous thrombosis, 103, 105–106
fentanyl, 270
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fever
acute myelogenous leukemia (AML), 445
appendicitis, 123–124
dilated cardiomyopathy (DCM), 321
epiglottitis, 3
hemolytic uremic syndrome (HUS), 350
hepatic abscess, 383
malaria, 373
Meckel’s diverticulitis, 135
miliary tuberculosis, 391
pericarditis, 43
pneumococcal sepsis, 379
pneumonia, 109, 117–118
psoas muscle abscess, 388
respiratory syncytial virus (RSV) infection, 333
sepsis, 384
septic arthritis, 288
spinal epidural abscess, 198
Sweet’s syndrome, 457, 459
thrombotic thrombocytopenic purpura (TTP), 437–438
vertebral osteomyelitis, 369

fibrinolysis
contraindications, 71, 81
for coronary artery disease, 52, 81–82
for deep vein thrombosis (DVT), 466
for pulmonary embolism (PE), 106

fight bite, 312
figure-of-eight assessment, for elbow trauma, 262–263
fingers

cat bite, 311–313
felon, 303–305
high-pressure injection injury, 300
laceration, 307–309
pain and swelling, 297, 303
subungual abscess, 297

fish poisoning, scombroid, 407–409
flank pain, ovarian torsion, 165
flexion-extension testing

cervical spine injury, 256–257
elbow trauma, 262

flexor digitorum superficialis (FDS), 308
floaters, visual, 9
fluconazole, 114
fluid management

alkali ingestion, 426
diabetic ketoacidosis (DKA), 451–452
hemolytic uremic syndrome (HUS), 350
intracerebral hemorrhage (ICH), 365
pneumococcal sepsis, 382
septic shock, 384

fluocinonide, 441
fluoroscopy

ileocolic intussusception, 346
PEG tube complication, 329–331

Focused Assessment with Sonography for Trauma (FAST) exam,
173–174, 227, 232, 242–243

fondaparinux, 106, 454, 455
Food and Drug Administration (FDA), acetaminophen overdose

guidelines, 404–405
food-borne disease, scombroid fish poisoning, 407–409
foot pain

rhabdomyolysis, 411
snakebite, 415
trauma, 265–268, 273–274

forearm trauma, 269–271, 279–282
foreign body

esophageal, 340–343

penile, 177–178
rectal, 143–145

fosphenytoin, 216, 338
Fothergill’s sign, 246
Fournier’s gangrene, 184–185
fractures

cervical spine, 239–240, 251–253
compartment syndrome (CS) with, 236
elbow, 261–263, 275–277, 279–282
in elderly patients, 253
femoral, 291–293
foot, 265–268, 273–274
forearm, 269–271
humeral, 261–263, 465
odontoid, 251–253
open, 269–271, 279–282, 285, 292
skull, 248, 326–327
tibial plateau, 283–286

free intraperitoneal air, 160, 232
free intraperitoneal fluid, 225, 227, 232
fresh frozen plasma, 55
“frog sign,” 46
furosemide, 98, 322, 323, 436

Galeazzi fracture-dislocation, 270
gallstones, 144–149
gamma knife surgery, 365
gangrenous cholecystitis, 147–150
Gartland classification system, 263
gastroenterology consultation, 342, 426
gastrointestinal decontamination, for poisoning, 398, 404, 426, 431
gastrostomy tube complication, 329–331
gatifloxacin, 18, 119
GCA (giant-cell arteritis). See temporal arteritis
GCS (Glasgow Coma Scale), 248
genital trauma, 177–178
giant-cell arteritis (GCA). See temporal arteritis
gingivitis, acute myelogenous leukemia (AML), 445
Glasgow Coma Scale (GCS), 248
glucocorticoids

for angioedema (AE), 422
for hypopituitarism, 464
for thrombotic thrombocytopenic purpura (TTP), 437–438

glucometry, 451
glucose, 431

diabetic ketoacidosis (DKA), 451–452
glucose-6-phosphate dehydrogenase (G6PD) deficiency, 376
glutathione (GSH), 404–405
glycoprotein IIb/IIIa inhibitors, 51, 81–82. See also specific drug
gonococcal arthritis, 288–289
greenstick fractures, 270
groin pain, 387–388
GSH (glutathione), 404–405
gunshot wound (GSW), 231, 241–244
Gustilo classification, 270
gynecology consultation, 166, 174, 179–180

HAE (hereditary angioedema), 422
Haemophilus influenzae (Hib), 4
hallucinations, Jimson weed poisoning, 396
Hampton’s hump, 105
hands. See also fingers

bite wounds, 312
paint gun injury, 299–301
surgery consultation, 308
swelling, 435
tendon laceration, 308
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headache
aortic dissection, 69
cerebellar stroke, 201, 203
cerebral venous thrombosis (CVT), 209–210
head trauma, 326–327
intracerebral hemorrhage (ICH), 363
malaria, 373
panhypopituitarism, 461
scombroid fish poisoning, 407
subarachnoid hemorrhage (SAH), 193, 213, 216,

247
temporal arteritis, 13
thrombotic thrombocytopenic purpura (TTP), 437

head trauma
blunt, 213, 216, 247–249
pediatric, 325–327

heart block. See atrioventricular (AV) block
heart rate, abnormal. See arrhythmias; palpitations; specific

disorder
heart sounds

in aortic dissection, 71
muffled, with cardiac tamponade, 35–36, 53, 55

hematocrit
cerebral venous thrombosis (CVT), 209
diabetic ketoacidosis (DKA), 451
intra-abdominal injury (IAI), 227
rectus sheath hematoma (RSH), 246
ruptured ectopic pregnancy, 173–174
septic shock, 384
splenic laceration, 225, 227
thrombotic thrombocytopenic purpura (TTP), 437–438
uterine arteriovenous malformation (AVM), 179

hematologic tests. See also specific test
acetaminophen overdose, 405–406
acute myelogenous leukemia (AML), 445–446
hemolytic uremic syndrome (HUS), 350
malaria, 375
rhabdomyolysis, 413
snakebite, 418
thrombotic thrombocytopenic purpura (TTP), 437–438

hematology consultation, 438
hematoma

compartment syndrome (CS) with, 236
parenchymal, 364
rectus sheath (RSH), 245–246
retroperitoneal, 156–157
splenic trauma, 228
subdural (SDH), 325–327

hematuria, 169, 171
hemodialysis, 350
hemolytic uremic syndrome (HUS), 348–351
hemopericardium, 53–56
hemoptysis

coccidioidomycosis, 113, 115
pulmonary embolism (PE), 104

hemorrhage. See also bleeding
alkali ingestion, 426
elbow trauma, 262, 276
femoral fracture, 292
intracranial (ICH), 363–365, 446–447
splenic laceration, 225–227
subarachnoid (See subarachnoid hemorrhage

(SAH))
traumatic brain injury (TBI), 248

hemorrhagic stroke, 355, 363–365
heparin

for cerebral venous thrombosis (CVT), 211

for deep vein thrombosis (DVT), 455, 466
for middle cerebral artery (MCA) thrombus, 190
for myocardial infarction (MI), 51, 81, 82
for pulmonary embolism (PE), 106
for stroke, 191, 203
for supraventricular tachycardia (SVT), 58
for Takotsubo cardiomyopathy, 61

hepatic abscess, 383–386
hepatic dysfunction, rhabdomyolysis, 413
hepatotoxicity, acetaminophen-induced, 403–406
hereditary angioedema (HAE), 422
hernia, inguinal, Meckel’s diverticulitis with, 135
herniated bowel, abdominal stab wound with, 229–233
herniation, disc, 206
herniation syndrome, 445
high-pressure injection hand injury, 299–301
hip arthritis, septic, 287–289, 388
His-Purkinje conduction delay, 67, 75
histamine, scombroid fish poisoning and, 408
histamine-induced angioedema, 422
Homan’s sign, 454
Horner’s syndrome, 221
humeral fracture, 261–263, 465
HUS (hemolytic uremic syndrome), 348–351
hydrocephalus, obstructive, 337–340
hydrocodone, 135
hydrocortisone, 385, 463
hydronephrosis, 170–171
hydroxyzine, 441–442
hyoscyamine, 398
hyperdense MCA sign, 190
hyperglycemia

diabetic ketoacidosis (DKA), 451–452
hyperosmolar nonketotic, 451

hyperkalemia, 151, 153, 413
diabetic ketoacidosis (DKA), 451–452
digoxin toxicity, 431

hyperlipidemia, nephrotic syndrome, 436
hyperosmolar nonketotic hyperglycemia, 451
hyperphosphatemia, 151, 153
hypersensitivity reaction

drug-induced, 441–443
food-induced, 421–423

hypertension
aortic dissection, 37, 40, 71, 86
hemolytic uremic syndrome (HUS), 350
nephrotic syndrome, 435–436
subarachnoid hemorrhage (SAH), 216

hyperventilation, for traumatic brain injury (TBI), 249
hypoalbuminemia, 436
hypocalcemia, 413
hypopituitarism, 463
hypopyon, 17–18
hypotension

abdominal aortic aneurysm (AAA), 156–157
aortic dissection, 71
cardiac tamponade, 33, 35–36, 43, 54, 55
diabetic ketoacidosis (DKA), 449, 451–452
mesenteric ischemia, 151
penetrating thoracic injury, 243
pulmonary embolism (PE), 101, 103, 106
septic shock, 383–384

hypothermia, 401–402
hypovolemia, ectopic pregnancy, 175
hypoxemia, pulmonary embolism (PE), 104
hypoxia, pneumonia, 118
hysterectomy, 180
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IAI (intra-abdominal injury)
blunt, 225–228
penetrating, 231

ibuprofen, 43
ICD (implantable cardioverter-defibrillator), 58, 59, 75
ice packs

for elbow trauma, 275
for femoral fracture, 291–292
for foot trauma, 265, 274
for rectus sheath hematoma (RSH), 246
for snakebite, 415
for supraventricular tachycardia (SVT), 318–319
for tibial plateau fracture, 285

ICH (intracranial hemorrhage)
acute myelogenous leukemia (AML), 446–447
arteriovenous malformation (AVM), 363–365

ichthyotoxicosis, scombroid, 407–409
ICI (intracranial injury), pediatric, 326–327
ICP. See intracranial pressure
I&D (incision and drainage), of felon, 304
idiopathic fascicular ventricular tachycardia (IFVT), 21–23
ileocecal intussusception, 159–161
ileocecal valve tumor, 160
ileocolic intussusception, 345–347
IM (infectious mononucleosis), splenic laceration with, 127–129
IMH (intramural hematoma), aortic, 91–93
immobilization

cervical spine fracture, 251–253
cervical spine subluxation, 256–257
elbow trauma, 261, 276, 281
femoral fracture, 292
finger injuries, 298, 308, 312
foot fracture, 274
tibial plateau fracture, 285

implantable cardioverter-defibrillator (ICD), 58, 59, 75
incision and drainage (I&D), of felon, 304
indomethacin, 43
infants. See also newborns

dilated cardiomyopathy (DCM), 321–323
head trauma, 325–327
intestinal intussusception, 346
PEG tube complications, 329–331
pneumonia, 333–336
supraventricular tachycardia (SVT), 317–319

infection. See also bacterial infection; specific infection
bite wound, 311–313
nail bed, 297–298
pulmonary, 113–115, 117–120, 333–336
ventriculoatrial shunt, 109–112

infectious mononucleosis (IM), splenic laceration with, 127–129
inguinal hernia, Meckel’s diverticulitis with, 135
injuries. See trauma; specific injury
inotropic agents, contraindications, 71
INR. See international normalized ratio
insulin, 413, 431

for diabetic ketoacidosis (DKA), 451–452
Integrilin. See eptifibatide
internal jugular vein thrombosis, 465–467
international normalized ratio (INR)

acetaminophen overdose, 403–404
acute myelogenous leukemia (AML), 445
cardiac tamponade, 53, 55
cerebral venous thrombosis (CVT), 211
deep vein thrombosis (DVT), 466
pulmonary embolism (PE), 106, 454–455

intestinal intussusception, 159–161
pediatric, 345–347

intestinal malrotation, 131–134, 139–141
intestinal perforation, 160
intra-abdominal injury (IAI)

blunt, 225–228
penetrating, 231

intracranial hemorrhage (ICH)
acute myelogenous leukemia (AML), 446–447
arteriovenous malformation (AVM), 363–365

intracranial injury (ICI), pediatric, 326–327
intracranial pressure (ICP)

brain tumors, 339
intracerebral hemorrhage (ICH), 364–365
subarachnoid hemorrhage (SAH), 216
traumatic brain injury (TBI), 249

intramedullary nailing, for femoral fracture, 292
intramural hematoma (IMH), aortic, 91–93
intrauterine device (IUD), 174
intraventricular conduction abnormalities (IVCA), 75
intussusception, intestinal, 159–161

pediatric, 345–347
ischemia

brainstem, 221
cardiac, cocaine-associated, 25–27
mesenteric, 151–153
Moyamoya disease (MMD), 354

ischemic stroke. See stroke
isoniazid, 392–393
isoproterenol, 89
IUD (intrauterine device), 174
IVCA (intraventricular conduction abnormalities), 75

jaw claudication, 14–15
Jimson weed poisoning, 396–399
Jones fracture, 273–274
jugular venous distension, cardiac tamponade, 33, 35–36, 43, 53, 55
J (Osborn) waves, 402

Kayexelate, 413, 431
Kehr’s sign, 128, 227
ketonemia, diabetic ketoacidosis (DKA), 451
ketonuria, 451
ketorolac, 165
King’s College Criteria, 406
kinin-induced angioedema, 422
knee trauma, 283–286
Kussmaul sign, 55, 452

labetalol, 40, 71
laceration

finger, 307–309
head, 247
splenic, 127–129, 225–228

lactate, 384, 451
lactate dehydrogenase (LDH), 153, 437–438
Ladd’s bands, 133
Ladd’s procedure, 133–134
LAFB (left anterior fascicular block), 75
laminectomy, 206–207
Lasix, 98
lateral condyle fracture, 261–263
lavage, diagnostic peritoneal (DPL), 231–232
LBBB (left bundle branch block), 75, 81
LDH (lactate dehydrogenase), 153, 437–438
left anterior fascicular block (LAFB), 75
left bundle branch block (LBBB), 75, 81
left posterior fascicular block (LPFB), 75
left ventricular (LV) dysfunction, Takotsubo cardiomyopathy, 61, 63
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legs. See also foot pain
deep vein thrombosis (DVT), 103, 105–106, 453–456
swelling, 435, 445, 453
trauma, 283–286
weakness, 37, 197, 353

lethargy, 346, 401. See also fatigue
leukemia

acute lymphoblastic (ALL), 447
acute myelogenous (AML), 445–447

leukocyte count
acute myelogenous leukemia (AML), 445–447
alkali ingestion, 425
anterior compartment syndrome (CS), 235
appendicitis, 123, 125
diabetic ketoacidosis (DKA), 451
diverticulitis, 135
epiglottitis, 3
hemolytic uremic syndrome (HUS), 349–350
midgut malrotation, 131
morbilliform drug eruption, 442
necrotizing epididymo-orchitis, 183
pneumonia, 117–118
sepsis, 384
subarachnoid hemorrhage (SAH), 213
Sweet’s syndrome, 457, 459
urinary tract infection, 169
vertebral osteomyelitis, 369

“leukocyte larceny,” 447
leukocytosis, Sweet’s syndrome, 457, 459
leukostasis, 445–447
levocarnitine, 322
levofloxacin, 119
Levophed, 103
Levothroid, 463
LFT. See liver function tests
lidocaine

for blunt head trauma, 247
for cholecystitis, 147
for digoxin toxicity, 431
for heart block, 73, 75
for stab wounds, 229

lipase, 232
lipohemarthrosis, 284
Lisfranc injuries, 265–268
liver abscess, 383–386
liver function tests (LFT)

acetaminophen overdose, 403–406
intra-abdominal injury (IAI), 227
stab wounds, 232

LMWH (low-molecular-weight heparin), 106, 455, 466
lorazepam, 26, 213, 215, 216, 338, 349, 398
low back pain. See back pain
low-molecular-weight heparin (LMWH), 106, 455, 466
LPFB (left posterior fascicular block), 75
lumbar puncture, 195, 210
lung infection, 113–115
lung-protective ventilation, for septic shock, 384
lung sounds, pneumonia, 118
LV (left ventricular) dysfunction, Takotsubo cardiomyopathy, 61, 63
Lyme carditis, 357–361
lymphadenopathy, with drug eruptions, 442
lymphangitis, hand, 311–313

Maalox, 147
magnesium, for panhypopituitarism, 463
magnetic resonance imaging (MRI)

aortic dissection, 40, 71, 86

aortic intramural hematoma (IMH), 93
brain arteriovenous malformation (AVM), 364–365
brain tumor, 338–339
cauda equina syndrome (CES), 206–207
cerebral venous thrombosis (CVT), 210–211, 211
cervical spine subluxation, 256
compartment syndrome (CS), 236
deep vein thrombosis (DVT), 466
discitis, 388–389
ileocecal intussusception, 160
knee trauma, 285
Moyamoya disease (MMD), 353–354
pituitary adenoma, 463
septic arthritis, 288–289
spinal epidural abscess, 198–199
stroke, 190, 202–203, 220–221
vertebral osteomyelitis, 370, 388–389

mahi mahi fish, 408
malaria, 373–377
Malarone. See atovaquone; proguanil chloride
malrotation, intestinal, 131–134, 139–141
mammalian bites, 311–313
mandatory reporting

scombroid food poisoning, 408
tuberculosis, 393

mannitol, 364, 413
MCA (middle cerebral artery)

aneurysm, 194
occlusion, 190

McBurney’s point, 124
MCNS (minimal change nephrotic syndrome), 435–436
MCP (metacarpophalangeal) joint, 307
mechanical ventilation, for septic shock, 384
Meckel’s diverticulitis, perforated, 135–138
medullary infarction, 221
mefloquine, 376
meniscus sign, 347
meropenem, 370, 385
mesenteric ischemia, acute, 151–153
metabolic acidosis, 215, 322, 406

diabetic ketoacidosis (DKA), 451–452
metacarpophalangeal (MCP) joint, 307
metatarsal fractures, 265–268, 273–274
methamphetamine abuse, rhabdomyolysis induced by, 411–414
Methergine, 179
methicillin-resistant Staphylococcus aureus (MRSA), 381
methotrexate, 175
methylergonovine maleate, 180
methylprednisolone, 385
metoprolol, 65, 71, 73, 81, 86
metronidazole, 124, 384, 385, 426
MI. See myocardial infarction
microangiopathic hemolytic anemia, 438
midazolam, 215, 216, 270
middle cerebral artery (MCA)

aneurysm, 194
thrombus, with cerebrovascular accident (CVA), 188–191

midgut malrotation, 131–134
Milch classification system, 263
miliary tuberculosis (TB), 391–393
minimal change nephrotic syndrome (MCNS), 435–436
miscarriage, recurrent vaginal bleeding after, 179
MMD (Moyamoya disease), 353–355
Mobitz I (Wenckebach) block, 67
Mobitz II block, 67
mononucleosis, splenic laceration with, 127–129
Monteggia fracture-dislocation, 270, 279–281
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morbilliform drug eruption, 441–443
morphine sulfate

for anterior compartment syndrome (CS), 235
for cauda equina syndrome (CES), 205
for elbow trauma, 270, 279
for femoral fracture, 291
for foot trauma, 265
for hand injury, 299
for intestinal malrotation, 139
for intra-abdominal injury (IAI), 225
for intracerebral hemorrhage (ICH), 363
for knee trauma, 283
for Meckel’s diverticulitis, 135
for necrotizing epididymo-orchitis, 183
for ovarian torsion, 165
for penile incarceration, 177
for pericarditis, 41, 43
for rectal foreign body, 143
for rectus sheath hematoma (RSH), 245
for septic arthritis, 287
for snakebite, 415
for splenic laceration, 127
for stab wounds, 229
for subarachnoid hemorrhage (SAH), 193

mosquitoes, malaria transmitted by, 375
motor vehicle accidents

blunt head trauma, 247–249
foot trauma, 265
forearm trauma, 279–282
knee trauma, 283–286

moxifloxacin, 109, 118, 119, 298
Moyamoya disease (MMD), 353–355
MRI. See magnetic resonance imaging
MRSA (methicillin-resistant Staphylococcus aureus), 381
MRV (magnetic resonance venography), cerebral venous thrombosis

(CVT), 211
Mucomyst. See N-acetylcysteine (NAC)
multi-organ failure, pneumococcal sepsis, 379–382
myalgia, rhabdomyolysis, 411, 413
Mycobacterium tuberculosis, 392
myelography, spinal epidural abscess, 198
myocardial infarction (MI)

aortic dissection, 71
cocaine-associated, 25–27
diabetic ketoacidosis (DKA), 452
inferior ST-segment elevation (STEMI), 50–52, 79–82

myocarditis, 43
myoglobin, 413

N-acetylcysteine (NAC), 404–405
N-acetyl-p-benzoquinone imine (NAPQI), 404
nafcillin, 198
nail bed infection, 297–298
NAPQI (N-acetyl-p-benzoquinone imine), 404
Narcan, 219
nasopharyngeal swab, RSV infection, 334–335
nasopharyngoscopy, 4
nausea

abdominal aortic aneurysm (AAA), 157
alkali ingestion, 425
aortic dissection, 37, 39
appendicitis, 124
diabetic ketoacidosis (DKA), 452
Meckel’s diverticulitis, 135
midgut malrotation, 131
snakebite, 415
subarachnoid hemorrhage (SAH), 193–194, 216

ureteral colic, 169
ventriculoatrial shunt infection, 109
vertebrobasilar stroke, 221

neck pain
aortic dissection, 69
cerebellar stroke, 201, 203
cervical spine fracture, 239, 250
cervical spine subluxation, 254
subarachnoid hemorrhage (SAH), 216

neck radiography
epiglottitis, 3–4
esophageal foreign body, 341–342

necrotizing epididymo-orchitis, 183–185
negative pressure room, for tuberculosis, 392–393
Neisseria gonorrhoeae, septic arthritis caused by, 288–289
neoplasms, ileocecal valve, 160
nephrology consultation, 413, 436
nephrotic syndrome, 435–436
nerve roots, spinal, 207
neurologic deficits, aortic dissection, 71
neurology consultation, 445
neurosurgical consultation

for brain arteriovenous malformation (AVM), 364
for cauda equina syndrome (CES), 206
for cervical spine fracture, 252
for hypopituitarism, 463
for Moyamoya disease (MMD), 354
for pediatric head trauma, 326
for status epilepticus, 215–216
for stroke, 202
for subarachnoid hemorrhage (SAH), 194
for traumatic brain injury (TBI), 248, 249

newborns
congestive heart failure (CHF), 322–323
supraventricular tachycardia (SVT), 318–319

nicardipine, 216
nimodipine, 216
nitrates, contraindications, 52
nitroglycerin, 26, 69, 81, 92
nitroprusside

for aortic dissection, 39, 40, 70, 71, 86
for status epilepticus, 216

nonsteroidal anti-inflammatory drugs (NSAIDs). See also specific
drug

abdominal pathology and, 149
for pericarditis, 43, 44

norepinephrine
for diabetic ketoacidosis (DKA), 451
for mesenteric ischemia, 151
for pneumococcal sepsis, 381
for rhabdomyolysis, 413
for septic shock, 384

NSAIDs (nonsteroidal anti-inflammatory drugs). See also specific
drug

abdominal pathology and, 149
for pericarditis, 43, 44

obstetrics consultation, 174, 179–180
obstructive hydrocephalus, 337–340
obstructive pyelonephritis, 171
obturator sign, 124
ocular surgery, endophthalmitis after, 17–18
odontoid fracture, 251–253
odynophagia, 3
omeprazole, 426
open fractures, 285, 292

forearm, 269–271, 279–282
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open reduction and internal fixation (ORIF), 262, 266, 270, 281,
284

ophthalmology consultation, 6, 10, 14, 18
opioids. See also specific drug

abdominal pathology and, 149
for aortic dissection, 40

oral contraceptives, combined, 180
orbital cellulitis, 5–7
orchitis, 183–185
ORIF (open reduction and internal fixation), 262, 266, 270, 281,

284
orthopedics consultation, 236, 240, 262–263, 266, 270, 274, 276, 284,

288
Osborn (J) waves, 402
osteomyelitis, vertebral, 369–371

psoas muscle abscess with, 387–389
ovarian cyst, 165–167
ovarian torsion, 165–167
overdose

acetaminophen, 403–406
digoxin, 429–432

oxygen therapy
for digoxin toxicity, 431
for dilated cardiomyopathy (DCM), 323
for pneumonia, 117
for pulmonary edema, 98
for RSV bronchiolitis, 333

pacemakers, 67, 75, 89
Paget-Schroetter syndrome, 466
pain

abdominal (See abdominal pain)
arm, 261, 269, 279
back (See back pain)
chest (See chest pain)
elbow, 261, 275
eye, 5, 17
flank, 165
foot (See foot pain)
groin, 387–388
hand, 297, 299, 303, 311
head (See headache)
hip, 287–288, 388
knee, 283
neck (See neck pain)
penile, 177–178
rectal, 143
scrotal, 183–184
shoulder, 227
thigh, 235, 291
throat, 3

paint gun hand injury, 299–301
palivizumab, 335
palpitations. See also specific arrhythmia

cocaine-associated, 25
idiopathic fascicular ventricular tachycardia (IFVT), 21
pulmonary embolism (PE), 101
scombroid fish poisoning, 407
ventricular tachycardia, 57–59

panhypopituitarism, 461–464
paralysis

aortic dissection, 37, 39
spinal epidural abscess, 197, 199
vertebrobasilar stroke, 221

parenchymal hematoma, 364
parenchymal hemorrhage, 445
paresthesia, snakebite, 415, 418

paronychia, 298, 304
paroxysmal atrial tachycardia, digitalis-induced, 431
paroxysmal supraventricular tachycardia (PSVT), 317–319
PCI (percutaneous coronary intervention), 51, 81–82
PE (pulmonary embolism), 101–107, 454, 466

septic, 109–112
PEA (pulseless electrical activity), 241
Pediatric Intensive Care Unit (PICU), 322, 326, 350, 359, 398
pediatrics consultation, 318–319, 322–323, 326, 338, 342, 347, 354, 359,

364
PEG (percutaneous endoscopic gastrostomy) tube complication,

329–331
penetrating injuries. See also laceration

cat bite, 311–313
gunshot wound (GSW), 241–244
paint gun, 299–301
snake bite, 415–419
stab, 229–233

penicillin, 288, 289, 361
penile incarceration, 177–178
pentolamine, 26
Pepcid, 422
percutaneous catheter drainage

hepatic abscess, 384–385
psoas muscle abscess, 388–389

percutaneous coronary intervention (PCI), 51, 81–82
percutaneous endoscopic gastrostomy (PEG) tube complication,

329–331
percutaneous transluminal coronary angioplasty (PTCA), 81–82
pericardial effusion, cardiac tamponade from, 33–36, 53–56, 85
pericardial friction rub, 43, 44, 55
pericardial tamponade, 242–243
pericardiocentesis, 35, 55, 56, 243
pericarditis, acute, 41–44
peritoneal aspiration, diagnostic (DPA), 231
peritoneal lavage, diagnostic (DPL), 231–232
pertechnetate, 138
PF (purpura fulminans), sepsis-induced, 379–382
Phenergan, 139, 169, 363
phenobarbital, 216
phenylephrine, 18
phenytoin, 210, 213, 215–216, 364
phosphate

for diabetic ketoacidosis (DKA), 452
ingestion, 426

photophobia, 17, 193–194
physostigmine, 398
PICU (Pediatric Intensive Care Unit), 322, 326, 350, 359, 398
piperacillin, 184, 312, 369, 388
PIP (proximal interphalangeal) joint, 303, 307–308
pituitary adenoma, 461–464
pituitary hormone deficiency, 461–464
pit viper envenomation, 417
plasma anion gap, in diabetic ketoacidosis (DKA), 451–452
plasmapheresis, for thrombotic thrombocytopenic purpura (TTP),

437–438
Plasmodium vivax malaria, 373–377
platelet count

acute myelogenous leukemia (AML), 445
thrombotic thrombocytopenic purpura (TTP), 437–438

pleural effusion
aortic dissection, 85
heart block, 88–89
ventriculoatrial shunt infection, 109

pleuritic chest pain, 97, 118
pneumatosis intestinalis, 152
pneumococcal sepsis, 379–382
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pneumonia
coccidioidal, 114
community-acquired (CAP), 117–120, 334
with diabetic ketoacidosis (DKA), 451
RSV bronchiolitis with, 333–336
with ventriculoatrial shunt infection, 109–112

Pneumonia Severity Index (PSI), 118–119
pneumoperitoneum, with Meckel’s diverticulitis, 136–137
pneumothorax

with pulmonary edema, 97–99
tension, 242–243

podiatry consultation, 266, 417
Poison Control Center consultation, 404, 417
poisoning

acetaminophen, 403–406
alkali, 425–427
digoxin, 429–432
Jimson weed, 396–399
scombroid fish, 407–409
snakebite, 415–419

polydipsia, 452
polyuria, 452
pontine infarction, 221
popliteal vein thrombosis, 453–456
positive psoas sign, 124
possible toxicity line, 404
posterior fossa brain tumor, 337–340
potassium

for diabetic ketoacidosis (DKA), 452
for panhypopituitarism, 463

prednisolone, 18, 321, 459
prednisone

for hepatic abscess, 385
for morbilliform drug eruption, 441–442
for nephrotic syndrome, 436
for Sweet’s syndrome, 459
for temporal arteritis, 14
for thrombotic thrombocytopenic purpura (TTP), 437–438

pregnancy
ectopic, ruptured, 173–175
miscarriage, 179

premature ventricular beats, digitalis-induced, 431
primaquine, 375–376
probable toxicity line, 404
probenecid, drug eruption caused by, 441–443
procainamide, 59, 319
procedural sedation, 270
progesterone, 174, 180
proguanil chloride, 375–376
prolactin, 463
promethazine, 109
propofol, 216
proptosis, 5
proteinuria, 435–436
prothrombin time, 406
proximal interphalangeal (PIP) joint, 303, 307–308
pseudohypoxemia, 447
PSI (Pneumonia Severity Index), 118–119
psoas muscle abscess, 387–389
PSVT (paroxysmal supraventricular tachycardia), 317–319
psychiatric consultation, 404, 426
PTCA (percutaneous transluminal coronary angioplasty), 81–82
public health reporting

scombroid food poisoning, 408
tuberculosis, 393

pulmonary edema, re-expansion (RPE), 97–99
pulmonary embolism (PE), 454, 466

septic, 109–112
treated with thrombolytics, 101–107

pulmonary infection, 113–115, 333–336. See also pneumonia
pulmonary leukostasis, 447
pulse deficits, aortic dissection, 37, 39, 71
pulseless electrical activity (PEA), 241
pulse oximetry, pneumonia, 117–118, 333–334
pulsus paradoxus, 43, 55
puncture wounds. See also penetrating injuries

cat bite, 311–313
snake bite, 415–419

pupillary abnormalities, vertebrobasilar stroke, 221
purpura fulminans (PF), sepsis-induced, 379–382
pyelonephritis, obstructive, 171
pyonephrosis, 171
pyrazinamide, 392–393

quinidine, 431

radial fracture, 269–271, 275–277
radial head dislocation, 279–281
radioallergosorbent tests (RAST), 422
radiography

abdominal (See abdominal radiography)
anterior compartment syndrome (CS), 235
chest (See chest radiography)
elbow trauma, 261–263, 275–276, 279–281
epiglottitis, 3–4
femoral fracture, 291–292
foot trauma, 265–266, 273–274
forearm trauma, 269–270, 279–281
hand injury, 299–300, 308, 312
head trauma, 326–327
humeral neck fracture, 465–466
knee trauma, 283–285
septic arthritis, 287–289
spinal (See spinal radiography)
thumb, 297

radionuclide studies, vertebral osteomyelitis, 370
radius, subluxation injury, 261–263
ranitidine, 408, 442
rapid sequence intubation (RSI)

for acute respiratory distress syndrome, 381
for traumatic brain injury (TBI), 249

rash
acute myelogenous leukemia (AML), 445
morbilliform drug eruption, 441
pneumococcal sepsis, 379
scombroid fish poisoning, 407
Sweet’s syndrome, 457, 459

RAST (radioallergosorbent tests), 422
rattlesnake envenomation, 415–419
RBBB (right bundle branch block), 73, 75, 81
RBC (red blood cell) count, subarachnoid hemorrhage (SAH), 195
rectal bleeding, intestinal intussusception, 346
rectal foreign body, 143–145
rectus sheath hematoma (RSH), 245–246
red blood cell (RBC) count, subarachnoid hemorrhage (SAH), 195
“red currant jelly” stool, 346
re-expansion pulmonary edema (RPE), 97–99
reflex arcs, 207
renal biopsy, nephrotic syndrome, 436
renal failure

hemolytic uremic syndrome (HUS), 350
nephrotic syndrome, 435–436
rhabdomyolysis, 411–414
thrombotic thrombocytopenic purpura (TTP), 437–438
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renal stones, 169–172
respiratory distress

dilated cardiomyopathy (DCM), 321–322
pneumococcal sepsis, 381

respiratory syncytial virus (RSV) infection, 333–336
reticulocytes, 438
retinal detachment, 9–11
retroperitoneal hematoma, 156–157
“reverse Segond” fracture, 284
rhabdomyolysis, 411–414
rheumatoid arthritis, 288
Rh immunoglobulin, 175
ribavirin, 335
rifampin, 392–393
right bundle branch block (RBBB), 73, 75, 81
right flank pain, ovarian torsion, 165
Rovsing’s sign, 124
RPE (re-expansion pulmonary edema), 97–99
RSH (rectus sheath hematoma), 245–246
RSI (rapid sequence intubation)

for acute respiratory distress syndrome, 381
for traumatic brain injury (TBI), 249

RSV (respiratory syncytial virus) infection, 333–336
RSV-IVIG, 335
Rumack-Matthew nomogram, 404–405

SAH. See subarachnoid hemorrhage
“sail sign,” 262, 276
SBO (small bowel obstruction), 229–233
scalp hematoma, 325–327
scalp tenderness, 14
Schatzker system, 284–285
schistocytes, 437–438
sciatica, 206
scintigraphy, Meckel’s diverticulitis, 138
scombroid fish poisoning, 407–409
scopolamine, 398
scrotal abscesses, 183–185
scrotal pain, necrotizing epididymo-orchitis, 183–184
SDH (subdural hematoma), 248, 325–327
SE (status epilepticus), 213–217
SEA (spinal epidural abscess), 197–199
sedation, procedural, 270
Segond fracture, 284
seizures

brain tumor, 338
cerebral venous thrombosis (CVT), 210
hemolytic uremic syndrome (HUS), 348
status epilepticus, 213–217

sepsis
from liver abscess, 383–386
pneumococcal, 379–382

septic arthritis, 287–289
septic embolism, 109–112
septic shock, with hepatic abscess, 383–386
Serratia bacteremia, 109–112
Serratia marcescens, 370
sexually transmitted illnesses (STI), orchitis caused by,

184
Sheehan’s syndrome, 464
Shiga toxin, 350
Shigella dysenteriae, 350
shivering artifact, 402
shoulder pain, with splenic rupture, 227
silica ingestion, 426
single photon emission computed tomography (SPECT), Moyamoya

disease (MMD), 354

sinusitis, orbital cellulitis caused by, 6
SIRS (systemic inflammatory response syndrome), 384
SJS (Stevens-Johnson syndrome), 441–442
skateboard injuries, anterior compartment syndrome (CS), 235–237
skin biopsy

morbilliform drug eruption, 441–442
Sweet’s syndrome, 459

skull fracture, 248, 326–327
SMA (superior mesenteric artery), 133

embolic occlusion of, 152
small bowel obstruction (SBO), 229–233
small bowel perforation, 160
SMV (superior mesenteric vein), 133
snakebite, 415–419
sodium bicarbonate, 413, 431, 452
sodium carbonate ingestion, 426
sodium hydroxide ingestion, 426
sodium hypochlorite (bleach) ingestion, 426
sodium nitroprusside. See nitroprusside
Solu-Medrol, 422, 442
sore throat, 3–4
sotalol, 317–318
SPECT (single photon emission computed tomography), Moyamoya

disease (MMD), 354
spinal cord compression, 197–199
spinal epidural abscess (SEA), 197–199
spinal nerve roots, 207
spinal radiography

cervical fracture, 239–240, 251–253
cervical spine trauma series, 256–257
cervical subluxation, 255–256
vertebral osteomyelitis, 370

spinal surgery consult, 198, 256
spironolactone, 322
splenic laceration, 225–228

with mononucleosis, 127–129
splenomegaly, 128
sports injuries

anterior compartment syndrome (CS), 235–237
blunt abdominal, 225–228
cervical spine fracture, 239–240
elbow trauma, 275–277
foot fracture, 273–274
forearm fractures, 269–271
hand tendons, 308

sputum analysis
pneumonia, 118–119
tuberculosis, 392–393

stab wounds, 229–233
stanazol, 422
Stanford classification, aortic dissection, 39, 70, 85
Stanford classification of aortic intramural hematoma (IMH),

92–93
Staphylococcus aureus

felon caused by, 304
methicillin-resistant (MRSA), 381
psoas muscle abscess caused by, 387–389
septic arthritis caused by, 288–289
spinal epidural abscess caused by, 198–199

status epilepticus (SE), 213–217
STEMI (ST-segment elevation myocardial infarction), 50–52

acute anterior, 79–82
stents

abdominal aortic aneurysm (AAA), 156–157
aortic, 39, 40, 72
coronary artery occlusion, 51, 81
ureteral, 171
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steroids. See also specific drug
for alkali ingestion, 427
for angioedema (AE), 422
for bronchiolitis, 335
for cauda equina syndrome (CES), 207
contraindications, 365
for epiglottitis, 4
for high-pressure injection hand injury, 300
for morbilliform drug eruption, 441–442
for nephrotic syndrome, 436
for pericarditis, 43
for pneumococcal sepsis, 381
for respiratory distress, 321
for septic shock, 385
for spinal epidural abscess, 199
for Sweet’s syndrome, 459
for temporal arteritis, 13–14

Stevens-Johnson syndrome (SJS), 441–442
STI (sexually transmitted illnesses), orchitis caused by,

184
stool, blood in, 346, 350
stool culture, Escherichia coli O157:H7 infection, 349–350
straight-leg-raise test, 206
Streptococcus

pneumonia caused by, 334
septic arthritis caused by, 288–289

Streptococcus constellatus infection, 383–386
Streptococcus pneumoniae sepsis, purpura fulminans from,

379–382
streptomycin, 393
stress, chest pain following, 61
stroke

with atrial fibrillation, 30–31
cerebellar, 201–204
hemorrhagic, 355, 363–365
pediatric, 188–191, 353–355, 363–365
vertebrobasilar, 219–222

Stryker device, 236, 267
ST-segment elevation myocardial infarction (STEMI), 50–52

acute anterior, 79–82
subarachnoid hemorrhage (SAH)

spontaneous, 193–196
traumatic, 213–217, 247–249

subdural hematoma (SDH), 248, 325–327
subluxation injury

cervical spine, 254–257
elbow, 261–263, 279–282

subungual abscess, 297–298
suicide attempt

acetaminophen overdose, 403–406
alkali ingestion, 425–427

sulbactam, 114
superior mesenteric artery (SMA), 133

embolic occlusion, 152
superior mesenteric vein (SMV), 133
supracondylar fracture, 261–263, 276
supraventricular tachycardia (SVT), 45–48, 58

paroxysmal (PSVT), 317–319
surgical consultation, 231, 300
suturing, finger laceration, 308
SVT (supraventricular tachycardia), 45–48, 58

pediatric, 317–319
sweats

acute myelogenous leukemia (AML), 445
miliary tuberculosis, 391

Sweet’s syndrome, 457–460
swelling. See edema

syncope
abdominal aortic aneurysm (AAA), 157
anemia, 13
aortic dissection, 39, 71
atrial fibrillation, 30
atrioventricular (AV) block, 73
cardiac tamponade, 54
digoxin toxicity, 429
myocardial infarction (MI), 50

synovial fluid analysis, in septic arthritis, 288–289
systemic inflammatory response syndrome (SIRS), 384

tachycardia
atrioventricular (AV) block, 73
atrioventricular node re-entry (AVNRT), 318
diabetic ketoacidosis (DKA), 450–451
digitalis-induced, 431
pneumonia, 109, 117
sepsis, 384
supraventricular (SVT), 45–48, 58

paroxysmal (PSVT), 317–319
ventricular (See ventricular tachycardia (VT))

tachypnea
bronchiolitis, 333–335
sepsis, 384

TAD (thoracic aortic dissection), 70–71
Takotsubo cardiomyopathy, 61–64
target sign, 347
TAT (thrombin-antithrombin) complexes, 438
tazobactam, 184, 312, 369, 388
TB (tuberculosis), miliary, 391–393
TBI (traumatic brain injury), 248–249, 326–327
Td (tetanus toxoid), 313
Tdap (tetanus, diphtheria and pertussis toxoid), 313
TEE. See transesophageal echocardiography
temporal arteritis, 13–15
TEN (toxic epidermal necrolysis), 442
tendon injuries, hand, 307–309
tension pneumothorax, 242–243
testicular abscesses, 183–185
testicular torsion, 184
tetanus, diphtheria and pertussis toxoid (Tdap), 313
tetanus immune globulin (TIG), 313
tetanus prophylaxis guidelines, 313
tetanus toxoid (Td), 313
tetracycline, 361, 431
thigh compartment syndrome (CS), 235–237, 292
thigh trauma, 291–293
thoracic aortic dissection (TAD), 70–71
thoracic aortic intramural hematoma (IMH), 91–93
thoracic injuries, penetrating, 241–244
thoracostomy, 242–243
thoracotomy, 243
Thoravent, 97, 98
thrombin-antithrombin (TAT) complexes, 438
thrombocytopenia

acute myelogenous leukemia (AML), 446–447
thrombotic thrombocytopenic purpura (TTP), 437–438

thrombolysis, 52, 81–82
for cerebral venous thrombosis (CVT), 211
contraindications, 71, 81
for pulmonary embolism (PE), 101–107
for stroke, 191, 203, 221

thrombosis
with atrial fibrillation, 30–31
cerebral venous (CVT), 209–212
internal jugular vein, 465–467
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thrombosis (cont.)
mesenteric, 152–153
middle cerebral artery (MCA), 190
popliteal vein, 453–456
venous, 103, 105–106

thrombotic thrombocytopenic purpura (TTP), 350, 437–439
thumb, subungual abscess, 297
“thumbprint” sign, 4
thyroid-stimulating hormone (TSH), 463
TIAs (transient ischemic attacks), 190, 203, 355
tibial plateau fracture, 283–286
tick bite, Lyme disease, 357–361
TIG (tetanus immune globulin), 313
tissue plasminogen activator (t-PA), 103, 106, 191, 203, 221
TMP-SMX (trimethoprim-sulfamethoxazole), 184
tobramycin, 6
“top of the basilar” syndrome, 219–222
torsades de pointes, 75
toxic epidermal necrolysis (TEN), 442
t-PA (tissue plasminogen activator), 103, 106, 191, 203, 221
tracheal foreign body, 342
traction devices, for femoral fracture, 292
transcutaneous pacing, 51–52, 89
transesophageal echocardiography (TEE)

aortic dissection, 40, 71, 86
pulmonary embolism (PE), 105
ventriculoatrial shunt infection, 111

transient ischemic attacks (TIAs), 190, 203, 355
transthoracic echocardiography (TTE)

aortic dissection, 40
pericarditis, 43
pulmonary embolism (PE), 105
ventriculoatrial shunt infection, 111

transvaginal ultrasound (TVUS), 174
transvenous pacing, 75, 89
trauma

alkali ingestion, 426
blunt abdominal, 227–228
cat bite, 311–313
cervical spine fracture, 239–240, 251–253
cervical spine subluxation, 254–257
elbow, 261–263, 270, 275–277, 279–282
in elderly patients, 253, 284
finger laceration, 307–309
foot, 265–268, 273–274
forearm, 269–271, 279–282
genital, 177–178
gunshot wound (GSW), 231, 241–244
hand (See fingers; hands)
knee, 283–286
ocular, 5–7
rectus sheath hematoma (RSH), 245–246
snakebite, 415–419
splenic, 225–228
stab wound, 229–233
tetanus prophylaxis guidelines, 313
thigh, 291–293

traumatic brain injury (TBI), 248–249, 325–327
traumatic subarachnoid hemorrhage (TSAH), 213–217, 247–249
travelers

malaria in, 373–377
pneumococcal sepsis in, 379–382
tuberculosis in, 391–393

Treacher Collins syndrome, 329
tremor artifact, 402
triamcinolone, 442
trifascicular block, 75
trimethoprim-sulfamethoxazole (TMP-SMX), 184

tropicamide, 18
troponin I, 26, 43, 44, 46, 58, 105, 322, 445, 451
TSAH (traumatic subarachnoid hemorrhage), 213–217, 247–249
TSH (thyroid-stimulating hormone), 463
TTE. See transthoracic echocardiography
TTP (thrombotic thrombocytopenic purpura), 350, 437–439
tuberculin skin test, 393
tuberculosis (TB), miliary, 391–393
TVUS (transvaginal ultrasound), 174
Tylenol. See acetaminophen

UA. See urinalysis
UFH (unfractionated heparin), 455, 466
UGI (upper gastrointestinal series), midgut malrotation, 133
ulnar fracture, 269–271, 279–282
ultrasonography. See also echocardiography

abdominal aortic aneurysm (AAA), 155–157
appendicitis, 125
cerebellar stroke, 203
cholecystitis, 147–150
deep vein thrombosis (DVT), 103, 105, 454–455, 466
ectopic pregnancy, 173–174
epididymo-orchitis, 184
hepatic abscess, 385
intestinal intussusception, 347
intra-abdominal injury (IAI), 227
Meckel’s diverticulitis, 137
midgut malrotation, 133
ovarian torsion, 166
penetrating thoracic injury, 243
psoas muscle abscess, 389
rectus sheath hematoma (RSH), 246
retinal detachment, 9–10
septic arthritis, 289
splenic laceration, 225
splenomegaly, 128
ureteral colic, 171
uterine arteriovenous malformation (AVM), 179–180

unfractionated heparin (UFH), 455, 466
unifascicular blocks, 75
upper gastrointestinal series (UGI), midgut malrotation, 133
ureteral colic, 169–172
urinalysis (UA)

appendicitis, 123, 125
intra-abdominal injury (IAI), 227
nephrotic syndrome, 435–436
rhabdomyolysis, 411, 413
stab wounds, 232
ureteral colic, 169, 171

urinary alkalinization, for rhabdomyolysis, 413
urinary incontinence, back pain with, 207
urinary tract infection (UTI)

orchitis caused by, 184
ureteral colic with, 169–172

urinary tract stones, 169–172
urokinase, 211
urology consultation, 171, 178, 184
urosepsis, 169–172
urticaria, 422
uterine arteriovenous malformation (AVM), 179–181
uterine curettage, diagnostic, 174
UTI (urinary tract infection), 169–172

orchitis caused by, 184
ureteral colic with, 169–172

vaccines, tetanus, 313
vagal maneuvers, for supraventricular tachycardia (SVT), 46–48, 58,

319
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vaginal bleeding
acute myelogenous leukemia (AML), 445
ectopic pregnancy, 173–174
uterine arteriovenous malformation (AVM), 179–180

Valium, 240
vancomycin

for orbital cellulitis, 6–7
for pneumococcal sepsis, 381
for psoas muscle abscess, 388
for septic arthritis, 288
for spinal epidural abscess, 198
for vertebral osteomyelitis, 369

Vantin. See cefpodoxime proxetil
vascular surgery consultation, 39, 70, 156–157
VA (ventriculoatrial) shunt infection, 109–112
vasodilators. See also specific drug

for aortic dissection, 71, 86
vasopressors, for septic shock, 384
VATS (video-assisted thoracoscopic surgery), 35
venography

cerebral venous thrombosis (CVT), 211
deep vein thrombosis (DVT), 466

venoms, snake, 417
venous thromboembolism (VTE), 103, 105–106, 453–456
venous thrombosis, cerebral (CVT), 209–212
ventilation/perfusion (V/Q) scanning, pulmonary embolism (PE), 105
ventricular collapse, with cardiac tamponade, 35, 55–56
ventricular fibrillation, 402
ventricular tachycardia (VT), 47–48, 57–59, 75

converting to complete heart block, 73–77
idiopathic fascicular (IFVT), 21–23

ventriculoatrial (VA) shunt infection, 109–112
ventriculoperitoneal (VP) shunts, 111
verapamil, 319, 431
vertebral artery dissection, 201–204
vertebral fracture, cervical, 239–240, 251–253
vertebral osteomyelitis, 369–371

psoas muscle abscess with, 387–389
vertebrobasilar stroke, 219–222
vertigo. See dizziness
Vicodin, 240
video-assisted thoracoscopic surgery (VATS), 35
viral infection

cardiac tamponade caused by, 35
lower respiratory tract, 333–336

Virchow’s triad, 103, 454
vision, blurred, 17
vision loss

endophthalmitis, 5–7
retinal detachment, 9–11
temporal arteritis, 13–15

visual field defect, 9
vitamin K, 55, 106, 404
vitrectomy, 18
vitritis, 5–7
volume augmentation, for cardiac tamponade, 35, 36, 56
volvulus

cecal, 139–141
duodenal, 131–134

vomiting
abdominal aortic aneurysm (AAA), 157
acetaminophen overdose, 403

acute myelogenous leukemia (AML), 445
appendicitis, 124
blood with, 241
diabetic ketoacidosis (DKA), 449, 452
head trauma, 326–327
hemolytic uremic syndrome (HUS), 348
ileocolic intussusception, 345
intracerebral hemorrhage (ICH), 363
midgut malrotation, 131
obstructive hydrocephalus, 337
subarachnoid hemorrhage (SAH), 193–194, 216
ventriculoatrial shunt infection, 109

von Willebrand factor (vWF), 438
VP (ventriculoperitoneal) shunts, 111
VT (ventricular tachycardia), 47–48, 57–59, 73, 75
VTE (venous thromboembolism), 103, 105–106, 453–456
vWF (von Willebrand factor), 438

Wallenberg syndrome, 203, 221
warfarin

for aortic aneurysm, 56
for atrial fibrillation, 31
for cardiac tamponade, 54
for cerebral venous thrombosis (CVT), 210–211
for deep vein thrombosis (DVT), 466
for pulmonary embolism (PE), 454–455
for stroke, 203

WBC (white blood cell) count. See leukocyte count
WCT (wide complex tachycardia), 47, 57–59, 73, 75
weakness

aortic dissection, 37
atrioventricular (AV) block, 65–67, 87
cauda equina syndrome (CES), 205–206
cerebral venous thrombosis (CVT), 209
cerebrovascular accident (CVA), 188
cervical spine subluxation, 254
diabetic ketoacidosis (DKA), 452
Moyamoya disease (MMD), 353
panhypopituitarism, 461
rhabdomyolysis, 411, 413
spinal epidural abscess, 197, 199

weight loss, miliary tuberculosis, 391
Wells criteria

for deep vein thrombosis (DVT), 454–455
for pulmonary embolism (PE), 104

Wenckebach (Mobitz I) block, 67
Westermark’s sign, 105
whirlpool sign, 133, 140
white blood cell (WBC) count. See leukocyte count
wide complex tachycardia (WCT), 47, 57–59, 73, 75
Wolff-Parkinson-White syndrome (WPWS), 317–319
wounds. See trauma; specific injury
WPWS (Wolff-Parkinson-White syndrome), 317–319

xanthochromia, 195

Zofran
for aortic dissection, 39
for Meckel’s diverticulitis, 135
for ovarian torsion, 165
for snakebite, 415
for subarachnoid hemorrhage (SAH), 193
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