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Editorial
 

MEMC-GREAT 2017
 

Lisa Moreno-Walton, MD, MS, MSCR, FAAEM

Dear Friends and Colleagues in Emergency Medicine:
It is with great pleasure that I invite you to attend 
the premier international conference in Emergency 
Medicine:  the Mediterranean Emergency Medicine 
Congress (MEMC), which will take place this year in 
Lisbon, Portugal from September 8-10, with pre-congress 
courses offered on September 6th and 7th.   MEMC has 
a rich history of collaboration between the American 
Academy of Emergency Medicine (AAEM), our European 
colleagues in EM, and the Mediterranean Academy of 
Emergency Medicine.  For the past 16 years, AAEM and 
our partners have sponsored this outstanding conference 
in Rome, Marseille (France), Kos (Greece), Valencia 
(Spain), Sorrento (Italy), Nice (France), Sitges (Spain) and 
Stresa (Italy), featuring the most outstanding speakers in 
Emergency Medicine.  This year, our keynote speaker is 
Prof. Lee Wallis, a pioneer in establishing EM and EMS 
is South Africa and sitting President of the International 
Federation of Emergency Medicine (IFEM).  Our plenary 
speakers will include many of your favorites from AAEM: 
Dr. Amal Mattu will update us on the most important 
cardiology research reports that will change your practice, 
and Dr. Kevin Rodgers, AAEM President, will get you savvy 
on how the business of EM impacts your practice no matter 
where in the world you work.  An international favorite, 
Dr. Jim Ducharme, President Elect of IFEM and a world 
renowned expert on pain management will give you practical 
advice on the evidence based and sound management of pain, 
putting you in control of an aspect of your practice that most 
of us find challenging.  The themes of this year’s Congress 
are  Diversity and Inclusion and Career Development, and 
highlighting these themes will be Middle Eastern luminaries 
Dr. Amin Antoine Kazzi, former president of AAEM and 
founder of the MEMC, discussing the merits of universal 
global standards for certification of emergency physicians, 
and Dr. Eveline Hitti, the Chair of Emergency Medicine at 
American University of Beirut who is doing ground breaking 
research on the barriers to the advancement of women in 
medicine (not just the glass ceiling, but also the “domestic 
tethers” that represent the uneven distribution of household 
and child rearing tasks in dual career households).  Our newest 
partner, GREAT Italy (Global Research on Acute Conditions 
Team) will feature one of the most experienced researchers in 
cardiac emergencies, Dr. Frank Peacock, who will discuss the 
impact of highly sensitive troponins on ED practice.  

Secretary-Treasurer, AAEM Board of Directors
Executive Chair, MEMC-GREAT 2017

Beyond the plenaries, our educational tracks will bring 
you the most current practices in toxicology, infectious 
disease, cardiac emergencies, pulmonary emergencies, 
EMS, updates in pediatric care, pain management, critical 
care, and more.  We will also explore cutting edge topics 
such as the newest theories in medical education, ethical 
issues in the practice of global EM, the role of hyperbaric 
medicine in the ED, the role of the EP in combat medicine, 
and success stories from countries where EM is an 
emerging specialty.  World leaders such as Prof. Juliusz 
Jakubaszko (Poland), Prof. Judith Tintinalli (US), Prof. 
Robin Roop (National Health Service-Wales), Dr. Jean 
O’Sullivan (Ireland), Dr. Hari Prasad (India), Dr. Fatima 
Rato (Portugal), Dr. Kelhan Golshani (Iran), Dr. Lim 
Swee Han (Singapore) and Dr. Nino Butskhrikidze (Republic 
of Georgia) will bring expertise from some of the 30 
countries that will be represented at MEMC, enhancing our 
commitment to diversity and inclusion in the development 
of global emergency medicine.  Under the direction of 
Drs. Mark Langdorf, Ed Panacek and their team, 300 cutting 
edge original research abstracts by up and coming young EM 
students, residents and junior faculty will be presented orally 
and as posters.  Come and see the work being done by the 
colleagues you will be reading about in the coming decades!

This year’s pre-courses are an outstanding line up.  Dr. 
Terry Mulligan will return with his very popular course on 
ED Administration.  Dr. Gary Gaddis will again lead his 
course on how to get your manuscript published, assisted 
by Editors in Chief of no less than five highly indexed 
EM publications ready and willing to help you see your 
manuscript in print.  Ultrasound beginner and advanced 
courses, Amal Mattu’s always sold out EKG course, critical 
care and resuscitation and our new simulation course will 
be augmented by the never before featured courses on 
management of chemical and radiation incidents (co-taught 
by Portuguese experts and AAEM’s resident tox expert, 
Dr. Ziad Kazzi) and how to effectively manage in-flight 
emergencies (co-taught by Dr. Kumar Alagappan and a 
team of pilots and flight attendants).  

And we want you to leave time to explore lovely, 
romantic Portugal!  This is the land of golden sand beaches 
with some of the best surfing and swimming on earth; the 
soulful music of Fado; luscious Port wines; the medieval 
village of Obedos, perfectly preserved; religious shrines 
such as Fatima; the UNESCO heritage city of Sintra, where 
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you will walk in the footsteps of the Emperor Octavius, 
through the Moorish occupation and the Caliphate of 
Cordova, the conquest by Crusaders, the reign of King 
Ferdinand, into the world of modern Portugal.  And 
modern Portugal is a traveler’s dream.  The Portuguese 
are foreigner- friendly, engaging, fun loving people.  Most 
Portuguese natives speak fluent English.  The country is 
safe, clean, and incredibly economical, offering the perfect 
mix of traditional churches and castles with modern night 
clubs and delightful restaurants and parks.  The food is 
outstanding, and every major wine magazine is extolling 
the virtues of Portugal’s emerging wine market.  Be the first 
to taste the vintages that will soon be the most cherished!  
Our conference hotel, the Corinthia, is one of the most 
elegant and luxurious in Europe, and the staff is completely 
committed to your comfort and enjoyment. 

I cannot imagine a better venue to combine education, 
friendship, family and fun than the MEMC 2017 in Lisbon.   
For me, the greatest pleasure will be welcoming you.  If 
you are already a part of the MEMC family, it will be a 
joy to be with you again.  If you are not, we invite you 
to make MEMC a tradition for yourself, your family and 
your friends, and to join us on the odd numbered years 
in the sultry Mediterranean for the best mix of learning 
and fun that you can imagine. Our incredible team will 
make you feel at home with a handshake, a kiss on the 
cheek, and a smile.  Come and tell us what we can do 
to make the best conference even better.  We want to 
meet and exceed your every wish for the finest learning 
experience and the most wonderful vacation.  It is my 
hope that you will become a part of the MEMC family as 
a conference attendee, an abstract presenter and a speaker.  

This is not the big, impersonal, “take a number and scan 
your badge” conference.  Every attendee matters to us; 
everyone is a friend and a colleague.  The exchange of 
ideas, collaborative research, sharing educational resources, 
providing opportunities for career growth, and lifelong 
friendships that span continents and languages are what we 
are about.  We embrace the spirit of diversity and inclusion 
and career development, and we want you to be a part of the 
inclusive and nurturing environment taking place in one of the 
most beautiful places on earth.  MEMC will not be the same 
if you are not there.  Grace us with your ideas, your talent, 
your knowledge and experience.  Be a teacher and a learner at 
MEMC.  Check us out on our website:  www.emcongress.org.  
I look forward to welcoming you in Lisbon!  

Address for Correspondence: Lisa Moreno-Walton, MD, MS, 
MSCR, FAAEM. Secretary-Treasurer, AAEM Board of Directors, 
Executive Chair, MEMC-GREAT 2017.

Conflicts of Interest: By the WestJEM article submission 
agreement, all authors are required to disclose all affiliations, 
funding sources and financial or management relationships that 
could be perceived as potential sources of bias. No author has 
professional or financial relationships with any companies that are 
relevant to this study. There are no conflicts of interest or sources 
of funding to declare.

Copyright: © 2017 Moreno-Walton. This is an open access article 
distributed in accordance with the terms of the Creative Commons 
Attribution (CC BY 4.0) License. See: http://creativecommons.org/
licenses/by/4.0/

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


Clinical Practice and Cases in Emergency Medicine 152 Volume I, no. 3: August 2017

CliniCopathologiCal Cases from the University of maryland
 

29-year-old Woman with Dyspnea
 

Elizabeth England, MD*
Michele Callahan, MD†

Laura J. Bontempo, MD, Med†

Zachary D.W. Dezman, MD, MS†

Section Editor: Rick A. McPheeters, DO           
Submission history: Submitted April 10, 2017; Revision received May 22, 2017; Accepted June 1, 2017  
Electronically published July 17, 2017         
Full text available through open access at http://escholarship.org/uc/uciem_cpcem   
DOI: 10.5811/cpcem.2017.6.34490
[Clin Pract Cases Emerg Med.2017;1(3):152–158.]   

CASE PRESENTATION
A 29-year-old female presented to the emergency 

department (ED) with a chief complaint of worsening dyspnea 
over the prior three weeks. Her shortness of breath was 
exacerbated by exertion and lying down. It was also worse at 
night. Over the same time, she had developed a dry, raspy, non-
productive cough, bilateral leg swelling, and chest tightness. 
She denied any fevers, chest or abdominal pain, recent travel, 
or viral illness. She had no medical problems or past surgical 
history. Her only home medication was ibuprofen and she had 
no known drug allergies. She denied any family history of 
sudden death, myocardial infarction, or heart failure. She denied 
tobacco or illicit drug use. She reported occasionally drinking 
alcohol. She had been employed as a welder for the past three 
years and had recently increased her work hours.

The patient had an initial blood pressure of 138/108 mmHg, 
heart rate of 126 beats per minute, respiratory rate of 18 breaths 
per minute, temperature of 36.70 Celsius, and an oxygen 
saturation of 99% on room air. Shortly after being placed in 
a room, the patient desaturated to 88% on room air. She was 
placed on two liters per minute of oxygen by nasal cannula, 
with improvement of her saturation to 95%. On physical exam, 
the patient was well developed, well nourished, and appeared to 
be her stated age. She was in no acute distress. Her head, eye, 
ear, nose and throat exams were all unremarkable. Neck exam 
showed no jugular vein distention and no goiter. On cardiac 
exam, she was found to be tachycardic with a regular rhythm 
and an audible s3 gallop. She was tachypneic without accessory 
muscle use. Rales were heard in all lung fields. Abdominal 
exam was unremarkable. She was noted to have trace pedal 
edema with normal range of motion of her joints and limbs. She 
was awake, alert and appropriately interactive without focality 
to her neurological examination. Skin examination showed no 
rashes or erythema.  

Her laboratory results are shown in Tables 1-3. Her 
electrocardiogram (ECG) and chest radiography are shown 
in Images 1 and 2. A bedside ultrasound (US) was performed 
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and was notable for B-lines bilaterally and a grossly decreased 
ejection fraction, estimated to be approximately 20%. Following 
initial physician evaluation, the patient desaturated to 92% on 
nasal cannula and her oxygen flow was increased to four liters 
per minute. Shortly thereafter she was started on bilevel positive 
airway pressure (BiPAP) and given nitroglycerin, enalapril, 
and furosemide. This resulted in significant improvement in 
her symptoms. She was taken off BiPAP and had an oxygen 
saturation of 96% on three liters nasal cannula. She was 
admitted to the intermediate care unit. A diagnostic test was then 
performed, which confirmed her diagnosis.

DISCUSSION
When we were first presented with this patient’s case, 

several key points within the history of present illness jumped 
out immediately. First of all, this was a 29-year-old female 
presenting with fairly insidious onset of shortness of breath. Her 
report of dyspnea on exertion, bilateral lower extremity swelling, 
non-productive cough, and orthopnea seemed more fitting for a 
middle-aged patient than someone who had not yet reached 30 
years of age.

A few additional pieces of information struck me as 
important. Her lack of a family history of early coronary artery 
disease or sudden death, although helpful in risk-stratifying 
many patients who present with chest pain or dyspnea, did not 
help to clarify the potential cause for her symptoms. When 
asked about social history, she reported only occasional alcohol 
use. This led me to question – was she being truthful? Could 
this be a disease process in the setting of heavier, longer-term 
alcohol abuse? I would certainly probe her for more specific 
details about her alcohol intake. In addition, her employment 
as a welder seemed as if it could play a significant role in 
her disease process. Different environmental exposures can 
manifest as pulmonary and cardiac disease, but I am unsure 
how long she would need to be exposed before these exposures 
became symptomatic. Including this environmental exposure 
certainly opens up interesting and rare diagnostic possibilities. 
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responded to oxygen supplementation, tachypnea with rales noted 
on lung auscultation, a gallop on cardiac auscultation, and pedal 
edema. Pertinent negatives included being afebrile as well as the 
lack of a murmur on examination. The rest of her examination 
was noncontributory. 

When approaching the undifferentiated patient with dyspnea, 
it is helpful to think broadly about all categories of disease 
processes and then work backwards to see which fit best with 
the patient’s presentation. There is often a “gut” feeling about 
what the diagnosis could be – for me, when I first read this case, 
I immediately felt this was a diagnosis of heart failure. However, 
approaching patients this way can lead to premature closure, 
anchoring, and ultimately misdiagnosis. We need to take a step 
back and explore the differential to ensure we do not miss a 
critical diagnosis.

Ideally, there should be one final diagnosis that incorporates 
all of the “positive” and “negative” symptoms that are present 
or absent, respectively. Using a systematic approach can allow 
you to explore all of the possibilities and help to avoid missing 
an important diagnosis (or make an incorrect one). For a patient 
presenting with dyspnea, there are four broad categories of 
disease processes: pulmonary, cardiac, neuromuscular, and 
metabolic.1 When exploring these options, we need to ensure that 
we are including, and evaluating for, the life-threatening causes of 
dyspnea within our differential.

Let’s begin with discussion of the cardiac causes of 
dyspnea. Highest on my differential was a form of acute 
heart failure, possibly from a cardiomyopathy given such 
a young patient. We will return to this in a moment. Could 
this be an acute coronary syndrome? This seems less likely 
in the setting of three weeks of constant symptoms, a non-
ischemic ECG, and a troponin level of <0.02 ng/ml. A 
pulmonary embolism (PE) could account for the dyspnea 
lasting several weeks (and potentially for right heart failure 
in the setting of elevated pulmonary pressures), but her 
risk factors for development of a PE are unclear. She does 
exhibit sinus tachycardia on the ECG, and thus we cannot 
apply the pulmonary embolism rule-out criteria (PERC) 
to this patient. Her ECG does not show any of the right-
heart strain patterns that are suggestive of a PE: right 
bundle-branch block, T-wave inversions in the inferior and 
anterior leads, right axis deviation, or the classic S1Q3T3 
pattern.2 Note that these patterns are all specific, and not 
sensitive. But based on the risk factors presented and my 
clinical suspicion, I believe she is low risk for a pulmonary 
embolism. For now we will keep PE as an unlikely 
diagnosis that should be ruled out. 

Valvular diseases may present with dyspnea. This 
patient does not have a murmur, and no risk factors 
for endocarditis are included in the history. A bedside 
US was done, which did not report any vegetations or 
valvular insufficiency, making valvular disease less likely. 
Similarly, there was no mention of a pericardial effusion 

Complete blood cell count
White blood cell count 7.9 K/mcL
Hemoglobin 14.3 g/dL
Hematocrit 41.30%
Platelets 297 K/mcL
Coagulation studies
International normalized ratio 1.0
Prothrombin time 13.1 sec
Activated partial thromboplastin time 28 sec

Table 1.  Hematology and coagulation studies of a 29-year-old 
woman with dyspnea.

Sodium 142 mmol/L
Potassium 3.1 mmol/L
Chloride 105 mmol/L
Bicarbonate 27 mmol/L
Blood urea nitrogen 11 mg/dL
Creatinine 0.52 mg/dL
Glucose 92 mg/dL
Calcium 8.3 mg/dL
Total protein 6.9 g/dL
Albumin 3.9 g/dL
Aspartate aminotransferase 29 units/L
Alanine aminotransferase 23 units/L
Alkaline phosphatase 70 units/L
Total bilirubin 0.7 mg/dL

Table 2. Chemistry results.

Arsenic 6 ug/L
Lead Not detected
Mercury Not detected
Urine pregnancy Negative
Troponin <0.02 ng/mL
Human immunodeficiency virus assay Not-reactive
Total serum triiodothyronine 151 ng/dL

Table 3. Expanded testing results

Finally, her lack of risk factors, fever, recent travel, and viral 
prodrome is helpful in placing certain diagnoses, particularly 
infectious, lower on the differential. 

Her physical examination was notable for a narrow 
pulse pressure, tachycardia, decreased oxygen saturation that 
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Image 1. Electrocardiogram on arrival to the emergency department.

Image 2. Initial anterior-posterior chest radiograph taken shortly after arrival to the emergency department.
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or tamponade. I strongly suspect that if these things were 
present, they would have been reported. We can therefore 
also rule out tamponade. The patient’s tachycardia supports 
myocarditis and/or pericarditis as possible causes of her 
dyspnea, but she is not pregnant, she did not have the viral 
prodrome, chest pain, friction rub, or an elevated troponin, 
despite three weeks of constant symptoms. Her ECG also 
does not demonstrate the “classic” findings one would expect 
with pericarditis, such as diffuse PR segment depression that 
is often most notable in the inferior leads, widespread ST 
segment elevation, or TP segment downsloping.2 As with PE, 
ECG findings are not present in all cases of pericarditis or 
myocarditis, but we will move these diagnoses farther down 
on the list of possibilities. Finally, we know that the patient’s 
symptoms are not due to a current arrhythmia like atrial 
fibrillation or atrial flutter based on her ECG, so we will take 
this off the differential for now. 

The patient could have a primary pulmonary cause 
of her dyspnea such as undiagnosed chronic obstructive 
pulmonary disease or asthma. But given the patient was 
asymptomatic until three weeks ago, she does not smoke, 
there was no wheezing on exam, and her chest radiography 
does not show any hyperinflation, these diagnoses are less 
likely. The chest radiograph shows no evidence of a focal 
infiltrate, making a significant pneumonia unlikely. There 
is no evidence of a pneumothorax (tension or otherwise) on 
her chest radiograph or exam. Although the radiograph does 
demonstrate increased vascular congestion, there are no large 
pleural effusions noted. The patient demonstrates no signs 
of an upper airway obstruction such as stridor, drooling, or 
oropharyngeal edema. It is possible that she has developed a 
pneumonitis of an unclear cause, but the chest radiography 
provided shows no evidence of diffuse lung damage or 
fibrosis. Finally, the possibility of an interstitial lung disease 
with or without pulmonary hypertension is plausible given 
her occupational exposure to various materials like arsenic, 
lead, and mercury, but these tests were all negative and the 
chest radiograph shows no evidence of diffuse lung fibrosis. 

Myasthenia gravis and Guillain-Barre syndrome are 
two neuromuscular diseases that can present as dyspnea in a 
young woman, but they are often accompanied by symptoms 
of generalized muscular weakness. The presence of severe 
kyphoscoliosis can make it difficult for patients to breathe 
efficiently, but her exam and chest radiograph show no evidence 
of significant spinal malformations. She does not manifest any 
symptoms of bulbar weakness, abnormal reflexes, or difficulty 
swallowing, and the history of three weeks of symptoms makes 
diseases such as botulism and poliomyelitis very unlikely. 
Finally, a stroke may present with difficulty controlling breathing 
(secondary to muscle weakness), but the patient manifests no 
other signs or symptoms consistent with this. Therefore, we can 
remove the neuromuscular and neurologic causes for dyspnea 
from our list of possibilities.

Finally, let us review potential metabolic and 
toxicologic causes for this patient’s dyspnea. Anemia 
and thyrotoxicosis can cause dyspnea, but the laboratory 
values do not support these diagnoses. Metabolic acidosis 
should always be considered in patients who are tachypneic 
or appear dyspneic, as this can be a compensatory 
mechanism for a primary metabolic acidosis (e.g., diabetic 
ketoacidosis), but the laboratory results show she is not 
suffering from one. Anxiety is a fairly common cause for 
dyspnea, but should be considered a diagnosis of exclusion 
in the ED. The patient does not appear anxious, and anxiety 
would not account for the patient’s symptoms of orthopnea, 
increased lower extremity edema, and poor oxygen 
saturation. Finally, iatrogenic or pharmacologic causes 
for dyspnea would include salicylates or beta-blockers, 
but as the patient denies drug use and only uses ibuprofen 
as needed, it is unlikely that her dyspnea is related to 
medication or drug use. 

Narrowing down our broad differential, the diagnoses 
that remain include the following: heart failure (possibly 
in the setting of a cardiomyopathy), pulmonary embolism, 
myocarditis +/- pericarditis, and interstitial lung disease 
in the setting of an occupational exposure. We are given 
the results of her chest radiograph: increased interstitial 
markings, prominent hilar vasculature indicative of 
vascular congestion, interstitial edema, and developing 
alveolar edema, which is similar to the classic chest 
radiograph findings of heart failure. We are also given the 
results of a bedside echocardiogram, which describes an 
ejection fraction of approximately 20%, a dilated inferior 
vena cava, and no evidence of pericardial effusion. There 
is no comment about right heart dilation or other signs that 
would be concerning for a PE. From the information provided, 
we can make the following determinations: she has evidence 
of systolic failure, elevated central venous and right heart 
pressures, and does not have an obvious obstructive lesion 
such as tamponade or evidence of a massive PE. 

Putting it all together, her historical features of 
orthopnea and bilateral lower extremity edema have 
positive likelihood ratios (+LR) of 2.2 and 2.3, respectively, 
to predict heart failure in patients presenting to the ED 
with dyspnea.3 Her physical exam (S3 gallop +LR=11.0, 
rales +LR=2.8, edema +LR=2.1) and imaging (chest 
radiograph with pulmonary venous congestion +LR=12.0) 
were consistent with a diagnosis of heart failure as well.3 
We multiply LRs to obtain our post-test probability, but 
a LR>10 is generally considered diagnostic in common 
conditions. Ultimately, I believe this patient’s symptoms 
and presentation are consistent with an episode of newly 
diagnosed heart failure. The etiology behind the heart failure 
is unclear. To further elucidate the cause for her symptoms, 
my recommendation would include both cardiac magnetic 
resonance imaging (MRI) as well as a myocardial biopsy.
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OUTCOME
Cardiac MRI revealed that the patient had non-ischemic 

dilated cardiomyopathy. Multiple segments within the mid 
cavity and apex demonstrated prominent trabeculation. The ratio 
of non-compacted to compacted muscle was greater than 2.3, 
suggestive of left ventricular non-compaction cardiomyopathy. 
The patient was admitted and treated with furosemide, lisinopril, 
and metoprolol. This resulted in significant improvement. The 
patient was discharged after a three-day admission with plans for 
a six-week follow-up echocardiogram. 

At follow-up, her echocardiogram demonstrated an ejection 
fraction of 45-50%. The severity of her symptoms while on 
therapy are New York Heart Association class IC (Table 4).4 She 
is currently planning on having a child and is working with a 
genetic counselor to estimate the risk of passing on her condition. 

RESIDENT DISCUSSION
Left ventricular non-compaction cardiomyopathy 

(LVNCCM) is a rare malformation of embryologic cardiac tissue. 
While the exact incidence is unknown, 0.014%-1.3% of patients 
undergoing echocardiography are found to have LVNCCM.5 An 
estimated 3-4% of patients with heart failure have a diagnosis of 
LVNCCM. With improvement in diagnostic testing and increased 
awareness and recognition of the disease, it is likely that this 
incidence will increase.5 

The pathophysiologic cause of ventricular non-compaction 
is an area of continued research. The most widely accepted 
theory is a failure in the process of compaction, proliferation, and 
organization of the tissue into the adult myocardial architecture, 
leading to decreased cardiac contractility and function. In the 
maturing embryo, cardiac tissue goes through several stages of 
development. Initially, the myocardium consists of two layers of 
cells that comprise the primitive tubular heart.5 Within the first 
weeks of development, these layers form myocardial protrusions, 

or trabeculations, which extend into both ventricular cavities. 
This trabecular formation allows for adequate oxygenation of 
cardiac tissue prior to development of the coronary arteries by 
increasing the tissue surface area contact with blood.5 As the 
coronary arteries develop from the epicardium, the trabecular 
tissue begins to compact and proliferate. This compaction is more 
prominent in the left ventricle than the right, and right ventricular 
trabeculations can be seen in the healthy adult.  

LVNCCM is diagnosed in various stages of life. A meta-
analysis by Bhatia et al. examined 241 adult patients diagnosed 
with LVNCCM and found it was more prevalent in men than 
women (65% male), with a mean age of 41 years at the time of 
diagnosis.6 Patients most often presented with symptoms of acute 
heart failure: shortness of breath (60%), palpitations (18%), and 
chest pain (15%).6 In the pediatric population, patients are more 
frequently identified during regular screening exams. In a single 
center study performed by Brescia et al., 240 pediatric patients 
(median age=9.4 years, interquartile range of 3 months-13.8 
years) were diagnosed with LVNCCM.7 The most common 
presentation in symptomatic children was also acute heart failure 
(25%). However, nearly half of cases were identified through 
an abnormal screening exam: on physical exam (19%), ECG/
chest radiography (16%), or echocardiography (14%).7 In both 
age ranges, significant proportions of patients presented with 
arrhythmia, syncope, chest pain, and sudden cardiac death.6,7 In 
adults, 14% of patients were deceased by 39-month follow-up, 
half of which were due to sudden cardiac death.6 In children, 
12.8% of patients had died four years later.7 

The original and most commonly used diagnostic 
modality for ventricular non-compaction is 
echocardiography.8 The Jenni criteria remain the most 
widely accepted criteria for echocardiographic diagnosis. 
The criteria include bilayered myocardium (a grossly 
trabeculated or non-compacted layer with a layer of 

Class Patient symptoms
I No limitation of physical activity. Ordinary physical activity does not cause undue fatigue, palpitation, dyspnea (shortness of breath).
II Slight limitation of physical activity. Comfortable at rest. Ordinary physical activity results in fatigue, palpitation, dyspnea (shortness 

of breath).
III Marked limitation of physical activity. Comfortable at rest. Less than ordinary activity causes fatigue, palpitation, or dyspnea.
IV Unable to carry on any physical activity without discomfort. Symptoms of heart failure at rest. If any physical activity is 

undertaken, discomfort increases.
Objective assessment

A No objective evidence of cardiovascular disease. No symptoms and no limitation in ordinary physical activity.
B Objective evidence of minimal cardiovascular disease. Mild symptoms and slight limitation during ordinary activity. 

Comfortable at rest.
C Objective evidence of moderately severe cardiovascular disease. Marked limitation in activity due to symptoms, even during 

less-than-ordinary activity. Comfortable only at rest.
D Objective evidence of severe cardiovascular disease. Severe limitations. Experiences symptoms even while at rest.

Table 4. New York Heart Association functional classification of heart failure.
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normal, compact myocardium), a non-compacted to compacted 
ratio >2:1, communications within the intertrabecular 
space demonstrated by Doppler, absence of coexisting 
cardiac abnormalities, and presence of multiple prominent 
trabeculations in end-systole.8 Cardiac MRI has become an 
increasingly popular method to diagnose LVNCCM. A study by 
Peterson et al. compared healthy volunteers to those diagnosed 
with LVNCCM.9 A ratio of non-compacted:compacted 
myocardium greater than 2.3 was found to be 86% sensitivity 
and 99% specificity for LVNCCM.10

While non-compaction cardiomyopathy is unlikely to 
be formally diagnosed in the ED, this case demonstrates how 
bedside ultrasonography can play a vital role in the evaluation of 
undifferentiated dyspnea and diagnosis of heart failure. Finding 
“B-lines” or “comet-tails” on bedside US is 92.5% sensitive and 
65.1% specific for interstitial pulmonary edema. Additionally, left 
ventricular systolic function and volume status (via evaluation of 
the inferior vena cava) can be estimated for further differentiation 
of a cardiac or pulmonary cause and help direct medical therapy.11

Current recommendations for the initial management of 
LVNCCM are identical to traditional systolic heart failure 
management, with a focus on reducing afterload, optimizing 
volume status, and supporting respiratory function.12 For 
comparison, diastolic heart failure arises from a too-stiff 
ventricular wall, which does not relax fully in diastole. This 
leads to decreased filling and decreased cardiac output, leading 
to dyspnea and other symptoms of heart failure. Long-term 
management of LVNCCM is largely similar, with continued 
debate regarding additional need for anticoagulation. At this time, 
data are largely lacking on the risk for cardioembolic events in 
LVNCCM as compared with other causes of heart failure. Some 
experts recommend initiating anticoagulation for patients with 
either atrial fibrillation or an ejection fraction less than 40%.12 A 
number of cardiologists recommend using a Holter monitor to 
surveil for arrhythmias or placing an internal cardiac defibrillator 
because of the high risk of sudden cardiac death in these patients.7 
As EPs, we play a critical role in improving outcomes in these 
patients by recognizing and stabilizing their acute heart failure 
when it occurs. 

FINAL DIAGNOSIS
Final diagnosis was acute heart failure as a result of left 

ventricular non-compaction cardiomyopathy.

TAKE-HOME POINTS
•	 When evaluating an undifferentiated patient with 
dyspnea, keep a broad differential (i.e., consider more than 
just cardiac and pulmonary causes) to avoid premature 
closure or other diagnostic errors.
•	 Bedside echocardiography is an important skill set for 
EPs. It allows for the rapid evaluation for many causes of 
acute dyspnea, including acute heart failure with pulmonary 
edema, pericardial effusion, or pneumothorax. 

Address for Correspondence: Zachary D.W. Dezman, MD, MS, 
University of Maryland, Department of Emergency Medicine, 110 
S Paca Street, 6th Floor, Suite 200, Baltimore, MD 21201. Email: 
zdezman@em.umaryland.edu.

Conflicts of Interest: By the CPC-EM article submission 
agreement, all authors are required to disclose all affiliations, 
funding sources and financial or management relationships that 
could be perceived as potential sources of bias. The authors 
disclosed none.

Copyright: © 2017 England et al. This is an open access article 
distributed in accordance with the terms of the Creative Commons 
Attribution (CC BY 4.0) License. See: http://creativecommons.org/
licenses/by/4.0/

REFERENCES
1. Sarko J, Stapczynski JS. Respiratory Distress. In: Tintinalli JE, 

Stapczynski JS, Ma OJ, Cline DM, Cydulka RK, Meckler GD, editors. 
Tintinalli’s Emergency Medicine: A comprehensive Study Guide. 7th 
ed. New York: McGraw Hill; 2011. 

2. Mattu A, Brady WJ. ECGs for the Emergency Physician, Volume 1. 
West Sussex (UK), Wiley-Blackwell Publishing, September 2003.

3. Wang CS, FitzGerald JM, Schulzer M, et al. Does this dyspneic 
patient in the emergency department have congestive heart failure?. 
JAMA. 2005;294(15):1944-56.

4. Adapted from: New York Heart Association. Criteria Committee, 
New York Heart Association. Nomenclature and criteria for diagnosis 
of diseases of the heart and great vessels. Little, Brown Medical 
Division; 1979.

5. Sedmera D., McQuinn T. Embryogenesis of the heart muscle. Heart 
Fail Clin. 2008;4(3):235–45. 

6. Bhatia NL, Tajik AJ, Wilansky S, et al. Isolated noncompaction of the 
left ventricular myocardium in adults: a systematic overview. J Card 
Fail. 2011;17(9):771-8.

7. Brescia ST, Rossano JW, Pignatelli R, et al. Mortality and sudden 
death in pediatric left ventricular noncompaction in a tertiary referral 
center. Circulation. 2013;127(22):2202–8.

8. Jenni R, Oechslin E, Schneider J, et al. Echocardiographic 
and pathoanatomical characteristics of isolated left ventricular 
non-compaction: a step towards classification as a distinct 
cardiomyopathy. Heart. 2001;86(6):666-71.

9. Bennett CE, Freudenberger R. The Current Approach to Diagnosis 
and Management of Left Ventricular Noncompaction Cardiomyopathy: 
Review of the Literature. Cardiol Res Pract. 2016;2016:5172308. 

10. Petersen SE, Selvanayagam JB, Wiesmann F, et al. Left ventricular non-
compaction: insights from cardiovascular magnetic resonance imaging. 
J Am Coll Cardiol. 2005;46(1):101-5.

11. Lichtenstein D, Meziere G, Biderman P, et al. The comet-tail artifact: an 
ultrasound sign of alveolar-interstitial syndrome. Am J Respir Crit Care 
Med. 1997;156(5):1640-6.



Clinical Practice and Cases in Emergency Medicine 158 Volume I, no. 3: August 2017

29-year-old Woman with Dyspnea England et al. 

12. Kajimoto K, Madeen K, Nakayama T, et al. Rapid evaluation by lung-
cardiac-inferior vena cava (LCI) integrated ultrasound for differentiating 

heart failure from pulmonary disease as the cause of acute dyspnea in 
the emergency setting. Cardiovasc Ultrasound. 2012;10(1):49.



Volume I, no. 3: August 2017 159 Clinical Practice and Cases in Emergency Medicine

Case RepoRt
 

Accidental Ingestion of Hearing Aid with Exposed Battery
 

Ethan B. Kunstadt, MD
Mark I. Langdorf, MD, MHPE

Section Editor: Rick A. McPheeters, DO        
Submission history: Submitted December 6, 2016; Revision received December 30, 2016; Accepted January 15, 2017  
Electronically published March 16, 2017         
Full text available through open access at http://escholarship.org/uc/uciem_cpcem   
DOI: 10.5811/cpcem.2017.1.33281

A 59-year-old female presented to the emergency department (ED) three days after accidental 
ingestion of an intact in-the-ear hearing aid. This is the first report of ingestion of a complete hearing 
aid traveling past the gastroesophageal junction. Of concern was the exposed battery attached to 
the hearing aid that had advanced minimally in the three days since last evaluation. This case report 
discusses her ED testing, including gastroenterology consultation, and ultimately retrieval from her 
distal stomach. The authors conclude that this removal was not medically necessary. [Clin Pract 
Cases Emerg Med. 2017;1(3):159–161.]

INTRODUCTION
Hearing loss occurs in some 30% of adults greater than 

60, and has been associated with increased risk of dementia 
and falls.1, 2 Given the stigma that may arise from hearing loss, 
advances in design of hearing devices have taken us from 
conspicuous wearable metal “ears” and ear trumpets in the 17th 
and 18th centuries to the present-day technologies. Cochlear 
implants enhance sound transmission to the vestibulocochlear 
organ, and miniaturized within-ear devices amplify and 
compensate for conductive and sensorineural hearing loss. 

In-the ear (ITE), in-the-canal, and completely-in-canal 
hearing aids are devices small enough to cause risk of ingestion 
in the elderly or cognitively impaired. Foreign body ingestion 
is a relatively common chief complaint in the emergency 
department (ED), but most cases occur in children with peak 
incidence between six months and six years of age. Eighty 
percent of foreign bodies pass spontaneously through the 
gastrointestinal tract; surgical intervention is required in only 
12-16%. Death is extremely rare. One study reported no deaths 
among 852 adults, while another in children reported one out of 
2,206.3 Impaction, perforation, or other complications tend to 
occur at areas of gastrointestinal (GI) narrowing or angulation; 
however, once the object has passed the esophagus, almost all 
foreign bodies that are not sharp pass uneventfully. 

We present the first reported case of an adult accidently 
ingesting a complete hearing aid with exposed battery.

University of California, Irvine, Department of Emergency Medicine, Irvine, California

CASE REPORT
A 59-year-old Caucasian female presented to the ED 

with a chief complaint of accidentally swallowing her 
hearing aid. The patient denied symptoms aside from anxious 
thoughts regarding the ingestion. She swallowed the device 
accidentally three days before, when she grabbed a handful 
of acetaminophen from her night stand, which she takes each 
morning for osteoarthritis. The patient went to work on the 
day of the ingestion, but left early given mild discomfort in 
her chest and concern about the swallowed hearing aid. An 
abdominal radiograph done at an outside hospital revealed 
the foreign body at the gastroesophageal (GE) junction. The 
patient was sent home and instructed to carefully examine her 
stool for passage of the foreign body. 

On presentation to our ED, the patient’s chest discomfort 
was resolved; however, she was concerned because she 
had not seen the foreign body in any of her stools. She had 
taken polyethylene glycol 3350 (Miralax) daily in hopes 
this would promote passage. She denied shortness of breath, 
cough, dysphagia or odynophagia, abdominal pain, nausea, 
vomiting, or changes in bowel habits. The patient brought her 
matching hearing aid, which was not ingested: an ITE device, 
approximately 2cm in diameter with plastic casing. However, 
when the hearing aid is in the off position, as it was when it 
was ingested, a small battery protrudes from the device and is 
not protected within plastic casing (Image 1).
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The patient had osteoarthritis, depression, and attention 
deficit hyperactivity disorder,with two caesarean sections, and she 
denied tobacco, alcohol, or illicit drugs.

On physical exam, the patient was well-appearing, in no 
apparent distress and was breathing comfortably. Initial vital signs 
were temperature 36.6C, blood pressure 153/93 mmHg, heart rate 
106 beats per minute, respiratory rate 16 breaths per minute, and 
O2 saturation 100% on room air. Tachycardia was resolved by the 
time of exam by the physician. Oropharynx revealed moist oral 
mucosa, no pharyngeal erythema, exudate or fullness, and uvula 
was midline. There was no reproducible chest wall discomfort or 
subcutaneous crepitus of the chest. Breathing was non-labored 
with no accessory muscle use. Breath sounds were clear and equal 
bilaterally with no wheezes or rhonchi. Cardiac auscultation was 
normal. Radial pulses were normal and equal. Her abdomen was 
soft, non-distended, and non-tender, with normal bowel sounds. 

Image 1. An in-the-ear hearing aid similar to our patient’s, in the 
off position with battery exposed.

Image 2. Anterior-posterior upright film with foreign body 
visualized in mid-upper abdomen (arrow).

An abdominal radiograph was done to localize the foreign 
body, as the patient reported the hearing aid was easily 
identifiable in the distal esophagus on plain films three days 
prior (Image 2).

Final read of the plain films was: “3 closely grouped 
metallic densities measuring 2 mm, 6 mm and 12 mm in 
size project over the midline upper abdomen at the level of 
L1-2. Findings may represent the hearing aid/foreign body 
of interest.” 

Emergency physicians (EP) consulted the 
gastroenterology service after the radiographs were shot; 
however, neither team could determine the precise location 
of the foreign body from these films alone. Non-contrast 
computed tomography (CT) of the abdomen and pelvis was 
then obtained per GI’s request for further evaluation of the 
foreign body’s size and location (Images 3 and 4). 

 
 

 
 

 

Image 3. Axial view from computed tomography of abdomen and 
pelvis showing a 2cm foreign body in the stomach.

Image 4. Coronal view from computed tomography of the 
abdomen and pelvis noting the foreign body in the distal stomach.
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While awaiting CT results, EPs spoke with the American 
Association of Poison Control Centers (1-800-222-1222) 
regarding this case. Their representative reassured us that 
exposed batteries are only a concern if they are still in the 
esophagus, due to constant contact with the esophageal 
mucosa, which allows for injury of the mucosa. Assuming the 
hearing aid was at least beyond the esophagus by that point, 
the patient was  expected to safely pass the foreign body in the 
coming days. 

The final radiology report concluded that the foreign body 
was in the mid-upper abdomen, but could not confidently state 
the exact location. 

The GI team determined the object appeared to be in 
the distal gastric body/antrum. After examining the patient’s 
other hearing aid, and the size of the object on CT, they felt 
the object would eventually pass uneventfully, even if the 
exposed battery were to entirely separate from the hearing aid. 
However, as the patient continued to express concern, she was 
offered an esophagogastroduodenoscopy. 

The patient had a successful endoscopy under general 
anesthesia the following morning with retrieval. The hearing 
aid was removed intact with battery still in place using a 
Roth net. There was no evidence of esophagitis, erosions, or 
ulcerations. The patient tolerated the endoscopy well with 
only a mild sore throat. 

DISCUSSION
This is the first report of ingestion of an ITE hearing 

aid traveling past the gastroesophageal junction. We could 
find only one other case of an 86-year-old man accidentally 
ingesting a whole hearing aid, but this was a larger behind-
the-ear (BTE) device.4 He presented with acute dysphagia, 
and his device was discovered in the hypopharynx. The object 
was uneventfully removed once the connecting tube was 
disconnected from the coupling device, which had lodged in 
the upper esophageal sphincter. The remaining molded inner-
ear hearing aid portion remained distal to the BTE portion in 
the proximal esophagus. This remaining portion was able to be 
removed with endoscopy and the patient was able to swallow 
immediately following the procedure. 

CONCLUSION
While foreign body ingestions are common, this case 

is unique because a potentially dangerous exposed battery 
remained in the stomach for three days with minimal 
advancement. Exposure of stomach mucosa to the battery 
with potential for impaction proximal to the pylorus is a 
unique situation. Consensus between EPs, GI and poison 
center determined the situation to be non-emergent. Although 
comforting to the patient, we believe that endoscopic 
removal of the hearing aid, despite the exposed battery, was 
unnecessary and it would have passed given sufficient time. 
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Laceration injuries comprise over 8% of all emergency department (ED) visits annually.1 Given 
that laceration injuries represent a significant volume of ED visits, emergency physicians (EP) 
should be comfortable treating these types of injuries. We present the case of a 34-year-old male 
who presented to the ED as a trauma activation who suffered multiple injuries including complex 
full-thickness lacerations to his face. While there are scenarios in which consulting a specialist is 
necessary, knowledge and application of basic wound closure principles allows for many complex 
lacerations to be repaired by EPs. We provide a helpful systematic approach to evaluating and 
treating complex facial lacerations in the ED. [Clin Pract Cases Emerg Med. 2017;1(3):162–165.]

INTRODUCTION
Approximately eight million patients present to 

emergency departments (ED) in the United States every 
year with laceration injuries.1 These numbers do not reflect 
lacerations seen and repaired in urgent care centers. Given that 
laceration injuries represent a significant volume of ED visits, 
emergency physicians (EP) should be comfortable treating 
these injuries. We present a patient who suffered a complex 
facial laceration that was managed in the ED.

CASE REPORT
A 34-year-old male presented to the ED as a trauma 

activation. He was the restrained driver in a single-car motor 
vehicle accident in which he sustained burns to the bilateral 
upper extremities, left-sided rib fractures, a right femoral neck 
fracture, open right tibia/fibula fractures, and full-thickness 
lacerations to his face. There were two main facial lacerations. 
The first was a stellate left forehead laceration that extended 
deep through the frontalis muscle and inferiorly through the 
left eyebrow (Image 1A). The second was a through-and-
through upper lip laceration that extended into and violated 
the floor of the nose (Image 1B).

Laceration repair began with providing anesthesia via a 
combination of local infiltration and targeted nerve blocks. The 
lacerations were then copiously irrigated with sterile saline. 
The forehead laceration was closed in a layered fashion using 
4-0 Monocryl to re-approximate the frontalis muscle; buried 
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interrupted 4-0 Monocryl placed in the deep dermis; and, lastly, 
5-0 fast absorbing gut suture placed in a simple interrupted 
manner to close the epidermis (Image 2A). The upper lip 
laceration was closed in a similar layered fashion using 4-0 
Monocryl to re-approximate the orbicularis oris muscle; buried 
interrupted 4-0 Monocryl placed in the deep dermis; and 5-0 
fast absorbing gut suture placed in a simple interrupted manner 
to close the epidermis and dry vermillion of the lip (Image 
2A/B). The internal oral and nasal mucosa was closed with 4-0 
Vicryl suture in a simple interrupted manner. 

DISCUSSION
Laceration injuries comprise over 8% of all ED visits 

annually with up to 28% of these lacerations involving the 
face.1 Simple, superficial lacerations are often repaired by 
EPs, while more complex lacerations in cosmetically and/
or functionally sensitive regions are often deferred to plastic 
surgeons, otolaryngologists, and oral-maxillofacial surgeons. 
This is especially true at tertiary-care academic medical 
centers where a full armamentarium of surgical specialists 
is readily available. While there are scenarios in which 
consulting a specialist is necessary, knowledge and application 
of basic wound closure principles allows for many complex 
lacerations to be repaired by EPs.

Initial evaluation of all traumatic facial lacerations 
should begin after providing adequate anesthesia. This 
can be achieved through a combination of short- and long-
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What do we already know about this clinical 
entity?
Annually, over 8 million patients present 
to emergency departments in the US with 
laceration injuries. Emergency physicians 
should be comfortable treating the majority 
of these injuries.

What makes this presentation of disease 
reportable? 
In our ever-specializing medical 
environment, this case demonstrates repair 
of complex facial lacerations repaired in 
the Emergency Department without sub-
specialist consultation.

What is the major learning point? 
An understanding of and adherence to basic 
traumatic wound care principles allows 
for the management of complex laceration 
repairs to be performed by Emergency 
physicians.

How might this improve emergency 
medicine practice? 
For providers practicing in resource-limited 
environments, we demonstrate the type of 
laceration repairs that can be performed 
in the ED when surgical consultation is 
unavailable.

acting local anesthetics such as lidocaine and bupivicaine 
respectively. Anesthetics containing epinephrine will help 
decrease bleeding in the operative field and decrease the 
systemic distribution and potential toxicity of the local 
anesthetic. Additionally, 1ml of bicarbonate per 10ml of 
local anesthetic can also be added to the anesthetic mixture 
to neutralize the acidity of the anesthetic solution, increase 
the duration of action of the anesthetic, and decreases the 
pain with injection. Nearly painless local anesthesia can be 
provided by using a bicarbonate buffering solution, injecting 
with a small (27-30G) needle, and by always keeping a 
wheel of local anesthetic ahead of the needle while injecting.2 
One should consider using targeted nerve blocks when 
possible for multiple lacerations in the same neurosensory 
distribution.3 This method can provide adequate anesthesia 
and decreases the total dosage of anesthesia. Nerve blocks 
also offer the advantage of providing anesthesia more 
remotely without distorting the local anatomy of the tissue 
needing repair, as opposed to when anesthetic is injected 
locally.3 This issue is especially important when attempting to 
re-approximate linear and cosmetically sensitive areas such 
as the lips, eyebrows, ears, etc.3

Tap water or saline should then be used to copiously 
irrigate the wound. Thorough irrigation removes all 
macroscopic debris, helps identify active bleeding, and 
allows for adequate visual exploration of the wound. During 
inspection of the wound, active venous or arterial bleeding 
should be addressed with cautery or sutures. Adequate 
hemostasis is especially important when closing avulsion 
flaps, which can develop large hematomas. Visual and 
manual exploration of the wound should look to identify the 
peripheral and deep extent of the wound. A hemostat can be 
used to probe for injuries communicating from one anatomic 
space to another. Conservative sharp debridement of ragged, 
severely contused, and devitalized tissue should also be 
performed.4 Lastly, visual inspection should aim to identify 
any major nerve, duct or other structural injuries that would 
require surgical consultation and operative repair.4

The basic principle of closing all lacerations is to realign 
anatomic structures (superficial and deep) in a tension-free 
manner. Performing a layered closure helps facilitate this 
goal by distributing tension into the deeper, strong soft-
tissue layers so that the epidermis is nearly “kissing” by the 
time it is sutured closed. Muscle is generally the deepest 
layer that requires closure in the face. In the forehead and 
brow, the frontalis muscle and orbicularis oculi should 
be re-approximated using a 4-0 absorbable monofilament 
suture. In full-thickness lip lacerations the orbicularis oris 
muscle should similarly be brought together. Muscle tissue 
can be difficult to re-approximate, as the tissue is relatively 
weak causing sutures to tear through the fibers even under 
minimal tension; this is especially true in contused muscle. 
Distributing the tension of a suture over a greater surface area 
of muscle using a horizontal mattress suture can help mitigate 

this problem. Most importantly, it is important to identify 
and include the superficial fascia of the muscle during re-
approximation because this strong fibrous component of 
the muscle will hold suture under normal tension. Failure 
to perform a proper muscle layer closure will result in 
non-contiguous healing of the muscle, which may cause 
animation deformities and depressed wide scars. 

The next layer to be closed is the deep dermis and 
subcutaneous fat. This closure is best carried out with a 4-0 
absorbable monofilament suture that is placed in simple 
interrupted manner with the knot buried. The suture needle 
should enter the subcutaneous fat and exit near the dermal-
epidermal junction on one side of the laceration where it 
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Image 2. A) Repaired left forehead, upper lip, and nasal lacerations. B) Repaired left forehead, upper lip, and 
nasal lacerations.

Image 1. A) Full-thickness left forehead laceration. B) Full-thickness upper lip laceration extending through the 
floor of the nose and nasal ala.

will then travel across the wound and enter the dermal-
epidermal junction and exit the subcutaneous tissue of the 
opposing side. Precise alignment of this layer is important 
for scar healing. 

The epidermis is the most superficial layer that requires 
closure. When repairing the lip, it is crucial to precisely align 
the vermillion border where even a 1mm discrepancy is 

discernable at conversational distance. This is best achieved 
with a 5-0 or 6-0 non-absorbable monofilament suture; a 
similar size un-dyed rapidly dissolving suture will also work 
and has the advantage of not needing to be removed. EPs 
should be especially mindful of the burden of suture removal 
in young children and patients with poor follow-up. When 
permanent sutures are placed in the epidermis of the face, 
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they should be removed in 5-7 days to prevent the unsightly 
“train-track” appearance of a scar where sutures have been 
left in for too long. Consider using a brightly dyed non-
absorbable suture when repairing lacerations extending into 
the scalp of patients with dark hair, as this will make suture 
removal much easier. In either suture choice, the laceration 
should be repaired in a simple interrupted manner. Longer 
lacerations can be repaired with a continuous “baseball” 
stitch to increase speed of the repair. This advantage should 
be weighed against the disadvantage of relying on a single 
continuous stitch for the epidermal repair where rupture 
of the suture or tearing of the skin compromises the entire 
length of the repair. 

Tissue glue, such as Dermabond, can also be used 
to close the epidermal layer of skin. In very superficial 
lacerations that do not fully penetrate the dermis, Dermabond 
can be used alone to re-approximate the superficial dermis 
and epidermis. Using Dermabond in this way is especially 
useful in pediatric patients where suturing may require 
monitored sedation. Dermabond is most commonly used in 
conjunction with other deep and superficial suture layers. 
Sealing wounds with Dermabond in this fashion adds another 
layer of strength and provides a watertight closure, which 
can be washed and left open to the air without concern for 
contamination from physical debris and bacteria. Of note, 
previous studies are undecided on the use of antibiotics. 
In wounds with high risk for infection consider starting 
prophylactic antibiotics.5

Nasal and oral mucosa should be repaired in a simple 
interrupted manner with a soft, braided absorbable suture. 
When repairing lip lacerations the oral mucosa should be 
repaired after the muscle layer is re-approximated, but before 
closure of the epidermis.

Most lacerations will be treated in regular, perhaps dimly 
lit, rooms rather than trauma bays with adjustable overhead 
spotlights. Accordingly, a camping-style headlamp is an 
invaluable and relatively cheap tool that EPs should purchase 
and can use for a variety of procedures including laceration 
repair. Lastly, always try to use a flat-surfaced needle holder/
driver while suturing, especially when using small needles. 
Most EDs stock or can acquire separate surgical grade flat-
surfaced needle holder/drivers. Unfortunately, pre-packaged 
suture kits often contain needle holder/drivers with serrations 
through which small needles can rotate and slide. This can 
be especially frustrating and time consuming when repairing 
large lacerations. 

Closing complex facial lacerations is a professionally 
rewarding procedure. While some lacerations may require 
surgical consultation, many complex lacerations can be treated 
immediately by EPs with arrangement for sub-specialist 
follow-up on cosmetically and/or functionally sensitive 
injuries. Time constraints are a significant obstacle that may 
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preclude treating these types of complex facial injuries in the 
ED. This is especially true in single coverage EDs; conversely 
single coverage EDs may also be less likely to have on-
call surgical sub-specialists available to treat these injuries. 
Management of large complex lacerations should be in the 
scope of all EPs and is a necessity for those whose practice 
includes rural emergency medicine, wilderness medicine, 
cruise ship medicine, expedition medicine, etc. When faced 
with any laceration injury, remember to first provide complete 
local anesthesia using local nerve blocks when possible. Next, 
perform thorough irrigation and exploration of the wound. 
Lastly, perform a multi-layered closure of the wound to 
achieve a tension-free re-alignment of the deep and superficial 
anatomy. Applying this approach should allow all EPs to 
successfully tackle a high percentage of laceration injuries. 
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Since marijuana legalization, pediatric exposures to cannabis have increased.1 To date, pediatric deaths 
from cannabis exposure have not been reported. The authors report an 11-month-old male who, following 
cannabis exposure, presented with central nervous system depression after seizure, and progressed to 
cardiac arrest and died. Myocarditis was diagnosed post-mortem and cannabis exposure was confirmed. 
Given the temporal relationship of these two rare occurrences – cannabis exposure and sudden death 
secondary to myocarditis in an 11-month-old – as well as histological consistency with drug-induced 
myocarditis without confirmed alternate causes, and prior reported cases of cannabis-associated 
myocarditis, a possible relationship exists between cannabis exposure in this child and myocarditis 
leading to death. In areas where marijuana is commercially available or decriminalized, the authors urge 
clinicians to preventively counsel parents and to include cannabis exposure in the differential diagnosis of 
patients presenting with myocarditis. [Clin Pract Cases Emerg Med. 2017;1(3):166–170.]

INTRODUCTION
Since marijuana legalization, pediatric exposures to 

cannabis have increased, resulting in increased pediatric 
emergency department (ED) visits.1 Neurologic toxicity 
is most common after pediatric exposure; however, 
gastrointestinal and cardiopulmonary toxicity are reported.1 
According to a retrospective review of 986 pediatric cannabis 
ingestions from 2005 to 2011, pediatric exposure has been 
specifically linked to a multitude of symptoms including, 
but not limited to, drowsiness, lethargy, irritability, seizures, 
nausea and vomiting, respiratory depression, bradycardia 
and hypotension.1 Prognosis is often reassuring.1 Specific 
myocardial complications related to cannabis toxicity 
that are well documented in adolescence through older 
adulthood include acute coronary syndrome, cardiomyopathy, 
myocarditis, pericarditis, dysrhythmias and cardiac arrest.2-4 To 
date, there are no reported pediatric deaths from myocarditis 
after confirmed, recent cannabis exposure. The authors report 
an 11-month-old male who, following cannabis exposure, 
presented in cardiac arrest after seizure and died. Myocarditis 
was diagnosed post-mortem and cannabis exposure was 
confirmed. Analyses of serum cannabis metabolites, post-
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mortem infectious testing, cardiac histopathology, as well as 
clinical course, support a potential link between the cannabis 
exposure and myocarditis that would justify preventive 
parental counseling and consideration of urine drug screening 
in this reported setting. 

CASE REPORT
An 11-month-old male with no known past medical 

history presented to the ED with central nervous system 
(CNS) depression and then went into cardiac arrest. The 
patient was lethargic for two hours after awakening that 
morning and then had a seizure. During the prior 24-48 
hours, he was irritable with decreased activity and was later 
retching. He was noted to be healthy before developing these 
symptoms. Upon arrival in the ED, he was unresponsive with 
no gag reflex. Vital signs were temperature 36.1o Celsius, 
heart rate 156 beats per minute, respiratory rate 8 breaths per 
minute, oxygen saturation 80% on room air. Physical exam 
revealed a well-nourished, 20.5 lb., 11-month-old male, with 
normal development, no trauma, normal oropharynx, normal 
tympanic membranes, no lymphadenopathy, tachycardia, 
clear lungs, normal abdomen and Glasgow Coma Scale 
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rating of 4. He was intubated for significant CNS depression 
and required no medications for induction or paralysis. 
Post-intubation chest radiograph is shown in Image 2. He 
subsequently became bradycardic with a heart rate in the 
40s with a wide complex rhythm. Initial electrocardiogram 
(ECG) was performed and is shown in Image 1. He then 
became pulseless, and cardiopulmonary resuscitation was 
initiated. Laboratory analysis revealed sodium 136 mmol/L, 
potassium 7.7 mmol/L, chloride 115 mmol/L, bicarbonate 8.0 
mmol/L, blood urea nitrogen 24 mg/dL, creatinine 0.9 mg/dL, 
and glucose 175 mg/dL Venous blood gas pH was 6.77. An 
ECG was repeated (Image 3). He received intravenous fluid 
resuscitation, sodium bicarbonate infusion, calcium chloride, 
insulin, glucose, ceftriaxone and four doses of epinephrine. 
Resuscitation continued for approximately one hour but the 
patient ultimately died. 

Further laboratory findings in the ED included a 
complete blood count (CBC) with differential, liver function 
tests (LFTs), one blood culture and toxicology screen. 
CBC demonstrated white blood cell count 13.8 K/mcL 
with absolute neutrophil count of 2.5 K/mcL and absolute 
lymphocyte count of 10.7 K/mcL, hemoglobin 10.0 gm/
dL, hematocrit 34.7%, and platelet count 321 K/mcL. LFTs 
showed total bilirubin 0.6 mg/dL, aspartate aminotransferase 
77 IU/L, and alanine transferase 97 IU/U. A single blood 
culture from the right external jugular vein revealed aerobic 
gram-positive rods that were reported two days later as 
Bacillus species (not Bacillus anthracis). Toxicology 
screening revealed urine enzyme-linked immunosorbent assay 
positive for tetrahydrocannabinol-carboxylic acid (THC-

COOH) and undetectable serum acetaminophen and salicylate 
concentrations. Route and timing of exposure to cannabis 
were unknown. 

Autopsy revealed a non-dilated heart with normal 
coronary arteries. Microscopic examination showed a severe, 
diffuse, primarily lymphocytic myocarditis, with a mixed 
cellular infiltrate in some areas consisting of histiocytes, 
plasma cells, and eosinophils. Myocyte necrosis was also 
observed. There was no evidence of concomitant bacterial 
or viral infection based on post-mortem cultures obtained 
from cardiac and peripheral blood, lung pleura, nasopharynx 
and cerebrospinal fluid. Post-mortem cardiac blood analysis 
confirmed the presence of Δ-9-carboxy-tetrahydrocannabinol 
(Δ-9-carboxy-THC) at a concentration of 7.8 ng/mL. 
Additional history disclosed an unstable motel-living 
situation and parental admission of drug possession, 
including cannabis. 

DISCUSSION
As of this writing, this is the first reported pediatric 

death associated with cannabis exposure. Given the existing 
relationship between cannabis and cardiovascular (CV) toxicity, 
as well as the temporal progression of events, post-mortem 
analysis, and previously reported cases of cannabis-induced 
myocarditis, the authors propose a relationship between cannabis 
exposure in this patient and myocarditis, leading to cardiac arrest 
and ultimately death. This occurrence should justify consideration 
of urine drug screening for cannabis in pediatric patients 
presenting with myocarditis of unknown etiology in areas where 
cannabis is widely used. In addition, parents should be counseled 

Image 1. Initial electrocardiogram demonstrating wide-complex tachycardia.
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resistance with acute use and bradycardia in more chronic 
use.2,5-7. These effects are believed to be multifactorial, 
and evidence suggests that cannabinoid effect on the 
autonomic nervous system, peripheral vasculature, cardiac 
microvasculature, and myocardial tissue and Purkinje fibers 
are all likely contributory.2 The pathogenesis of myocarditis 
is not fully understood. In general, myocarditis results from 
direct damage to myocytes from an offending agent such 
as a virus, or in this case, potentially a toxin. The resulting 
cellular injury leads to a local inflammatory response. 
Destruction of cardiac tissue may result in myocyte necrosis 
and arrhythmogenic activity, or cellular remodeling in chronic 
myocarditis.8,9 

Autopsy findings in this patient were consistent 
with noninfectious myocarditis as a cause of death. The 
histological findings of myocyte necrosis with mature 
lymphocytic mixed cellular infiltrate are consistent with 
drug-induced, toxic myocarditis.10 The presence of THC 
metabolites in the patient’s urine and serum, most likely 
secondary to ingestion, is the only uncovered risk factor 
in the etiology for his myocarditis. This is highly unlikely 
attributable to passive exposure. 11,12

It is difficult to extrapolate a specific time of cannabis 
ingestion given the unknown dose of THC, the individual 
variability of metabolism and excretion, as well as the lack of 
data on this topic in the pediatric population and post-mortem 
redistribution (PMR) kinetics. However, the THC metabolite 
detected in the patient’s blood, Δ-9-carboxy-THC, is known 
to peak in less than six hours and be detectable for at least 
a day, while the parent compound, tetrahydrocannabinol 

Image 2. Post-intubation chest radiograph. Measurement 
indicates distance of endotracheal tube tip above carina.

regarding measures to prevent such exposures. 
The progressive clinical presentation of this patient during 

the prior 24-48 hours, including symptoms of somnolence, 
lethargy, irritability, nausea, seizure and respiratory 
depression are consistent with previously documented, known 
complications of recent cannabis exposure in the pediatric 
population.1 It is well known that common CV effects of 
cannabis exposure include tachycardia and decreased vascular 

Image 3. Repeat electrocardiogram showing disorganized rhythm, peri-arrest.
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(THC), is expected to rapidly metabolize and distribute 
much more quickly, being potentially undetectable six 
hours after exposure in an infrequent user.13 The parent 
compound was below threshold for detection in this patient’s 
blood. In addition, if cannabis ingestion occurred the day 
of presentation, it would have been more likely that THC 
would have been detected with its metabolite after PMR.14,15 
Given this information, the authors deduce that cannabis 
consumption occurred within the recent two to six days, 
assuming this was a single, acute high-potency ingestion. This 
time frame would overlap with the patient’s symptomatology 
and allow time for the development of myocarditis, thus 
supporting cannabis as the etiology. 

The link between cannabis use and myocarditis has been 
documented in multiple teenagers and young adults.16-18 In 2008 
Leontiadis reported a 16-year-old with severe heart failure 
requiring a left ventricular assist device, associated with biopsy-
diagnosed myocarditis.16 The authors attributed the heart failure 
to cannabis use of unknown chronicity.16 In 2014 Rodríguez-
Castro reported a 29-year-old male who had two episodes of 
myopericarditis several months apart.17 Each episode occurred 
within two days of smoking cannabis. 18 In 2016, Tournebize 
reported a 15-year-old male diagnosed with myocarditis, 
clinically and by cardiac magnetic resonance imaging, after 
initiating regular cannabis use eight months earlier.18 There were 
no other causes for myocarditis, including infectious, uncovered 
by these authors, and no adulterants were identified in these 
patients’ consumed marijuana.16-18 Unlike our patient, all three 
of these previously reported patients recovered. 

In the age of legalized marijuana, children are at increased 
risk of exposure, mainly through ingestion of food products, 
or “edibles.”19 These products are attractive in appearance and 
have very high concentrations of THC, which can make small 
exposures exceptionally more toxic in small children. 19,20

Limitations in this report include the case study design, 
the limitations on interpreting an exact time, dose and route 
of cannabis exposure, the specificity of histopathology being 
used to classify etiology of myocarditis, and inconsistent 
blood culture results. The inconsistency in blood culture 
results also raises concern of a contributing bacterial etiology 
in the development of myocarditis, lending to the possibility 
that cannabis may have potentially induced the fatal 
symptomatology in an already-developing silent myocarditis. 
However, due to high contaminant rates associated with 
bacillus species and negative subsequent blood cultures, 
the authors believe this was more likely a contaminant.21 In 
addition, the patient had no source of infection on exam or 
recent history and was afebrile without leukocytosis.22 All of 
his subsequent cultures from multiple sites were negative. 

CONCLUSION
Of all the previously reported cases of cannabis-

induced myocarditis, patients were previously healthy and 

no evidence was found for other etiologies. All of the prior 
reported cases were associated with full recovery. In this 
reported case, however, the patient died after myocarditis-
associated cardiac arrest. Given two rare occurrences with a 
clear temporal relationship – the recent exposure to cannabis 
and the myocarditis-associated cardiac arrest – we believe 
there exists a plausible relationship that justifies further 
research into cannabis-associated cardiotoxicity and related 
practice adjustments. In states where cannabis is legalized, 
it is important that physicians not only counsel parents on 
preventing exposure to cannabis, but to also consider cannabis 
toxicity in unexplained pediatric myocarditis and cardiac 
deaths as a basis for urine drug screening in this setting. 
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We present the case of a 33-year-old male with end stage renal disease presenting to the 
emergency department (ED) with headache, dizziness, and unilateral weakness. Initial concern was 
for ischemic or hemorrhagic stroke. Magnetic resonance imaging confirmed posterior reversible 
encephalopathy syndrome (PRES). The patient was treated appropriately and made a full 
neurologic recovery. PRES is an under-recognized diagnosis in the ED. As a stroke mimic, PRES 
can lead the clinician on an incorrect diagnostic pathway with potential for iatrogenic harm. [Clin 
Pract Cases Emerg Med. 2017;1(3):171–174.]

INTRODUCTION
Posterior reversible encephalopathy syndrome (PRES) is 

a neurologic condition characterized by localized vasogenic 
edema primarily affecting the occipital and parietal lobes.1 
While PRES is not yet completely understood, it is typically 
seen in the setting of common clinical scenarios: hypertension 
(HTN), cytotoxic medications, eclampsia, autoimmune, 
and systemic conditions.2 The most commonly presenting 
symptoms of this disease are headaches, seizures, altered 
mental status, and visual changes or loss. Encephalopathy 
can range from mild confusion to a severe decrease in level 
of consciousness.3 While the exact incidence of PRES is not 
known, reported cases exist in patients from 4-90 years old 
with predominance in female patients, with a mean age of 
45 years.4,5 Due to its rarity and variable presentation, PRES 
is difficult to diagnose without radiographic imaging. A 
noncontrast computerized tomography (CT) of the head is 
of little benefit and ultimately magnetic resonance imaging 
(MRI) of the brain is necessary to demonstrate vasogenic 
edema and other pathognomonic findings.

PRES is often overlooked due to clinical features shared with 
many common conditions including ischemic or hemorrhagic 
stroke, migraine, seizure, hypertensive urgency, and reversible 
cerebral vasoconstriction syndrome. Such a misdiagnosis can 
result in inappropriate use of thrombolytic therapy or other more 
invasive procedures, ultimately delaying appropriate treatment. 
Therefore, in a potential stroke patient with vision changes or 
altered mental status, PRES must be considered.

University of Louisville School of Medicine, Department of Emergency Medicine, 
Louisville, Kentucky

CASE REPORT
A 33-year-old male with uncontrolled HTN and end stage 

renal disease (ESRD) presented to the emergency department 
(ED) just prior to scheduled hemodialysis due to severe HTN. 
Initial blood pressure was 248/165 mmHg and the patient 
complained of a worsening headache and throbbing pain 
behind his eyes. He admitted to missing his last session of 
dialysis and his laboratory values were remarkable for a blood 
urea nitrogen (BUN) of 53mg/dL, creatinine (Cr) 4.67mg/
dL, and serum bicarbonate (CO2) 21 mEq/L. Remaining 
serum electrolytes and hepatic function panel were normal. 
Symptoms were attributed to volume overload due to missed 
dialysis, and treatment with furosemide 40mg intravenous 
(IV) was initiated. Repeat blood pressure was 197/134 mmHg, 
and the patient was transported to the dialysis unit.

Upon completion of dialysis he remained hypertensive and 
immediately returned to the ED with severe headache, dizziness, 
and unilateral weakness. His blood pressure was 200/135 mmHg, 
heart rate 93 beats per minute, respiratory rate 22 respirations per 
minute, temperature 98.9oF. Physical examination was significant 
for pupils equal and reactive to light bilaterally with extra ocular 
movements intact, cranial nerves II-XII intact, [3/5] strength in 
the right upper extremity, [5/5] strength in left upper extremity, 
[2/5] strength in the right lower extremity, [5/5] strength in 
left lower extremity. Laboratory values showed the following 
abnormalities: BUN 39mg/dL, Cr 3.67 mg/dL, and brain 
natriuretic peptide 42500 pg/mL; serum electrolytes, hepatic 
function and troponin were normal. 
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Initial noncontrast head CT showed hypodense areas in 
the right lentiform nucleus and the medial bilateral occipital 
lobes concerning for acute to subacute infarct. Potential 
hypodense areas in the cerebellar hemispheres concerning 
for acute to subacute infarct could not be distinguished 
from artifact from adjacent bony structures. The patient’s 
unilateral right-sided weakness and CT findings brought 
stroke to the top of the differential diagnosis and the stroke 
team was consulted. The patient’s blood pressure was initially 
treated with one sublingual nitroglycerin prior to IV access, 
followed by 10mg intravenous labetalol. One hour after the 
patient’s arrival his blood pressure was 136/90 mmHg. The 
patient complained of continued headache and progressively 
worsening bilateral visual field deficits involving both inferior 
quadrants of each eye as well as bilateral loss of visual acuity. 
His blood pressure remained labile and he was subsequently 
placed on a nicardipine drip at 2.5mg/hr for more precise 
blood pressure titration. 

Following blood pressure stabilization, an MRI brain 
without contrast (our institution’s stroke protocol) was 
obtained. MRI showed extensive T2 fluid-attenuated inversion 
recovery (FLAIR) hyperintensities involving the occipital lobe 
gray matter and the subcortical white matter of the occipital, 
parietal, and frontal lobes. T2 FLAIR hyperintensities were 
also present in the deep gray and white matter, periventricular 
white matter, cerebellum, midbrain, and pons. A mixture 
of cytotoxic and vasogenic edema was seen as diffusion-
weighted hyperintensities involving the left body of the corpus 
callosum and an area of deep white matter in the posterior 
right frontal lobes (Image). 

Image. MRI Left: Diffusion imaging showing increased signal in the bilateral occipital lobes (white arrows) and left frontal lobe (black 
arrow). MRI Right: T2 FLAIR imaging showing correlating hyperintensities in bilateral occipital lobes (white arrows), left frontal lobe 
(black arrow) and right periventricular area (black bold arrow).
MRI, magnetic resonance imaging; FLAIR, fluid attenuation inversion recovery

CPC-EM Capsule

What do we already know about this clinical 
entity? 
Posterior Reversible Encephalopathy (PRES) 
is vasogenic edema of the brain resulting in a 
spectrum of neurologic deficits ranging from 
headaches and vision loss to seizures and 
encephalopathy.

What makes this presentation of disease 
reportable? 
PRES is often overlooked due to clinical 
features shared with common conditions. If 
promptly diagnosed and managed, PRES can 
result in favorable patient outcomes.

What is the major learning point? 
Missed or delayed diagnosis of PRES 
may result in improper administration of 
thrombolytic therapy and iatrogenic adverse 
events.

How might this improve emergency 
medicine practice?
Maintaining a broad differential in patients 
with neurologic deficits will allow physicians 
to accurately diagnose and appropriately 
treat life-threatening conditions.
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The patient was admitted to the stroke service and was 
eventually transitioned to oral anti-hypertensive medications. 
His vision began to improve 24 hours after admission and 
upon discharge eight days later he had markedly improved 
visual acuity: 20/20 in the right eye with a mild right inferior 
quadrantopia and 20/40 in the left eye. His hospital course 
was prolonged by dialysis requirements and transfer to the 
psychiatric floor due to suicidal ideation and depression 
stemming from his poor health and hospitalization. 

DISCUSSION
PRES was initially described in 1996 by Hinchey et al. as 

a clinical and radiologic diagnosis most often presenting with 
headaches (50%), vision changes (33%), seizures (60-75%), 
and less commonly focal neurological deficits (10-15%).6,2 

Our patient presented with focal neurologic deficits involving 
the right upper extremity and right lower extremity as well as 
dizziness, headache, and vision changes. Our initial presumed 
diagnosis was stroke, and this appeared to be confirmed with 
the noncontrast head CT showing multiple hypodense areas. 
While PRES can be suspected based on clinical presentation, 
diagnosis is often confirmed radiographically. A noncontrast 
head CT rarely aids in the diagnosis; however, a CT perfusion 
(CTP) study may show increased cerebral blood volume, 
cerebral blood flow, and reduced time to peak blood flow.9 In 
addition, hyperperfusion indicating high metabolic demand 
on CTP imaging may indicate seizure as a possible cause of 
neurologic deficits versus an acute ischemic insult.10 Such 
CTP findings can facilitate rapid diagnosis of PRES and other 
stroke mimics, allowing for quicker initiation of appropriate 
therapy. PRES commonly manifests on MRI as vasogenic 
edema in the parieto-occipital regions of both cerebral 
hemispheres with involvement of the subcortical white matter 
and the cortex. 

Given diverse presentation, PRES has three 
primary variations: a dominant parieto-occipital pattern, 
holohemispheric watershed pattern, and superior frontal sulcus 
pattern.7,8 The diffuse intracranial involvement as seen on MRI 
in our patient appears to be an unusual presentation for PRES. 

The vasogenic brain edema is believed to be the result of 
increased local perfusion pressure resulting in the failure of 
the blood brain barrier to maintain the compartmentalization 
of intravascular fluid. Capillary endothelial integrity 
is compromised due to increases in blood pressure, 
various systemic disease states, or cytotoxic medications. 
Blood pressure increase detected by cerebral endothelial 
mechanoreceptors leads to cerebral arteriolar vasocontricton. 
The autoregulatory vasoconstriction system of the arterioles 
becomes overwhelmed and leads to an increase in cerebral 
blood flow.11,2 If the hyperperfusion overwhelms the 
autoregulatory response, break down of the blood brain barrier 
can occur. 

The relatively poor sympathetic innervation of the 
posterior fossa of the brain makes this area particularly 

susceptible to hyperperfusion and vasogenic edema.2 Our 
patient presented with multiple episodes of high blood 
pressure prior to the onset of his symptoms. This appears to 
have allowed ample time for disruption of the autoregulation 
of the cerebral vasculature, breakdown of the blood brain 
barrier, and ultimately vasogenic edema. While HTN is 
thought to be a large contributor to the development of PRES, 
20-40% of patients are normotensive.12

Other pathophysiologic explanations include an 
inflammatory response affecting vascular permeability directly 
through cytokine release. Cytokines activate endothelial cells 
to secrete vasoactive factors, leading to increased vascular 
permeability and interstitial brain edema. It is postulated that 
autoimmune disorders can lead to PRES through a similar 
process of upregulation of cytokines and poorly controlled 
inflammatory state. PRES also occurs in patients taking 
immunosuppressive or cytotoxic drugs for malignancy or 
organ transplantation. Such medications can result in PRES 
immediately or several months after initiation of the drug, even 
when drugs are at therapeutic levels. This is thought to occur 
through dysregulation of vasoactive substrates such as tumor 
necrosis factor alpha and vascular endothelial growth factor. 
Probably least understood is the correlation between renal 
failure and the development of PRES (up to 55% of patients). 
Our patient’s long-standing hypertension in the setting of ESRD 
predisposed him to the development of PRES.2

The treatment of PRES is challenging and multifaceted. 
Experts agree on the importance of blood pressure control, 
though no studies have been conducted to establish causation 
or to correlate blood pressure management with resolution 
of PRES.2 Blood pressure reduction of 25% within the 
first few hours is recommended, but caution must be taken 
as the pressure is often labile. If PRES is attributed to a 
specific medication, the medication should be discontinued 
immediately. The risk and benefits of restarting the medication 
should be considered following the resolution of PRES. 

The prognosis of PRES is typically good, with some 
sources citing 75-90% of patients making a full recovery 
with a mean time to recovery of 2-8 days. The most severe 
forms of PRES can result in death with a mortality range of 
3-6% in 1-3 months.2,3 Severe neurologic injury and death 
typically result from intracranial hemorrhage, posterior fossa 
edema with brainstem compression, or increased intracranial 
pressure resulting from diffuse cerebral edema.13,14 In 10-20% 
of patients, long-term neurologic sequelae such as seizures, 
hemiparesis, decreased visual acuity, and residual dizziness 
have been noted.15,2,16 PRES is recurrent in 5-10% of patients 
with uncontrolled HTN as compared to other causes of PRES.17

CONCLUSION
Though uncommon, posterior reversible encephalopathy 

syndrome should be considered in patients with new onset 
visual loss, especially when accompanied by headaches and 
altered levels of consciousness. Due to significant overlap with 
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other neurologic disorders, PRES must be considered early 
and pursued with advanced radiographic imaging. Though 
often reversible, PRES can result in permanent brain injury 
and death if not recognized early and treated appropriately.
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Takotsubo cardiomyopathy, also known as apical ballooning syndrome and stress cardiomyopathy, 
is a transient systolic and diastolic left ventricular dysfunction with a variety of cardiac wall-
motion abnormalities that is increasingly being associated with significant morbidity and mortality. 
Wellens’ syndrome is an electrocardiographic (ECG) pattern in a pain-free patient that is indicative 
of critical occlusion of the left anterior descending coronary artery requiring immediate cardiac 
catheterization. The authors report a case of a patient presenting with ECG findings consistent with 
Wellens’ syndrome that was later found to have Takotsubo cardiomyopathy with angiographically 
normal coronary arteries on cardiac catheterization after a seizure. [Clin Pract Cases Emerg Med. 
2017;1(3):175–178.]

INTRODUCTION
Electrocardiographic (ECG) recognition of ST-elevation 

myocardial infarction (STEMI) patterns decreases patient 
morbidity and mortality and is an essential skill for emergency 
physicians.1 In addition, there has been increasing evidence, 
as well as social media blogs, stressing the importance of 
recognizing STEMI equivalent patterns on ECG. Wellens’ 
syndrome is identified by a specific ECG pattern without 
complaint of chest pain and is typically indicative of 
critical occlusion of the left anterior descending coronary 
artery (LAD). Due to this, Wellens’ syndrome is commonly 
referred to as a STEMI equivalent.2 Alternatively, there are 
ECG findings that can appear to be a STEMI, but are rather 
STEMI mimics. One such instance is that of Takotsubo 
cardiomyopathy.2 Takotsubo cardiomyopathy is commonly 
associated with elderly women experiencing an intense 
physical or emotional event. In this disease apical ballooning 
occurs, which causes ST segment changes on ECG consistent 
with STEMI. The authors report a case of a patient presenting 
with ECG findings consistent with Wellens’ syndrome who 
was later found to have Takotsubo cardiomyopathy.

CASE REPORT
A 65-year-old female with a history of a seizure disorder 

was brought to the emergency department (ED) by ambulance 
after experiencing three seizures earlier in the day. Emergency 

Duke LifePoint Conemaugh Memorial Medical Center, Department of Emergency 
Medicine, Johnstown, Pennsylvania
Lake Erie College of Osteopathic Medicine, Erie, Pennsylvania

*

†

medical services personnel were present for the third seizure 
and treated her with diazepam 5 mg intravenously prior to 
arrival to the hospital. Her family member stated that she had 
not taken any of her daily medications due to a two-day history 
of nausea, vomiting and diarrhea. On initial evaluation in the 
ED, the patient denied chest pain, dyspnea, or other complaints. 

In addition to the seizure disorder, her medical history 
was significant for peripheral artery disease, obstructive sleep 
apnea, hypothyroidism, and migraines. Her home medications 
included clopidogrel, carbamazepine, lamotrigine, topiramate, 
and levothyroxine. She had denied current use of tobacco, 
alcohol, or illicit drugs. 

Physical exam revealed that the patient had a fluctuating 
level of consciousness, consistent with a postictal state, but 
no lateralizing neurological deficits. Her vital signs were a 
temperature of 36.3 degrees Celsius, pulse of 118 beats per 
minute, respiratory rate of 20 breaths per minute, blood pressure 
of 146/69 mmHg, and an oxygen saturation of 96% on three liters 
of supplemental oxygen by nasal cannula. Her cardiovascular 
exam was only remarkable for a regular tachycardia. The 
remainder of the physical exam was unremarkable. 

Chest radiograph and computed tomography of the 
head were unremarkable. An electrocardiogram upon arrival 
revealed sinus tachycardia with rate of 114 beats per minute 
with biphasic T-waves in leads V2-V4 with a noted 1 mm ST-
elevation in V1 and a <1 mm ST-elevation in aVL (Image). 
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Remarkable labs included a white blood count of 16 x 103 
mm,3 Troponin I of 2.42 ng/mL, CK-MB of 18.5 ng/mL, and 
a lactate of 3.0 mmol/L. Urinalysis was incidentally consistent 
with a urinary tract infection. 

Interventional cardiology was consulted and it was 
determined that the patient would require urgent cardiac 
catheterization. In addition to her home dose clopidogrel, 
the patient was given aspirin 324 mg orally, metoprolol 
5 mg IV and was given a weight-based dose of heparin. 
The patient was then taken for cardiac catheterization, 
which revealed angiographically normal coronary arteries, 
moderately impaired left ventricular function with ejection 
fraction (EF) of 35%, and wall-motion abnormalities of 
akinesis of the apical and apical septal wall, as well as 
severe hypokinesis of the anterolateral, diaphragmatic, 
and inferolateral wall. Interventional cardiology described 
the wall-motion abnormalities as being consistent with 
Takotsubo cardiomyopathy. Post-cardiac catheterization 
echocardiography revealed an EF of 30-35%, apical akinesis, 
severe hypokinesis of distal anteroseptal, anterior, lateral, and 
inferior walls, with compensatory basal hyperkinesis. She 
was started on a beta-blocker as well as an ACE inhibitor with 
recommended follow-up echocardiogram in three months to 
evaluate for improvement. 

DISCUSSION
Takotsubo cardiomyopathy, also known as apical ballooning 

syndrome or stress cardiomyopathy, is an acute-onset regional 

Image. Electrocardiogram depicting Wellens’ syndrome.

CPC-EM Capsule

What do we already know about this clinical 
entity? 
Wellens’ syndrome is a STEMI equivalent 
that requires prompt interventional 
cardiology consultation. However, it is rarely 
associated with Takotsubo cardiomyopathy.

What makes this presentation of disease 
reportable?
Although both Wellens’ syndrome and 
Takotsubo cardiomyopathy have been 
reported in the literature, rarely are they 
seen in the same patient encounter.

What is the major learning point? 
The emergency physician should keep a 
broad differential when faced with either a 
STEMI mimic or an equivalent.

How might this improve emergency 
medicine practice? 
As more cases are reported, further studies 
may show an association between STEMI 
mimics and STEMI equivalents.
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1. Transient hypokinesis, akinesis, or dyskinesis of the left ventricular mid segments with or without apical involvement; the regional wall 
motion abnormalities extend beyond a single epicardial vascular distribution; a stressful trigger is often, but not always, present.

2. Absence of obstructive coronary disease or angiographic evidence of acute plaque rupture.

3. New ECG abnormalities (either ST-segment elevation and/or T-wave inversion) or modest elevation in cardiac troponin.
4. Absence of pheochromocytoma or myocarditis.

Table. Diagnostic criteria for the diagnosis of Takotsubo cardiomyopathy.5

ECG, electrocardiogram

left ventricular dysfunction that is associated with chest pain 
and heart failure. It is becoming an increasingly recognized 
heart disease, affecting 5.2/100,000 women and 0.6/100,000 
men in the United States.3 The disease occurs most frequently 
in women greater than 55 years, although all ages and both 
sexes can be affected.3 Although it is commonly preceded by an 
intense physical or emotional triggering event, such events are 
not identified in approximately one third of patients.4,5 Affected 
patients typically present with chest pain, dyspnea, and transient 
ST-segment elevation, which mirrors the presentation of an acute 
myocardial infarction (MI).4,6,7 Troponin I levels are usually 
elevated in this disease, but to a lesser extent than in a MI (1.8x vs 
6x).4 Diagnostic criteria were first proposed by the Mayo Clinic, 
and subsequently modified by Prasad et al. in 2008 (Table).5 

As Takotsubo cardiomyopathy presents similarly to acute 
coronary artery occlusion, it is usually diagnosed by cardiac 
catheterization that shows normal coronary arteries and wall-
motion abnormalities.6 The cardiomyopathy is usually self-
limited, and with supportive treatment, rapid return to normal 
cardiac function can be expected.8 Although self limiting, it is 
associated with ventricular tachycardia, ventricular thrombus, 
and ventricular rupture, which may increase the diseases 
morbidity and mortality.6 

 In our case, the patient presented with an ECG and 
clinical findings consistent with Wellens’ syndrome but 
was found to have Takotsubo cardiomyopathy on cardiac 
catheterization. It is unusual for a STEMI mimic to manifest 
as a STEMI-equivalent finding on ECG. This case highlights 
the importance of considering a broader differential diagnosis 
when confronted with ECG findings suspected to be STEMI 
equivalents. However, there will still be a need for invasive 
cardiac testing in consultation with cardiology to rule out MI. 

 Interestingly, it was also hypothesized that the patient’s 
triggering event may have been caused by seizure activity. In 
2011, Stöllberger et al. reported several cases of Takotsubo 
cardiomyopathy triggered by seizure activity.12 None of these 
cases were reported, or suspected, to have a Wellens’ syndrome. 
Most of the patients in the case-series experience did, however, 
experience chest pain and/or hemodynamic deterioration, which 
was not present in our case. Wellens’ syndrome is typically 
not preceded by seizure activity as the underlying etiology is 
a coronary lesion. No association of Wellens’ syndrome with 
seizure activity could be found. 

CONCLUSION
Wellens’ syndrome, originally described in 1982, is a 

characteristic ECG finding that signifies critical LAD stenosis; 
however, the patient is usually pain-free at the point the ECG 
is obtained.9,10 It is important to recognize this syndrome to 
ensure timely transfer to the cardiac catheterization suite, as 
well as to avoid any testing that could induce MI, especially 
provocative stress imaging.11 There are two types of ECG 
findings associated with this syndrome. Type A (25% of cases) 
is identified by biphasic T-waves in V2-3, while type B’s 
findings are deeply inverted T-waves in V2-3.11
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Acute myocardial infarction and perforated peptic ulcer disease with associated peritonitis are both medical 
emergencies requiring urgent intervention. This patient presented with both emergencies simultaneously. 
Current literature is devoid of guidance as to which should be addressed initially. A multidisciplinary 
discussion was conducted leading to a unanimous decision for initiating percutaneous coronary intervention 
(PCI). After successful PCI, the patient was immediately taken to the operating room for laparoscopic 
repair of the perforated viscous. Subsequent to the operative repair, the patient became hemodynamically 
unstable and a repeat electrocardiogram demonstrated complete right coronary occlusion. Shock ensued 
and the patient died in the intensive care unit despite this plan of care. It is our opinion that this case reveals 
the need for expert panels to devise decision algorithms for concomitant presentations of life-threatening 
diseases. [Clin Pract Cases Emerg Med. 2017;1(3):179–182.]

INTRODUCTION 
Acute myocardial infarction with ST-segment elevation is 

a medical emergency. A preponderance of literature supports 
that rapid treatment with cardiac catheterization within 90 
minutes is associated with lower rates of in-hospital mortality.1 
This rapid “door-to-balloon” time is also associated with 
decreased mortality rates at 30 days as well as one year, and 
has become the standard of care in many healthcare settings.2,3 
Peptic ulcer perforation is a fatal complication of peptic 
ulcer disease, which occurs in 1.5-7.8 out of 100,000 people 
per year based on a study conducted among the Swedish 
population.4 The mortality rate associated with peptic ulcer 
perforation is approximately 10%,4 and delayed treatment 
of peptic ulcer perforation (more than 24 hours between 
symptom onset and hospital admission) has been established 
as an independent predictor of 30-day mortality by the peptic 
ulcer perforation (PULP) score.5 When both of these time-
sensitive medical emergencies present concomitantly, even 
experienced physicians may find difficulty in deciding which 
pathologic process to address first.
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CASE REPORT
A 66-year-old Bedouin woman with a past medical history 

of uncontrolled type 2 diabetes mellitus, dyslipidemia and 
hypertension presented to the emergency department (ED) 
with a chief complaint of abdominal pain for two days. She 
described the pain as sharp, constant, and located in the 
epigastric area radiating to her back. It was associated with 
nausea and vomiting. She denied any history of nonsteroidal 
anti-inflammatory drug or other analgesic use and had no 
known history of coronary artery disease or prior surgeries.

On presentation the patient appeared stable with 
normal vital signs. The physical exam was remarkable 
for a rigid abdomen with diffuse abdominal tenderness. 
An immediate acute abdominal series was non-diagnostic 
without evidence of pneumoperitoneum. Analysis of venous 
blood revealed significant metabolic acidosis (pH 7.29, 
HCO3

- 15.6 mmol/L, pCO2 26.2 mmHg, lactate 4 mmol/L). 
Computed tomography (CT) of the abdomen and pelvis 
was subsequently performed, which demonstrated free 
intraperitoneal air suggestive of a perforated viscous (Image 
1). After the CT, the patient began to experience new-onset 
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Image 1. Computed tomography scan showing free air in the 
abdominal cavity. 

 

 Image 2. Electrocardiogram shows ST elevations in the inferior 
and lateral walls. 

chest pain. An electrocardiogram (ECG) was obtained 
showing ST-segment elevation in the inferior leads II, III 
and AvF (Image 2).

Given the concomitant presentation of two emergent 
pathologies, a multidisciplinary discussion was conducted 
between the emergency physician, cardiologist and general 
surgeon to determine the proper course of treatment. 
They unanimously agreed that cardiac catheterization 
and percutaneous coronary intervention (PCI) would take 
precedence over laparoscopic surgical repair of the patient’s 
perforated viscus. This decision was based on the clinical 
judgment that an acute STEMI was the more immediate threat 
to life compared to perforated viscus without evidence of 
active exsanguination. Consideration was also given to the 
rapid nature of PCI compared to laparoscopic surgery. 

The patient received 80mg pantoprazole intravenously 
(IV) as a temporizing measure for suspected gastric 
perforation and was rushed to the catheterization laboratory. 

Image 3. Percutaneous coronary intervention shows an occlusion 
in the right coronary artery. 

 

 

CPC-EM Capsule

What do we already know about this clinical 
entity? 
There is limited literature regarding the 
treatment of these two diseases occurring 
simultaneously and there are no guidelines 
regarding management of such complex 
patients.

What makes this presentation of disease 
reportable? 
Concomitant acute myocardial infarction 
and gastric ulcer perforation constitute a 
challenge both diagnostic and therapeutic 
leading to increased morbidity and mortality 
even with prompt diagnosis and treatment.

What is the major learning point? 
In unstable patients, the emergency physician 
should consider another life-threatening 
diagnosis even in the presence of an ST 
elevation myocardial infarction.

How might this improve emergency 
medicine practice? 
By maintaining a high index of suspicion for 
concomitant disease processes, future case 
reports may provide more clarity on how to 
approach this complex clinical scenario.
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Prior to PCI she received 3000 units of heparin IV, 300mg 
of aspirin orally (PO) and 600mg of clopidogrel PO. 
Catheterization demonstrated significant coronary artery 
disease. The proximal right coronary artery (with right 
dominant anatomy) had near total occlusion of the artery 
(99%), consistent with thrombolysis in myocardial infarction 
(TIMI) grade 1 flow. Presence of a large coronary thrombus 
was seen, with minimal anterograde flow beyond the occlusion 
(Image 3). PCI with a bare metal stent (BMS) insertion was 
then performed successfully. 

The patient was then transferred directly to the operating 
room (OR) in hemodynamically stable condition. She was 
sedated and intubated and laparoscopic surgery was initiated. 
A 2mm perforation was visualized in the prepyloric gastric 
antrum. The defect was repaired and an omental patch was 
placed. Operative time was less than 20 minutes. After the 
operative repair but while still in the OR, the patient became 
hemodynamically unstable with systolic blood pressure 
measuring 40mmHg. IV vasopressors were initiated and the 
patient was transferred to the ICU on a ventilator. She remained 
hemodynamically unstable 12 hours postoperatively despite 
resuscitative measures and maximal vasopressor support. 

A repeat ECG was obtained, which again showed ST-
segment elevation (Image 4). The patient was then taken 
for a second cardiac catheterization, which revealed a total 
occlusion of the right coronary artery due to early subacute 
stent thrombosis. The thrombus was partially evacuated 
but could not be completely removed. An additional 
BMS was inserted and the patient was transferred to the 
intensive coronary care unit where she continued to be 
hemodynamically unstable. The patient subsequently passed 
away an hour later.

DISCUSSION
Acute MI occurring simultaneously with gastric ulcer 

perforation is an uncommon scenario that can have fatal 
consequences. Even with prompt diagnosis and treatment, 

 

 
Image 4. Electrocardiogram shows ST elevation in the inferior 
wall. 

complications arising from these two disease processes are 
associated with increased morbidity and mortality.1-3,5,6 There 
is limited literature regarding the treatment of these two 
diseases occurring simultaneously, and available literature 
consists mainly of case reports. Currently, there are no 
guidelines regarding management of such complex patients. 
Differentiating between STEMI and perforated viscus can also 
be quite challenging. While STEMI can manifest clinically 
with epigastric complaints, perforated viscus can also be 
accompanied by ischemic changes on ECG including ST-
segment elevation.7 A similar case was described in 1967, 
and the authors suggested that the association may be more 
common than previously thought. Without a high suspicion 
for cardiac pathology, these cases may easily be misdiagnosed 
as the result of peptic ulcer perforation alone.8 Another report 
regarding concomitant perforation and acute MI suggested 
performing surgical treatment first; however, they do not cite 
any literature supporting this decision.9

A decision analysis in patients with acute MI and upper 
gastrointestinal (GI) bleeding has been proposed, resulting in 
esophagogastroduodenoscopy (EGD) prior to PCI as a strategy 
with better outcomes, but the distinction between non-STEMI 
and STEMI was not made in this study.10 In a case of a patient 
with upper GI bleeding and acute MI, it is reasonable to 
perform EGD prior to PCI since the anticoagulation necessary 
to perform PCI has the potential to worsen GI bleeding. While 
this may be a reasonable approach, it is important to keep in 
mind that MI has higher rates of 30-day mortality as well as 
higher rates of in-hospital mortality.11 It is also important to 
recognize upper GI bleeding and perforated gastric ulcers as 
distinct entities with differing prognosis and treatment. For 
example, it has been shown that ulcer perforation has higher 
mortality rates compared to upper GI bleeding especially in 
the elderly population.12

While there is lack of data regarding whether surgical 
repair of a perforated gastric ulcer or PCI for STEMI 
should come first, 1 there is comprehensive data supporting 
the superior outcomes of early revascularization for 
STEMI. Based on this, it is our opinion that PCI should be 
performed prior to surgical repair in patients presenting with 
simultaneous disease processes. Due to the rarity of this 
scenario, as well as ethical concerns, there is no option for a 
randomized clinical trial to compare the two approaches. By 
maintaining a high index of suspicion for concomitant disease 
processes, future case reports may provide more clarity on 
how to approach this scenario.

CONCLUSION 
The presence of two life-threatening diagnoses occurring 

simultaneously in a patient is rare but not unheard of. 
Recognizing the concomitant disease processes is crucial, 
but determining the most effective sequence of treatment 
is not always readily apparent. The establishment of a clear 
algorithm may facilitate the treatment of such patients, 
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such as those who suffer from acute myocardial infarction 
complicated by another medical emergency. We therefore 
suggest that an expert panel use available literature and expert 
opinion to devise a decision algorithm for future cases in order 
to provide optimal treatment for these complex cases.
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Isolated pelvic deep vein thromboses (DVT) are rare and difficult to diagnose, but they are more 
common in pregnant women and carry an increased risk of embolization. Pulmonary embolism is 
the most common non-obstetric cause of death in pregnancy. Compression ultrasound is the first-
line imaging test for suspected lower extremity DVT, but it cannot usually aid in directly visualizing or 
easily diagnosing isolated pelvic DVT. Nonetheless, point-of-care ultrasound (POCUS) may provide 
valuable clues to help rule in pelvic DVT and expedite initiation of anticoagulant therapy. Such 
findings include increased venous diameter, increased resistance to compression, visible venous 
reflux, and blunted phasicity. This case presents an example of how these findings on POCUS led 
the emergency physician to make the difficult diagnosis of pelvic DVT at the bedside within seconds. 
[Clin Pract Cases Emerg Med. 2017;1(3):183–186.]
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INTRODUCTION
Leg pain and swelling are common in pregnancy, which 

is a risk factor for deep vein thrombosis (DVT).1 Isolated 
pelvic DVT, though uncommon, occurs more often during 
pregnancy.2,3 Typically, compression ultrasound is first-line 
imaging for suspected lower extremity DVT, but it may 
not as easily identify isolated pelvic DVT unless a more 
comprehensive sonographic approach and technique is used.4 

 Pulmonary embolism (PE) is the most common non-
obstetric cause of death in pregnant women.3,5 Proximal DVT 
has a higher likelihood of embolization and mortality than calf 
DVT; thus, early detection is essential.6,7

Point-of-care ultrasound (POCUS) for DVT is accurate 
and widely employed by emergency physicians.8,9 Typical 
findings include visualization of thrombus and lack of venous 
compressibility. For pelvic DVT, findings may not be as clear, 
but subtle clues may suggest the diagnosis. 

We present a case of occult iliac DVT in which lower 
extremity veins were compressible, but other sonographic clues 
led to the rapid, accurate diagnosis immediately at the bedside. 
To our knowledge, this is the first report to describe the detailed 
POCUS findings that led to this uncommon diagnosis. 

CASE REPORT
A 26-year-old pregnant woman at 23 weeks gestation 

presented with three days of atraumatic left calf pain. 
Physical examination revealed circumferential swelling, 
tenderness, and mild redness to the left calf. Clinical 
likelihood of DVT was felt to be high and DVT POCUS was 
performed immediately.

Venous compression was performed including views of 
the proximal zone from the saphenofemoral junction to the 
common and deep femoral junctions, as well as the popliteal 
zone to the trifurcation. The deep veins were compressible 
in all zones but appeared distended and required higher than 
expected pressure to compress (Images 1A, 1B, 2A, and 2B; 
Supplemental video). These findings prompted comparison 
views and additional investigation with pulsed-wave spectral 
Doppler, revealing normal augmentation but blunted phasicity 
(Images 1C and 1D; Supplemental video). Deep veins of the 
unaffected leg were smaller in diameter and compressed more 
easily (Images 1A, 1B, 2A, and 2B; Supplemental video). 
These findings suggested a proximal venous thrombus on the 
left, and anticoagulation was initiated. 

A magnetic resonance venogram (MRV) of the pelvis 
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CPC-EM Capsule

What do we already know about this clinical 
entity?
POCUS is commonly used by EPs to 
evaluate for lower extremity DVT. Isolated 
pelvic DVT is more difficult to identify, but 
carries a higher risk of embolization.

What makes this presentation of disease 
reportable? 
This report details POCUS findings that may 
suggest the difficult diagnosis of isolated 
pelvic DVT.

What is the major learning point? 
Increased venous diameter, difficulty in 
compression, and blunted phasicity may 
suggest pelvic DVT. Comparison to the 
unaffected extremity is useful.

How might this improve emergency 
medicine practice? 
Recognition of these findings may suggest 
an otherwise difficult diagnosis and expedite 
treatment decisions.

was performed, confirming a near-occlusive thrombus in the 
left common iliac vein with extension into the external iliac 
vein, suggestive of May-Thurner syndrome, an anatomical 
variant where the left iliac vein is compressed by the right 
iliac artery (Images 2C and 2D).10 POCUS findings were 
referenced by radiology.

The patient was admitted, continued therapy and her 
course was otherwise uneventful. 

DISCUSSION
DVT is a common consideration for emergency 

physicians treating pregnant patients with lower extremity 
symptoms. In pregnant women, proximal DVT is more likely 
(62%) than calf DVT (6%) compared to the non-pregnant 
population where 80% of DVTs occur in the calf.11 The 
likelihood of fatal PE is considerably higher when proximal 
DVT is the source.6

Ultrasound for lower extremity DVT is generally accurate; 
however, its accuracy in cases of isolated pelvic DVT is not 
well established. In this case, although a clot was not directly 
visualized, there were clues on POCUS that suggested the 
diagnosis. These findings included the following: 

1. Venous distention (increased diameter and difficulty in 
compression, specifically compared to the unaffected side)

2. Blunted phasicity (again, specifically compared to the 
unaffected side)

3. Visible venous reflux.

There is variability in the emergency medicine literature 
regarding the exact technique of DVT POCUS. We endorse 
a more comprehensive exam such as that described in this 
patient. Lack of compressibility suggests DVT, even if a clot 
is not directly visualized. The Doppler techniques commonly 
employed include these two: 

1. Augmentation – the Doppler gate is placed within the 
vein of interest; the vein is squeezed distally to assess for 
a rapid increase in venous velocity, which suggests distal 
patency.

2. Phasicity – the Doppler gate is placed within the vein 
of interest and variation during respiration is observed. 
Blunted phasicity suggests proximal occlusion. 

It should be noted that any patient with a high clinical 
likelihood of DVT and a negative ultrasound should undergo 
further diagnostic testing, such as computed tomography or 
MRV. As seen in this case, suggestive findings on POCUS 
may be adequate to initiate therapy until definitive imaging 
is obtained.

CONCLUSION
Current literature endorses a two-point focused 

lower extremity compression examination for DVT, 

but we endorse a more comprehensive exam.8 Pelvic 
DVTs are rarely identified in the emergency department 
(ED), and knowledge and attention to these techniques 
can help expedite diagnosis and management of this 
dangerous condition. A search of the literature identified 
only one other case of this diagnosis being made with 
POCUS in the ED, and the detailed findings were not as 
thoroughly described.12 Our case illustrates use of a more 
comprehensive approach and suggestions for technique in 
using POCUS to diagnose pelvic DVT in the emergency 
setting. We present a case of a young woman in her 
second trimester of pregnancy with unilateral leg pain and 
swelling. Though lower extremity veins were compressible, 
careful attention to subtle clues on DVT POCUS led to the 
rare and difficult diagnosis of iliac DVT. 

Our case demonstrates important teaching points that 
the use of POCUS in the ED to diagnose isolated pelvic 
DVT requires a more comprehensive approach and attention 
to technique that are not widely described in the current 
literature. The primary teaching points for any questionable 
cases are as follows:
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Image 1A, B. Distended femoral vein. Note the increased diameter of the distended femoral vein (V) in panel A. Compare this to 
the image from the unaffected side in panel B, where the femoral vein (V) has a much smaller (normal) diameter. 
(A - artery; V – vein)
Image 1C, D. Loss of phasicity. Note the flattened waveform in the spectral Doppler tracing in panel C, which represents a loss of nor-
mal variation during respiration known as phasicity. Compare this with panel D, which shows gradual changes in velocity of the spectral 
Doppler waveform corresponding to passive respiration, suggesting patency of the proximal vein. Panel D shows normal phasicity.

•	 Perform comparison views to the unaffected extremity
•	 Assess for venous distention and compressibility
•	 Assess for reflux and phasicity 

The findings that may suggest pelvic DVT include these:
•	 Increased venous diameter
•	 Resistance to compression
•	 Venous reflux
•	 Blunted phasicity.

Further, we recommend routinely performing a more 
detailed DVT POCUS exam as described above in all patients 
suspected to have a lower extremity DVT.

This case demonstrates the utility of a comprehensive 
approach and specific details on technique for POCUS in 
making rapid, accurate diagnoses. Recognition of subtle 
findings as described here can lead to the uncommon but 
potentially life-saving diagnosis of isolated pelvic DVT in the 
ED setting.

Supplemental Video. Iliac DVT Findings. In this narrated 
video, the findings that led to the diagnosis of iliac DVT are 
demonstrated. Findings include increased venous diameter, 
difficulty in compression, and loss of phasicity. 
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Image 2A, B. Difficulty in compression. In panel A, venous compression is only achieved with high pressure, as noted by the com-
pressed artery (A). Compare this to panel B, where the vein is completely compressed while the artery (A) is able to maintain a 
normal diameter. 
Image 2C, D. Common Iliac thrombosis on magnetic resonance: venogram. In panel C, a thrombus is seen as a hypointense signal in 
the left common iliac vein (arrow). This finding, along with evidence of occlusion, is also evident in panel D (arrow). 
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Gastric volvulus is a rare condition defined as an abnormal rotation of the stomach by more than 
180 degrees. Gastric volvulus could present atypically with simply nausea and vomiting. A high 
index of suspicion is required for prompt diagnosis and treatment, especially when a patient 
presents with subacute intermittent gastric volvulus. Here, we present the case of a 56-year-old 
female with lung cancer status post left lower lobectomy undergoing chemotherapy who presented 
with intermittent nausea and upper abdominal pain for a few weeks. Barium study and computed 
tomography revealed acute mesenteroaxial gastric volvulus and she was treated with urgent surgical 
intervention. [Clin Pract Cases Emerg Med. 2017;1(3):187–189.]

INTRODUCTION
Acute gastric volvulus is rare and is considered a medical 

emergency. Acute gastric volvulus usually presents with 
Borchadt’s triad: unproductive retching, epigastric pain and 
distention, and the inability to pass a nasogastric tube. Early 
recognition of the condition followed by surgical correction of 
the gastric malrotation can be life-saving. Prompt diagnosis of 
intermittent gastric volvulus may be challenging, as a patient 
might not exhibit classical symptoms in Borchadt’s triad and be 
mistaken with more common causes of intermittent abdominal 
pain such as peptic ulcer disease, dyspepsia or cholecystitis. 

CASE REPORT
A 56-year-old female with history of non-small cell lung 

cancer, hypertension, recently treated H. pylori infection and 
diabetes presented to a local emergency department (ED) 
twice in a week with the complaints of worsening nausea and 
bilious emesis over a one-month period while she was receiving 
chemotherapy. The patient also reported pain in the epigastrium 
that slowly progressed to the left chest. Patient had had left 
lower lobectomy with partial diaphragmatic resection a year 
prior as part of the treatment for the lung cancer. The patient had 
normal complete metabolic panel, magnesium, and lipase and a 
chest radiograph that was read as unremarkable besides “a large 
hiatal hernia.” She was discharged home the first time with 
antiemetics, but it was decided to admit her at the second ED 
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visit as she had laboratory abnormalities significant for severe 
hypokalemia (potassium: 2.4 mg/dL) and hypomagnesemia 
(magnesium: 0.6 mg/dL).

Physical examination was remarkable for decreased left 
lower lobe breath sounds as well as palpable tenderness in 
the epigastrium and the left chest wall. A chest radiograph 
revealed an air-filled, thick-walled structure overlying the left 
lower thorax with marked elevation of the left hemi-diaphragm 
(Image 1). The gastrointestinal (GI) service was requested to see 
the patient, and the consultant recommended a barium upper GI 
(UGI) series to define the gastric anatomy prior to performing 
an upper endoscopy. The barium UGI series revealed that about 
half of her stomach had migrated into the left thorax, occupying 
the space where her lung had been removed: the antrum was 
now situated above the diaphragm and was cephalad to the 
gastric body. Furthermore, the oral contrast administered could 
not empty into the duodenum despite the patient being placed 
in different positions (Image 2). A contrast-enhanced computed 
tomography (CT) of the chest, abdomen and pelvis next was 
performed and confirmed the diagnosis of mesenteroaxial 
gastric volvulus with gastric outlet obstruction (Image 3). 
The patient subsequently underwent emergent exploratory 
laparotomy for volvulus reduction, diaphragmatic defect repair 
and left tube thoracostomy. She tolerated the procedure well and 
experienced no complications. A control CT showed that the 
gastric body was in normal anatomic position (Image 4).
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DISCUSSION
Gastric volvulus is defined as an abnormal rotation 

of the stomach by more than 180 degrees and is classified 
as organoaxial (59%), mesenteroaxial (29%) or mixed.1 
Mesenteroaxial volvulus is more likely found in the pediatric 
population and is rarely described in adult individuals.2 Risk 

Image 1. Chest radiograph showing an air-filled, thick-walled 
structure (black arrows) overlying the left lower thorax with 
marked elevation of the left hemi-diaphragm (white arrows).

Image 2. Barium UGI series demonstrating mesenteroaxial gastric 
volvulus. Antrum (A). Gastric body (B). Esophagus (E).
UGI, upper gastrointestinal

CPC-EM Capsule

What do we already know about this clinical 
entity? 
Gastric volvulus is a rare but known entity. 
CT scan or upper GI series are the preferred 
diagnostic modalities. Treatment is surgical 
in most cases. 

What makes this presentation of disease 
reportable?
Our patient presented with intermittent 
gastric volvulus, which can be very 
challenging to diagnose since it can mimic 
more common diseases such as peptic ulcer 
disease.

What is the major learning point? 
Physicians should consider gastric volvulus 
as a rare but possible differential diagnosis 
in patients with compatible history and exam 
but uncommon presentation.

How might this improve emergency 
medicine practice? 
Any delay in diagnosis of gastric volvulus 
can have grave consequence and emergency 
physicians should have a high index 
of suspicion for prompt diagnosis and 
treatment.

factors for gastric volvulus include patient age over 50, gastric 
ligament laxity, pyloric stenosis, rectal atresia, gastroduodenal 
tumors, diaphragmatic injury and eventration, left lung 
resection, or pleural adhesions.2,3 Complications associated 
with gastric volvulus include bowel obstruction, strangulation, 
ischemia, necrosis, perforation and abdominal sepsis. Acute 
gastric volvulus is a medical emergency with mortality 
rates as high as 30-50%.4 The diagnosis of gastric volvulus 
mainly relies on barium UGI series. A CT of the abdomen 
can confirm the gastric malrotation and define the transition 
point.5,6 Upper abdominal defects including diaphragmatic 
eventration, paraesophageal hernia and wandering spleen 
can be seen associated with gastric volvulus on imaging 
studies. Gastric volvulus can sometimes be diagnosed through 
upper endoscopy and a tortuous appearance of the stomach; 
difficulty or inability for the endoscope to reach the pylorus 
can be encountered. Management is surgical and primarily 
involves decompression of the stomach, volvulus reduction 
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Image 3. Mesenteroaxial volvulus was seen on a coronal CT 
of the chest and abdomen where the antrum (A) has migrated 
above the left diaphragm and is cephalad to the gastric body (B).
CT, computed tomography

Image 4. A control chest CT shows gastric body in normal 
anatomical position.
CT, computed tomography

was not made during her first ED visit, as her symptoms, 
laboratory testing and the chest radiograph finding of “a large 
hiatal hernia” did not raise enough concern for additional 
imaging studies to be pursued. Fortunately, when she returned 
a week later, the correct diagnosis of gastric volvulus was 
made right away using barium UGI series and CT. 

This experience demonstrates the importance of 
considering gastric volvulus as a rare but possible 
differential diagnosis when a patient has surgical history of 
left lobectomy and diaphragmatic injury, even if the patient 
does not present with a symptomology consistent with 
classic Borchadt’s triad. Lack of prompt diagnosis could 
gravely change the patient’s outcome. 
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and possible gastropexy or gastrostomy tube placement. Intra-
abdominal defects should be corrected if contributory.4 

Our patient with mesenteroaxial volvulus did not present 
with the typical Borchadt’s triad. Instead, she presented 
with migrating pain from the epigastrium to the left chest 
over a one-month period, likely due to intermittent volvulus 
corresponding to the process of the stomach migrating 
through the post-lobectomy diaphragmatic defect leading to 
the eventual acute volvulus. The diagnosis of gastric volvulus 
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A 79-year-old female called 911 for abdominal pain in her left upper quadrant with radiation 
through to her back and left shoulder for three hours. Upon arrival to the emergency department 
her physical exam was positive only for tenderness in the left upper quadrant of her abdomen. 
The patient denied any history of trauma but reported she “did sneeze three times” just prior 
to the onset of her pain. Computed tomography angiography of the abdomen and pelvis was 
obtained to evaluate for vascular pathology. The radiologist immediately called with concern for 
splenic laceration. The general surgeon took the patient directly to the operating room where 
she underwent a splenectomy and recovered without sequelae. This is the first case report of 
spontaneous splenic rupture that resulted after the act of sneezing. It is important to be aware of 
this rare clinical entity because early recognition can be life saving. [Clin Pract Cases Emerg Med. 
2017;1(3):190-193]

INTRODUCTION
Atraumatic splenic rupture (ASR) and spontaneous splenic 

rupture (SSR) are rare, life-threatening events, typically not 
at the top of a clinician’s differential for acute abdominal pain 
in the absence of trauma. The purpose of this paper is to bring 
this diagnosis to the forefront of clinicians’ minds, given the 
potential catastrophic sequelae if undiagnosed.

Historically, the first documented cases of ASR were 
by Rokitansky in 1861 and Atkinson in 1874.1 In 1927 
Weidemann defined “spontaneous splenic rupture” as that 
resulting from an incident without external force. In 1966 
Knoblish further differentiated “non-traumatic rupture of a 
pathological spleen” from the extremely rare “non-traumatic 
splenic rupture of unknown etiology.”2 In other words, 
this specified a true SSR as occurring in spleens without 
pathologic disease.

Etiology of ASR has largely been hypothesized to result 
from three primary mechanisms, the first being mechanical 
distention secondary to parenchymal infiltration associated 
with hematologic malignancy such as leukemia or lymphoma. 
The second is splenic infarct causing capsular hemorrhage 
and rupture, and the third is the existence of an underlying 

Promedica Monroe Regional Hospital, Department of Emergency Medicine, Monroe, 
Michigan
Promedica Monroe Regional Hospital, Department of Pharmacy, Monroe, Michigan

*

†

Section Editor: Rick A. McPheeters, DO
Submission history: Submitted October 13, 2016; RevisionDecember 8, 2016 received; Accepted February 22, 2017.
Electronically published May 24, 2017
Full text available through open access at http://escholarship.org/uc/uciem_cpcem
DOI: 10.5811/cpcem.2017.2.32847

coagulopathy.3 It is important to note these mechanisms 
involve pathology of the spleen and thus would not be 
categorized as true SSRs.

Recent literature has found the incidence of true SSR 
varies from <1% to 7% with a mortality rate of approximately 
12.2%.4,5 SSRs are graded using the following criteria put 
forth by Orloff and Peskin: first, no history of trauma; second, 
no evidence of other organ disease known to adversely affect 
the spleen; third, no evidence of perisplenic adhesions or 
scarring of the spleen suggestive of prior trauma; and fourth, 
aside from hemorrhage and rupture, the spleen should be 
normal on gross inspection and histologic examination.6 
In 1991 Crate and Payne added a fifth criterion that full 
virological studies of acute and convalescent serum should 
show no significant rise in antibody titers.7

CASE REPORT
Our case began with a 79-year-old female who called 

911 from her home for transport to the emergency depart-
ment (ED) for evaluation of abdominal pain in her left upper 
quadrant with radiation through to her back and left shoulder, 
which had been present for approximately three hours. The 
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CPC-EM Capsule

What do we already know about this clinical 
entity? 
Spontaneous splenic rupture is a rare clinical 
entity and there has never been a case report 
documenting it as the result of sneezing.

What makes this presentation of disease 
reportable?
Splenic rupture is not typically in the 
differential for non-traumatic abdominal 
pain.  This case illustrates why it should be 
considered even without history of trauma.

What is the major learning point? 
Trauma is not required to have splenic 
rupture.

How might this improve emergency 
medicine practice? 
Clinicians who keep this case in mind are 
more likely to identify spontaneous splenic 
rupture in the absence of trauma.

patient had a past medical history significant for hypertension 
and hypercholesterolemia for which she took lisinopril and 
rosuvastatin daily.

Upon arrival at the patient’s home, the emergency medical 
services (EMS) team reported that the patient initially ap-
peared well with normal vital signs but then began to deterio-
rate. The patient’s blood pressure fell to 61/38 mmHg and she 
had a near syncopal episode prompting EMS to administer 
intravenous (IV) fluids and commence transport to the ED for 
further evaluation. 

When the patient arrived to the ED she was awake and 
alert with mild distress from her pain but interacting appropri-
ately. Her vital signs were blood pressure of 101/56 mmHg, 
pulse rate of 74 beats per minute and an oxygen saturation of 
100% on room air. Her physical exam was positive for tender-
ness in the left upper quadrant of her abdomen, but it was soft 
with no guarding or rigidity. She showed no signs of focal 
neurologic deficit, jugular venous distension, heart murmurs 
or abnormal lung sounds. Her extremities had equal distal 
pulses with good capillary refill. Her medical history provided 
no identifiable explanation for her pain. The patient denied 
any history of trauma but reported she “did sneeze three 
times” just prior to the onset of her pain. Given the patient’s 
symptom of sudden onset abdominal pain with radiation to 
her back accompanied by hypotension, abdominal aortic 
aneurysm (AAA) was immediately considered. A bedside 
ultrasound was then performed but results were limited due to 
bowel gas present. Initial interpretation of her exam showed 
no obvious AAA, no definite free fluid and no evidence of 
pericardial tamponade. In the meantime vascular and general 
surgery were notified of the case, and since the patient’s blood 
pressure had remained stable the decision was made to obtain 
computed tomography (CT) angiography of the abdomen and 
pelvis to further evaluate for vascular pathology. 

Following the CT, the radiologist immediately called 
with preliminary results concerning for splenic laceration and 
hematoma with hemorrhagic abdominal and pelvic ascites 
(Image 1). After arriving back in the ED, the patient’s blood 
pressure decreased to 68/45 mmHg. She was given a one-liter 
IV fluid bolus and was transfused one unit of packed red blood 
cells. The CT results and clinical deterioration were commu-
nicated to the general surgeon who took the patient directly to 
the operating room where she was found to have a ruptured 
spleen in multiple pieces with a large amount of free intraperi-
toneal blood. A splenectomy was performed and the patient 
recovered without sequelae. The pathology report revealed 
splenic fracture with otherwise-normal splenic tissue. Lab 
results showed the patient’s initial liver functions and hemo-
globin were within normal limits and a mononucleosis screen 
was negative.

During her recovery the patient was questioned 
concerning any sustained trauma or recent illness. She 
continued to deny any obvious inciting event but recalled she 

Image 1.  Computed tomography of abdomen and pelvis in 
coronal view showing splenic laceration. 

had three forceful sneezing episodes prior to the onset of her 
pain. From a clinical standpoint her sneezing episodes were 
the only identifiable trigger for this patient’s SSR.
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The pathologic features of SSR of a normal spleen are 
similar to those with a history of trauma. The main findings on 
macroscopic examination are a subscapular hematoma, tears 
into the parenchyma, laceration of the pedicle, fragmentation 
and perisplenic hematoma.11 The microscopic examination of 
the spleen is different between the two groups. Farhi and Ashfaq 
found that in traumatic splenic ruptures there was an increase 
in the germinal center proliferation and of marginal-zone 
hyperplasia compared to the non-traumatic spleens of corpses.12

Many theories have been proposed to explain spontaneous 
rupture of the spleen (Table 1). It has been postulated that 
the incidence of splenic rupture correlates with the size of 
the spleen, but in a retrospective study by Bauer et al., the 
percentage of normal-sized spleens that ruptured was as much 
as 48%.13 The primary risk factors are splenic infiltration by 
hematologic disease, splenic infarct, male gender, adulthood, 
and severe splenomegaly.14

The diagnosis of SSR is in fact a diagnosis of exclusion. 
It is not considered to be a primary diagnosis in the evaluation 
of abdominal pain with hypotension in the absence of trauma. 
The most common presenting symptom is left upper quadrant 
pain and it is often associated with orthostatic symptoms. Two 
signs are particularly suggestive of splenic rupture: Kehr’s 
sign (left diaphragmatic irritation resulting in referred pain to 
the left shoulder), and Balance’s sign (palpable tender mass in 
the left upper quadrant). Classically, patients are found to be in 
hypovolemic shock with signs of peritonitis on exam. For our 
patient the exact diagnosis was not made until further imaging 
studies had been done. 

The management of splenic ruptures is based upon a 
grading scale from low to high depending on whether the 
splenic capsule is intact or ruptured.3 Low-grade splenic 
injuries may be managed conservatively as long as patients are 
hemodynamically stable. High-grade injuries typically require 
prompt surgical splenectomy to stabilize the patient.8

Confusing symptomatology arises for a couple of reasons. 
First, by virtue of the spleen’s position, local symptoms can 
be related to the left side of the chest, abdomen, and flank. 
Secondly, left-sided chest pain coupled with left shoulder 
pain and hemodynamic instability seen in splenic rupture 
can mimic myocardial infarction, pulmonary embolism or 
dissecting/ruptured aortic aneurysm. Finally, as a result of 
hemorrhage into the abdominal cavity, acute splenic rupture 
can masquerade as almost any cause of acute abdominal pain.

CONCLUSION
This is the first documented case report of spontaneous 

splenic rupture that resulted after the act of sneezing. It was 
fortunate for our patient that the diagnosis was made quickly 
with the assistance of CT imaging and operative intervention 
was obtained in a timely manner. The patient recovered without 
sequelae. It is important to be aware of this rare clinical entity 
during practice because early recognition can be life saving.

Image 2. Computed tomography of abdomen and pelvis in trans-
verse view showing multiple hypoechoic densities within splenic 
parenchyma suggestive of splenic laceration (arrow) and hema-
toma formation (oval).

1. Localized involvement of the spleen with a pathologic 
process where, upon rupture, all evidence of pathologic 
changes is destroyed.

2. Acute splenic congestion secondary to splenic vein spasm.

3. Splenic congestion secondary to chronic portal venous 
congestion.

4. Excessively mobile spleen causing mechanical obstruction 
and rupture.

5. Splenic artery aneurysm or degeneration.

6. Minor trauma that went overlooked.

7. Sudden elevation in abdominal pressure (i.e. a heavy 
meal, defecation, lifting, sexual intercourse, coughing, 
vomiting, pregnancy, colonoscopy, ERCP ).

ERCP, endoscopic retrograde cholangiopancreatography.

Table. Theories proposed to explain the spontaneous rupture of 
the spleen. [1-21]

DISCUSSION
SSR is a rare entity defined by the rupture of the spleen 

without antecedent injury. Most of the literature related to SSR 
is described in case reports. The term spontaneous rupture is 
often misleading. Wright and Prigot stated: “There is no such 
clinical entity as spontaneous rupture of the normal spleen.”9 
Johnson suggested that careful questioning will always elicit a 
history of injury.10
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We report a case of a 52-year-old man who presented to the emergency department (ED) in extremis 
(hypotensive with an altered sensorium) with subsequent cardiac arrest after a motor vehicle collision. 
The initial trauma evaluation did not reveal a source of the hemodynamic compromise. A point-of-care 
ultrasound revealed severe mitral regurgitation secondary to an anterolateral papillary muscle rupture. 
Patient underwent successful emergent mitral valve replacement after initial resuscitative efforts and 
intraaortic balloon pump placement. [Clin Pract Cases Emerg Med. 2017;1(3):194-196]

INTRODUCTION
A 52-year-old man with an unknown history was 

transported in extremis by emergency medical services after 
a severe motor vehicle collision (MVC) into the side of a 
home. On arrival to the emergency department (ED), the 
patient’s vital signs were blood pressure 90/50 mmHg, heart 
rate 110 beats per minute, respiratory rate 12 breaths per 
minute, oxygen saturation 95% on high flow non-rebreather 
mask, and a Glasgow coma score (GCS) of 8. During the 
primary survey, the patient was intubated due to labored 
breathing and a low GCS. The initial primary and secondary 
surveys did not reveal any signs of gross injury: his pelvis 
was stable, no long bone injuries were present, and rectal 
tone was intact prior to intubation. The initial extended 
focused assessment with sonography in trauma (EFAST) 
examination did not reveal free fluid in the chest, abdomen, 
pericardium, or pelvis. A modified pulmonary point-of-
care ultrasound (POCUS) examination did not demonstrate 
a pneumothorax in either side of the chest, but did reveal 
significant B-lines in the left upper lung field that correlated 
with an AP chest radiograph (Image 1). 

The pelvis was stabilized with a pelvic binder because 
of the persistent hypotension, and four units of packed 

Highland General Hospital, Department of Emergency Medicine, Oakland, California 
Highland General Hospital, Department of Cardiology, Oakland, California

*
†

Image 1. Anterior posterior chest radiograph demonstrates 
unilateral (left sided) opacities.
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red blood cells were transfused via a Level 1 infuser. An 
electrocardiogram (ECG) revealed sinus tachycardia with 
frequent ectopy, left axis deviation, right bundle branch block, 
ST depressions and T-wave inversions in multiple leads 
(anterior/septal, lateral) and hyperacute T waves in the inferior 
leads without obvious ST elevation, all of which were new 
compared with a prior ECG for the patient.

The patient was rapidly taken to computed tomography 
(CT) imaging because a clear source of hypotension could not 
be identified. After imaging, the patient was found to be in 
ventricular fibrillation, resulting in cardiac arrest as identified 
on a portable cardiac monitor, with a corresponding loss 
of pulses. Cardiopulmonary resuscitation and defibrillation 
were initiated and the patient regained spontaneous 
circulation within two minutes. CT revealed multifocal 
airspace consolidations, predominantly in the left upper lobe 
and right lower lobe, with no evidence of head, chest, or 
abdominal injury. Upon return to the trauma bay, a repeat POC 
echocardiogram was performed demonstrating hyperdynamic 
LV systolic function, severe mitral regurgitation (MR), 
and a ruptured anterolateral papillary muscle (Image 2A, 
2B). An urgent cardiology consultation confirmed the POC 
echocardiography findings, and a diagnostic catheterization 
revealed no evidence of coronary occlusion. An intraaortic 
balloon pump was placed and the patient was emergently 
transferred to a surgical center for mitral valve replacement. 
The mitral valve replacement with a bioprosthesis was 
uncomplicated. Two weeks after the initial incident the patient 
was discharged with no cardiac or neurologic deficits, and 
followed up with cardiology services.

Image 2A. A subxiphoid four chamber view of the heart 
demonstrates the mobile detached papillary muscle (arrows). 
RA, right atrium; RV, right ventricle; LA, left atrium; LV, left ventricle.

Image 2B. A subxiphoid four chamber view of the heart with color 
Doppler demonstrates a severe mitral regurgitation jet (arrows). 
RA, right atrium; RV, right ventricle; LA, left atrium; LV, left ventricle.

CPC-EM Capsule

What do we already know about this clinical 
entity?
The goal of POCUS in blunt trauma patients 
is to detect significant free fluid in the 
abdomen/thorax, and/or pericardial space 
and/or a significant pneumothorax.

What makes this presentation of disease 
reportable? 
POCUS has utility in detecting more subtle 
findings (specifically cardiac) that are 
unrecognized during the initial resuscitation 
of the critically ill trauma patient.

What is the major learning point? 
Once the classic findings of trauma are ruled 
out in the unstable trauma patient, repeat 
the POCUS evaluation looking for gross 
valvular abnormalities.

How might this improve emergency 
medicine practice? 
As clinicians become more facile with 
POCUS, important findings can be detected 
during the initial resuscitation of the 
critically ill trauma patient. 
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Using POCUS is even more critical when initial standard 
imaging studies fail to find the source of the hemodynamic 
compromise. Without POCUS, our patient likely would not 
have survived the acute cardiac insult, reinforcing our belief 
that POCUS evaluation of the critically ill patient is imperative 
during both the initial trauma evaluation, and also during the re-
evaluation when a clear source of shock is not detected.
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DISCUSSION
Myocardial contusion is the most frequent cardiac injury 

observed after blunt chest trauma.1 Valvular injury is less 
common. The aortic valve is the most frequently injured, 
followed by the mitral and tricuspid.2 Acute MR due to 
papillary muscle rupture is a known complication of acute 
myocardial infarction. However, there are only a few cases of 
acute rupture secondary to blunt chest trauma, and no reported 
cases detected by POC echocardiography during the initial 
trauma resuscitation. Due to higher rates of MVCs, traumatic 
valvular rupture rates have increased, with clinical presentation 
varying from asymptomatic to cardiogenic shock.3,4

The mechanism of injury is thought to be due to the 
compression of the heart from sudden deceleration and 
transfer of kinetic energy to the patient’s chest during late 
diastole. During this time in the cardiac cycle, the chambers 
are full and the valves are closing or closed. The valves are 
most vulnerable at this point to deceleration or compression 
injury.5-7 On physical exam, the intensity of the murmur does 
not necessarily correlate with the severity of the murmur. 
Some patients with severe MR attributable to rupture have 
early equalization of left ventricular and left atrial pressures, 
resulting in silent MR (as in our patient) or a relatively soft, 
short, and indistinct murmur in as many as 50% of patients.8

One of the key diagnostic findings in this case was the 
presence of unilateral pulmonary edema (UPE) on the initial 
chest radiograph and POCUS. In a recent large, retrospective 
European study of patients referred to the intensive or coronary 
care units with cardiogenic shock, UPE was invariably associated 
with severe MR.9 Although the finding of right-sided UPE was 
much more common, prolapse of the anterior leaflet, as was the 
case with our patient, was associated with left-side UPE.

POCUS has altered the framework for evaluating and 
managing the unstable trauma patient. EFAST evaluation 
allows for a directed evaluation of the abdomen, chest, and 
pericardium, which are cavities that can accumulate blood and 
cause hemodynamic compromise.10 It can also be vital in the 
detection of a large pneumothorax that may prevent venous 
return to the heart. Conversely, a negative EFAST examination 
compels the clinician to look for other sources of hemodynamic 
decompensation (e.g. retroperitoneum, long bone fractures, spinal 
injury, etc.). A negative EFAST examination (with a negative 
CT of the chest and abdomen for hemorrhage) in a critically 
ill trauma patient should trigger the astute clinician to search 
for the underlying acute pathology that may have preceded the 
trauma. Given our experience, a detailed POC echocardiographic 
evaluation looking for ejection fraction, right ventricular size and 
gross valvular function has become our de facto protocol.

Papillary muscle rupture is a surgical emergency, and we 
conclude that the emergency physician’s repeat, detailed POC 
echocardiography exam after the negative chest and abdomen 
CT in this patient prevented complete cardiac collapse. The 
emergency physician should entertain other sources of shock 
(cardiogenic, hypovolemic, distributive) in these difficult cases 
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Clenbuterol is a beta-agonist that has been abused by fitness-oriented individuals for muscle growth 
and weight loss. We report a case of a 46-year-old man who presented tachycardic, hypokalemic, and 
hyperglycemic after injecting testosterone obtained from Brazil. He developed refractory hypotension 
and was started on an esmolol infusion for suspected beta-agonist toxicity. Laboratory analysis 
showed a detectable clenbuterol serum concentration. Analysis of an unopened ampule contained 
boldenone undecylenate, clenbuterol, and vitamin E. This case illustrates a novel exposure that 
caused beta-agonist toxicity and was treated successfully with rapid-onset beta blocker. [Clin Pract 
Cases Emerg Med. 2017;1(3):197–200.]
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INTRODUCTION
Clenbuterol is a beta-agonist that has been abused by 

bodybuilders and other fitness-oriented individuals to promote 
muscle growth and weight loss by stimulating the β3 receptor. 
Clenbuterol in the past has been used as an adulterant for heroin.1 
Abuse of clenbuterol may produce hemodynamic compromise, 
life-threatening dysrhythmias and electrolyte disturbance.2 
Toxicity is easily confused with septic shock, but treatment 
is diametrically opposed; vasopressor therapy with additional 
β-agonism is detrimental to patients with clenbuterol toxicity as 
it will promote further tachycardia and subsequent hemodynamic 
collapse. Instead, β-antagonists are appropriate therapy for 
clenbuterol-induced hypotension. 

CASE REPORT
A 46-year-old man with a past medical history significant 

only for a traumatic back injury eight years prior, presented to 
the emergency department (ED) with acute onset of dizziness, 
nausea, and palpitations. His chronic back pain was refractory to 
standard anti-inflammatory medications and local corticosteroid 
injections. Six months prior to our encounter with the patient, 
he experienced symptom relief from a 1 mL intramuscular (IM) 
injection of a reported testosterone of unknown concentration, 

Image 1: Ampule of substance injected by patient with suspected 
clenbuterol toxicity.

which he had received from a friend. He had near-complete 
resolution and remained comfortable for a period of several 
months. The patient reported recurrence of his back pain; thus 
he decided to again attempt testosterone for pain relief. He self-

*

†
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.

administered a 2 mL injection of Testex Elmu Prolongatum 250 
mg (testosterone cypionate) (Image 1).

The substance was contained in sealed-glass vials that had 
been purchased from Brazil and imported by a family member 
into the United States. Within minutes of the injection, he 
developed symptoms of palpitations, nausea and vomiting. He 
initially presented to a community hospital; however, he left 
prior to being evaluated by a physician. His symptoms persisted 
and the following day he returned to the same ED, where he 
was observed overnight. Serial troponin levels were negative 
and he was discharged the following day upon improvement of 
his symptoms.

Two months following the previous episode, the patient 
again self-injected intramuscular testosterone. Although 
product lot numbers were unavailable, the patient reported the 
vial originated from the same Brazilian shipment. Again, he 
experienced rapid onset of nausea, vomiting and palpitations. 
He initially presented to an affiliate hospital where he was found 
to have a heart rate of 130 beats per minute (bpm) and a blood 
pressure of 129/66 mmHg. An electrocardiogram (ECG) featured 
a junctional rhythm with QRS and QTc intervals of 92, and 608 
msec respectively, and ST depression in the inferolateral leads 
indicative of myocardial strain (Image 2). 

Labs were remarkable for potassium of 2.6 mmol/L 
(normal range: 3.5-5.3 mmol/L) and serum glucose of 261 mg/
dL. His prolonged QTc was likely due to his hypokalemia. The 
patient denied history of diabetes mellitus. Serum troponin 
concentrations were undetectable (<0.02 ng/mL). Out of concern 
for a possible allergic reaction he was treated with one liter of 
intravenous (IV) normal saline, 50 mg IV diphenhydramine 
and 125 mg IV methylprednisolone. He was also administered 
80 mEq oral potassium and 2 mg IV lorazepam. Subsequently, 
the patient developed acute hypotension with blood pressure 
falling to 70/33 mmHg, and he was given an additional 2.5 
liters of normal saline. Fluid resuscitation failed to resolve his 
hypotension, and the patient was transferred to our tertiary care 
center for further evaluation and care. 

Upon arrival to our facility, the patient’s heart rate was 
120 bpm and he remained hypotensive at 105/43 mmHg. We 
suspected the testosterone preparation contained clenbuterol, and 
out of concern for β-agonist toxicity he was started on esmolol 
(0.5 mg/kg bolus followed by a 50 mcg/kg/min infusion). Shortly 
after titration of esmolol, the patient’s hypotension resolved and 
his tachycardia improved. He remained on the esmolol drip for a 
total of 12 hours. At the time of discharge, his heart rate was 98 
bpm with a blood pressure of 120/66 mmHg. We recommended 
that the patient discontinue use of the testosterone product.

Laboratory workup during the patient’s hospitalization 
included serial troponin serum levels, electrolyte monitoring 
and toxicology screens. Serial ECGs were performed, and the 
patient’s rhythm improved to a sinus tachycardia at a rate of 109 
bpm and a PR interval of 164 ms. The ST depression resolved. 
Serial serum troponin concentrations remained normal. A urine 
comprehensive drug screen (performed by gas chromatography 

mass spectroscopy at our institution) was positive for caffeine and 
diphenhydramine. A quantitative caffeine level drawn two hours 
after the comprehensive drug screen was negative (<1 mcg/mL); 
hence methylxanthine toxicity was deemed unlikely. Qualitative 
analysis performed by NMS Laboratories (Willow Grove, PA) 
showed a positive clenbuterol serum concentration (>10 ng/
mL). An unopened glass ampule provided by the patient was sent 
to NMS’s crime laboratory. It was found to contain boldenone 
undecylenate, clenbuterol, and vitamin E.

DISCUSSION
Differential Diagnosis

The patient in this case presented with tachycardia, 
hypotension, hyperglycemia, and hypokalemia. In developing the 
differential diagnosis and treatment plan for this patient, dividing 
the signs and symptoms into hemodynamic and metabolic 

CPC-EM Capsule

What do we already know about this clinical 
entity? 
Beta-agonist toxicity is described in 
toxicology literature, but it is not well known 
to other specialties. It may go unrecognized 
in the ED setting, as it mimics other 
pathologies such as sepsis.

What makes this presentation of disease 
reportable?
There are no published reports of clenbuterol 
adulterated testosterone.  It is an important 
entity to recognize, as clenbuterol 
adulteration may appear elsewhere, such as 
to “cut” heroin.

What is the major learning point? 
Consider beta-agonist toxicity in patients 
with tachycardia, hypokalemia and 
hyperglycemia. Short-acting beta antagonists 
improve hemodynamic output, particularly in 
hypotensive patients.

How might this improve emergency 
medicine practice? 
Recognize beta-agonist toxicity (which 
mimics other common illnesses) and 
correctly treat it, despite therapy being 
diametrically opposed to “typical” therapy 
for tachycardia in a hypotensive patient.
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categories was an effective approach.3 Hemodynamically the 
patient was tachycardic and hypotensive, while metabolically the 
patient exhibited hyperglycemia and hypokalemia. This method 
will lead to distinct differential diagnoses for each category. 
Subsequently, the potential diagnoses can be compared across 
categories for similarities. 

Toxicological etiologies of tachycardia include 
sympathomimetics, anticholinergics, hallucinogenics, 
β-adrenergic agonists, methylxanthines (such as caffeine or 
theophylline), and drug withdrawal.4 Causes of hypotension 
include alpha-1 adrenergic antagonists (including tricyclic 
antidepressants), alpha-2 adrenergic agonists such as clonidine, 
β-adrenergic agonists, nitrates, carbon monoxide, cyanide, 
opiates, sedative hypnotics, and calcium channel blockers.5,6 
Hyperglycemia can be induced by β-adrenergic agonists, 
methylxanthines, and calcium channel blockers.7,8 Moreover, 
adrenergic agonists, methylxanthines, and diuretics will cause 
hypokalemia.9 Regarding the patient in this vignette, β-adrenergic 
agonists or methylxanthines explained the hemodynamic and 
metabolic abnormalities and suggested the likely toxicological 
etiology. In this presentation, methylxanthine toxicity was less 
likely as the patient did not have the other manifestations of 
severe methylxanthine overdose such as protracted emesis, 
seizure, or altered mental status. 

Pathophysiology
Clenbuterol is an agonist at β1, β2, and β3 receptors. It is 

not approved for human use in the U.S., but is available in 
several European countries and Mexico as a bronchodilator (β2 
agonist) for acute asthma exacerbation.10 Daily regimens range 
from 20-200 mcg given 1-3 times daily. The drug is available 
as an IV/IM injection as well as an oral formulation with a 
bioavailability of 70-80%, and an elimination half-life of 25-39 

hours.11 Clenbuterol is abused by bodybuilders for lean muscle 
development and to reduce adipose tissue. Abuse of clenbuterol 
produces rhabdomyolysis, myocardial infarction, as well as 
life-threatening dysrhythmias and electrolyte disturbance.2,12 
High levels of clenbuterol can cause prolonged tachycardia, 
hypokalemia, and hypophosphatemia.2 

The effects desired by bodybuilders are mediated by 
adipocyte β3 receptors, which stimulate lipolysis to reduce 
adipose tissue, as well as striated muscle β2 agonism, which 
increases muscle mass by nutrient partitioning.13 Toxicity from 
clenbuterol is predominately caused by β2 agonism which 
mediates most of the drug’s toxicity, including tachycardia, 
peripheral vasodilation, hypokalemia, and hyperglycemia. 

In addition to the desired actions of clenbuterol, activation 
of the adrenergic system also leads to undesired side effects via a 
β2 adrenergic G-protein linked receptor. This results in increased 
chronotropy, intracellular shift of potassium and subsequently low 
serum potassium concentrations, and hyperglycemia.3,5,10 Patients 
with clenbuterol toxicity present with tremor, palpitations, 
anxiety, shortness of breath, and vomiting.10,14 Expected vital 
signs include tachycardia and hypotension. Laboratory workup 
may show hyperglycemia, hypokalemia, hypophosphatemia, and 
hypomagnesemia.2,10 In addition, patients may have leukocytosis 
and an anion-gap acidosis.15 

Treatment
Clenbuterol toxicity can be easily confused with septic 

shock, but treatment is diametrically opposed. While intravenous 
crystalloid resuscitation is appropriate in both conditions, 
vasopressor therapy with additional β-agonism is detrimental 
to patients with clenbuterol toxicity as it will promote further 
tachycardia and subsequent hemodynamic collapse. Instead, the 
hemodynamic changes in clenbuterol toxicity should be treated 

Image 2. ECG at time of arrival.
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with β-antagonists.10 Short-acting β-antagonists that allow for 
easy titration, such as esmolol, are preferred. Patients may require 
treatment of up to 72 hours.10 Electrolyte abnormalities should be 
corrected early in the course of treatment. 

Patients who progress to cardiac arrest with ventricular 
tachycardia or fibrillation should receive chest compressions and 
defibrillation, but epinephrine boluses should be withheld as they 
can cause further β-agonism and worsen the patient’s condition. 
There are no data to support this recommendation apart from the 
understanding of the pathophysiology in this toxicity. 

CONCLUSION 
β-agonist toxicity is an uncommon but potentially dangerous 

condition that can be associated with the increased use of 
pharmaceuticals or bodybuilding, increasing fitness, and weight 
loss.12 It has a relatively specific toxidrome that can commonly 
be overlooked when treating the undifferentiated hypotensive, 
tachycardic patient. Definitive treatment of β-agonist toxicity 
is with a β-antagonist; however, this can be counter-intuitive in 
the treatment of the hypotensive patient. We illustrate a case of 
a patient presenting with symptoms mimicking other common 
conditions such as sepsis or anaphylaxis. Emergency clinicians 
must be astute and consider a variety of alternative diagnoses, 
which includes β-agonist toxicity, as the treatment for this is 
diametrically opposed to standard treatments. 
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Despite extensive review in the literature, compartment syndrome and crush syndrome remain 
difficult to diagnose. Trauma, toxins and reperfusion have been associated with these syndromes. 
Cases involving alcohol and drug abuse have described patients “found down” compressing an 
extremity. We present a case of a registered nurse who developed compartment syndrome in 
multiple limbs due to prolonged sleep after sleep deprivation and zolpidem use. To our knowledge, 
this is the first case of compartment syndrome or crush syndrome to have occurred in the setting 
of zolpidem use. Sleep disruption in healthcare workers represents a public health issue with 
dangerous sequelae, both acute and chronic. [Clin Pract Cases Emerg Med. 2017;1(3):201–204.]

INTRODUCTION
A shift worker is defined as “anyone who works extended-

duration shifts and other variable and nonstandard hours … late 
into the night or very early in the morning.”1 Nurses and 
hospital staff implemented shift-based scheduling long ago. 
Emergency physicians (EP) adopted the practice early in the 
evolution of the specialty. Hospitals are non-stop businesses 
with high rates of error occurring at very high stakes. Hospital 
staff and physicians who work night shifts and swing shifts are 
subjected to circadian disruption that leads to fatigue, poor 
performance, and patient harm. Many shift workers find 
themselves unable to obtain satisfactory quality or quantity of 
sleep due to rotating schedules. Sleep deprivation has been 
shown to impair vigilance, cognition, memory and fine motor 
skills.2 Night shift work and subsequent circadian disturbance 
have independent deleterious effects on these parameters.2 
Cognitive performance decline from sleep deprivation appears 
similar to alcohol intoxication, with 17 hours of wakefulness 
correlating to a blood alcohol concentration of 0.05% and 24 
hours to 0.10%.3 

Compartment syndrome refers to the pressure increase in a 
closed fascial space to the point of reduced capillary perfusion.4 
Usually due to long bone fracture, these pressure increases can 
ensue when a limb is crushed by a person’s own bodyweight. 

University of Louisville School of Medicine, Department of Emergency Medicine, 
Louisville, Kentucky 

With severe or prolonged crushing force, muscle necrosis 
occurs with subsequent life-threatening systemic effects: 
rhabdomyolysis, renal failure, hyperkalemia, and death. We 
present the case of a registered nurse who used pharmaceuticals 
to “catch up” on sleep, waking up 30 hours later with crush and 
compartment syndromes in multiple limbs. 

CASE REPORT
An African-American female in her early thirties with 

normal body mass index and no past medical history sought 
rest after 30 hours without sleep. The patient took 50 
milligrams (mg) of diphenhydramine and five mg of 
immediate-release zolpidem. She awoke unable to move her 
right upper and lower extremities and had severe pain in the 
right side of her body. The patient contacted staff in her 
emergency department (ED) and was encouraged to call 
emergency medical services for transport to the hospital.

Initial vital signs were as follows: temperature 98.0 F, 
heart rate 112 beats/minute, respirations 14/minute, blood 
pressure 130/76 mmHg, oxygen saturation 96% on room air. 
Physical exam was remarkable for tense swelling over the 
right chest, shoulder and proximal arm. The induration 
extended to her right flank and proximal gluteal area. The 
patient was unable to lift her right upper and lower extremities 
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CPC-EM Capsule
What do we already know about this clinical 
entity? 
Compartment and crush syndromes can 
be difficult to diagnose. In addition, sleep 
deprivation and circadian disruption affect 
all emergency care providers. 

What makes this presentation of disease 
reportable? 
To our knowledge, this is the first case of 
compartment and crush syndromes to have 
occurred in the setting of sleep deprivation 
or zolpidem use. 

What is the major learning point? 
Sleep disruption in healthcare workers 
represents a public health issue with 
dangerous, potentially fatal sequelae, both 
acute and chronic. 

How might this improve emergency 
medicine practice? 
EM practitioners should have suspicion for 
these syndromes. In addition, we should 
protect ourselves against the consequences 
of shift work. 

against gravity. Minimal digit flexion/extension was 
achievable. Radial and ulnar pulses were not palpable but 
could be obtained with Doppler.   

Initial laboratory findings were significant for leukocytosis 
(45.2 x 103 /mcL), potassium 6.1 mEq/L, bicarbonate 18 mmol/L, 
blood urea nitrogen (BUN) and creatinine (Cr) = 47mg/dL and 
4.3 mg/dL. Urinalysis showed large blood and >50 red blood 
cells per high power field; lactate was 4.5 mmol/L and total 
creatine kinase (CK) was 346,866 IU/L. Aspartate 
aminotransferase and alanine aminotransferase were 3,200 U/L 
and 1,145 U/L. The EP was concerned for both a cerebrovascular 
event and compartment syndrome. Due to objective hemiparesis 
and rapid availability of magnetic resonance imaging (MRI), 
MRI brain, cervical spine, and right shoulder were obtained. MRI 
brain and spinal canal were normal, but the soft tissues and 
muscles of the neck and the shoulder displayed extensive edema 
concerning for myonecrosis. 

Central venous access was obtained and the patient 
received normal saline with sodium bicarbonate. A urinary 
catheter yielded 50cc of tea-colored urine. The treatment team 
initiated transfer to a tertiary care center for hand surgery 
consultation and fasciotomy, nephrology evaluation, and 
intensive care unit coordination of care.

On arrival to our academic center, right upper extremity 
and right lower extremity compartment pressures were 
measured with a Stryker Intra-Compartmental Pressure 
Monitor: 75 and 35mmHg, respectively. Surgical consultants 
performed fasciotomies of the following compartments: right 
lateral thigh, right upper arm anterior and posterior 
compartment, right forearm volar and dorsal, and right hand 
thenar, hypothenar, dorsal, and volar interosseous 
compartments. Bicarbonate-rich intravenous (IV) fluids were 
continued. By hospital day three, her BUN and Cr had 
increased to 72 mg/dL and 7.5 mg/dL; total CK was 115,000 
IU/L. Her urine output decreased. 

The patient gradually regained sensation and motor 
function of the right upper and right lower extremities. She 
underwent multiple debridements and eventual closure of her 
fasciotomy sites. Her course was complicated by multiple 
episodes of symptomatic anemia requiring transfusion. She was 
discharged on hospital day 18. The last total CK was checked 
on hospital day eight and was 6,848 IU/L. Discharge BUN was 
15 mg/dL and Cr was 1.3 mg/dL. One month after the injury the 
patient could ambulate with minimal limp and write and 
perform other fine motor tasks at near preinjury levels. 

DISCUSSION
To our knowledge, this is the first case of compartment or 

crush syndrome associated with the use of zolpidem. 
Compartment syndrome has been described in the setting of 
diphenhydramine overdose with coingestion of alcohol.5 We 
believe zolpidem and diphenhydramine had synergistic effects 
in this case that led to prolonged down time, although we 
cannot conclude a direct causal link between zolpidem and 

rhabdomyolysis. This case is also remarkable for the presence 
of compartment syndrome in multiple extremities induced 
only by pressure from body weight. Cases of multiple-limb 
compartment syndrome typically occur in natural disasters and 
collapsed buildings, or in patients with preexisting 
hematologic disease.6,7 The sadly common aspect of our case is 
the sleep deprivation and circadian disruption that led to our 
patient’s presentation. Sleep loss causes many acute 
performance and health effects. Memory and learning are 
disrupted, performance and judgment are impaired, and 
musculoskeletal injuries are more common.8 The cycle of poor 
sleep and shift work leads to chronic health consequences: 
obesity, metabolic syndrome, cardiovascular disease, 
gastrointestinal disease, dysmenorrhea, psychological 
disorders, cancer, and motor vehicle collisions.1,8,9 Chronic 
low levels of sleep loss cause similar impairments to acute 
sleep loss, and synergy exists between acute sleep loss and 
chronic sleep loss with circadian disruption.8 Two weeks of 
sleeping less than six hours daily equates to the performance 
deficit of 24 continuous hours without sleep.10 One week of 
sleeping four hours per night yields the performance deficit 
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similar to 48 consecutive hours without sleep.10 Daytime sleep 
following a night shift is typically of short duration (5.5-6 
hours) and low quality.11 This contrasts with what occurred in 
the case presented.    

The impaired clinical performance in sleep-deprived 
healthcare workers impacts patient safety. Errors by resident 
physicians are seven times more common in those working 
five or more 24-hour shifts in a month.9 Needlesticks and 
motor vehicle accidents also increase with fatigue.9 A review 
by Lockley et al. collated the many negative effects of 
working recurrent 24-hour shifts: five times the diagnostic 
errors, twice the attentional failures, 61% more needlestick 
injuries, and 300% more fatigue-related preventable adverse 
events leading to patient demise.10 Fatigue is underappreciated 
in the person who is fatigued. Study participants in the lowest 
alertness category often rate themselves as “only slightly 
sleepy.”8 In 2011, the Joint Commission issued a Sentinel 
Event Alert to draw awareness to shift length and work 
schedule effect on quality and quantity of sleep.12 Nurses 
working 12-hour shifts have higher rates of burnout and job 
dissatisfaction.13 In the Sentinel Event Alert, the Joint 
Commission urged healthcare organizations to educate staff on 
sleep hygiene and how fatigue impacts patient safety.12 A 
fatigue management plan should be followed and fatigue 
should be investigated as a contributing factor in review of all 
adverse events.12  

Pharmaceuticals are used in an attempt to mitigate fatigue 
and sleep disruption. Stimulants to increase alertness are cycled 
with sedatives to aid with sleep, often to the detriment of the 
person using the substances. In one survey of 226 emergency 
medicine residents, the use of sedatives approached 36%.14 The 
American Academy of Sleep Medicine (AASM) cautions 
against the use of sedative-hypnotics due to side effects.15 
Sedative-hypnotics can worsen sleep-related breathing issues or 
cause subjective mood worsening, and do not reliably improve 
performance and safety.15 Zolpidem is a sedative-hypnotic drug, 
FDA approved since 1992 for short-term treatment of 
insomnia.16 Side effects range from daytime drowsiness, 
dizziness, hallucinations, agitation, and sleepwalking to 
committing crimes and driving or eating while asleep.16 To our 
knowledge, zolpidem has not been implicated in a case of 
compartment or crush syndrome. Though some medications 
have been implicated in direct muscle damage, we believe 
zolpidem in this case caused a sedative effect and prolonged 
downtime. Considering all of the evidence for and against 
zolpidem use, the AASM includes zolpidem in its collection of 
drugs with minimal benefit in shift-work disorder. 

Compartment Syndrome
From Volkmann describing the contracture in 1881 to the 

current day, compartment syndrome has been challenging to 
diagnose.17,18 The morbidity of a nonviable limb along with 
potential for death make compartment syndrome a prominent 

medico-legal concern, with an average payout of $426,000.18 
Compartment syndrome most often occurs after an extremity 
injury, though 30% of cases have no evidence of fracture.17 
Less common causes include infection, surgical positioning, 
constricting casts or splints, bleeding diathesis, reperfusion, 
toxins and burns.17,19 The classic “P’s” (pain, paresthesia, 
pallor, paresis and pulse deficit) are not adequately sensitive 
and are often found only after irreversible muscle damage 
has occurred.17 The patient will often have pain at rest and 
out of proportion to the physical examination findings. 
Passive stretching of the muscles in the involved 
compartment is one of the earlier signs.17 The consensus on 
diagnosis of compartment syndrome designates clinical 
exam as the most important factor. Measurement of 
compartment pressures should be done in cases with 
equivocal exam findings, communication barriers (including 
pediatric patients), analgesia or anesthesia, multiple injuries, 
or comatose state.4,17 

The decision to perform fasciotomy is made by surgical 
consultants when available. Most experts agree on surgical 
management by fasciotomy for the following cases: 
hypotensive patients with compartment pressure greater than 
20mmHg; unconscious patients with compartment pressure 
greater than 30mmHg; and normotensive awake patients with 
positive clinical findings.18 All affected compartments should 
be decompressed.4 Cases of compartment syndrome in 
multiple extremities, as in our patient, have been described. 
However, this occurs almost exclusively in whole-body crush 
injury or in patients with predisposing comorbidities: sickle 
cell disease, capillary leak syndrome, and chronic myeloid 
leukemia.7 Cases of compartment syndrome in multiple 
extremities not associated with one of these scenarios are rare 
to nonexistent. 

Crush Syndrome
First described in 1941 after the Battle of London, crush 

syndrome occurs when local tissue damage leads to systemic 
effects: rhabdomyolysis, hyperkalemia, and renal failure.6,19,20 
Commonly encountered causes are natural disasters and 
building collapse, or conditions causing prolonged down time: 
stroke, mental illness, intoxication with alcohol, heroin, or 
other sedatives.6,19

The manifestations of crush syndrome can be categorized 
by the body systems affected. Elevated serum potassium, urate 
and phosphorous can precipitate arrhythmias even in the first 
hour.6,20 The local effects of the crush injury may cause 
hemorrhage and third spacing, exacerbating the shock state 
and disrupting cardiovascular stability.6,20 Renal injury 
represents the complication with the highest mortality. 
Pulmonary, hematologic and infectious concerns also 
complicate the course of the crush victim. Acute respiratory 
distress syndrome, fat emboli, disseminated intravascular 
coagulation, shock liver, and wound infections can lead to 
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morbidity and mortality in this population.6 After the ABCs, 
the crush syndrome patient needs early aggressive IV fluids.20 
Patients may require 6-12 liters per day of IV fluids to yield a 
recommended urine output of 200-300 cc/hr.6,7,20

Treatment with mannitol and sodium bicarbonate fluids is 
controversial, although physiologically sound. In most studies 
these two interventions are combined, making it difficult to 
parse the role of each. No randomized controlled trial has been 
conducted to establish or disconfirm a benefit with either of 
these therapies.6 Both therapies remain reasonable depending 
on individual patient characteristics.

When hyperkalemia, volume overload or severe acidosis 
are present, renal replacement may be necessary, although 
hemodialysis does not actually remove the very large 
myoglobin molecule from the circulation.6 Our patient 
received sustained low-efficiency dialysis for 72 hours to treat 
hyperkalemia and volume overload.

Crush syndrome has a relatively good prognosis with 
early recognition and initiation of IV fluids, proper 
supportive care, and local management of compartment 
syndrome when present.6 

CONCLUSION
Acute and chronic deleterious health effects will 

invariably follow the sleep and circadian disruption associated 
with shift work. Sedative-hypnotic drugs have limited 
application in the maintenance of healthy sleep schedules in 
those working extended hours and night shifts. This case of 
compartment syndrome and crush syndrome represents a rare 
but representative example of the acute effects of sleep 
deprivation on the healthcare worker. Early diagnosis and 
aggressive management of these complications allowed for an 
almost complete recovery. The emergency physician must 
remain vigilant in considering these limb and life-threatening 
diagnoses, and in ensuring his/her own wellness.
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Cyproheptadine is an H-1 antihistamine with anticholinergic and antiserotonergic effects. 
Cyproheptadine’s most common use has been in the management cold-induced urticaria. It is often used 
in primary care for its side effect of appetite stimulation. Recently there has been increasing interest in 
its use in the treatment of drug-induced serotonin syndrome. Cyproheptadine overdose is uncommonly 
reported in the medical literature. We report the rare case of a pediatric cyproheptadine overdose with a 
confirmatory cyproheptadine level. [Clin Pract Cases Emerg Med. 2017;1(3):205–207.]

INTRODUCTION
Cyproheptadine is an antagonist at muscarinic, H-1 

histaminic and serotonin receptors.1 Previously reported cases of 
pediatric cyproheptadine toxicity reflect the antimuscarinic 
nature of the drug with resulting anticholinergic signs and 
symptoms.2,3,4 Only one prior reported case confirms the 
exposure with a supporting drug level.5 We report a case of 
symptomatic pediatric cyproheptadine overdose with a 
confirmatory therapeutic drug level. 

CASE REPORT
A 5-year-old female with no significant past medical history 

began to experience urinary incontinence, ataxia, confusion, 
visual and auditory hallucinations while at home with her mother. 
Shortly thereafter, the patient’s mother found her recently 
prescribed cyproheptadine bottle empty, which previously 
contained approximately 15-20 (4 mg) tablets for appetite 
stimulation. Emergency medical services was contacted and she 
was transported to the emergency department (ED). Upon arrival 
her physical examination revealed a blood pressure of 111/89 
mmHg, heart rate of 140 beats per minute, respiratory rate of 26 
breaths per minute, axillary temperature of 97° F and an oxygen 
saturation of 100% on room air. On physical exam she was found 
to be disoriented to person, place, time and situation. While she 
was confused throughout her ED course, she would follow 
commands when asked to do so. Additionally, she had ongoing 
visual and auditory hallucinations during her stay. Her pupils 
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were 3 mm, equal and reactive. The oral mucosa, as well as the 
axillae, were dry. Bowel sounds were present and her abdomen 
was soft and non-tender throughout. She had clear lung sounds 
and aside from the tachycardia a benign cardiovascular exam. No 
apparent petechiae, purpura or skin abnormalities were noted. 

Laboratory evaluation including a complete blood count and 
basic metabolic profile were within normal limits with the 
exception of a slightly decreased CO2 of 22 mmol/L. Alcohol, 
acetaminophen and salicylate levels were negative. An 
electrocardiogram showed sinus tachycardia with a ventricular 
rate of 151 beats per minute with normal axis and intervals. A 
urine enzyme-mediated immunotransferase screen for drugs of 
abuse was negative, and human immunodeficiency screen was 
also negative. A cyproheptadine level obtained approximately 12 
hours after exposure was 0.054 mg/L (therapeutic range 0.02 – 
0.1 mg/L). After consultation with the toxicology service the 
recommendation was for the patient to be admitted overnight for 
observation and supportive care. She was subsequently admitted 
to the pediatric stepdown unit and had a progressive improvement 
in her symptoms. After 24 hours of inpatient observation she was 
asymptomatic and discharged home. 

DISCUSSION
Cyproheptadine is an antagonist at muscarinic, H-1 

histaminic and serotonergic receptors. It is used in the 
management of serotonin syndrome, migraine prophylaxis, 
cold-induced urticaria, appetite stimulation and the management 
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CPC-EM Capsule

What do we already know about this clinical 
entity?
Cyproheptadine is a muscarinic, H-1 
histaminic and serotonergic antagonist that 
can clinically present with an anticholinergic 
toxicity in the setting of an overdose.

What makes this presentation of disease 
reportable? 
This is the first pediatric ingestion of 
cyproheptadine that clinically presented 
with evidence of toxicity despite having a 
therapeutic serum drug level.

What is the major learning point? 
Especially in toxicologic emergencies, 
clinicians should focus on the clinical signs 
and symptoms of the patient rather than the 
quantitative serum levels obtained.

How might this improve emergency 
medicine practice? 
This case highlights the need for clinicians 
to continue to rely on their physical exam 
when evaluating patients with suspected 
toxic overdose.

of allergic reactions.6-11 The diverse nature of cyproheptadine 
allows it to be used for a variety of clinical indications. 

Previously reported cases of pediatric cyproheptadine 
overdose describe patients with various anticholinergic signs and 
symptoms. Our patient also exhibited signs and symptoms that 
were consistent with anticholinergic toxicity with the exception 
of urinary incontinence. Urinary incontinence, although not 
classically associated with anticholinergic toxicity, may occur as 
a result of overflow incontinence.12 

In our patient we obtained a confirmatory level 12 hours after 
exposure via gas chromatography – mass spectrometry (GC/MS) 
of 0.054 mg/L (therapeutic range 0.02 – 0.1 mg/L, per hospital’s 
laboratory). She was not on any additional medications and 
therefore cross-reactivity was not likely; nor are there any reports 
of cross-reactivity interfering with quantitative levels in the 
medical literature. The therapeutic level of cyproheptadine in the 
setting of obvious toxicity is consistent with the large volume of 
distribution and largely unknown human pharmacokinetics. The 
suspected maximum dose consumed by the patient 
(weight=16.2 kg) was 80mg or 4.94mg/kg. The recommended 
dose for patients between two- and six-years-old is 0.25 mg/kg/
day, which for our patient would have been a total dose of 4.05 
mg/day.13 Although the ingestion was not witnessed, the history, 
supporting level and clinical presentation make it the likely 
etiology for her presentation. 

CONCLUSION
This case highlights the development of cyproheptadine 

toxicity in the setting of a therapeutic serum level in a pediatric 
patient. She was managed conservatively and was discharged 
without further complication. While there has been one previous 
pediatric case with a confirmatory serum level reported by Yuan 
et al., the patient’s serum cyproheptadine level was 
supratherapeutic based on their cited therapeutic range of 
cyproheptadine concentration.5 We believe that this is the first 
reported case of a pediatric cyproheptadine toxicity with a 
supporting therapeutic drug level.
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A 21-year-old pregnant female with no significant past medical history presented with acute onset headache 
and nausea as well as tonic-clonic seizures, then rapidly decompensated into a coma with complete absence 
of brainstem reflexes. The patient was ultimately diagnosed with hemolysis, elevated liver enzymes, and 
low platelets (HELLP syndrome) and subsequent posterior reversible encephalopathy syndrome (PRES) 
with brainstem involvement. Emergent delivery and blood pressure control resulted in rapid and complete 
neurologic recovery. [Clin Pract Cases Emerg Med.2017;1(3):208-211]

INTRODUCTION
Posterior reversible encephalopathy syndrome (PRES), 

first described by Hinchey et al in 1996,1 is a reversible 
condition classically associated with headache, altered 
mental status, seizures, and visual deficits. Vasogenic 
edema, most commonly manifesting as posterior white 
matter changes, is frequently appreciated.2 Encephalopathy 
is the most common presenting symptom, which has been 
described in approximately 92% of patients, followed 
closely by seizure 75-87%, and headache in 53%. 3 Without 
immediate management and definitive treatment, significant 
morbidity and mortality can result.

CASE REPORT
A 21-year-old female with no significant past medical 

history presented to an outside hospital accompanied by her 
father, following two witnessed episodes of generalized 
tonic-clonic movement. Initial seizure activity was controlled 
with a single, appropriate dose of intravenous lorazepam; 
however, she quickly became obtunded and required 
intubation for airway protection. A bedside ultrasound 
revealed a previously unknown pregnancy of 32-35 weeks 
gestation. Basic laboratory evaluation demonstrated a mildly 
elevated serum creatinine and no other abnormalities. An 
emergent non-contrast head computed topography (CT) 
demonstrated findings of diffuse anoxic brain injury. With no 
signs of neurologic recovery the patient was transferred to a 
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tertiary academic medical center.
Upon arrival to the accepting institution the patient was 

tachycardic at 129 beats per minute and hypertensive with a 
blood pressure of 229/158 mm Hg. Initial physical 
examination revealed an unresponsive and gravid female, 
intubated and mechanically ventilated. Neurologic exam 
demonstrated the complete absence of a gag reflex with no 
active paralytic on board from the outside facility. Her 
pupils were non-reactive and she had no corneal reflexes; 
doll’s eyes phenomena were present. Invasive arterial 
monitoring and central venous access were rapidly 
acquired. Immediate hypertensive management with a 
continuous intravenous nicardipine infusion was initiated. 
The patient also received a concomitant magnesium 
infusion for seizure control. Complete laboratory analysis 
demonstrated transaminitis (aspartate aminotransferase 
[AST] 569 IU/L, alanine aminotransferase [ALT] 159 
IU/L), thrombocytopenia (43,000/ml), and anemia, 
consistent with HELLP syndrome. 

The patient underwent emergent cesarean section and a 
live female infant was delivered. Post-delivery repeat 
non-contrast head CT (initial at outside hospital) revealed 
slender lateral ventricles and diffuse cerebral swelling; 
low-density areas were seen in the parieto-occiptal region 
as well as indistinct areas of the basal ganglia, putamen and 
thalamus (Image), suggesting either anoxic brain injury or 
atypical posterior reversible encephalopathy syndrome.
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Following delivery, the patient’s blood pressure 
continued to improve and the nicardipine infusion was 
discontinued. Antiepileptic therapy was initiated and the 
magnesium infusion was gradually tapered. Shortly 
thereafter, the patient’s brainstem reflexes began to return; 
six hours post-delivery the patient’s pupils were reactive 
and she demonstrated voluntary movement of all four 
extremities. Her neurologic status continued to improve 
over the next 16 hours and she was liberated from 
ventilatory support the subsequent morning. 

The subsequent neurological examination revealed no 
cognitive or reflexive deficits; she was able to ambulate and 
communicate appropriately. Her laboratory data began to 
improve and she was transferred to the postpartum unit the 
following day where she continued to recover. On hospital 
day six, the patient was discharged with a healthy baby girl. 

DISCUSSION
New-onset seizures, in the context of an unknown 

pregnancy, established the diagnosis of eclampsia in a 
patient with laboratory-confirmed HELLP syndrome 
resulting in a distinctly unusual presentation of PRES. 
PRES-induced brainstem areflexia and coma is a 
remarkable and unusual entity, representing one of the few 
rapidly reversible causes of catastrophic neurologic insult. 
HELLP syndrome has limited and non-specific neurologic 
findings, often with headache or blurred vision, similar to 
findings in eclampsia, making the distinction difficult 
without laboratory or radiographic evaluation.

This constellation of symptoms represents a neurologic 
emergency. Imaging in the form of a head CT most 
commonly reveals the development of vasogenic edema to 
support the diagnosis. The vasogenic edema is generally 

CPC-EM CAPSULE

What do we already know about this clinical 
entity? 
We know the clinical presentation of PRES, 
but rarely see complete, rapid resolution of 
all neurology symptoms in patients presenting 
comatose without brainstem reflexes. 

What makes this presentation of disease 
reportable? 
This case is an unusual presentation of two 
potentially morbid conditions associated 
with pregnancy that need aggressive 
treatment stemming from rapid recognition.

What is the major learning point? 
It supports aggressive treatments for this 
condition, as complete neurologic resolution 
is possible, as well as the use of other first 
line antihypertensive agents in pregnant 
patients.

How might this improve emergency 
medicine practice? 
Further supports the notion in emergency 
medicine we need to think beyond a single 
diagnosis to explain all presentations, as 
occasionally 2 major pathologies present.

Image. Image of computed topography of head, axial view. a. There is no midline shift. The lateral ventricles are extremely slender. This 
may reflect diffuse cerebral swelling.There are multiple areas of indistinctness surrounding the basal ganglia, putamen, and lateral thalami. 
b.The same findings in ‘a’ can be extended to this more caudal section. Note diffuse indistinctness of the sulci and slender ventricles.

a. b.
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found in the posterior white matter of the cerebral 
hemispheres and is frequently seen in the parieto-occipital 
lobes bilaterally; however, it has been reported throughout 
the brain.4,5 Diffusion-weighted imaging is used to better 
differentiate between cytotoxic and vasogenic edema. 

The neurologic findings associated with PRES can be 
directly attributed to the vasogenic edema found on head CT. 
Although the presence of vasogenic edema is well 
documented with PRES, the inciting pathophysiology remains 
disputed. Early postulates suggested that intense cerebral 
autoregulatory vasoconstriction occurs in response to acute 
elevations in blood pressure. This vasoconstriction leads to 
decreased cerebral blood flow and resultant ischemia, which in 
turn causes edema in the watershed arterial regions. More 
recently, investigators proposed that the marked hypertensive 
state leads to forced vasodilatation through failure of the 
cerebral autoregulatory system resulting in hydrostatic 
extravasations of fluid into the interstitium.2,4

While the pathophysiology of PRES remains 
controversial, there is a significant amount of literature 
detailing the multiple conditions that have been associated 
with the development of PRES. Most commonly, significant 
elevations in blood pressure are noted. Certain medications, 
especially cyclosporine, tacrolimus and other 
chemotherapeutic agents, have been associated with the 
development of PRES. Regardless of the etiology, the 
clinical prognosis is often excellent. Given appropriate 
supportive intensive care, control of hypertension, and 
removal of the offending agents, PRES is often completely 
reversible with minimal lasting neurologic deficits.6 In the 
setting of eclampsia, parturition remains the definitive 
means to recovery. 

CONCLUSION
PRES in the setting of eclampsia is a well-established 

occurrence;5, 7-10 however, concomitant HELLP syndrome 
and coma remains a rare entity. It is unlikely that the 
appropriate dose of benzodiazepenes to control the seizure 
onset contributed significantly to her obtunded state at 
presentation. Moreover, brainstem areflexia represents an 
extremely poor prognostic factor and may portend brain 
death. 13 Neurologic recovery in the face of such brain stem 
dysfunction is a truly exceptional event. It is important to 
recognize this condition clinically, as CT head imaging 
demonstrates only 40% correlate to magnetic resonance 
imaging (gold standard) when making this diagnosis, and 
CT is the imaging modality of choice in the emergency 
department.14 Particularly interesting is the rapid and full 
clinical recovery within 30 hours from onset of 
encephalopathy leading to hospital discharge just six days 
after the initial presentation.
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The use of electronic nicotine delivery systems (ENDS) is increasing across the United States as 
tobacco bans increase and more people use these devices in an attempt to quit smoking. They are 
unregulated by the Food and Drug Administration, and there is significant concern that ENDS could 
produce several toxic byproducts. 

In this case a 35-year-old female presented to the emergency department with sudden-onset 
dyspnea. She denied current tobacco smoking, but she was a user of ENDS. When bronchoscopy 
was performed, an extensive pattern of suspected chemical injury was noted in her airways. She 
required transfer to a tertiary center where she required extracorporeal membranous oxygenation. 

Despite public opinion that ENDS are generally safe, or at least safer than tobacco smoking, 
contrary evidence is mounting. We postulate that her injuries were likely suffered secondary to use 
of an ENDS. [Clin Pract Cases Emerg Med.2017;1(3):212-217]

INTRODUCTION
Electronic nicotine delivery systems (ENDS) are 

considered by many to be an alternative to conventional 
tobacco cigarettes. ENDS do not burn or use tobacco leaves 
but instead vaporize a solution that the user then inhales. They 
represent an array of battery-powered devices containing a 
cartridge with a liquid and an atomizer (vaporization chamber 
with a heating element).1 The main constituents of the solution 
may include a variety of items, such as nicotine, propylene 
glycol, glycerol, and or flavoring agents.1 The atomizer heats 
the liquid, forming a vapor that a person then inhales. ENDS’ 
solutions and emissions after heating contain other chemicals, 
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some of them considered to be toxicants.2 Open-system 
vaporizers are refillable with any solution, and e-cigarettes are 
cartridge based or disposable whereas the solution is 
purchased for that device alone. This use, termed “vaping,” is 
increasing in popularity with poll estimates at about 10% of 
the United States (U.S.) population.3 Open-system vaporizers 
and e-cigarettes are competing industries that generated more 
than 2.5 billion dollars in 2014.4

The industry is currently unregulated unless the e-cigarette 
is marketed for therapeutic purposes such as smoking 
cessation.5 This has allowed the rapid expansion of proprietary 
blends and ad hoc recipes for different liquid nicotine 



Volume I, no. 3: August 2017 213 Clinical Practice and Cases in Emergency Medicine

Carter et al. Vesicular Bronchial Injury Requiring Veno-venous Extracorporeal Membrane Oxygenation Rescue

CPC-EM CAPSULE
What do we already know about this clinical 
entity?
With rapid increase in use we have seen 
many complications of electronic nicotine 
delivery systems (ENDS); the cluster around 
catastrophic mechanical failure of the 
batteries and heating elements has 
dominated case reports and lay press 
accounts. This is the first that raises to 
clinicians the prospect of inhalational injury.

What makes this presentation of disease 
reportable?
With heavy use of ENDS this patient developed 
rapid, profound, non-inflammatory acute 
respiratory failure, and no underlying source of 
the injury was found until bronchoscopy 
showed vesicular disease in the airways.

What is the major learning point?
ENDS are not regulated unless they are for 
therapeutic use. Any combination of chemicals 
and ingredients, when repeatedly heated, can 
be more volatile and hence more likely to 
cause harm to tissue. Acute effects have the 
potential for comorbidity and mortality.

How might this improve emergency 
medicine practice?
Clinicians should be aware of the potential 
for electronic nicotine delivery systems to 
deliver toxic compounds that could cause 
inhalational injury, independent of thermal 
or mechanical failure risk.

concentrations, flavors, and heating temperatures. Evidence is 
growing that toxicants and irritants are being vaporized and new 
chemical compounds are being inhaled through this process.6–9 
Here we present a life-threatening case of toxic inhalation of 
ENDS vapor that required a veno-venous extracorporeal 
membrane oxygenation (ECMO) rescue.

CASE REPORT
A 35-year-old female presented to the emergency 

department via ambulance with a chief complaint of chest pain 
and dyspnea for two hours, described as constant in nature and 
sudden in onset. She could identify no precipitating events and 
was resting in bed when it started. The patient complained of 
severe pain in the back of her neck and left arm, which 
worsened with inhalation. She found nothing to relieve the 
symptoms and denied fever, chills, productive cough, leg pain, 
and lower extremity swelling. 

Her medical history included coronary artery disease, 
uncontrolled diabetes mellitus type 2, obesity, deep vein 
thrombosis, dyslipidemia, gastroesophageal reflux, headaches, 
and hypertension. Her surgical history was significant for 
three-vessel coronary artery bypass grafting. Her medications 
and allergies were reviewed but not pertinent. The patient used 
caffeine daily and denied having ever used alcohol or 
recreational drugs. She reported on her last primary care visit 
to be a former smoker. Initial examination revealed 
tachycardia at 126 beats per minute, 18 labored respirations 
per minute, temperature of 98°F and blood pressure of 140/90 
mmHg, and was 97% on 2 liters (L) of oxygen. Emergency 
medical services initiated their chest pain protocol as well as 
oxygen but did not obtain room air saturation. The patient was 
noted to be awake, alert, and oriented to person, place, and 
time, with an anxious affect. Head, ears, eyes, nose, and throat 
exam was unremarkable. Respiratory exam showed increased 
work of breathing with moderate distress, but no adventitious 
lung sounds. Cardiac auscultation revealed a regular rhythm, 
without murmur, rub, or gallop. Abdominal exam was notable 
for obesity but non-tender. Lower extremity exam revealed no 
edema or calf pain. 

The patient was treated with aspirin, hydromorphone, 
ondansetron, diphenhydramine for itching, 2L per minute 
oxygen via nasal cannula, and 1L of normal saline bolus 
followed by 100 ml/hr continuous infusion. She was placed in 
the clinical decision unit and an extensive investigation was 
undertaken. Acute coronary syndrome, pulmonary emboli, and 
pneumonia led the differential diagnoses. The patient received 
a repeat dose of hydromorphone due to sustained pain. Her 
electrocardiogram (ECG) showed sinus tachycardia normal 
axis and nonspecific t-wave changes similar to prior. She was 
found to have an unchanged chest radiograph compared to two 
years prior with hyperlucent lungs, sternotomy wires, and 
vascular clips. Specifically, no pneumothorax, consolidations, 
vascular redistribution patterns, or pleural fluid were 

identified. She had a normal complete blood count, 
procalcitonin, creatine kinase, and troponin. A measured 
glucose of 667 mg/dL with pseudohyponatremia 128mmol/L, 
chloride of 96 mmol/L, and her D-Dimer was noted to be 
slightly elevated. She received eight units of subcutaneous 
insulin and a second liter of normal saline. 

A computed tomography (CT) angiogram of the chest was 
ordered to rule out pulmonary emboli. Before receiving the 
CT, the patient experienced a brief oxygen desaturation to 
83% and was subsequently placed on a 5L per minute high-
flow oxygen mask. During the CT, she was slightly confused 
and refused to lie flat. She then experienced several episodes 
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of desaturation and at that point was requiring 12L per minute 
on a high-flow oxygen mask to maintain 90% saturation by 
pulse oximetry. After completing the CT, the patient had an 
arterial blood gas performed to clarify the extent of her 
hypoxia. Her pH was 7.42, PaCO2 36 mmHg, PaO2 50 
mmHg, and HCO3 23 mEq/L. methemoglobin was 0.4% and 
carboxyhemoglobin was 1.1%. Arterial lactate was 2.4 
mmol/L. Biphasic positive airway pressure (BIPAP) support 
was initiated in an attempt to supplement the patient’s 
respiratory efforts and prevent intubation. 

The CT was reported with nodular infiltrates centered in 
the lower lung zones (Image 1) with some confluence at the 
lung bases not previously seen on chest radiograph. 
Mediastinal adenopathy not previously seen on CT from two 
years prior and a nodular thickening of the hila were also 
noted. In addition, there was a 1.5 x 1.5 cm collection of 
hypodense fluid and loss of distinction in the cortex of the 
right kidney suggestive of trauma. 

A broader history was elicited from the patient and 
husband to discern a possible infectious or inflammatory 
etiology of the observed lower respiratory pneumonitis/
inhalational injury pattern. The patient and her spouse denied 
trauma, fever, “huffing” paint, methamphetamine use or 
production, bonfires, and open fires at home. The husband 
interjected with commentary on the patient’s heavy use of 
ENDS. The patient admitted to daily use of two refill 

containers she knew to be 2.5%/ml or 25mg/ml in nicotine 
concentration, which she believed was equal to a pack of 
cigarettes. The husband was unable to identify the single refill 
product that was the most recently used at home, and the 
patient had three different ENDS. 

The patient was transferred to the intensive care unit 
(ICU) and upon arrival she was noted to have extensive rales, 
with notable work of breathing that caused truncated speech. 
The patient tolerated the BIPAP well, but became increasingly 
dyspneic despite pressure support from the BIPAP. Her 
increased work of breathing and impending respiratory failure 
urged endotracheal intubation and mechanical ventilation. A 
bronchoscopy was performed that demonstrated erythema of 
the tracheal tissues extending to the carina that appeared 
cobblestoned and/or leathery. The main bronchi had a yellow, 
vesicular appearance with interspersed erythema and increased 
friability of the tissue. The right mainstem bronchus and 
remaining airways had a rust-colored appearance along with 
erythema extending into the visible lower airways (Image 2). 
The pattern was postulated to be inhalational injury by 
pulmonary medicine.

Upon ICU admission the patient was treated empirically 
for bacterial pneumonia with meropenem levofloxacin and 
vancomycin. The right lower lobe bronchial alveolar lavage 
culture resulted in heavy growth of methicillin-resistant 
Staphylococcus aureas (MRSA) 48 hours after admission. Her 
urine culture was positive for Escherichia coli.

The patient continued to decline over the next 48 hours. 
She was transferred to a tertiary care center for possible 
ECMO, burn expertise, and continued intensive care. 

Upon arrival to the tertiary care center, she was 
persistently hypoxemic and failed a trial of mechanical 
ventilation with inhaled epoprostenol. Repeat bronchoscopy 
was performed showing persistent vesicular injury pattern 
(Image 3). She underwent emergent placement of veno-venous 
ECMO. She was stabilized and subsequent examinations 
showed a left hemiparesis. The neurologic insult was diffuse 
on magnetic resonance imaging and read as hypoxic, toxic and 
or metabolic insult. She improved on ECMO, eventually 
receiving a tracheostomy, which was decannulated 14 days 
later. She was returned to the long-term rehabilitation unit at 
the initial treatment center. There she progressed well, where 
she was ambulating with an assist device and made significant 
progress toward an independent return to home.

DISCUSSION
Previous research has shown that ENDS are capable of 

heating their liquid nicotine solutions to a temperature of 
350°C. At this temperature the compounds that make up the 
solvents for the nicotine solution, mostly glycerin and 
propylene glycol, undergo chemical conversion/breakdown to 
several low molecular-weight carbon compounds including 
formaldehyde, acetaldehyde, acetone, acrolein, propanal, 

Image 1: Computed tomography of the lower lung and heart 
with demonstration of nodular infiltrates at the lung bases, 
which are circled.
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butanal, glyoxal, and methylglyoxal.10 Several government 
organizations have commented on the toxicity of these 
compounds. The U.S. Environmental Protection Agency 
recognizes acrolein, formaldehyde, and acetaldehyde as 
pulmonary irritants. Formaldehyde is also considered a 
probable carcinogen, and acetaldehyde is known to potentially 
cause necrosis of living tissues at high enough doses.11–13 The 
Canadian Center for Occupational Health and Safety 
recognizes acetone as an inhalational irritant.14 According to 

the National Institute of Health, butanal is capable of causing 
toxic pneumonitis, propanal can cause pulmonary edema, and 
methylglyoxal is a known respiratory irritant.15–17 Basic 
chemistry principles dictate that the more these compounds 
are heated, the more volatile and reactive they become. 

This has caused such concern that the American 
Association for Cancer Research, the American Society of 
Clinical Oncology, and the American College of Physicians 
have published policy positions against ENDS use. 18,19 In fact, 

Image 2. Bronchoscopy images of the (a) carina appearance of cobblestones or leathery (b) the left mainstem bronchus with yellow 
vesicles; (c) the right lower lobe bronchus with rust-colored appearance along with erythema extending into the visible lower airways.

Image 3. Repeat bronchoscopy images after 48 hours of intensive care ventilation and pulmonary suctioning (a) extensive cobblestone 
appearance persisted in the carina, and (b) persistent vesicant injury pattern in the right lower bronchus.

b
a c

b

a
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the World Health Organization has been uncompromising in 
its view and has called upon all countries to be restrictive in 
precautionary measures and to ban advertising.20 The 
Cochrane Review has yet to find any definitive risk associated 
with ENDS use.21 The health science community, in regard to 
ENDS, has now started to voice more concern about the perils 
of these devices and their effects on children, the general 
health of adults, whether they truly help ameliorate nicotine 
addiction, and whether counseling is in order for users.22–2

We postulate that our patient suffered her injuries due to 
repeated heavy use of these high-temperature vaporizers and the 
toxic byproducts produced by their use. This case has significant 
limitations to assert this conclusion. It lacks definitive diagnosis 
and is devoid a tissue biopsy to confirm toxic substances via 
liquid chromatography. This technology was unavailable at the 
community hospital where the patient presented. Uncertainty 
would remain, however, without persistent toxin present. In 
living tissue, chemical reactions would continuously reduce the 
amount of detectable toxin that potentially caused the insult. On 
repeat bronchoscopy persistent vesicular injury provided some 
conformation bias and subsequent clinicians did not perform 
tissue biopsy, due to continued appearance of an inhalational 
pattern with lower lobe predominance. A biopsy of the tissue 
with or without liquid chromatography may have elucidated a 
different diagnosis. 

Further confounding the case, the patient had two positive 
cultures; however, a positive culture without signs of systemic 
or overwhelming infection would be rare in a MRSA 
pneumonia. An absence of a metabolic acidosis makes 
overwhelming infection even less likely. Sudden severe 
hypoxia is more likely to be from more common disease such 
as pulmonary embolus, congestive heart failure, or pulmonary 
hypertension, each of which was excluded in the initial 
evaluation. Lastly, spectrum bias infers this is a rare, very 
susceptible, individual patient who has multiple comorbid 
illnesses at a relatively young age, and is not representative of 
the general population. We felt the appearance, severity and 
course of disease were not representative of progression of 
any of the patient co-morbid diseases.

CONCLUSION
In conclusion, with the use of ENDS, it is reasonable to 

assume that more cases like the one discussed above will be 
seen in emergency departments around the country. The fact 
that these devices and their compounds are currently 
unregulated by the Food and Drug Administration means that 
proprietary blends of these compounds can consist of many 
different flavoring substances in addition to the primary 
solvents discussed above. Given the high temperature to 
which these compounds are heated to induce vaporization, the 
nature and number of different byproducts can vary widely. As 
physicians, our line of questioning should specifically address 
the use of these devices by our patients.
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Hematometrocolpos is a rare congenital abnormality of the female urogenital system that leads 
to an imperforate hymen and subsequent retrograde menstruation. We present the case of a 
14-year-old female patient who presented to the emergency department with amenorrhea and 
abdominal pain, and was found to have an imperforate hymen and hematometrocolpos on trans-
abdominal point-of-care ultrasound. It is important for emergency physicians to consider this 
diagnosis in pubescent female patients presenting with abdominal pain, as missed diagnosis can 
lead to infertility and other complications. [Clin Pract Cases Emerg Med. 2017;1(3):218–220.]

INTRODUCTION
Hematometrocolpos is a rare congenital abnormality that 

is infrequently diagnosed in the emergency department (ED). 
The hymen, which is part of the urogenital sinus, fails to 
perforate during genitourinary development in approximately 
one in 2,000 females.1-2 Patients subsequently develop 
retrograde menstruation and hematometrocolpos. The classic 
presentation of hematometrocolpos is a pubescent female who 
presents with episodic, cramping lower abdominal and pelvic 
pain. We present the case of a young female patient who 
presented with abdominal pain and vomiting, and was found 
to have hematometrocolpos complicated by hydronephrosis 
bilaterally on transabdominal point-of-care ultrasound 
(POCUS). Emergency physicians should consider imperforate 
hymen with hematometrocolpos in the differential diagnosis 
of pelvic pain in young female patients, as physical exam and 
POCUS can lead to rapid diagnosis and treatment and prevent 
complications of the disease, including infertility.

CASE REPORT
A 14-year-old female patient presented to the ED with 

intermittent lower abdominal pain for three weeks. Her pain was 
bilateral and cramping, with episodes of intense worsening that 
were associated with non-bloody, non-bilious emesis. She 
reported abdominal distension, constipation, and breast 
tenderness, and denied urinary changes, vaginal bleeding, or 

UCLA Medical Center, Department of Emergency Medicine, Los Angeles, California

discharge. She had not yet experienced menarche and she 
denied sexual activity. The patient had seen her pediatrician at 
symptom onset, and it was documented that the patient had 
Tanner Stage IV development but no menstruation. No 
genitourinary exam had been performed. At that visit, the patient 
was diagnosed with constipation and counseled on diet changes. 
Two weeks later, the patient returned to her pediatrician for the 
same symptoms, and an outpatient transabdominal US was 
ordered to evaluate her pelvic organs. Her pain worsened prior 
to her scheduled US, so she presented to the ED.

The patient was afebrile with a pulse of 105 beats per 
minute, blood pressure of 125/91 mmHg, respiratory rate of 18 
breaths per minute, and oxygen saturation of 100%. She was 
actively vomiting and reporting abdominal pain. Abdominal 
examination was notable for mild distension, suprapubic 
tenderness, and a palpable mass in the lower abdomen and 
pelvis. Bowel sounds were normal. Pelvic examination was 
notable for a bulging, tense, blue, imperforate hymen. 
Transabdominal POCUS showed a distended vaginal canal, 
markedly enlarged uterus, and moderate hydronephrosis 
bilaterally (Video). Renal function was normal on a chemistry 
panel. She was diagnosed with hematometrocolpos, and 
gynecology was consulted. The patient was taken to the 
operating room for hymenectomy, which drained 900 mL of 
dark brown fluid. She recovered without complication and had 
normal menstruation one month later.
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What do we already know about this clinical 
entity? 
Hematometrocolpos is caused by an 
imperforate hymen and subsequent 
retrograde menstruation. It presents in young 
women and can have damaging 
consequences.

What makes this presentation of disease 
reportable?
Imperforate hymen is a congenital abnormality 
that is rarely seen in the emergency 
department. In this case, the diagnosis was 
made with thorough physical examination and 
point-of-care ultrasound (POCUS).

What is the major learning point? 
Consider the diagnosis of 
hematometrocolpos in pubescent women with 
abdominal pain who have the appropriate 
findings on exam and POCUS.

How might this improve emergency 
medicine practice?
Early suspicion and confirmation of 
hematometrocolpos can lead to early 
treatment, preventing unnecessary pain and 
complications, including infertility.

DISCUSSION
While rare, imperforate hymen and hematometrocolpos 

are important diagnoses to consider in pubescent females who 
have not yet menstruated and present with abdominal pain. 
Patients with this congenital abnormality are typically 
asymptomatic until menarche. Most patients present 
symptomatic during menstruation, as the retained blood and 
endometrial tissue accumulates and distends the vaginal canal 
(hematocolpos), uterus (hematometra), or both 
(hematometrocolpos). Patients commonly present with 
abdominal pain, pelvic pain, and vomiting. Less common 
symptoms include back pain, constipation, urinary retention, 
or urinary incontinence.2-4 Physical exam findings of 
hematometrocolpos include a palpable pelvic mass and a 
bulging hymen, which is often blue or white in appearance. 

Ultrasonography is the preferred imaging modality to 
evaluate for hematometrocolpos, given that it is rapidly 
performed at the bedside and does not expose the patient to 
radiation. Transabdominal POCUS typically reveals a large, 
hypoechoic mass with smooth walls just posterior to the 
bladder. Depending on the extent of dilation of the pelvic 
organs, the uterus may appear normal or be dilated. The blood 
and endometrial tissue within the uterus appears hypoechoic.3,5 
In the case of hematometrocolpos, the volume of fluid can be 
measured to assist the surgical team in preparation for 
operation. POCUS can also be used to assess for 
complications of hematometrocolpos, including 
hydronephrosis (due to compressive effects of the fluid 
collection) and free fluid in the abdomen from uterine 
perforation.

Treatment of imperforate hymen consists of surgical 
repair, ideally after the tissues have undergone estrogen 
stimulation. An elliptical incision is made in the membrane 
adjacent to the hymenal ring, followed by evacuation of the 
blood and tissue. Redundant hymenal tissue is also removed. 
If the diagnosis of hematometrocolpos is missed or delayed, 
patients may develop retrograde menstruation, endometriosis, 
pelvic adhesions, fallopian tube damage, and infertility.3,6

CONCLUSION
Hematometrocolpos is a rare congenital abnormality of 

the female urogenital system that leads to an imperforate 
hymen and subsequent retrograde menstruation. 
Complications of hematometrocolpos include abdominal and 
pelvic pain, hydronephrosis from extrinsic compression of the 
ureters, and infertility. It is therefore important to consider the 
diagnosis of hematometrocolpos in young female patients 
presenting with abdominal pain, which can be confirmed by 
examination and transabdominal POCUS.
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Blunt scrotal injury represents a diagnostic dilemma for emergency physicians (EP). 
Consequently, point-of-care ultrasound (POCUS) has emerged as a tool for early investigation of 
the acute scrotum in the emergency department. We describe a case where an EP used scrotal 
POCUS to immediately visualize the loss of testicular contour and underlying heterogeneous 
parenchyma to rapidly make the diagnosis of testicular rupture in a young male presenting with 
scrotal trauma. The use of POCUS in this case expedited therapy, likely improving the patient’s 
outcome. To our knowledge, this is the first detailed description of testicular rupture diagnosed 
with POCUS by an EP. [Clin Pract Cases Emerg Med. 2017;1(3):221–224.]

INTRODUCTION
Acute scrotal pain is a common complaint in the 

emergency department (ED).1,2 Etiologies of the acute 
scrotum include testicular torsion, infection, and trauma. 
The majority of traumatic injuries are blunt impacts, most 
commonly in adolescents and young adults.2-4 Evaluation of 
these patients poses a significant challenge, as history and 
physical examination findings are often equivocal. Thus, 
point-of-care ultrasound (POCUS) has increasingly been 
used for early investigation of the acute scrotum.1 Many 
studies have shown scrotal US to be fast and reliable in 
differentiating a broad range of time-sensitive pathologies, 
including testicular torsion, fracture, and rupture, as well as 
differentiating surgical and non-surgical emergencies where 
delays in care may lead to poor outcomes.1,3,4-7 However, 
the use of POCUS in these patients by emergency 
physicians (EP) is limited to a single case series from 
2001.1 We present a case of testicular rupture diagnosed by 
an EP using scrotal POCUS that led to expedited care and 
surgical intervention.

West Virginia University, School of Medicine, Morgantown, West Virginia
West Virginia University, Department of Emergency Medicine, Morgantown, West Virginia

*
†

 CASE REPORT
An 18-year-old male presented to the ED with left 

testicular pain and swelling following blunt scrotal trauma 
sustained during a wrestling match. The pain was immediate, 
but did not necessitate removal from play. Post-injury, the pain 
progressed, prompting presentation to our ED. The patient 
denied dysuria, hematuria, or any other symptoms. Past 
medical and surgical histories were unremarkable. Vital signs 
were normal. On physical examination, the left testis was 
tender to palpation, grossly swollen, and tense compared to 
the right. The remaining physical examination, including 
abdominal exam, was unremarkable. 

Scrotal POCUS was carried out by the EP using a Sonosite 
Edge system using an L13-6 linear transducer operating at 10 
MHz. Sagittal and transverse images of the affected testis along 
with comparison views of the unaffected side were obtained. 
Analysis with color and spectral Doppler was performed. The 
left testis was enlarged with a grossly heterogeneous texture as 
seen in Image 1 and the Supplemental Video. Discontinuity of 
the tunica albuginea and irregularity of the testicular margins 
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What do we already know about this clinical 
entity? 
Injuries from blunt scrotal trauma are 
difficult to diagnose. Ultrasound is the 
preferred imaging modality to visualize 
scrotal pathologies and differentiate surgical 
and non-surgical diagnoses.

What makes this presentation of disease 
reportable?
To our knowledge, this is the first detailed 
description of testicular rupture diagnosed 
with point-of-care ultrasound (POCUS) by 
an emergency physician (EP).

What is the major learning point?
The findings of testicular rupture, including 
loss of tunica albuginea integrity and 
testicular heterogeneity can be identified 
sonographically by EPs in a rapid fashion. 
Rapid recognition of these findings can 
influence timing of consultation and expedite 
surgery, which should improve outcomes.

How might this improve emergency 
medicine practice? 
Rapidly recognizing and/or excluding the 
findings of testicular rupture can decrease 
the need for consultative imaging, expedite 
definitive management and streamline 
patient care.

were noted as seen in Image 2 and the Supplemental Video. 
Additionally, a hypoechoic complex fluid collection consistent 
with hematocele was present in the left hemiscrotum, and blood 
flow was not uniformly identified throughout the left testis. The 
left epididymis was unremarkable. The right testis appeared 
normal with homogenous parenchyma, intact tunica albuginea, 
smooth, preserved borders, and uniform distribution of blood 
flow throughout by color Doppler analysis (seen in Image 1, 
panel A, Supplemental Video). No fluid collection was observed 
within the right hemiscrotum and the right epididymis was 
unremarkable. A rapid diagnosis of left testicular rupture was 
made in the ED, and urology was consulted.

The patient was taken to the operating room for scrotal 
exploration. The left testis was found to be fractured, without 
viability of the lower segment. All nonviable tissue was removed, 
and bleeding was controlled. The upper pole was preserved, the 
tunica albuginea and vaginalis were re-approximated, and the 
scrotum was closed. The patient was admitted overnight for 
observation and discharged the following morning. At six-week 
follow-up, the patient had returned to normal activity.

DISCUSSION   
Blunt trauma to the scrotum may result in a number of 

injuries, including hematocele, testicular fracture, and testicular 
rupture. Typically, these patients will present with non-specific 
symptoms, such as scrotal swelling and severe pain, which often 
make physical examination difficult to perform. Historically, 
blunt scrotal traumas were managed non-operatively, with 
surgical exploration reserved for cases with resulting 
complications. Higher rates of adverse outcomes (impaired 
fertility, hypogonadism, testicular loss) were associated with this 
delay in care.8 In the case of testicular rupture, salvage rates are as 
high as 90% when surgery is performed within 72 hours. When 
surgical intervention is delayed beyond 72 hours, salvage rates 

Image 1. A: Side-by-side comparison of right and left testicles demonstrating normal right testis with homogenous parenchyma, intact 
tunica albuginea, and preserved testicular contour and ruptured left testis with heterogeneous parenchyma. B: Ruptured left testis. 
Long-axis view demonstrating heterogeneous irregular parenchyma (circle).
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decline to approximately 45%.9

US has emerged as the preferred modality for examining 
the acute scrotum. It can be rapidly employed to provide high 
quality imaging that can accurately guide clinical decisions and 
differentiate surgical from non-surgical pathologies. Scrotal 
POCUS, in the hands of an EP, provides an opportunity to 
reduce time to diagnosis and reduce dependence on 
sonographers and radiology departments, which may not be 
available at all hours. EPs with significant US experience, even 
in the absence of formal testicular US training, are highly 
accurate in diagnosing scrotal pathologies.1

Ultrasonic imaging of the scrotum should be undertaken 
with a high-frequency (7-12MHz) linear transducer. The 
scrotum should be supported by a towel placed between 
adducted thighs with the penis displaced away from the 
scrotum. The hand holding the transducer should be supported 
against the thigh and a generous amount of gel should be used 
in order to provide adequate acoustic contact between the 
scrotum and transducer. Each testis should be visualized in 
multiple planes of the long and short axes with and without 
color Doppler. If one structure is abnormal, the contralateral 
side should be used to calibrate the grayscale and color Doppler 
gain settings for examination of the symptomatic testicle.9

Using ultrasonography, a normal post-pubertal testis should 
appear as a homogeneous ovoid structure of medium 
echogenicity measuring approximately 5x3x2cm. The tunica 
albuginea surrounds the testis and appears as a thin echogenic 
band. The epididymis should appear as a long, tapering tubular 
structure bordering the posterior aspect of the testis. Typically, 
the epididymis is isoechoic to hyperechoic and homogeneous.4,9

With scrotal POCUS, hematocele, testicular fracture, and 
testicular rupture can be quickly identified and treated in patients 
reporting to the ED with blunt scrotal trauma. Hematoceles 
appear as extratesticular fluid collections of increased 

echogenicity acutely after traumas but become hypoechoic and 
septated over time.4,9 Surgical management is recommended for 
large (>5 cm) or expanding hematoceles. Otherwise, conservative 
management is recommended.10 Testicular fracture is identified 
by a linear hypoechoic band that divides the testicular 
parenchyma within an intact tunica albuginea. If blood flow is 
preserved, the fractures are treated conservatively (scrotal 
support, NSAIDs, ice packs, bed rest, and serial ultrasounds). If 
the segment is avascular, emergent surgical intervention is 
necessitated.3,4,10 Testicular rupture is identified by loss of 
testicular contour with underlying heterogeneity of the 
parenchyma. Diagnosis requires emergent surgery to preserve 
testicular function.2,4,6,7 

The accuracy of US for the evaluation of these 
pathologies has been established through retrospective studies 
that have compared sonographic findings against those found 
on subsequent scrotal exploration, the traditional gold standard 
for diagnostic and therapeutic evaluation.6,8 The post-traumatic 
ultrasonic evaluation for hematocele has been shown to be 
85-87% sensitive and 75-89% specific according to two 
studies of 24 and 33 patients, respectively.6,8 Three studies, 
consisting of 33, 65, and 24 patients, have reported the 
sonographic findings for testicular rupture to be 92-100% 
sensitive while being 50-93.5% specific.6-8 The accuracy of US 
in the diagnosis of testicular fracture is less well established 
since the diagnosis is uncommon and most of these patients 
are managed non-operatively.

CONCLUSION
In summary, we report a case of testicular rupture 

diagnosed by an EP using POCUS. To our knowledge, this 
diagnosis identified with POCUS has not been detailed in the 
emergency medicine literature. Our case demonstrates an 
opportunity for EPs to expedite the diagnosis of acute scrotal 

Image 2. Long-axis comparison of normal and ruptured testicles. Right image demonstrates a normal testis with homogeneous 
parenchyma, intact tunica albuginea, and preserved testicular contour. Left image demonstrates testicular rupture with findings of 
heterogeneous parenchyma, discontinuity of tunica albuginea (arrow), and abnormal testicular contour.
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pathologies, and reduce dependence on radiology departments, 
which may not be readily available. Furthermore, use of routine 
scrotal POCUS may be used to stratify patients in need of 
emergent urologic consultation, help to reduce time to surgical 
intervention, and reduce the need for additional evaluation, thus 
improving resource use and patient outcomes.

Supplemental Video. This brief, narrated video reviews the findings 
in this case which led to the immediate diagnosis of testicular rupture. 
The findings include enlarged testicle with irregular, heterogeneous 
echogenicity, as well as loss of integrity of the tunica albuginea.
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Cervical artery dissection is a common cause of stroke in young adults. This may result from head and 
neck trauma; it can also occur spontaneously or secondary to genetic connective tissue or vascular 
disorders. Neurologic symptoms arise as a result of thromboembolism and hypoperfusion causing 
cerebral ischemia. We present a case of a previously healthy male who was found to have a cervical 
internal carotid artery dissection and the decision to use antiplatelet therapy instead of anticoagulation 
to prevent stroke. Data is lacking regarding the efficacy of one therapy over the other. [Clin Pract Cases 
Emerg Med. 2017;1(3):225–228.]

INTRODUCTION
Cervical artery dissection is a common cause of stroke in 

young adults with an incidence of 2.6-2.9 per 100,000 patients. 
It is classified based on the artery involved (vertebral vs. 
carotid) and location (intracranial vs. extracranial). The most 
common dissection is an extracranial internal carotid artery 
(ICA) dissection. Dissection is defined by the separation of 
arterial wall layers, which creates a false lumen allowing blood 
to escape and expand. This may result from head and neck 
trauma or can occur spontaneously or secondary to genetic 
connective tissue or vascular disorders, such as Ehlers-Danlos 
syndrome, Marfan syndrome and most commonly 
fibromuscular dysplasia. Neurologic symptoms arise as a result 
of thromboembolism and hypoperfusion causing cerebral 
ischemia. Mass effect of the dissecting artery may also cause 
local nerve root compression resulting in Horner’s syndrome.

CASE REPORT
We present a case of a 30-year-old previously healthy 

male who presented to the emergency department (ED) with 
complaints of a new gradual onset left-sided throbbing 
headache with transient right-sided paresthesias and a right 
hemianopsia that occurred at rest. There was no associated 
weakness or other focal neurologic deficits. His symptoms 
spontaneously resolved on arrival to the ED. He reported 
recent chiropractic manipulation of the cervical spine one 
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week prior to presentation. He also noted remote trauma, 
having been involved in a motorcycle accident approximately 
nine months prior sustaining a left clavicle fracture that was 
initially treated non-operatively. However, he required surgical 
repair due to malunion. At the time of ED presentation, his 
neurologic exam was unremarkable. 

Non-contrast head computerized tomography (CT) was 
unremarkable. CT angiography (CTA) of the head and neck was 
performed because of his reported transient neurologic deficits, 
and it revealed a left cervical ICA dissection 1.7cm from the 
carotid bifurcation extending to the base of the skull and a 7mm 
pseudoaneurysm near the proximal aspect of the dissection 
(Image 1 and 2). Both neurology and neurosurgery were 
consulted, and there was no consensus on stroke prophylaxis. 

The patient was ultimately started on oral aspirin 
325mg daily and atorvastatin 80mg daily and admitted to 
the medical intensive care unit. Magnetic resonance 
imaging (MRI) with angiography of the head and neck 
were subsequently performed revealing no large perfusion 
defects (Image 3 and 4). Angiogram was performed, further 
demonstrating the left ICA dissection and pseudoaneurysm. 
Two ICA stents were placed given concerns for the 
patient’s long-term risk for stroke. He was then transitioned 
to dual antiplatelet therapy with clopidogrel and aspirin and 
discharged home. The patient had follow-up weeks later 
and remained asymptomatic.
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Population Health Research Capsule
What do we already know about this clinical 
entity?
Cervical artery dissection is a common cause 
of stroke in young adults and can occur 
spontaneously, after trauma, or due to a 
connective tissue or vascular disorder.

What makes this presentation of disease 
reportable? 
This patient presented with symptoms of a 
transient ischemic attack and had a history 
of recent trauma to the left neck and 
chiropractic manipulation.

What is the major learning point? 
Either antiplatelet or anticoagulation 
medications should be initiated promptly – 
evidence is limited supporting efficacy of one 
over the other. 

How might this improve emergency 
medicine practice?
Recognition of cervical artery dissection and 
initiating appropriate therapy early may 
reduce the potential for any permanent or 
prolonged neurologic dysfunction.

DISCUSSION 
Cervical artery dissection usually presents with a 

combination of transient ischemic attack or ischemic stroke, 
headache, and neck pain. Reportedly, 56% of patients present 
with symptoms of cerebral ischemia and 25% with Horner’s 
syndrome. Head and neck pain are the most common symptoms 
of cervical artery dissection, found in 60%-90% of cases, but only 
20% have sudden thunderclap headaches. Other presentations 
include tinnitus and scalp tenderness. The mean age of 
occurrence is approximately 45 years with a slightly higher male 
predominance (53-57%). Risk of recurrent stroke is 2-3%, 
typically occurring in the first two weeks after dissection. 

Associations between cervical spine manipulation (CSM) 
and cervical artery dissection have been described in case 
reports and case control studies. In 2016, a systematic review 
and meta-analysis was published that concluded the quality of 
data on this relationship is low and there is no convincing 
evidence to support a causal link between CSM and cervical 
artery dissection. It concluded that associations were likely 
biased by the strong possibility that patients with early 
dissection-related symptoms, such as neck pain, seek 
chiropractic care prior to developing a stroke. With these studies 

in mind the American Heart Association and American Stroke 
Association (AHA/ASA) released a scientific statement, 
updated in November 2016, that while incidence of cervical 
artery dissection in CSM is probably low and causality remains 
difficult to prove, physicians should consider the possibility of 
cervical artery dissection in this patient population and inform 
patients of the possible connection. 

On presentation, standard approaches to management should 
be performed including blood pressure regulation, fluid 
administration, glycemic control, and other correction of 
metabolic derangements, with the primary goal in treatment of 
cervical artery dissection to prevent stroke. Treatment is 
sometimes started in the ED with antithrombotic or 
anticoagulation medication. However, research is limited 
regarding the efficacy of one therapy over the other. In 2010, a 
Cochrane review showed no randomized control trials comparing 
either antiplatelet or anticoagulant drugs with control or directly 
comparing them to each other, concluding that there was no 
evidence to support their routine use or any significant difference 

Image 1. Computerized tomography angiography (CTA) coronal 
view demonstrating the dissection with the pseudoaneurysm (yellow 
arrow).
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in efficacy in extracranial cervical artery dissection. In 2015, a 
meta-analysis of 38 (non-randomized) studies showed no 
significant difference between antiplatelet versus anticoagulation 
therapy with respect to death or disability. The Cervical Artery 
Dissection in Stroke Study (CADISS Trial) randomized 250 
patients within seven days of stroke onset to antiplatelet or 
anticoagulation therapy, which showed no difference in stroke 
risk. A major limitation of this study was that it was 
underpowered given the low stroke recurrence rates in both 
groups. It is estimated that a trial with adequate power to show 
any potential difference would require approximately 4,800 
patients in each treatment group. Conducting a study requiring 
such a large cohort with its low recurrence rates is impractical. 

The AHA 2011 guidelines state that the relative efficacy of 
anticoagulation versus antiplatelet therapy is unknown, and 
antithrombotic treatment was recommended for three to six 
months for those who sustain a stroke or transient ischemic 
attack. The same year, an executive summary released from the 
American College of Cardiology Foundation and the ASA made 
Class IIa recommendations to initiate treatment with 
anticoagulation followed by antiplatelet therapy.

Image 2. CTA sagittal view showing “carotid string sign” (yellow 
arrow) referring to the thin string of intravenous contrast material 
distal to the stenotic focus in the internal carotid artery.

Image 3. Magnetic resonance imaging (MRI) angiography T1 fat-
saturated transverse view showing left internal carotid artery with 
significantly diminished lumen size and showing enhancement of 
thrombus (yellow arrow).

Image 4. MRI transverse view showing areas with small ischemic 
lesions (yellow arrows).
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CONCLUSION 
This case highlights the need to have a high index of 

suspicion regarding cervical artery dissection after remote 
trauma. There is limited evidence to suggest a causal link 
between cervical spinal manipulation and cervical artery 
dissection. Symptoms may be mistaken for a migraine 
headache, musculoskeletal neck pain, or cerebral infarction/
hemorrhage. MRI angiography, CTA, or angiography confirm 
the diagnosis and should be considered as part of the 
diagnostic workup in the ED when there are even transient or 
subjective neurologic complaints. Until there is further 
evidence to support one antithrombotic therapy over the other, 
decisions regarding anticoagulation versus antiplatelet therapy 
can be made in conjunction with the consulting physician and 
performed on a case-by-case basis.
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Subacute endocarditis often presents with an indolent course. A potentially lethal form generated by 
infection with Abiotrophia defectiva may be easily overlooked early in its presentation. This report 
discusses the case of an 18-year-old male discovered to have severe endocarditis after presenting 
to the emergency department with the chief complaint of foot pain. [Clin Pract Cases Emerg Med. 
2017;1(3):229-231]

INTRODUCTION
Abiotrophia defectiva, once classified as a nutritionally 

variant strain of streptococci, is a rare but important cause 
of infective endocarditis with potentially devastating 
consequences due to its high rates of embolization, 
bacteriological failure and mortality.1,2 This little-known 
bacteria is part of the normal oral flora making dental 
procedures a commonly implicated source of infection.2,3,4 
Unfortunately, this bacteria is often pleomorphic on Gram 
stain and is difficult to isolate, requiring specialized 
media and, therefore, may be the cause of some cases of 
culture-negative endocarditis.2,3 Here we describe a case 
of subacute bacterial endocarditis in a previously healthy 
young male with history of bicuspid aortic valve.

CASE REPORT
An 18-year-old male with history of bicuspid aortic 

valve presented to the emergency department (ED) the 
day after his senior prom with the chief complaint of right 
foot pain that had been gradually worsening over the prior 
three days. He had awoken at 4:30 am that morning and 
found that he could no longer bear weight on the right foot 
due to the intensity of the pain and had been using an old 
set of crutches to ambulate around his home. The patient 
indicated that the pain was primarily over the dorsal aspect 
of the foot, radiated up the back of the calf and was worse 
with bearing weight and movement. He had taken ibuprofen 
at home with no improvement in his symptoms. He denied 
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any recent strenuous activity or injury to the foot, but had 
been dancing at his prom the previous night. He had been 
treated for plantar fasciitis in both feet by his podiatrist 
and had received a cortisone shot in the left foot three 
weeks earlier. Patient had also been having symptoms of 
fatigue, night sweats and fever for which his primary care 
physician had prescribed levofloxacin. He had completed 
one 10-day course 2-3 weeks prior to his presentation with 
only minimal improvement in his symptoms and had been 
started on a second 10-day course. The patient had been 
afebrile for the prior week, but he had continued to have 
problems with fatigue and night sweats and had recently 
developed exertional dyspnea. He denied intravenous drug 
use or recent dental procedures.

On initial examination, the patient was well appearing, 
but tachycardic at 118 beats per minute (bpm) with a grade 
2/6 systolic murmur. He had normal breath sounds, was 
not tachypneic, and had a normal oxygen saturation. On 
examination of the right foot and ankle, he had tenderness 
over the dorsum of the foot and pain with range of motion 
of the ankle. Distal perfusion and sensation of the foot were 
intact. There were no overlying skin changes. The classic 
skin findings of endocarditis, including Janeway lesions, 
Osler nodes and splinter hemorrhages, were not present. A 
radiograph of the right foot was negative for fractures or 
dislocations. Basic labs including a blood count and basic 
metabolic panel were drawn that were significant only for 
an unexplained anemia with a hemoglobin of 8.9 g/dL. 
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Population Health Research Capsule
What do we already know about this clinical 
entity?
Endocarditis is a difficult diagnosis to make 
in the emergency department. Patients may 
present with classic signs and symptoms or 
may have a more indolent course with 
nonspecific symptoms.

What makes this presentation of disease 
reportable?
This is a case of a young male that presented 
with a very benign complaint despite having 
severe disease. Investigation of unexplained 
tachycardia led to his eventual diagnosis. 

What is the major learning point?
Subacute endocarditis often presents with 
vague symptomatology including 
musculoskeletal complaints. 

How might this improve emergency 
medicine practice?
Considering subacute endocarditis in 
patients with vague presentations and 
unexplained tachycardia may uncover cases 
that may be otherwise missed.

The patient was given a 1 L bolus of normal saline, but 
remained tachycardic on re-examination with a heart rate 
as high as 134 bpm. His electrocardiogram was otherwise 
normal. The decision was made to draw a D-dimer, which 
came back elevated at 721 µg/L. After a discussion with 
the patient and his mother, a computed tomography (CT) 
with contrast to rule out pulmonary embolism (PE) was 
ordered. Although negative for PE, his CT had concerning 
findings including an ascending thoracic aortic aneurysm 
measuring 4.1 cm, as well as ground-glass densities of the 
lungs. The patient was admitted to the hospital for an urgent 
echocardiogram, which revealed severe endocarditis affecting 
both the mitral and aortic valves (Image). Blood cultures were 
drawn and he was started on vancomycin and ceftriaxone.

The patient remained hemodynamically stable; however, 
three days after his admission, he developed multiple embolic 
phenomena manifesting as a left frontal infarct as well as an 
acute thrombus to the right internal jugular. After a negative 
magnetic resonance image of the ankle, a duplex ultrasound 
revealed the presence of an acute deep vein thrombosis of 
the right posterior tibial vein. Blood cultures were positive 
for Abiotrophia defectiva, but due to the difficulty in growing 
the organism the sample was sent to an outside facility and 
sensitivities were delayed. When sensitivities resulted, the 
organism was found to be sensitive to the empiric regimen. 
Notably, the organism was also sensitive to levofloxacin. 
The use of this antibiotic prior to his presentation may have 
contributed to his relatively benign initial presentation. 
The patient underwent bovine aortic and mitral valve 
replacements after which he was extubated and weaned off 
vasopressor and inotropic support. On post operative day 
1, he developed a severe systemic inflammatory state with 
multi-organ system failure requiring re-intubation, escalation 
of vasopressors and inotropes, continuous renal replacement 
therapy and urgent venoarterial extracorporeal membrane 
oxygenation support due to refractory shock. A bedside 
echocardiogram revealed biventricular failure with ejection 
fraction of 5%. A biventricular assist device was later inserted, 
and approximately two months later the patient underwent 
successful heart transplantation.

DISCUSSION
This case highlights the need for increased awareness of 

the potentially indolent presentation as well as the severity, 
morbidity and mortality related to Abiotrophia defectiva 
endocarditis. There are case reports of Abiotrophia defectiva 
endocarditis affecting both the young and the old, and patients 
with underlying heart disease and even those without.2,4,5 
This diagnosis is difficult as patients often present with 
signs more typical of subacute endocarditis that are often 
nonspecific, including low-grade fever, weakness, fatigue and 
myalgias.6 Classically taught manifestations of endocarditis 
such as Roth’s spots, Janeway lesions, Osler nodes and 

splenomegaly are less common in children regardless of the 
bacterial etiology.6 Penicillins in combination with gentamicin 
are recommended as first-line therapy for Abiotrophia 
endocarditis by American Heart Association guidelines.3 
However, although there is little resistance reported to 
gentamicin or vancomycin, this potentially deadly bacteria has 
shown resistance to penicillins.2,7 Making treatment even more 
difficult, Abiotrophia defectiva has been found to have a slow 
metabolic rate, which is believed to contribute to the higher 
rate of treatment failures.4 

CONCLUSION
Devastating complications, such as subarachnoid 

hemorrhage from mycotic cerebral aneurysms and heart 
failure, have been reported in association with this form 
of endocarditis, highlighting the need for keeping a high 
degree of suspicion when treating these patients who, early 
on, may have very mild presentations.2,8
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Image. Transthoracic echocardiogram showing focal thickening of the anterior leaflet of the mitral valve (a) with a large perforation (b), 
as well as increased thickness of the aortic valve with vegetations (c).
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Minoxidil is a strong oral vasodilator that is used to treat patients with hypertension refractory 
to first-line medications. We report a case of minoxidil-associated subacute cardiac tamponade 
diagnosed by point-of-care ultrasound (POCUS) in a hypertensive patient. A 30-year-old male with 
a past medical history of poorly controlled hypertension (treated with minoxidil) and chronic kidney 
disease presented with 2-3 days of chest pain and shortness of breath with markedly elevated blood 
pressures. A point-of-care transthoracic echocardiogram revealed a massive pericardial effusion with 
sonographic tamponade physiology. We review the risk factors for developing pericardial effusions 
that progress to cardiac tamponade, the utility of diagnosing these patients by POCUS, and the 
incidence of patients who present with sonographic signs of cardiac tamponade without hypotension. 
[Clin Pract Cases Emerg Med. 2017;1(3):232–237.]

INTRODUCTION
In the emergency department (ED), point-of-care ultrasound 

(POCUS) can help determine the diagnosis, alter the management 
plan, or assist in procedures. The conventional form ultrasound 
imaging uses brightness mode (B-Mode, 2D mode), which 
produces two-dimensional images. However, more recently the 
utility of motion mode (M-mode) in the ED has been recognized. 
M-mode is a unique mode of sonographic imaging that displays 
one-dimensional movement over time. This feature can be used 
for calculating left ventricular systolic function, looking for 
pneumothorax, or in this case, diagnosing cardiac tamponade.1

Minoxidil is a strong oral vasodilator that acts directly on 
vascular smooth muscle and is commonly used for treatment 
of refractory hypertension.2 A known potential complication 
of minoxidil therapy is development of a pericardial effusion, 
which may progress to cardiac tamponade.3-4 We report a case of 
minoxidil-associated cardiac tamponade diagnosed by POCUS in 
a hypertensive patient.

CASE REPORT
A 30-year-old male with a past medical history 

including hypertension, chronic kidney disease (formerly 
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end-stage renal disease on hemodialysis), and congestive 
heart failure presented with 2-3 days of chest pain 
associated with dyspnea on exertion and orthopnea. 
He was on multiple antihypertensive medications 
including clonidine, lisinopril, labetalol, hydralazine, 
hydrochlorothiazide, furosemide, and minoxidil.

Upon arrival to the ED, his initial vital signs were 
temperature of 39.1 degrees Celsius, heart rate of 109 beats 
per minute, respiratory rate of 38 breaths per minute, blood 
pressure of 236/155 millimeters of mercury, oxygen saturation 
of 97% on room air. His physical exam was notable for 
moderate respiratory distress secondary to tachypnea and 
accessory muscle use, diffuse expiratory wheezes in all lung 
fields, and bilateral lower extremity swelling. 

Laboratory evaluation revealed a white blood cell count 
of 7.4 K/cumm, sodium of 136 mmol/L, and creatinine 
of 2.64 mg/dL. His troponin was 0.39 ng/ml and brain 
natriuretic peptide of 233 pg/ml. The electrocardiogram 
was notable for left ventricular hypertrophy, inferolateral 
T-wave inversions, and electrical alternans. The patient 
was started on a nitroglycerin infusion at 60 mcg/min 
for hypertensive emergency. A chest radiograph (Image 
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1) revealed an enlarged cardiac silhouette prompting 
the clinician to perform a point-of-care transthoracic 
echocardiogram (Images 2B and 3B).

The transthoracic echocardiogram revealed a large 
pericardial effusion with tamponade physiology, although 
his blood pressure remained elevated with a peak of 
236/155 millimeters of mercury. The nitroglycerin infusion 
was immediately lowered to 20mcg/min based on the 
transthoracic echocardiogram findings. The patient was 
admitted to the cardiac intensive care unit where an urgent 
pericardiocentesis was performed with approximately one 
liter fluid removed.

DISCUSSION
Several case series have been published reporting 

the association of pericardial effusion with minoxidil.5-7 
The overall incidence of minoxidil-associated pericardial 
effusion is 3%.4 Many patients who take minoxidil for 
hypertension have co-existing chronic/end-stage renal 
disease which, in itself, can predispose patients to uremic 
pericardial effusions.7 Thus, it is difficult to estimate the 
true incidence of pericardial effusions due to minoxidil 
alone.7 In patients undergoing hemodialysis and taking 
minoxidil compared to patients who are only undergoing 
hemodialysis, the rate of pericardial effusions was 
statistically greater (81% vs 23%, p < 0.0005) in those 
taking minoxidil.8

Patients who continue to take minoxidil are at risk 
of developing a pericardial effusion that can progress 
to tamponade, especially if they are not followed with 
surveillance echocardiograms. In the study by Martin et 
al., of the 52 patients with minoxidil-associated pericardial 
effusions, 21 of them progressed to pericardial tamponade.4 
Furthermore, of the 21 patients who developed tamponade, 
70% were on hemodialysis compared to 22% who were not.

POCUS is becoming more common in the evaluation 
of critically ill patients in the ED. Regardless of 
hemodynamic status, POCUS diagnosis of cardiac 
tamponade physiology is suggested by three findings: (1) 
collapse of the right ventricle and right atrium in diastole; 
(2) exaggerated respiratory variations of transmitral and 
transtricuspid doppler inflow velocities; and (3) inferior 
vena cava plethora.9 Collapse of the right ventricular 
free wall in diastole is highly specific, and is the most 
recognized sonographic sign of cardiac tamponade.10 This 
is demonstrated by placing M-mode over the mitral valve 
in the parasternal long-axis view (Images 2A and 3A) and 
observing movement of the right ventricular free wall 
towards the intra-ventricular septum as the mitral valve 
opens in early diastole (Image 3B).

Although our patient had a massive pericardial effusion 
with sonographic signs of cardiac tamponade, his blood 
pressure was markedly elevated. One retrospective review 

found that the majority of patients who present with 
subacute non-traumatic cardiac tamponade will not be 
hypotensive (15%), but actually normotensive (50%) or 
even hypertensive (35%).10 The existing literature suggests 
that the incidence of patients with sonographic cardiac 
tamponade who are hypertensive ranges between 27% to 
43%.12-15 Preexisting hypertension,14-15 and advanced renal 
disease,14 both of which are present in our patient, are risk 
factors for developing sonographic cardiac tamponade 
without hypotension. 

We report a case of a patient with minoxidil-
associated pericardial effusion with sonographic evidence 
of tamponade despite being hypertensive, diagnosed by 
POCUS. Given the increased risk of enlarging pericardial 
effusion progressing to tamponade with minoxidil use 
(especially in those with pre-existing renal disease) these 
patients should have a POCUS performed to screen for 
sonographic cardiac tamponade even without hypotension.

CPC-EM Capsule

What do we already know about this 
clinical entity? 
A known potential complication of 
minoxidil therapy is the development 
of a pericardial effusion that may 
progress to cardiac tamponade.
 
What makes this presentation of 
disease reportable? 
This is the first case of minoxidil-
associated subacute cardiac tamponade 
diagnosed by point- of-care ultrasound 
in the emergency department.

What is the major learning point? 
Point-of-care-ultrasound in motion mode 
can be used to diagnose sonographic 
cardiac tamponade in the ED.

How might this improve emergency 
medicine practice? 
Early diagnosis of subacute cardiac 
tamponade can lead to earlier intervention 
and avoidance of potential complications, 
leading to improved outcomes. 
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Image 1. Anterior-posterior chest radiograph demonstrating massively enlarged cardiac silhouette suggestive of a large pericardial effusion

Image 2A. Normal comparison point-of-care transthoracic echocardiogram (parasternal long axis in 2D-mode)  – Superimposed 
(dashed) line overlying the tip of the mitral valve indicating proper motion-mode striker placement.
RVW,  right ventricular wall; RV, right ventricle; IVS, intraventricular septum; LV, left ventricle; Ao, aorta; MV, mitral valve; LVW, left 
ventricular wall; LA, left atrium.
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Image 2B. Abnormal  point-of-care transthoracic echocardiogram  (parasternal long axis in 2D-mode) – circumferential pericardial effusion
Eff, effusion; RVW, right ventricular wall; RV, right ventricle; IVS, intraventricular septum; LV, left ventricle; Ao, aorta; MV, mitral valve; LVW, 
left ventricular wall; LA, left atrium.

Image 3A. Normal comparison point-of-care transthoracic echocardiogram (parasternal long axis in m-mode)  – m-mode tracing showing 
opening (diastole) or closing (systole) of mitral valve. RV free wall with no diastolic collapse.
RVW,  right ventricular wall; RV, right ventricle; IVS, intraventricular septum; LV, left ventricle; LVW, left ventricular wall; Sys, systole; 
Dia, diastole.
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Image 3B. Abnormal point-of-care transthoracic echocardiogram (parasternal long axis in M-mode) - right ventricular wall collapse as 
the mitral valve begins to open in early diastole.
Eff, effusion; RV, right ventricle; RVW,  right ventricular wall; IVS, intraventricular septum; LV, left ventricle; LVW, left ventricular wall; 
Sys, systole; Dia, diastole.
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We describe a case of wound botulism initially thought to represent Miller-Fisher variant Guillain-
Barré syndrome (MFS). Botulism classically presents with the so-called “four D’s” (diplopia, 
dysarthria, dysphagia, dry mouth) with symmetric, descending weakness. MFS presents with a triad 
of limb-ataxia, areflexia, and ophthalmoplegia, with variable cranial nerve and extremity involvement. 
The distinction can be difficult but is important as early initiation of botulinum antitoxin is associated 
with improved patient outcomes in cases of botulism. Furthermore, it is important to recognize 
intravenous drug use as a risk factor in the development of botulism, especially given an increase in 
injection drug use.  [Clin Pract Cases Emerg Med. 2017;1(3):238–241.]

INTRODUCTION
Botulism is a rare, neurotoxin-mediated illness produced 

by the gram positive, anaerobic, spore-forming bacilli 
Clostridium botulinum.1,2 For the purpose of surveillance, 
cases are described as transmitted through four different 
categories to include foodborne, wound, infant, and other. 
There are eight different known strains of C. botulinum, each 
with a different antigenic variant. Regardless of the means 
of acquisition, weakness and paralysis result when the toxin 
irreversibly binds with presynaptic peripheral cholinergic 
nerve endings (i.e. neuromuscular junction and autonomic 
ganglia) and prevents stimulation-induced acetylcholine 
release by the presynaptic nerve.2,3 Recovery results only 
when new nerve terminals sprout and form new synaptic 
contacts, a process that can take months. We present a case of 
wound botulism in an injection drug user that highlights the 
importance of vigilance in this difficult-to-diagnose illness.  

CASE REPORT
A 30-year-old male with a past medical history of type 1 

diabetes presented to our emergency department (ED) with 
three days of worsening diplopia, dysarthria, and dysphagia. 
The patient stated his initial symptoms included headache 
and blurred vision for which he was evaluated at an outside 

The Ohio State University Wexner Medical Center, Department of Emergency 
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hospital and treated for a migraine headache. Thereafter, the 
headache resolved, but he noted progressive diplopia with the 
onset of dysphagia, dysarthria, and hoarseness. The morning 
of his presentation to our ED he complained of inability 
to swallow and had difficulty handling his secretions with 
progressive drooling. He also noted facial weakness and 
difficulty ambulating. Review of systems was significant for 
two children at home with upper respiratory illnesses. He was 
otherwise well prior to his presentation. 

Vital signs in the ED were normal. His physical exam was 
significant for a well-appearing healthy male with pooling 
secretions and upright posturing requiring frequent suctioning 
of his oropharynx. Neurologically he had significant dysarthria 
and hoarseness, as well as bilateral and symmetric ptosis 
and opthalmoplegia (cranial nerve 3 and 6 palsies), with a 
weak gag reflex. He had symmetrically decreased 1/4 upper 
extremity reflexes and 2/4 lower extremity reflexes with 
ataxia on ambulation. His motor and sensory exams were 
otherwise normal. His labs were unremarkable including a 
white blood cell count, serum chemistry, liver function testing, 
and urinalysis. Bedside negative inspiratory force was -40 
cm H2O (normal -80 to -100 cm H2O), and his vital capacity 
was 2.8 liters (normal 3 to 5 liters). The differential diagnosis 
at that time included concern for Guillain-Barré syndrome 
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What do we already know about this clinical 
entity? 
Wound botulism is a rare clinical entity 
that may present with subtle initial findings. 
Common symptoms include diplopia, 
dysarthria, dysphagia, and dry mouth.

What makes this presentation of disease 
reportable? 
Injection drug use is rising in the U.S. This 
paper presents a case of wound botulism 
that resulted from injection drug use, a rare 
vector of botulism.

How might this improve emergency 
medicine practice? 
Wound botulism is a rare condition. 
Treatments including early administration 
of botulinum antitoxin and possible early 
mechanical ventilation can improve mortality.

How might this improve emergency 
medicine practice? 
Given rising injection-drug abuse in the U.S, 
consider botulism in the differential diagnosis. 
Prompt identification could be life-saving.

(GBS), specifically Miller-Fisher syndrome (MFS), as well as 
neuromuscular junction disorders such as myasthenia gravis, 
infiltrative central nervous system processes ( i.e.lymphoma, 
metastatic cancer), sarcoidosis, Lyme disease, botulism and 
tick paralysis.

Neurology was consulted with continued monitoring 
in the ED. Magnetic resonance imaging of his brain was 
unremarkable, as were the results of lumbar puncture. 
Extensive laboratory testing looking for infectious or 
autoimmune causes were negative, including human 
immunodeficiency virus testing, lyme disease titers, 
acetylcholine receptor antibody, and a ganglioside 
antibody panel. He was admitted to our step-down unit for 
close monitoring and empirically started on intravenous 
immunoglubulin for MFS while awaiting other studies. Early 
during his admission, it was disclosed to house staff that he 
was an IV drug user and shared needles with multiple persons. 
He had withheld this information because he did not want his 
family to know about his drug addiction. Given his worsening 
inability to handle oropharyngeal secretions, he was intubated 
and transferred to intensive care. 

An electromyography (EMG) was performed during this 
interval showing decreased compound muscle action potential 
(CMAP) amplitudes, strongly suggesting the diagnosis of 
botulism. Both the state health department and Centers for 
Disease Control and Prevention (CDC) were contacted with 
an immediate request for botulinum anti-toxin. Confirmatory 
studies for botulism were sent and empiric penicillin G was 
given. Botulism antitoxin was received and administered with 
extubation the morning after administration. Ten days after his 
initial presentation he was discharged well and continued to 
improve on outpatient follow-up. 

DISCUSSION
Wound botulism case definitions include probable and 

confirmed cases. A probable case is defined as “a clinically 
compatible case in a patient who has no suspected exposure 
to contaminated food and who has either a history of a 
fresh, contaminated wound during the 2 weeks before onset 
of symptoms, or a history of injection drug use within the 
2 weeks before onset of symptoms.” A confirmed case is 
defined as “a clinically compatible case that is laboratory 
confirmed in a patient who has no suspected exposure 
to contaminated food and who has a history of a fresh, 
contaminated wound during the 2 weeks before onset of 
symptoms, or a history of injection drug use within the 2 
weeks before onset of symptoms.”4  According to the CDC, 
in 2014 there were 161 confirmed and 16 probable cases of 
botulism reported in the United States,5 the vast majority 
of laboratory-confirmed cases were infant botulism (80%), 
followed by wound botulism (10%), foodborne (9%), 
and botulism of unknown or other etiology (1%). Of the 
probable cases, the majority were wound botulism cases 

(69%) followed by foodborne botulism (31%). Of note, a major 
outbreak of foodborne botulism was reported in 2015 associated 
with a church potluck, causing one of the largest outbreaks in 
U.S. history and resulting in one death.  As it pertains to our 
case, IV drug use is a risk factor for the acquisition of botulism 
and something that is likely to be seen more often with the 
current increase in injection drug use in the U.S. 7-10

Patients with botulism classically present with acute 
onset bilateral cranial nerve palsies and bulbar symptoms (the 
so-called “four Ds:” diplopia, dysarthria, dysphagia, and dry 
mouth) with a symmetric and descending flaccid weakness11 
(Table 1). Symptoms are noticed 18-36 hours after exposure but 
may take days to manifest.12 Patients are afebrile unless there 
is an infected source wound. With illness onset, patients may 
complain of blurred vision, difficulty speaking, and difficulty 
swallowing as cranial nerves become involved. Physical exam 
will revel ptosis, extraocular muscle weakness or palsy, 
and a suppressed gag reflex. Pupils are typically dilated 
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and may be unreactive to light.12 With illness progression, 
patients develop symmetric descending weakness initially 
involving the head and neck. Deep tendon reflexes may 
be diminished, and patients may have difficulty with 
coordination.13,14 As would be anticipated, autonomic 
dysfunction may lead to ileus, urinary retention, orthostatic 
hypotension, reduced salivation and lacrimation. The 
illness becomes life-threatening when respiratory muscle 
function is compromised and may require intubation and 
prolonged mechanical ventilation 1, 13, 14. While wound 
botulism would be expected to have an identifiable source, 
such as an abscess, it has been associated with simple 
abrasions, lacerations, open fractures, surgical incisions, 
and hematoma. 15 

The differential diagnosis for causes of acute, life-
threatening weakness and descending paralysis are listed in 
Table 2.1 Other considerations include electrolyte (i.e. hypo-
hyperkalemia, hypo-hypercalcemia, hypo-hypermagnesemia, 
hypophosphatemia), metabolic (i.e. hypoglycemia, 
hyperthyroidism, hypothyroidism), endocrine (i.e. adrenal 
insufficiency) and toxicologic causes (i.e., organophosphate 
poisoning, carbon monoxide poisoning). 

Our initial impression of this patient’s presentation was 
MFS given the predominant cranial nerve findings and minimal 
motor weakness. MFS is a GBS variant that classically presents 
with a triad of limb-ataxia, areflexia, and ophthalmoplegia with 

or without pupillary areflexia.16,17 Many patients, however, will 
not have all three classic findings. About half of patients with 
MFS present with facial nerve involvement with other cranial 
nerves variably affected. Mild sensory involvement has been 
reported as well. Extremity involvement in MFS is rare but can 
occur in about one-third of cases, as would be seen in GBS.23  In 
cases that do not progress, clinical improvement is seen in 2-4 
weeks, with near complete resolution by six months. Given the 
similarity in symptoms between MFS and botulism, a thorough 
history, including recent infection, intravenous drug use, case 
clustering, etc., and physical examination are paramount for 
guiding the appropriate diagnostics and treatment. A strong 
recommendation can be made to specifically question patients 
presenting in this fashion about intravenous drug use after they 
have been separated from family members to facilitate truthful 
responses and honest communication. 

Diagnosis of the various types of botulism varies, but 
history and physical examination are essential, as many of the 
diagnostic assays may be negative or take a prolonged time 
to result. Regarding wound botulism, attempts to isolate C. 
botulinum from a potential source wound should be attempted. 
Serum assays for botulinum toxin are typically negative and not 
helpful, and stool studies will not be helpful in wound botulism. 
Of patients tested in one study, only 68% of 73 patients with 
wound botulism had positive serum assays for botulinum toxin.19 
EMG findings of decreased CMAP amplitudes, an incremental 

Cranial nerves Diplopia, dysarthria, dysphagia, dysphonia, opthalmoplegia (CN II, IV, VI), facial paralysis (CN VII), mydriasis, 
photophobia

Autonomic nervous system Urinary retention/incontinence, ileus, dry mouth, orthostatic hypotension, respiratory failure
Peripheral nervous system Descending weakness with loss of deep tendon reflexes

Table 1. Signs and symptoms of botulism. 

Disease Signs/symptoms Diagnosis
Guillain-Barré
syndrome (GBS)

Symmetric ascending weakness and paralysis with loss of deep 
tendon reflexes +/- autonomic dysfunction

CSF studies, EMG

Miller-Fisher variant GBS Triad of opthalmoplegia, ataxia, and areflexia CSF studies, EMG
Myasthenia gravis Proximal muscle and bulbar muscle weakness with cranial nerve 

deficits that worsen with exertion
Ice-pack test, edrophonium 
stimulation test, acetylcholine 
receptor antibodies

Lambert-Eaton Syndrome Proximal > distal and lower > upper extremity weakness that worsens 
with illness or elevated temperature and improves with repetition; may 
have ptosis, diplopia, and dysarthria

Voltage-gate calcium channel 
antibodies, search for underlying 
malignancy

Tick paralysis Symmetric ascending flaccid paralysis with loss of deep tendon 
reflexes

Clinical diagnosis with resolution 
of symptoms on tick removal

Table 2. Differential diagnosis of acute weakness.
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response to stimulation (post-activation facilitation), absence of 
post-activation exhaustion, and post-activation facilitation longer 
than two minutes are diagnostic.20,21 

As for any cause of acute weakness in the ED, our focus 
should be on initial airway management, either for prevention of 
aspiration or impending respiratory failure. Monitoring of vital 
signs and respiratory parameters, such as negative inspiratory 
force and vital capacity, are crucial in identifying the patient’s 
trajectory and those that require early intubation. Thereafter, 
initiation of treatment for botulism should be presumptive 
given the diagnosis is likely to be delayed and early initiation 
of treatment with botulinum antitoxin might decrease mortality 
and reduce duration of mechanical ventilation.22,23 A heptavalent 
botulinum antitoxin is the only antitoxin available in the U.S. 
for patients older than one-year, with a human-derived botulism 
immune globulin used for infants less than one year old. The 
state health department and/or CDC (770-488-7100) should be 
contacted immediately for early acquisition and administration 
of heptavalent antitoxin or the California Department of Public 
Health Infant Botulism Treatment and Prevention Program (510-
231-7600) for acquisition of BabyBIG® when appropriate.1 

CONCLUSION
It is increasingly important to consider botulism in the 

differential diagnosis of acute weakness given the increase in 
injection drug use seen in the U.S. A high degree of suspicion 
should be maintained in any person presenting with features 
of cranial nerve and autonomic dysfunction with or without 
evidence of descending weakness or paralysis. When cases 
are identified, early administration of botulinum antitoxin 
can improve outcomes. Regardless, patients may still require 
prolonged hospitalization and mechanical ventilation.  Although 
a rare illness, it is important to keep botulism in the differential 
for patients presenting with weakness, as timely diagnosis and 
appropriate treatment are critical to the patient’s outcome.  
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We report a case of new-onset atrial fibrillation with rapid ventricular response in a 37-year-old male 
who presented to the emergency department. This patient was not admitted to the hospital or placed on 
observation, but rather placed on a cellular outpatient 12-lead telemetry (COTLT) device with emergency 
response capabilities and discharged home. We define a new modality that allows these patients to 
be managed via telemedicine and receive care similar to that which would be rendered in a hospital or 
observation unit. [Clin Pract Cases Emerg Med. 2017;1(3):242–245.]

INTRODUCTION
Atrial fibrillation (AF) is the most prevalent 

supraventricular tachycardia encountered in current hospital 
practice.1,2 Over the past 20 years there has been a 66% 
increase in hospital admissions for AF, and this growth is 
expected to continue due to the aging population, rising 
prevalence of chronic heart disease, and improvements in 
monitoring and diagnostic devices.3-7 By 2050, the prevalence 
of AF in the United States is predicted to be between 5.6 and 
12 million.8 AF is also one of the most expensive conditions 
treated in U.S. hospitals today. In 2005,the national annual 
costs for AF treatment totaled approximately $6.65 billion.6 
It is estimated that the current annual cost of treating one 
patient for AF in the U.S. is $3,600. Hospitalization is the 
number one expense, followed by consultations, loss of work, 
and paramedical procedures.5 Several new clinical strategies 
are being introduced to manage the cost of AF-related 
medical care, many involving the rapidly evolving field of 
telemedicine. We report a case of a patient with new-onset AF 
with rapid ventricular response (RVR) who presented to the 
emergency department (ED) and was managed via a cellular 
outpatient 12-lead telemetry (COTLT) device with emergency 
response capabilities in the outpatient setting, rather than 
being admitted to the hospital. 

Rapid Outpatient Setting Stress (ROSS) Clinical Research Organization, Saddle 
River, New Jersey

CASE REPORT
A 37-year-old male with no significant past medical 

history presented to the ED with a chief complaint of heart 
palpitations. He appeared well and was hemodynamically 
stable. His electrocardiogram (ECG) showed AF with RVR 
at a rate of 129 beats per minute. Lab work, including a 
complete blood count and comprehensive metabolic panel 
were unremarkable, and his troponin was negative. He had a 
normal echocardiogram and received 30 mg of intravenous 
diltiazem over a four-hour period in the ED after which time 
he remained in AF with a heart rate in the 80s.  

Our virtual hospital service, the Center for Remote Medical 
Management (CRMM), was consulted and the patient’s care was 
transferred to two CRMM remote physicians (an internist and a 
cardiologist). He was given aspirin and 150 milligrams of oral 
diltiazem prior to leaving the hospital. We then used a COTLT 

device to manage his care from home. 
The device includes technology in which a 12-lead 

ECG heart monitor tracks real-time telemetry data sent over 
3G/4G/WIFI to be monitored remotely. In the event of an 
emergency, the patient’s location can be pinpointed using 
geolocation, so that emergency services may be notified. This 
also allows for activation of the local catheterization lab, if 
necessary and available. 
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What do we already know about this clinical 
entity?
Although multiple devices exist for the 
outpatient monitoring of cardiac dysrhythmias, 
the majority of them are recorders that do not 
allow real-time analysis. 
 
What makes this presentation of disease 
presentable? 
We present a case of atrial fibrillation 
managed remotely with a real-time telemetry 
monitor that allowed real-time interventions.

What is the major learning point?  
In the appropriate patient population, atrial 
fibrillation, and potentially other cardiac 
dysrhythmias, could be safely managed 
remotely via real-time telemetry monitors.

How might this improve emergency 
medicine practice?
Many low-to-intermediate risk patients with 
atrial fibrillation are unnecessarily admitted 
to hospitals. This strategy offers a safe 
alternative to admission in certain cases.

The patient applied the device, established a continuous 
connection with CRMM and was transported to his home. At 
home the patient had 49 episodes of AF with RVR (HR > 100 
bpm), many of which were in close proximity to one another, for 
which the CRMM cardiologist was consulted and who directed 
the patient to take oral diltiazem. The image shows real-time 
monitoring and interpretation of one episode of home AF with 
RVR managed remotely by the cardiologist. All episodes of AF 
with RVR were rate controlled with oral diltiazem. Emergency 
response was never initiated. The patient was consented in 
writing prior to transfer of care to CRMM and is also registered 
with the Western Institutional Review Board.  

Early the following morning while the patient was 
sleeping, he spontaneously converted to sinus rhythm as 
captured on remote telemetry. After sustained normal sinus 
rhythm a video cardiology consult was performed, for which 
non-emergent stress test and repeat echo were ordered. Given 
spontaneous cardioversion, lack of symptoms and lack of risk 
factors, the remote telemetry was discontinued and he was 
discharged from CRMM. 

Follow-up at seven days revealed maintained sinus 
rhythm. The platform provided a reliable alternative to 
inpatient admission, with decreased cost, increased patient 
satisfaction, decreased exposure to nosocomial infections, and 
anticipated equivalent outcome of diagnostic results

DISCUSSION 
Within the rapidly emerging field of telemedicine, cardiac 

patients have become a major target population. There are 
increasing efforts to manage these patients in an outpatient setting 
by initiating remote cardiac management through implantable 
devices.9 As depicted in this case, the patient was first treated with 
intravenous diltiazem to achieve rate control and sent home with 
a remote monitory device.   

There are no universally accepted guidelines or hospital 
admission criteria for patients with AF, and low-to-intermediate 
risk patients are often either unnecessarily admitted to the 
hospital, or discharged without monitoring prior to follow-up 
with a cardiologist. The patient in our case was low risk and 
likely could have been discharged home safely. However, even 
low-risk patients are frequently admitted to telemetry beds or 
placed unnecessarily in observation units. Additionally, we 
believe this technology to be of potential use in slightly higher 
risk patients, who still may not require hospital admission. We 
have also used it in low-risk chest pain patients.10  

 Previously, only monitoring devices have been employed 
in AF to reduce hospital visits and admissions.   Holter 
monitors, for example, allow monitoring over a 24-hour to 
two-week period, but do not allow for remote transmission of 
information.9 Continuous-loop monitoring is also available but 
is a more costly approach.9 Subcutaneous devices have been 
increasing in popularity, but these are invasive and may result in 
procedural complications.12

In a study by Shacham et al. in 2010, establishing long-
term connections with AF patients using a remote monitoring 
device resulted in 80% successful AF management out 
of the hospital, avoiding unnecessary facility visits.13 
Additionally, the accessibility of a call center encouraged a 
quicker response time in patients who were symptomatic. 

Larger European trials, such as the Clinical Evaluation 
of Remote Notification to Reduce Time to Clinical Decision 
(CONNECT) and Safely RedUceS RouTine Office Device 
Follow-Up (TRUST) trials, resulted in a significant reduction 
in office visits by up to 63%.14-16 Furthermore, management 
with remote monitoring systems had a much lower cost 
compared to ambulatory care and reduced the risk of stroke 
via earlier detection of AF.17  Patients felt reassured and more 
confident in their disease management with telemonitoring 
services.18  In REFORM, a small randomized trial, remote 
monitoring resulted in abundant potential to maximize 
healthcare resources, including reduction in hospital visits, 
physician time, and cost of transport to counterbalance the 
cost of implementing new technology.9
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CONCLUSION
With admissions replacement on a COTLT platform, it 

is possible to conduct medical operations that traditionally 
necessitate hospital admission (such as telemetric 
monitoring, serial cardiac enzymes, and other laboratory 
tests) outside of the facility, thus further reducing 
hospitalization rates and costs. These devices can provide 
continuous real-time communication between the patient 
and medical team, alert the nearest emergency medical 
services if necessary, and deliver the highest medical care 
based on the patient’s own location. With this strategy, 
patient care is no longer limited by the facility to which the 
patient is admitted and will benefit from a broader range 
of options, enhancing the quality of medical management. 
Further research on this topic is needed to determine the 
subset of atrial fibrillation patients who will safely benefit 
from this technology.  
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Image. Telemetry monitoring with CardiacLinx platform exhibiting atrial fibrillation with rapid ventricular response at 135 beats per minute.
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More people are struck and killed by lightning each year in Florida than any other state in the United 
States. This report discusses a couple that was simultaneously struck by lightning while walking 
arm-in-arm. Both patients presented with characteristic lightning burns and were admitted for 
hemodynamic monitoring, serum labs, and observation and were subsequently discharged home. 
Despite the superficial appearance of lightning burns, serious internal electrical injuries are common.  
Therefore, lightning strike victims should be admitted and evaluated for cardiac arrhythmias, renal 
injury, and neurological sequelae.[Clin Pract Cases Emerg Med. 2017;1(3):246–250.]

INTRODUCTION
In the United States, the National Weather Service 

estimates the odds of being struck by lightning in a given 
year as approximately one in a million. In Florida, the heat 
and humidity of the subtropical climate creates optimal 
conditions for thunderstorms; the density of lightning strikes 
is approximately 30 strikes/km2 per year, relatively high on 
the global scale and the highest in the U.S.1 The risk presented 
by this high strike density in conjunction with the large 
population density and favorable climate for outdoor and 
water activities has earned Florida the reputation as the 
“Lightning Capital of the United States.”2,3 Although being 
struck by lightning is considered an uncommon occurrence, 
Florida has more than twice as many lightning-related 
casualties and fatalities than any other state and averages 
approximately 10 fatalities per year.3,4

While several published case reports describe the injuries of 
individuals struck by lightning, this report presents a couple that 
was simultaneously struck by lightning while walking arm-in-
arm in the rain holding an umbrella between them. Their unique 
lightning burns and treatment are discussed.

Memorial Regional Hospital, Division of Acute Care Surgery and Trauma, 
Hollywood, Florida

CASE PRESENTATION
Patient 1

A 40-year-old male was struck by lightning while walking 
in a rainstorm holding an umbrella in an open parking lot. He 
presented with superficial and partial thickness cutaneous injuries. 
He recalled falling to his knees and losing sensation in his left leg 
and subsequently suffered loss of consciousness for a very short 
period of time post-strike.

The patient presented, alert, oriented, and responsive with 
a Glasgow Coma Score (GCS) of 15, but complained of diffuse 
pain. His vitals were normal and he was in normal sinus rhythm 
(NSR) with no heart murmurs. A focused assessment with 
sonography for trauma (FAST) and abdominal examination were 
negative and there was no evidence of compartment syndrome or 
internal injury. Chest and pelvic radiography as well as computed 
tomography (CT) of the head and cervical spine were normal.

He sustained multiple burn injuries, including superficial 
burns on the anterior trunk and legs (Image 1). Small abrasions 
were also observed above the scrotum area and the left nipple, 
and partial thickness punctate burns were observed on the anterior 
left thigh and over the left nipple (Images 1A and 1B). Minor 
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superficial thermal contact burns were observed below his belt 
buckle (Image 1A). Superficial flash burns were also observed 
on the patient’s trunk and anterior thighs, and ecchymosis was 
observed on the patient’s knees, resulting from his fall to the 
ground. Distinct Lichtenberg figure lesions were observed on 
the anterior right thigh (Image 1A) as well as on the right and 
left lateral thighs (Image 1C). The patient also presented with an 
open wound on the left lateral ankle; his shoe had been burnt and 
blown off by the strike.

The patient tested positive for blood (3+) and albumin 
(1+) in the urine, and was diagnosed with myoglobinuria and 
admitted to the intensive care unit for hemodynamic monitoring 
and resuscitation. The patient’s troponin-T, creatinine kinase 
myocardial b fraction (CK-MB), and total CK levels were 
monitored to identify any cardiac or global muscle damage. 
His total CK levels were elevated (1,654 unit/L) upon arrival 
and trended down over his 68-hour hospital course. Troponin-T 
and CK-MB levels remained normal. The patient remained 
neurologically intact with no sequelae and was subsequently 
discharged home.
  
Patient 2

A 30-year-old female was simultaneously struck by lightning 
while holding the umbrella with Patient 1. She sustained small 
partial thickness burns to the right cheek and the inside of 
her right index finger where she was holding the umbrella. 
Lichtenberg figure lesions were observed on the patient’s chest 
(Image 2A). The patient was alert and oriented with a GCS of 15 
on arrival.

She presented with normal vital signs. There was no 
evidence of compartment syndrome and a FAST scan and 
abdominal examination were normal. Radiography of the 
chest and pelvic area as well as CTs of the head and cervical 
spine were normal.

The patient was mildly tachycardic (~100 beats per minute) 
on arrival with complaint of “pressure”-like discomfort in her 
chest despite having a normal rhythm (Image 2B), no heart 
murmurs, and normal troponin-T and CK-MB levels. She was 
admitted to the hospital for monitoring. Serum labs at six and 
nine hours showed slightly elevated troponin-T (troponin-T6hr 
= 0.05 ng/mL, troponin-T9hr = 0.02 ng/mL) and CK-MB (CK-
MB9hr = 5.6 ng/mL) levels and a follow-up electrocardiogram 
(ECG) exhibited an abnormal ST-segment, all of which could 
be predictive of an adverse cardiac event (Image 2C).  Her total 
CK-MB levels returned to normal range within 24 hours, and the 
ECG returned to normal before discharge. Her CK total levels 
were slightly elevated (>300 unit/L) but returned to normal. 
She remained neurologically intact and was discharged with no 
sequelae after 66 hours.

DISCUSSION
A lightning strike creates a short duration (10-100 ms) 

discharge circuit (30,000-50,000A) between the clouds and 

strike location.5-7 Peak discharge point is typically 2-5 cm in 
diameter and spreads radially across the strike surface.8 Direct 
lightning strikes are uncommon and often fatal and comprise 
approximately 5% of strike events.6,9 The vast majority of 
lightning-related injuries are indirect.6,9 Indirect injury methods 
include the following: 1) side flash or “splash” contact injury, 
where the victim is in contact with the struck object, 2) ground 
current, where the current passes across the victim from a 
nearby ground strike point, and 3) blast injury from sonic-wave 
thunder, which includes primary injury methods such as sonic 
rupture of tympanic membranes or tertiary injury methods such 
as blunt trauma if the victim falls or is thrown.5,7,9 Ultimately 
10-30% of lightning strike victims die, and most deaths are 
either immediate or due to cardiac or respiratory arrest.5,7,9,10  

Lightning strike victims often present with cutaneous 
injuries, which include linear or flash burns, punctate burns, 
thermal burns, or Lichtenburg figure lesions. Linear flash 
burns are in effect scald burns caused by the rapid heating and 
evaporation of water from the surface of the skin. These burns 
are often superficial and occur where there is moisture (sweat, 
rain) on the skin.5,10 Punctate burns are small, circular burns 

CPC-EM Capsule

What do we already know about this clinical 
entity? 
Lightning injuries, although rare, are serious 
and life-threatening. While risk is somewhat 
geographical, lightning-related injuries have 
the potential to affect large populations.  
 
What makes this presentation of disease 
reportable? 
This report illustrates the case of a couple 
simultaneously struck by lightning, which has 
rarely been reported. 
 
What is the major learning point? 
A single lightning strike can inflict both external 
and internal injuries on multiple patients; all 
injuries require timely diagnosis and treatment.
 
How might this improve emergency medicine 
practice? 
Although most clinicians will never treat 
a patient struck by lightning, they must be 
prepared to recognize and treat this potentially 
lethal injury.  
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that can be superficial or full thickness. They are typically 
very small and do not require medical treatment.7,11 Patients 
struck by lightning may also suffer serious thermal burns from 
metallic accessories or objects contacting their skin. The short 
contact duration (tens of milliseconds) and relatively high 
resistance of the epidermis often prevents significant direct 
tissue heating damage due to the electrical current alone; but 
the strike can quickly heat any metallic objects, such as a 
necklace or belt buckle, that in turn can cause severe thermal 
contact burns.7,12-14 Thermal burns may also occur if a victim’s 
clothing ignites. 

A less common cutaneous injury unique to lightning 
strike victims are unusual superficial lesion patterns known 
as Lichtenberg figures. They are also known as arborization 
or “fern,” “feathering” lesions based on their unique fractal 
appearance.4-7 Lichtenburg figure lesions are exclusively 
caused by lightning and are not technically burns, as they 
are not thermal injuries and the dermis and epidermis remain 
intact.4,10 Rather, the lightning energy spreads in a fractal 
pattern across the skin, which causes a transient extravasation 
of blood and subsequent discoloration in the subcutaneous 

tissue.4,10 These dramatic marks typically fade within days 
as the tissue returns to normal. Overall, the short duration of 
the lightning strike and high resistance of the skin results in 
minimal cutaneous damage; lighting burns and lesions are 
typically minor, superficial, and require little treatment.5,6,10,14

Despite the superficial appearance of burns on lightning 
strike victims, occult internal electrical injuries can be deadly 
and do not correlate with the severity of cutaneous injuries. 
Internal muscles and organs are highly conductive and can be 
severely damaged by the energy of the strike.10,14 For example, 
immediate cardiorespiratory arrest or ventricular fibrillation 
cardiac arrest are the primary causes of death for lightning 
strike victims.10,15 Lightning strikes can also cause acute 
cardiovascular conditions such as arrhythmias, myocardial 
ischemia, and even myocardial contusion.7,14-17 Monitoring 
the patient’s ECG and cardiac enzymes such as troponin-T 
and CK-MB may be useful for determining the extent of 
myocardial damage inflicted by the electrical trauma.14-16,18 

In addition to cardiac complications, 3-15% of lightning 
strike victims may develop acute renal failure.19 The electrical 
trauma of the strike can cause severe muscle damage along 

Image 1. Cutaneous injuries on patient one: (A) Small superficial thermal burns where the patient’s belt buckle contacted the skin (white 
arrows). Lichtenberg figure lesions on anterior right thigh (black dotted arrow). Superficial punctate burn on left anterior thigh (white 
dotted arrow). Dark linear flash burn on left anterior thigh (black arrow). Dark purple ecchymosis is visible on the patient’s knees from 
his fall to the ground after the strike; (B) Superficial linear flash burn (black arrow), punctate burns (white dotted arrow), and small abra-
sions over left nipple; (C) Lichtenberg figure lesions on the lateral right thigh (black dotted arrow). 
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the conduction pathway; when this necrotic muscle tissue 
breaks down it releases excessive amounts of toxic muscle-
cell components, such as CK, into circulation.19 This can 
lead to myoglobinuria and potentially catastrophic renal 
failure.7,15,19 Patient total CK levels have been shown 
to predict the amount of muscle injury and should be 
monitored to prevent lasting renal issues.18,19 Sensory 
damage (eye, ear) and neurological sequelae, such as 
hypoxic ischemic neuropathy, intracranial hemorrhage, 
motor neuron disease, and movement disorders, are also 
common in strike victims.5-10,14,20 Thorough follow-up 
for all these potential complications is recommended as 
approximately 75% of strike survivors are at risk of long-
term or permanent sequelae.5,10  

CONCLUSION 
The National Weather Service advises everyone to 

immediately seek shelter if lightning and thunder are 
present, and asserts that remaining outside during a storm 
places individuals at greater risk. Prevention measures 
should be taken seriously in Florida, which consistently 
has the largest number of lightning strike casualties and 
fatalities in the nation due to frequent tropical storms 
and enthusiasm for outdoor leisure activities. If struck by 
lightning, an individual can suffer a multitude of serious 
external and internal injuries. Strike victims should be 
admitted and evaluated for long-term issues such as cardiac 
arrhythmias, renal injury and myoglobinuria, sensory 
damage, and neurological sequelae. 

Image 2. (A) Lichtenberg figure lesions on the chest; (B) Normal electrocardiogram upon admittance; (C) Subsequent electrocardiogram 
nine hours after admittance demonstrating abnormal ST-segments and inverted T-waves (arrows). 
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Erythema nodosum (EN) is associated with many systemic diseases and infections. This case 
report  provides an image of erythematous nodules, an overview of the various causes of EN, and 
the laboratory tests and imaging that can be done in the emergency department to narrow its broad 
differential diagnosis. [Clin Pract Cases Emerg Med.2017;1(3):251–252.]

CASE PRESENTATION
A 26-year-old male presented to an emergency department 

(ED) in Southern California with two days of symmetrical, 
erythematous, and painful subcutaneous nodules. The nodules 
began on his thighs and spread to his anterior lower legs 
(Image). He also complained of two weeks of fever, cough, 
arthralgia, generalized weakness, and dyspnea, and had right 
upper-lobe consolidation and mediastinal adenopathy on 
imaging. He had been seen in the ED two weeks earlier for 
these symptoms and discharged with azithromycin. Since his 
initial visit, he had no improvement of symptoms with 
azithromycin and had newly developed leg lesions. Further 
evaluation as an inpatient confirmed the diagnosis of erythema 
nodosum (EN) caused by acute coccidoidomycosis. He was 
started on fluconazole with outpatient follow-up. 

DISCUSSION
EN is a panniculitis resulting from a delayed 

hypersensitivity reaction.1 It presents as tender, warm, and 
erythematous nodules, usually on the anterior legs.2 The 
nodules are symmetric and 1-5 cm in diameter.1 EN is often 
preceded 1-3 weeks by a prodrome of fever, malaise, 
arthralgia, cough, and weight loss.3 Additional signs and 
symptoms vary depending on etiology. Although most cases 
are idiopathic, EN is also associated with various infections 
(Streptococcus pyogenes, yersiniosis, Chlamydia, 
histoplasmosis, coccidioidomycosis, tuberculosis, 
Campylobacter), drugs (estrogens/oral contraceptives, 
sulfonamides, penicillin), systemic illnesses such as 

University of California Irvine School of Medicine, Department of Emergency 
Medicine, Irvine, California

inflammatory bowel disease and sarcoidosis, pregnancy, and 
malignancy.3 Differential diagnosis includes α1-antitripsin 
deficiency, cytophagic histiocytic panniculitis, lupus 
panniculitis, and nodular fat necrosis.4 Tests performed in the 
workup of EN should depend on the patient’s geographic 
location, travel history, and presenting symptoms.4 For 
example, patients with EN and upper respiratory symptoms in 
the western United States should be tested for 

Image. Erythematous nodules on bilateral anterior legs.
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What do we already know about this clinical 
entity? 
Erythema nodosum (EN) presents as tender, 
erythematous cutaneous nodules. It can 
be idiopathic or associated with various 
infections, systemic diseases, and drugs.

What is the major impact of the image(s)? 
The image in this case report demonstrates 
the classic findings seen with EN: 
symmetrical, erythematous nodules on 
anterior lower legs.

How might this improve emergency 
medicine practice? 
Given the broad spectrum of conditions 
associated with EN, this case report 
addresses how to recognize and efficiently 
workup EN in the emergency department.

coccidioidomycosis. EN is self-limited; however, nonsteroidal 
anti-inflammatory drugs and measures, such as leg rest, 
elevation, and compression, can reduce pain and edema.1,3 
Definitive management is treatment of underlying trigger.

Address for Correspondence: Saema Said, BS, University of 
California Irvine School of Medicine, Department of Emergency 
Medicine, 333 City Blvd. West, Suite 640, Orange, CA 92868. 
Email: saemas@uci.edu.

Conflicts of Interest: By the CPC-EM article submission 
agreement, all authors are required to disclose all affiliations, 
funding sources and financial or management relationships that 
could be perceived as potential sources of bias. The authors 
disclosed none.

Copyright: © 2017 Said et al. This is an open access article 
distributed in accordance with the terms of the Creative Commons 
Attribution (CC BY 4.0) License. See: http://creativecommons.org/
licenses/by/4.0/

REFERENCES
1.  Blake T, Manahan M, Rodins K. Erythema nodosum - a review of an 

uncommon panniculitis. Dermatol Online J. 2014;20(4):22376. 
2.  González-Gay MA, García-Porrúa C, Pujol RM, et al. Erythema 

nodosum: a clinical approach. Clin Exp Rheumatol. 2001;19(4):365-8.
3.  Gilchrist H, Patterson JW. Erythema nodosum and erythema 

induratum (nodular vasculitis): diagnosis and management. Dermatol 

Ther. 2010;23(4):320-7. 
4.  Schwartz RA, Nervi SJ. Erythema nodosum: a sign of systemic 

disease. Am Fam Physician. 2007;75(5):695-700. 



Volume I, no. 3: August 2017 253 Clinical Practice and Cases in Emergency Medicine

images in emeRgenCy mediCine
 

Paratracheal Cysts
 

Mohammad R. Mohebbi, MD*
Chadd K. Kraus, DO, DrPH, MPH† 

Section Editor: Rick A. McPheeters, DO
Submission history: Submitted December 8, 2016; Revision received January 25, 2017; Accepted February 23, 2017
Electronically published July 6, 2017
Full text available through open access at http://escholarship.org/uc/uciem_cpcem 
DOI: 10.5811/cpcem.2017.2.33297
[Clin Pract Cases Emerg Med. 2017;1(3):253–255.]

CASE PRESENTATION
A 38-year-old male with no significant past medical 

history presented to the emergency department with pain and 
swelling on the left mandibular area and the right upper 
quadrant of the abdomen after a reported assault in which he 
was punched in the face and kicked in the right chest wall 
during a fight at a bar. The patient reported that he had been 
drinking alcohol but denied loss of consciousness. Vital signs 
were within normal limits and physical exam was otherwise 

University of Missouri-Columbia, Department of Emergency Medicine, Columbia, 
Missouri
Geisinger Health System, Department of Emergency Medicine, Danville, 
Pennsylvania

*

†

unremarkable. Due to the patient’s history and intoxication, 
computed tomography (CT) of the head, cervical spine, chest 
and abdomen were obtained and were unremarkable with the 
exception of a collection of air on the right side of the upper 
trachea and anterior to the right lung apex (Image 1). It did not 
seem to communicate with either the lung or trachea and there 
was no evidence of lung tissue in the air collection in the lung 
window images (Image 2). However, the patient had reported 
trauma to the right chest/abdominal wall. After consulting the 

Image 1. Right-sided paratracheal cyst in the thoracic outlet. 
T, trachea; C, paratracheal cyst.
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What do we already know about this clinical 
entity?
Paratracheal cysts are a common finding on 
CT. They can mimic pneumomediastinum. There 
is a potential association with chronic obstructive 
pulmonary disease, and chronic cough. The cysts 
have also been reported in children.

What is the major impact of the image(s)?
This incidental benign finding can be a 
diagnostic dilemma in the setting of trauma 
and could be confused with an acute injury.

How might this improve emergency medicine 
practice?
Emergency physicians should be mindful of 
this benign finding, especially in the setting 
of trauma. The anatomic location of the cysts 
may also complicate procedures such as 
internal jugular line placement.

Image 2. No evidence of lung tissue in the air collection in the lung window image.
T, trachea; C, paratracheal cyst.

otolaryngology and pulmonology services, a conclusion was 
made that this was an incidental finding of paratracheal cyst 
and unrelated to the trauma reported by the patient. 

DISCUSSION
Right paratracheal cysts are a common finding on CT 

and are reported in just under 4% of the United States 
population.1 In the setting of trauma, paratracheal cysts can 
mimic pneumomediastinum. The nature of the paratracheal 
cyst is diverse; however, they could be considered to be 
tracheal diverticula,2 although a tract to the trachea or 
tracheal mucosal is not always found on broncoscopy. There 
is a potential association of paratracheal cysts with 
obstructive lung disease1,2 and chronic cough,3 although the 
cysts have been found in pediatric patients as well.1,4 
Paratracheal cysts are usually an incidental finding on CT 
imaging. It is important for emergency physicians to be 
aware of this entity and be mindful of this benign finding, 
especially in the setting of trauma, where it could be 
confused with an injury depending on the history, 
mechanism of injury and clinical exam The anatomic 
location of the cysts could also complicate certain 
procedures such as central venous catheterization of the 
internal jugular vein or make these procedures more difficult.
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CASE REPORT
A 20-year-old Caucasian female presented with an altered 

mental status that began one day prior to arrival. The patient 
claimed to know the answers to questions, but was only able 
to reply with the answers of “yes” or “I don’t know.” Her 
past medical history consisted of aortic insufficiency. Her 
pulse was 109, with a blood pressure of 144/99. Neurological 
exam revealed that she had expressive aphasia but no facial 
droop, localized weakness or sensory deficits. A computed 
tomography of the head showed no acute intracranial 
hemorrhage, but did show areas of decreased attenuation 
within the deep white matter of the left frontal lobe without 
discernible mass effect. A magnetic resonance image (MRI) of 
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Image 1. MRI of the brain showing multiple foci of subacute 
infarcts. 
MRI, Magnetic resonance imaging

the brain showed multiple foci of subacute infarcts (Image 1), 
while an MR angiogram (MRA) revealed stenosis involving 
the A1, M1, and P1 segments bilaterally (Image 2). 

DISCUSSION
Moyamoya disease (MMD) is an occlusive 

cerebrovascular disease characterized by stenosis of the 
terminal aspect of the internal carotid artery and an abnormal 
network of basal vessels.1 The etiology of MMD  is 
unknown, but both congenital and acquired processes may 
play a role in its development. The incidence of disease 
is 4.6 times higher in Asian Americans as compared to 
their Caucasian counterparts and shows a predominance 

 Image 2. MRA of the brain depecting the classic “puff of 
smoke” with associated stenosis involving the A1, M1, and P1 
segments bilaterally. 
MRA, Magnetic resonance angiogram

*
†
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for females.1 Catheter angiography is the gold standard 
for diagnosis, but due to its invasive nature MRA has 
gained in popularity. On MRA, the classic “puff of smoke” 
may be visualized due to collateral vessel formation after 
arterial stenosis. Patients who are conservatively managed 
experience stroke at a rate of 3.2%-15.0% annually.2 In those 
who underwent postoperative direct revascularization, the 
annual stroke rate decreased to 0.0%- 1.6%, while those 
who had undergone postoperative indirect revascularization 
presented an annual stroke rate of 0%-14.3% annually.2
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What do we already know about this clinical 
entity? 
Moyamoya is a rare clinical entity 
characterized by stenosis of the internal 
carotid artery causing those afflicted to have 
stroke like symptoms.

What is the major impact of the image(s)?
The image depicts the classic “puff of 
smoke” seen in those with Moyamoya.

How might this improve emergency 
medicine practice? 
Although classically seen in those with 
Asian descent, the emergency physician 
must be aware of the diagnosis in all patient 
populations.
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CASE REPORT
A 31-year-old African-American male with known sickle 

cell disease presented to the emergency department (ED) with 
a one-week history of chest pain and bilateral leg pain. Physical 
examination showed an afebrile and hemodynamically stable 
but uncomfortable appearing male. Cardiac and respiratory 
exam were unremarkable. A bedside focused cardiac ultrasound 
(FOCUS) exam performed by the attending emergency physician 
(EP) revealed four dilated chambers and a hyperechoic mobile 
body in the right atrium (Image). The FOCUS images were 
forwarded to a senior cardiology fellow who confirmed that the 
hyperechoic body was a Chiari network and not a right atrial clot. 
The patient was admitted for a sickle cell vaso-occlusive crisis 
that was managed with morphine and intravenous fluids.

University of Illinois-College of Medicine, Chicago, Illinois
University of Illinois at Chicago, Department of Emergency Medicine, Chicago, Illinois 

*
†

DISCUSSION
Found in 2% of the population, Chiari network is a collection 

of reticula in the right atrium that results from incomplete 
resorption of the Eustachian valve.1 The network is visualized 
on echocardiogram as a pulsating network of threads and fibers 
attached to the posterior wall of the right atrium or atrial septum. 
This sonographic appearance can prove to be a diagnostic 

CPC-EM Capsule

What do we already know about this clinical 
entity? 
Chiari’s network is a collection of reticula 
found in the right atrium that has been 
associated with some cardiac pathologies 
such as arrhythmia, paradoxical emboli, and 
thrombi formation.

What is the major impact of image(s)? 
The major impact of this image is to inform 
providers of this disease entity, emphasize 
its defining characteristics, and highlight the 
associated pathologies.

How might this improve emergency 
medicine practice? 
A Chiari’s network can prove a diagnostic 
challenge for emergency physicians, at times 
mimicking a right atrial mass, thrombus, 
or vegetation which may in turn lead to 
mistreatment.

Image. Apical four chamber view demonstrating a right atrial 
Chiari Network (arrow).
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challenge for EPs using point-of-care ultrasound because it 
could be mistaken for a right atrial mass, thrombus, or vegetation 
instead of an embryological remnant, which may in turn lead to 
mistreatment.2 Key elements noted on echocardiography that 
distinguish Chiari network include identification of at least two 
normal-appearing tricuspid valve leaflets and the presence of 
a rotary, highly mobile target that does not move into the right 
ventricular outflow tract or the right ventricle during diastole. 
While typically considered a benign anatomical variant, it has 
been associated with cardiac pathologies such as arrhythmia, 
paradoxical emboli, persistent patent foramen ovale, formation 
of an atrial septal aneurysm, thrombi formation, and entrapment 
of thrombi or catheters.1,3,4 Differentiating Chiari network from a 
more acutely pathological process is critical in the evaluation and 
management of hypercoagulable patients.

Video 1. An apical four chamber view displaying a prominent 
Chiari network within the right atrium.

Video 2. An apical four chambier view displaying a right atrial 
thrombus to contrast with the Chiari network found in Video 1.
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CASE PRESENTATION
A 90-year-old female presented after sudden collapse 

with a Glasgow Coma Score of 3, and profound hypotension. 
Shortly after endotracheal intubation, the patient developed 
significant hematemesis, and massive transfusion protocol was 
subsequently instituted. Computed tomography angiogram of 
the chest revealed active bleeding from an aortoesophageal 
fistula (Image 1). During the resuscitation, over four liters of 
blood were collected via oral gastric tube and manual suctioning 
by nursing staff before the resuscitation was terminated at the 
family’s request. 

DISCUSSION 

The most common causes of aortoesophageal fistulas are 
thoracic aortic aneurysm, foreign body ingestion, postoperative 
complications, and esophageal malignancy. The classic 
presentation of mid-thoracic chest pain and sentinel arterial 
hemorrhage followed by exsanguination is known as Chiari’s 
triad.1 If the abnormality is identified early during the 
asymptomatic period using endoscopy or computed tomography 
angiogram of the chest, survival is possible with immediate 
surgical intervention or endovascular stenting.2 Medical 
providers must be familiar with the presentation, diagnostics, 
rapid interruption of diagnostics and treatment of 
aortoesophageal fistulas to make survival of this rare and 
typically fatal pathology possible.

Image 1. Computed tomography of the chest with contrast-filled aortoesophageal fistula (arrow).
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Image 2. Computed tomography of the chest with contrast filling the esophagus (solid arrow) and adjacent oral gastric tube (dashed 
arrow). 
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CPC-EM Capsule
What do we already know about this clinical 
entity?
Aortoesophageal fistula is a rare and 
typically fatal pathology that presents as 
massive upper gastrointestinal hemorrhage.

What is the major impact of the image(s)?
This is a rarely seen image, given the degree 
of extremis and high mortality of patients 
with aortoesophageal fistula at emergency 
department presentation.

How might this improve emergency 
medicine practice?
Emergency medicine providers must be 
familiar with the presentation, diagnostics, 
rapid interruption of diagnostics and 
treatment of aortoesophageal fistulas.



Clinical Practice and Cases in Emergency Medicine 262 Volume I, no. 3: August 2017

images in emeRgenCy mediCine
 

A Man with Cyanotic Digits
 

Tess Wiskel, MD*
Jonathan Bass, MD†

Jeffrey Feden, MD* 

Section Editor: Rick A. McPheeters, DO
Submission history: Submitted December 18, 2016; Revision received February 7, 2017; Accepted February 23, 2017
Electronically published July 6, 2017
Full text available through open access at http://escholarship.org/uc/uciem_cpcem 
DOI: 10.5811/cpcem.2017.2.33371
[Clin Pract Cases Emerg Med. 2017;1(3):262–264.]

CASE PRESENTATION
A 37-year-old right-handed male auto mechanic with a 40 

pack-year smoking history presented to the emergency 
department with progressive digital pain, cyanosis and 
paresthesias to his right hand over the prior month. Physical 
exam revealed cyanosis of the second through fifth digits with 
sparing of the thumb, absent digital artery Doppler signals, 
and a diminished deep palmar arch signal (Image 1). 

Conventional angiography of the hand revealed an 

Brown University Warren Alpert Medical School, Department of Emergency Medicine, 
Providence, Rhode Island
Brown University Warren Alpert Medical School, Department of Plastic and 
Reconstructive Surgery, Providence, Rhode Island

*

†

aneurysmal appearance of the palmar ulnar artery adjacent to 
the hook of the hamate, and abrupt truncations to the digital 
arteries consistent with hypothenar hammer syndrome (Image 
2a). The patient returned two weeks later for surgical 
intervention with right ulnar artery reconstruction and ulnar 
nerve decompression (Image 2b). Following surgery, the 
cyanosis resolved and there was return of biphasic digital 
artery signals, normal capillary refill, motion, sensibility, and 
good wound healing. 

Image 1. Initial appearance of hand with cyanotic digits 2-5.
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What do we already know about this clinical 
entity?
Hypothenar hammer syndrome is 
characterized by vascular insufficiency to 
the digits from repetitive blunt trauma to 
the hypothenar eminence, which results in 
arterial aneurysm or thrombosis. 

What is the major impact of the image(s)?
These images illustrate the physical exam 
findings of digital ischemia, the underlying 
vascular pathology demonstrated by 
angiography and the intra-operative gross 
anatomic dissection.

How might this improve emergency 
medicine practice?
Hypothenar hammer syndrome is a rare 
condition not often encountered in emergency 
medicine practice or literature, and these 
images intend to increase awareness in 
clinical practice.

DISCUSSION
Hypothenar hammer syndrome is characterized by 

vascular insufficiency of the digits. It often results from 
repetitive blunt trauma to the hypothenar eminence causing 
ulnar artery damage, likely against the hook of the hamate, 
resulting in arterial thrombosis or aneurysm.1,2 This rare 
syndrome occurs most commonly in athletes and industrial 
workers.3 The differential diagnosis includes other causes of 
digital ischemia, such as Raynaud’s disease, Buerger’s 
disease, atherosclerotic and embolic disease, vasculitis, and 
thoracic outlet syndrome.2 The gold standard for diagnosis is 
arterial imaging, preferably angiography, which 
demonstrates the classic corkscrew or aneurysmal 
appearance of the ulnar artery. Additionally, point of care 
ultrasound has been used to aid in diagnosis of this 
syndrome.4 Management ranges from conservative medical 
management to endovascular thrombolysis or surgical 
grafting, as in this case.2

Image 2a. Angiogram demonstrating abnormal aneurysmal appearance of ulnar artery (arrow).
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Image 2b. Intra-operative aneurysmal ulnar artery with corkscrew appearance (arrow).
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CASE PRESENTATION
A 19-year-old male presented to the emergency department 

after a fall while playing soccer. He attempted to head the ball 
but instead fell backwards, hitting his head and neck on the 
ground. He did not lose consciousness but developed immediate 
pain along the right side of his neck. He also described pleuritic 
chest pain. He denied vision changes, nausea, vomiting, dyspnea, 

Brigham and Women’s Hospital, Department of Emergency Medicine, Boston, 
Massachusetts

abdominal pain, paresthesias, or extremity weakness. His vital 
signs were normal. His physical exam was notable for palpable 
crepitus over the right supraclavicular area. He had clear breath 
sounds bilaterally. His neurologic exam was intact. Laboratory 
tests were unremarkable. A chest radiograph was performed 
(Image 1), and the patient was subsequently evaluated by the 
trauma service. Thereafter, a computed tomography of the neck, 

Image 1. Plain radiograph demonstrates subcutaneous emphysema (arrow) and pneumomediastinum (arrowhead).



Clinical Practice and Cases in Emergency Medicine 266 Volume I, no. 3: August 2017

Adult Male with Neck Pain Natsui et al.

CPC-EM Capsule

What do we already know about this clinical 
entity?
Pneumorrhachis is the presence of air within 
the spinal canal, caused by conditions that 
create elevated intrathoracic pressure.

What is the major impact of the image(s)?
The images illustrate the association of 
pneumorrhachis with other pathology 
such as subcutaneous emphysema and 
pneumomediastinum.

How might this improve emergency 
medicine practice?
The presence of subcutaneous emphysema or 
pneumomediastinum on plain film imaging 
for a trauma patient should raise suspicion 
for associated pneumorrhachis.

chest, abdomen, and pelvis was performed (Images 2 and 3), and 
the patient was admitted to the hospital. 

DISCUSSION  
Pneumomediastinum and pneumorrhachis. The 

patient was admitted to the surgical service for close 
airway monitoring and a barium-swallow study to assess 
for esophageal perforation. No surgical intervention was 
necessary. Pneumorrhachis is the presence of air within the 
spinal canal and was first described in 1977.1,2 Conditions that 
produce elevated intrathoracic pressure, such as coughing, 
sneezing or vomiting, can lead to the entrapment of air 
in the paraspinal soft tissues and epidural space via the 
neural foramina.3 The majority of cases appear to involve 
young males.1,4 The association between pneumorrhachis 
and subcutaneous emphysema due to barotrauma is well 
described. The mechanism behind the association of 
pneumomediastinum with pneumorrhachis, however, is poorly 
understood.1 Related phenomena include pneumocephalus, 
pneumothorax, and pneumopericardium. Given the rarity of 
pneumorrhachis no standard management guidelines exist.5 

Fortunately, the majority of cases of pneumorrhachis are self-

Image 2. Coronal view of computed tomography of the patient’s neck demonstrates subcutaneous emphysema (arrow) and 
pneumomediastinum (arrowhead).
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limiting and successfully managed without surgical intervention.
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Image 3. Sagittal view of the patient’s neck computed tomography demonstrates pneumorrhachis (arrow).
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Image. Point-of-care ultrasonographic transabdominal images of the uterus in midline (A) and off-axis sagittal views (B), demonstrating 
an enlarged uterus (dotted line) with irregular echogenic endometrial debris (asterisk) casting shadows from the endometrium.

Video. Transabdominal ultrasound of the uterus with debris and air with shadowing artifact.
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What do we already know about this clinical 
entity?
Septic abortion is a life-threatening infection 
associated with unsafe abortion practices 
that is diagnosed clinically and confirmed 
with ultrasound. 

What is the major impact of the image(s)?
Our ultrasound video demonstrates septic 
abortion-associated uterine free air, a novel 
finding that has yet to be discussed in the 
point-of-care ultrasound (POCUS) 
emergency medicine literature.

How might this improve emergency 
medicine practice? 
POCUS allows for prompt identification of 
septic abortion and swift consultation with 
obstetrics for definitive care.

CASE PRESENTATION
A 19-year-old recently immigrated female presented with 

severe lower abdominal pain, fever, and vaginal bleeding after a 
syncopal episode. On examination, she was febrile with diffuse 
tenderness to palpation of her lower abdomen with an enlarged 
uterus palpable to just below the umbilicus. The patient initially 
denied pregnancy, but had a positive urine pregnancy with a 
quantitative beta-human chorionic gonadotropin of 19,773 mIU/
mL. Pelvic exam revealed scant amount of blood in the vaginal 
canal with malodorous discharge. A point-of-care ultrasound 
revealed an enlarged uterus with a large amount of air and 
echogenic debris within the endometrium (Image). Over the 
course of the emergency department (ED) stay, the patient 
became hypotensive and was found to have anemia and 
leukocytosis requiring a blood transfusion, antibiotics and 
emergent gynecological intervention.

DISCUSSION
The patient was admitted to the obstetric service and 

started on broad-spectrum antibiotics for incomplete septic 
abortion. She underwent a vacuum-assisted dilation and 
curettage with removal of uterine contents. Surgical pathology 
revealed degenerating and focal necrotic chorionic villi 
consistent with intra-uterine pregnancy. While rare in 
developed countries, septic abortion is a life-threatening 
infection of the placenta and fetus of a previable pregnancy 
typically associated with unsafe abortion practices.1 Diagnosis 
is made clinically and confirmed by ultrasound, computed 
tomography or magnetic resonance imaging that can show an 
enlarged uterus with hemorrhage, retained intrauterine 
material, free fluid, abscess formation and/or air. 2 Intrauterine 
air is theorized to arise from gas-forming organisms or 
secondary to perforation from unsafe abortion practices. The 
ultrasonographic finding of air in the uterus must be 
recognized by the emergency physician in order to expedite 
ED and consultative care. With the reduction in funding for 
healthcare services for at-risk populations and possible 
defunding of Planned Parenthood, we believe that this 
uncommon finding may become more prevalent for providers 
on the front line.4,5 Treatment consists of broad-spectrum 
antibiotics, prompt removal of infected tissue and 
hysterectomy in severe, refractory cases.3
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This case highlights the rare complication of ischemic hand necrosis following peripheral administration 
of epinephrine and norepinephrine. [Clin Pract Cases Emerg Med.2017;1(3):270–271.]

CASE PRESENTATION
A 60-year-old woman with chronic obstructive pulmonary 

disease and other co-morbidities presented to the emergency 
department with dyspnea. Her symptoms were severe enough 
to require mechanical ventilation.  During her stay, she 
suffered a cardiac arrest during which a total of three separate 
doses of epinephrine were administered through a peripheral 
intravenous (IV) catheter on the dorsum of her right hand. 
Following return of spontaneous circulation she was continued 
on a norepinephrine infusion through the same peripheral IV 
catheter for 24 hours for post-arrest hypotension in the setting 
of septic shock. Two days after her arrest, she was noted to 
have skin changes consistent with ischemic necrosis of her 
right hand, which can be seen in the image. 

DISCUSSION
Diagnosis of extravasation injuries can be quite 

challenging; clinical signs may include pain, swelling, 
erythema, pain, blistering, or blanching of the skin overlying 
the site of infusion. Prompt recognition of these signs and 
appropriate intervention should occur within 4 - 6 hours 
from the time of injury, although reports have shown benefit 
of intervening up to 12 hours after injury.1 Vigilant 
monitoring is essential as compartment syndrome can 
develop after prolonged vasospasm or with large-volume 
extravasation.1 Early management includes simple 
immobilization, frequent neuromuscular checks, elevation, 
local application of warming blankets, and injectable or 
topical vasodilators.1,2 If unsuccessful, as in this case, open 
surgical debridement can be used.2 

University of Maryland Medical Center, Department of Emergency Medicine, 
Baltimore, Maryland
University of Maryland School of Medicine, Division of Pulmonary and Critical Care, 
Baltimore, Maryland

*

†

Image. Ischemic necrosis of the right hand following peripheral 
catecholamine administration.

Our patient did have local debridement. Despite this, she 
eventually required amputation at the wrist 43 days after the 
initial arrest. After a prolonged hospitalization, she was liberated 
from the ventilator and discharged to subacute rehabilitation. 



Volume I, no. 3: August 2017 271 Clinical Practice and Cases in Emergency Medicine

Bostick et al. Catecholamine-induced Ischemic Necrosis of the Hand

CPC-EM Capsule

What do we already know about this clinical 
entity? 
Extravasation injuries are challenging 
to diagnose; however, is important that 
they are recognized and treated early. 
This becomes even more important when 
administering catecholamines peripherally 
in critically ill patients. 

What is the major impact of the image? 
It is a reminder that patients receiving 
catecholamines peripherally are at risk for 
serious complications.

How might this improve emergency 
medicine practice?
This image serves as a reminder that it is 
important to heavily weight the risks and 
benefits of administering catecholamines 
through a peripherally inserted intravenous 
catheter and to discuss the risk of injury with 
patients or their families.
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