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CASE PRESENTATION
A 65-year-old female was transported to the emergency 

department (ED) at approximately 2:00 AM following a 
witnessed cardiac arrest. According to the patient’s husband, she 
had been asleep in bed when she awoke suddenly, sat upright, 
and reached for her albuterol inhaler before “collapsing.” 
He found her to be pulseless and initiated cardiopulmonary 
resuscitation (CPR) while placing a call to emergency medical 
services (EMS). On EMS arrival, the patient was unresponsive 
and continued to receive CPR. She was intubated in the field 
using a size 7.0 endotracheal tube. Her initial rhythm was 
pulseless electrical activity (PEA), but she converted to normal 
sinus rhythm after receiving 1mg of epinephrine intravenously 
and 15 total minutes of CPR. No further history was available.

Per her husband, her past medical history was notable for 
“thyroid problems.” Her only medications were an albuterol 
inhaler, recently prescribed by her primary physician, and a 
multivitamin. She had no known drug allergies. On social history, 
the patient was not known to drink alcohol, smoke cigarettes, 
or use other substances. A family medical history and review of 
systems could not be obtained due to the acuity of her condition. 

On examination, the patient was an obese female, 
intubated, and unresponsive. Her temperature was 37.1 degrees 
Celsius, blood pressure was 97/65 millimeters Hg, heart rate 
was 75 beats per minute (bpm). Her body mass index was 
estimated at 32. She was initially receiving assisted ventilation 
by EMS, but on examination in the ED she was found to have 
a spontaneous respiratory rate of 12 breaths per minute with 
an oxygen saturation of 98% on 40% fraction of inspired 
oxygen. Her head was atraumatic and normocephalic. Her 
pupillary exam showed mid-dilated symmetric pupils with 
sluggish reactivity to light. There was no hemotympanium 
or Battle’s sign. She had no apparent facial droop. An oral 
endotracheal tube was in place, confirmed with radiography 

University of Maryland Medical Center, Department of Emergency Medicine, 
Baltimore, Maryland
University of Maryland School of Medicine, Department of Emergency Medicine, 
Baltimore, Maryland

*

†

and audible bilateral breath sounds. She had a full, supple neck 
without palpable masses, but additional exam was limited 
by body habitus. On cardiopulmonary exam, her lungs were 
clear to auscultation bilaterally and her heart had a regular rate 
and rhythm with no murmurs, gallops, or rubs. The patient’s 
abdomen was soft and nondistended with normal bowel sounds. 
On neurologic exam, her Glascow Coma Scale was 3T. She 
had diffusely decreased muscle tone, and 1+ patellar and 
brachioradialis deep tendon reflexes. Her musculoskeletal exam 
was unremarkable for deformity, erythema, or edema. Skin 
exam did not show any rashes, wounds or other lesions.

Initial electrocardiogram (ECG) (Image 1) showed normal 
sinus rhythm at a rate of 70 bpm, normal axis, normal intervals 
and no pathologic t-wave inversions or ST-segment changes. 
A complete blood count and complete metabolic panel were 
done (Table 1).  Additional laboratory tests, including thyroid 
studies, were unremarkable except for an elevated lactic 
acid of 6.9 millimoles/liter (L) (Table 2). A point-of-care 
echocardiogram was performed, which demonstrated grossly 
normal heart chamber sizes and systolic function with no 
pericardial effusion (Image 2). A point-of-care ultrasound of 
the abdomen and thorax was negative for any intra-abdominal 
free fluid. There was bilateral lung sliding present and no 
B lines. An anterior to posterior chest radiograph (CXR) is 
shown in Image 3. 

The etiology of the patient’s cardiac arrest was unknown 
until a further diagnostic test was performed that revealed 
the diagnosis.

CASE DISCUSSION
The presentation is that of a 65-year-old female who 

awoke with sudden shortness of breath then went into cardiac 
arrest, presumably with an initial rhythm of PEA. Given the 
history provided, a few things stood out.
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Waking up with sudden dyspnea can be a symptom of 
many underlying diseases or conditions. Congestive heart 
failure is one of the more common causes of nocturnal 
dyspnea, but the patient had no symptoms or known diagnosis 
of previous heart failure. In fact she has a primary care doctor 
whom we know she had seen recently, had no complaints of 
limb swelling, and she did not have edema on exam when she 
presented to the ED. Her pro-brain natriuretic peptide was 96 
picogram/milliliter and her CXR showed clear costal margins 
with no signs of pulmonary edema or effusions. Her point-of-
care echocardiogram showed no B-lines, overt hypokinesis, or 
low ejection fraction. All of this points away from heart failure 
as the cause of her presentation. 

Asthma, nocturnal asthma, and chronic obstructive 
pulmonary disease all cause nighttime wheezing and shortness of 
breath and respond to inhaled beta-agonists, such as the patient 
had at home. But this patient had no diagnosis of asthma, was 
not on chronic inhaled steroids, had no wheezing on exam, and 
no evidence of hyperinflation of her lungs on her CXR. Although 
her primary care physician recently prescribed her an albuterol 
metered-dose inhaler, adult onset asthma is rare and this patient 
has no known risk factors, except for obesity. Specifically, I am 
told that she never smoked and has no known allergies.

Pneumonia and upper respiratory infections (URI) with 
post-nasal drip can cause shortness of breath that might worsen 
at night. But this patient had no history of coughing or fever and 
the patient’s husband states her health was good. Psychiatric 
disorders such as anxiety or panic attacks can cause shortness 
of breath but there is nothing in the history to suggest these 
conditions, and in the ED these are diagnoses of exclusion. 
People with large body habitus, obstructive sleep apnea (OSA) or 
upper airway obstruction often complain of nighttime shortness 
of breath or wake up feeling suffocated. Although OSA was not 
mentioned in her history, this obese patient may simply not be 
diagnosed and this entity should remain on our differential.

Initial presentation in PEA arrest: When emergency 
providers hear the words PEA arrest, we are trained to go 

through all the “H’s and T’s” that cause PEA arrest. There was 
no history of bleeding, poor oral intake, or evidence to suggest 
hypovolemia on the patient’s lab results. Additionally, her point-
of-care cardiac and focused assessment in shock and trauma 
ultrasound examinations did not show evidence of volume loss. 
Her labs also showed no evidence of hypokalemia, hyperkalemia 
or hypoglycemia. She was not hypothermic (temperature of 37.1° 
C). Hydrogen ion (acidosis) is evident by her gap acidosis of 20, 
which is explained by an elevated lactate of 6.9 mmol/L. Her 
hyperlactemia, however, may be secondary to her cardiac arrest 
and not the primary cause of her illness. Her delta gap (calculated 
as actual anion gap - 12 + bicarbonate [HCO3]) is 8. This is 
small and suggests an uncomplicated metabolic acidosis. Even 
after working through the MUDPILES mnemonic (Methanol, 
Uremia, Diabetic/alcoholic/starvation ketoacidosis, Paracetamol/
phenformin/paraldehyde, Iron/isoniazid/inborn errors of 
metabolism, Lactic acidosis, Ethanol/ethylene glycol, salicylates), 
we return to lactic acidosis. Infection and sepsis are the common 
causes of hyperlactemia. She did not have any symptoms of 
infection prior to her arrest, and she doesn’t have any signs of 
overwhelming infection on exam. Her white blood cell count 
and vital signs are normal, aside from a borderline low blood 
pressure, and are not consistent with a diagnosis of sepsis. The 
lactic acidosis is therefore probably entirely due to her cardiac 
arrest and not an underlying condition. 

Hypoxia cannot be excluded because we do not know her 
oxygen saturation when EMS arrived or after her pulses returned. 
An arterial blood gas would be helpful, but this was not a part of 
the case as presented. There was nothing in the history that would 
concern us for toxic substances ingested (see MUDPILES above). 
Her exam was inconsistent with a drug toxidrome, and she had no 
evidence of illicit drug use on her exam such as track marks. The 
patient had no history or signs of trauma. Looking at the point-
of-care cardiac ultrasound, I saw no fluid in the pericardial space 

Image 1. Electrocardiogram taken on the patient’s arrival to the 
emergency department.

Hemoglobin 11.7 g/dL
Hematocrit 36.5%
Sodium 140 mmol/L
Chloride 100 mmol/L
Potassium 3.0 mmol/L
Bicarbonate 20 mmol/L
White blood count 7.1 K/mcL
Platelets 193 K/mcL
Blood urea nitrogen 14 mg/dL
Creatinine 1.0 mg/dL
Glucose 291 mg/dL

G, grams; dL, deciliter; mcL, microliter; mmol, millimoles; L, liter; 
mg, milligrams.

Table 1. Hematology and chemistry studies.
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and therefore no pericardial tamponade. I also did not see any 
signs of right heart strain as the right ventricle was grossly normal 
in size and the intraventricular septum was not bowed, making 
a massive pulmonary embolism unlikely. Although it is difficult 
to see wall motion abnormalities on a point-of-care ultrasound, 
it was reported that the patient’s ejection fraction was only 
minimally depressed. The patient’s ECG showed no evidence of 
ST-segment elevation or depression, and her initial troponin was 
not elevated, thereby making an acute myocardial infarction (MI) 
as the primary cause of the patient’s presentation unlikely. Thus, 
thrombus (both coronary and pulmonary) is unlikely to be the 
cause of this patient’s arrest. Tension pneumothorax was excluded 
by looking at her CXR. After going through the list of “H’s and 
T’s,” hypoxia and hydrogen ions remain on the differential of 
what might have caused her arrest. 

The PEA arrest differential can also be divided into etiologies 
that cause a narrow complex vs. a wide complex rhythm.1 I was 
not told if the patient’s rhythm upon EMS arrival was narrow or 
wide. However, using the same logic applied to the “Hs and T’s,” 
the common causes of narrow complex PEA (cardiac tamponade, 
tension pneumothorax, mechanical hyperventilation, pulmonary 
embolism and acute MI) have already been eliminated. Wide 
complex etiologies such as hyperkalemia and acute MI have 
likewise been excluded. An additional cause of wide complex 
PEA, sodium channel blocker toxicity, has not been disproven 
but there is nothing in the history to suggest this as the cause. 
The patient’s only reported medication is an albuterol inhaler and 
there is no known history of cocaine use. 

She had return of spontaneous sinus rhythm after EMS 
intervened. Was the cause of her PEA arrest reversed by one 
of the interventions provided by EMS? PEA is generally due 
to a non-cardiac cause, and by addressing the underlying cause 
a patient can regain his/her pulse. EMS intubated the patient 
and gave her epinephrine. For the latter, epinephrine is a short-
lived drug and its effects should have worn off by the time she 
reached the ED. For the former, the patient could have been 
in cardiac arrest due to respiratory failure, which was reversed 
once she was intubated. A third, and unlikely, possibility is that 
she was never in arrest at all but had difficult-to-palpate pulses 
and was in pseudo-PEA. 

Given her potential causes of hypoxia, including OSA and 
upper airway obstruction, we turn to the CXR. There were no 
signs of pneumothorax or subcutaneous emphysema. There 
are no lobar infiltrates suggestive of a pneumonia or other 
intraparenchymal pathology, no signs of hyperinflation, no signs 
of pulmonary edema (“bat wings”), and no signs of pleural 
effusions. Looking at her trachea and the placement of the 
endotracheal tube, we can see it is clearly deviated to the right. 
There is a large soft-tissue mass in the left side of the neck that 
extends into the thoracic inlet causing the trachea to shift to the 
right. This finding made me very concerned for an upper airway 
mass that compressed her trachea. This could worsen when the 
patient is supine and sleeping and could have caused the patient’s 

Total protein 6.3 g/dL
Albumin 3.6 g/dL
Direct bilirubin <0.2 mg/dL
Total bilirubin 0.2 mg/dL
Aspartate aminotransferase 39 u/L
Alanine aminotransferase 25 u/L
Alkaline phosphatase 73 u/L
Lipase 46 u/L
Pro-brain natriuretic peptide 96 pg/mL
Thyroid stimulating hormone 1.18 u/mL
Troponin I < 0.01 ng/mL
Lactate 6.9 mmol/L

G, grams; dL, deciliter; mg, milligrams; u, units; L, liter; pg, 
picograms; mL, milliliters; ng, nanograms; mmol, millimoles.

Table 2. Additional laboratory values.

Image 2. Point-of-care echocardiogram with an apical four-
chamber view (left) and a parasternal long-axis view (right).

Image 3. Anterior-posterior bedside chest radiograph.
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cardiac arrest. This would be reversed by establishing an airway 
with a rigid endotracheal tube by EMS. Here’s the question: What 
is the etiology of the mass causing this radiograph finding? 

The differential diagnosis of tracheal deviation is divided 
into the following: 
•	 Pulmonary causes:

o	 Deviated towards the diseased side:  atelectasis, 
agenesis of the lung, pneumonectomy, and 
pulmonary fibrosis

o	 Deviated away from the diseased side: 
pneumothorax, lung mass, pleural effusion

o	 All of these conditions are unlikely given the 
imaging provided.

•	 Other causes:
o	 Retrosternal goiter, mediastinal masses, tracheal 

masses, thyroid cancer, and kyphoscoliosis.
Putting all the information together, we have an obese female 

who presented after a PEA arrest. The arrest appears to have been 
due to hypoxic respiratory failure and was reversed by intubation. 
Her history was notable for intermittent shortness of breath for 
months and a “thyroid problem.” Her medical history, exam, and 
ED workup did not support a cardiac or pulmonary condition as 
the primary cause of her presentation. She did have an elevated 
lactate, but the other information provided in the case does not 
support a diagnosis of sepsis. Her CXR reveals a neck mass 
with tracheal deviation. Neck masses generally originate from 
the thyroid, yet this patient had normal thyroid hormone levels. 
Some causes of euthyroid masses include thyroid cancer, uni- or 
multinodular goiter, diffuse goiter, autoimmune thyroiditis, de 
Quervain’s thyroiditis, and Riedel’s thyroiditis. 

The question I now asked myself was this: Can a large 
goiter or thyroid mass have an initial presentation of hypoxia 

and upper airway obstruction? The answer, after a quick review 
of the literature, was, “Yes!” There are many case reports in 
the literature that discuss similar presentations of patients 
presenting with sudden extreme upper airway obstruction 
requiring emergent intubation.2-8 Therefore, the test of choice 
would be a computed tomography (CT) of the neck and chest 
revealing what I expect would be a goiter causing tracheal 
deviation and obstruction. 

CASE OUTCOME
The diagnostic test ordered was a CT of the soft tissues of 

the neck, which demonstrated a large substernal thyroid goiter 
with significant tracheal compression (Image 4). The patient had 
an overall unremarkable physical exam and laboratory findings 
due to EMS stenting open the obstructed trachea by placing 
an endotracheal tube in the field. The profound rightward 
tracheal deviation on CXR indicated a space-occupying lesion 
in the neck and chest, prompting further imaging of the neck. 
Ultimately, the patient was found to have a severe degree of 
hypoxic encephalopathy. She was removed from ventilatory 
support and expired on her fourth hospital day. Later chart 
review revealed she had been diagnosed with a multinodular 
thyroid goiter 10 years ago but had declined any workup 
and had been lost to follow-up. Her recent prescription of an 
albuterol inhaler suggests she had been experiencing shortness 
of breath but did not attribute it to her large goiter.

RESIDENT DISCUSSION 
Thyroid goiter is a common problem worldwide, with 

iodine deficiency being responsible for the plurality of 
cases. Within the United States and other “iodine-replete” 
countries, multinodular goiter, chronic autoimmune thyroiditis 

Image 4. Computed tomography of neck and soft tissues showing a large substernal goiter (*) with tracheal compression (frontal plane 
on left, sagittal plane on right).
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(Hashimoto’s), and Grave’s disease are the more likely 
etiologies.9 Multinodular goiter, the cause of our patient’s 
pathology, is generally due to an unclear genetic predisposition 
and worsens with age. Chronic autoimmune thyroiditis is 
caused by excessive stimulation of the thyroid gland by thyroid-
stimulating hormone (TSH). Grave’s disease is attributed to 
over-activation of the TSH receptor by antibodies. Women are 
much more likely than men to develop a thyroid goiter.9-12

Approximately 10-20% of goiters are ultimately malignant in 
nature regardless of location.9,10 Few cause tracheal compression 
or obstruction. Large, rapidly growing, or posteriorly-positioned 
goiters are more likely to result in obstructive symptoms. 
Historical factors worrisome for progressive obstruction include 
longstanding goiter, cough, dysphagia, hoarse voice, or superior 
vena cava syndrome (SVCS).11-13 Exertional dyspnea is frequently 
experienced when tracheal diameter is compressed to less than 
eight millimeters, and stridor manifests when the lumen is less 
than five millimeters.14 Positional changes, such as reaching 
forward, bending at the waist and lying supine, can provoke 
symptoms of obstruction.13

Compressive thyroid goiters are generally managed 
surgically on a non-emergent basis, although our case 
demonstrates they can cause complete airway loss.14,15 Partial 
airway obstruction can rapidly progress to complete obstruction 
if there is an additional insult, including even mild edema from 
an URI. Thyroid tissue is also especially vascular and nodules are 
prone to expansion if bleeding occurs within the gland, which can 
rapidly increase the size of a previously slow-growing goiter.14 
Emergent airway management is the primary treatment in all 
of these scenarios. Passage of an orotracheal tube is ideal for 
such patients (as performed by EMS in our case), but generally 
a somewhat smaller caliber tube is required than what would be 
expected for an adult of a given size.14,16 Caution should be used 
when considering an emergency surgical airway (cricothyrotomy) 
as these patients are likely to have marked tracheal deviation and 
an overlying vascular mass complicating the procedure.

Complete tracheal compression resulting in a (likely 
hypoxic) PEA arrest is an uncommon presentation of a common 
illness (thyroid goiter), but demonstrates that compressive 
mediastinal masses can drastically impact a patient’s health. 
Beyond the thyroid, other origins of compressive mediastinal 
mass to consider in such a patient are thymoma, teratoma, 
lymphoma, and the aorta.

FINAL DIAGNOSIS
Hypoxic cardiac arrest secondary to tracheal compression 

from substernal thyroid goiter.

KEY TEACHING POINTS
•	 Thyroid goiter is more common in women and in the U.S., it 

is most frequently attributed to multinodular goiter, Grave’s 
disease, or chronic autoimmune thyroiditis.

•	 Laboratory testing is largely unhelpful in euthyroid goiter.

•	 When goiters develop substernally they can cause significant 
tracheal compression plus the following:
o	 Dyspnea on exertion
o	 Cough
o	 Dysphagia
o	 Dysphonia
o	 Stridor
o	 SVCS
o	 Tracheal deviation/luminal narrowing
o	 Respiratory arrest (rarely)

•	 Management is generally surgical excision.
•	 Endotracheal intubation instead of cricothyrotomy is the 

preferred means of airway management in these patients.

Documented patient informed consent and/or Institutional Review 
Board approval has been obtained and filed for publication of this 
case report.
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CASE PRESENTATION (Anna Darby, MD, MPH)
An 18-year-old male presented to the emergency 

department (ED) with a complaint of severe abdominal pain 
for three days along with painful urination, vomiting, diarrhea 
and subjective fever and chills. The patient reported brief, 
severe, colicky episodes of mid and left upper quadrant (LUQ) 
abdominal pain that radiated to his testicles. He vomited several 
times because of the pain, which he stated began suddenly while 
he was lying down. Notably, the patient had recently got over a 
diarrheal illness a few days prior, followed by constipation, and 
had recurrence of one loose stool on the day of presentation. He 
denied any flank pain or back pain, and had never experienced 
anything like this current illness before.

The patient had no prior medical or surgical history, and 
had no known family history. His family lived in Honduras, 
but the patient was currently incarcerated. He was previously a 
one-pack-per-day smoker, drank alcohol one to two times per 
month, but denied drug use. Review of systems was negative 
for weight loss, headaches, chest pain, shortness of breath, 
melena, hematemesis, rashes, or joint swelling.

The vital signs were as follows: temperature 37.0°C orally, 
pulse 103 beats per minute, respiratory rate 11 breaths per minute 
(bpm), blood pressure 122/67 mmHg, and oxygen saturation 
100% on room air. Physical examination revealed an alert young 
man intermittently doubled over in pain with spontaneous 
resolution. The heart was tachycardic and regular without 
murmurs, rubs or gallops. The lungs were clear bilaterally with 
normal work of breathing and no wheezes, rhonchi or rales. His 
abdomen was soft and non-distended with normoactive bowel 
sounds, but he demonstrated diffuse tenderness and guarding to 
palpation. He had no midline or costovertebral angle tenderness, 
and no ecchymoses were present on inspection of his back. 
His skin was warm, dry and without any obvious rashes. His 
neurological examination was grossly intact throughout. The 
patient was uncircumcised, and his right testicle was lying higher 
than his left, but neither was tender or swollen. No masses or 
inguinal hernias were appreciated in the groin. 

University of Maryland School of Medicine, Department of Emergency Medicine, 
Baltimore, Maryland
Los Angeles County + USC Medical Center, Department of Emergency Medicine, Los 
Angeles, California
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Laboratory studies were ordered (Tables 1-3), and a 
point-of-care focused assessment with sonography for trauma 
(FAST) exam and gallbladder ultrasound were normal. The 
patient had a formal scrotal ultrasound performed. (Image 1).

The patient’s pain was initially well controlled with 
hydrocodone/acetaminophen and non-steroidal anti-
inflammatories; however, as more laboratory and imaging 
studies resulted, the patient continued to have intermittent pain 
episodes requiring morphine for analgesia. After two to three 
hours, the pain crises appeared more severe and the patient 
became more tachypneic to 18 bpm. It was at that point 
that an additional study was ordered, and the diagnosis was 
subsequently made. 

CASE DISCUSSION (T. Andrew Windsor, MD)
Often, as we work through a differential we start broadly 

and narrow our way through our previously great ideas that 
have seemingly gone south as we blend the story together with 
our objective data. I’ll walk you through my process. To start, 
let’s go back and summarize the case: an 18-year-old male 
with three days of intermittent abdominal pain that radiated 
to the testicles. That gave me some initial confidence based 
on pattern recognition, until I kept reading and saw that the 
patient had no flank or back pain. That would make something 
simple and common like a kidney stone unlikely.

He did have a recent diarrheal illness, and on the day 
of presentation he had vomiting and diarrhea, although he 

White blood cells 18.1K/mL Reference (Ref.) 4-10K/mL
Hemoglobin 14.8 g/dL Ref. 13-17 g/dL
Hematocrit 43.10% Ref. 40-52%
Platelets 232K/mL Ref. 150-400K/mL

Table 1. Complete blood count results for patient presenting with 
severe abdominal pain.
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or when he was last in his home country. Presuming this 
presentation was in the United States, I will assume he’d been 
in jail for less than a year since he was only 18. While it is not 
impossible that he had been previously or recently exposed to 
a disease such as tuberculosis, my feeling is that disseminated 
disease would be less likely based on his previously well state.

At the University of Maryland, one mnemonic that many 
of us teach to our students and interns for getting complete 
histories regarding pain is OLDCAAAR (Onset Location 
Duration Character Associated symptoms Aggravating factors 
Alleviating factors Radiation), and I think it’s good to go back 
to this to get an idea of his description of the abdominal pain. 
Its Onset occurred about three days ago, suddenly, at rest, after 
his diarrheal illness stopped and his constipation started. The 
Location was described in the LUQ and mid-abdomen. I don’t 
know if that means mid-upper abdomen as in the epigastrium, 
or mid-abdomen as in the periumbilical region. As you’ll see, 
those can mean very different things. The Duration was brief 
and the Character was severe and colicky but self-resolving. 
It was Associated with vomiting, diarrhea and dysuria (which 
is somewhat curious), fever and chills, as well as tachypnea. 
I don’t really know if anything in particular Aggravated the 
pain, as this information wasn’t included in the history, and 
it seemed to get better on its own without any particular 
Alleviating factors. The pain Radiated to the testicles.

His laboratory studies showed a normal chemistry, a 
complete blood count only remarkable for a leukocytosis, 
and a urine with some microscopic hematuria and a fair 
amount of squamous epithelial cells. I was informed that 
the patient was uncircumcised, which could possibly be the 
cause of the higher-than-expected number of squamous cells. 
There was trace urinary protein, but for now I think this is of 
uncertain significance.

On exam, we see that the patient is afebrile but mildly 
tachycardic, which is not surprising given the situation and 
his pain. He has diffuse abdominal tenderness with some 
guarding, but he does not seem particularly peritoneal. No 
back pain or costovertebral angle tenderness was noted, so it 
is less likely to be a renal or urologic problem. About 60% of 
men will have the left testicle lie lower than the right, so in 
the absence of tenderness or swelling that is a normal exam 
finding. Cremasteric reflex should, however, be verified.

The imaging studies presented, including his ultrasounds, 
were normal. I’m not 100% sure why he had a right upper 
quadrant ultrasound when his complaint was LUQ and 
mid-abdominal pain, but perhaps it was done for the sake 
of completeness. I saw no gallstones, gallbladder wall 
thickening, or pericholecystic fluid on the images I was 
provided. Both testicles have normal flow, so it is unlikely to 
be torsion. It is important to note that intermittent testicular 
torsion can have a normal flow when the testicles are not 
actively torsed, but given that his symptoms worsened prior to 
presentation, this diagnosis is unlikely.

Sodium 139 mEq/L Ref. 135-145 mEq/L
Potassium 4.3 mEq/L Ref. 3.5-5 mEq/L
Chloride 99 mEq/L Ref. 95-105 mEq/L
Bicarbonate 27 mEq/L Ref. 23-29 mEq/L
Blood urea nitrogen 10 mg/dL Ref. 8-21 mg/dL
Creatinine 0.64 mg/dL Ref. 0.8-1.3 mg/dL
Glucose 119 mg/dL Ref. 65-110 mg/dL
Total protein 7.6 g/dL Ref. 6-8 g/dL
Albumin 4.6 g/dL Ref. 3.5-5 g/dL
Alkaline phosphatase 68 IU/L Ref. 50-100 IU/L
Alanine aminotransferase 27 IU/L Ref. 5-30 IU/L
Aspartate aminotransferase 33 IU/L Ref. 5-30 IU/L
Total bilirubin 0.4 mg/dL Ref. 0.1-1.2 mg/dL
Direct bilirubin 0.1 mg/dL Ref. 0.1-0.4 mg/dL
Magnesium 2.0 mEq/L Ref. 1.5-2 mEq/L
Lactate 2.0 mmol/L Ref. 0.5-1 mmol/L

Table 2. Serum chemistry results

Ref, reference.

Color/clarity Straw, clear Ref. yellow, clear
Specific gravity 1.028 Ref. 1.005-1.025
pH 6.5 6.5 Ref. 4.5-8
Protein Trace Ref. Negative
Glucose Negative Ref. Negative
Ketones Negative Ref. Negative
Bilirubin Negative Ref. Negative
Urobilinogen 0.2 EU/dL Ref. 0.1-1 EU/dL
Leukocytes Negative Ref. Negative
Nitrite Negative Ref. Negative
White blood cells 0-3/High powered 

field (HPF)
Ref. 0-3/HPF

Red blood cells 11-25/HPF Ref. 0-3/HPF
Bacteria None Ref. None
Squamous 
epithelial cells

16-30/Low powered 
field (LPF)

Ref. 0-5/LPF

Hyaline casts 0-4/LPF Ref. 0-4/LPF

Table 3. Urinalysis results

Ref, reference.

had also apparently had constipation for about three days 
prior to this. He was an occasional drinker, but I doubt he 
had been drinking much in jail unless it was something like 
“toilet wine.” While I know he was in jail and originally from 
Honduras, I don’t know how long he had been incarcerated 
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I’m still left with a few things I want to know. For 
instance, what is up with the dysuria? Does eating make 
the pain worse? Are his pulses normal, does he have any 
organomegaly, are there any other laboratory studies that 
were sent, and when did he go to jail? As it is in real-life 
emergency, we are not always provided with every bit of 
information we would like, but working with what we have 
we can start with a differential.

In general, with abdominal pain we usually think of 
quadrants (Image 2), and in this case we’re also dealing with 
scrotal pain, which I’ll consider a “fifth” quadrant, if you will. 
Based on location of the pain, we can form a basic differential 
diagnosis with which to start. Now, just from the nature of 
this being a clinicopathological case (CPC), there are a few 
things we can knock off the list, including simple stomach 
issues such as gastroenteritis. However, when considering a 
diagnosis, especially with abdominal pain, it’s important to be 
sensitive to the fact that there are certain things that tend to be 
more common in different age groups. For example, it’s very 
unlikely a child would have diverticulitis; on the other hand, 
you would very probably pause to consider aortic pathology 
before diagnosing grandpa with a first-time kidney stone. 

Our patient falls between the child and adult age groups, 
so we’ll have to keep that in mind. There are a few things that 
we can eliminate rapidly. His blood work points away from 
anything metabolic, and his urine is negative for infection. 
Although he has mid-abdominal pain, nothing points towards 
early appendicitis. There are no hernias on exam, and as before 
no flank pain for a renal stone, even though there is radiation to 
the scrotum. We already discussed that the testicular exam was 
normal with normal flow on ultrasound. It would be unlikely 
for the symptoms to be due to a psoas abscess, and he would be 
very young for diverticulitis. Although the patient has become 
more tachypneic, he has normal lung sounds. I think it is 
unlikely to be a primary lung source; instead, it could have been 
from pain or something pushing up on his diaphragm.

Since we’ve narrowed down a bit, let’s focus in and look 
at individual features again. To recap, the patient has LUQ 
and mid-abdominal pain that radiates to the testicles and he 
has diffuse tenderness on exam. The way we feel pain in 
the abdomen is by several different mechanisms, including 
somatic pain, visceral pain and referred pain. The different 
areas involved probably reflect a bit of all three. Somatic 
pain is generally experienced from irritation of the parietal 
peritoneum. That pain is well localized – as in his LUQ pain, 
for example.

Visceral pain, on the other hand, is vague, deep and 
poorly localized, and is often felt in conjunction with or 
referred from an area of embryonic development. This is why 
you can have diffuse abdominal pain before localizing to the 
right lower quadrant in something like appendicitis. Referred 
pain is felt in a remote place from the source, for instance, 
renal colic causing pain in the groin; it often happens because 
nerves providing sensory information from different areas 
converge at their entry to the spinal cord. Our patient has pain 
that radiates to the testicles; so when we think about how the 
scrotum is innervated, we know there are both somatic and 
sympathetic nerves that do that job.

As opposed to the somatic nerves, which originate 
from the upper lumbar spine, the sympathetic nerves can 
be more visceral, cover a larger area and interact with other 
plexuses. Several organs have been associated with testicular 
pain, including the stomach, pancreas, kidneys/ureters and 
intestines. Considering the stomach, the patient does have 
nausea and vomiting, and it is in the right anatomic area for 
the pain; but unless the patient had perforated an ulcer, I don’t 
see why he would have diffuse tenderness, and he is neither 

Image 1. The patient’s normal scrotal ultrasound.

Image 2. Example differential diagnosis for abdominal pain based 
on location of the pain.1

LUQ, left upper quadrant; LLQ, left lower quadrant; MISC, 
miscellaneous; UTI, urinary tract infection.
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febrile nor seemed peritoneal on exam. So, I’m taking that off 
my list. The pancreas is also in the right anatomical area, the 
symptomatology was reasonable, and he does drink. However, 
most case reports of pancreatic pain referred to the testicles 
is associated with scrotal edema,2 the thought being that 
pancreatic fluid drains down through the retroperitoneal space, 
and his testicles were not tender. So that’s off my list. 

Earlier we established that there is unlikely to be direct 
involvement of the urinary system and there are no kidney 
issues, so those are gone as primary sources. All that’s left 
is the intestines, and a lot of the patient’s symptoms make 
sense for this. The way his pain is described makes it hard 
to localize, and he had the recent diarrheal illness followed 
by constipation, then nausea and vomiting. To me, this 
progression points to a possible obstructive process. While 
diffuse tenderness isn’t diagnostic, it does fit. What I had a 
hard time wrapping my head around was the dysuria. Was this 
from ureteral or bladder irritation, or something else?

Going back to our basic list, I think I would be remiss to 
ignore the spleen for someone who presents with LUQ pain, 
even though the patient’s symptoms don’t really fit. There 
was no report of any trauma, and the colicky pain would be 
unusual for splenic pathology. I wasn’t made aware of any 
organomegaly, but that would be important to check for. 
That being said, there is a rare condition called “wandering 
spleen” due to laxity in the suspensory ligaments. Other than 
possibly causing migrating pain, the pattern still doesn’t fit this 
diagnosis. Furthermore, that condition does not present acutely.

What about vascular issues? The patient experiences intense 
waves of pain; so could this be some sort of ischemic process? 
Maybe there’s an underlying structural abnormality or vasculitis? 
What points away from ischemic pain, within the limited data 
we have, is that the patient is young, he had a normal lactate, at 
least initially, and he had no pain out of proportion to exam. It 
would have to have been transient ischemia if at all. Based on the 
patient’s pain, the most likely culprits would be upper vascular 
branches such as the celiac, superior mesenteric artery (SMA) 
or renal artery, and if involved at all, the symptoms would most 
likely be from spasm or compression. Two examples include 
median arcuate ligament syndrome (MALS),3 which is caused by 
compression of the celiac trunk by the median arcuate ligament, 
and nutcracker syndrome, which is caused by compression of 
the renal vein from the SMA.4 MALS tends to be more constant, 
have less of a sudden onset, worsen with food, etc. Nutcracker 
syndrome is more commonly associated with gross hematuria, 
and because the left gonadal vein comes off of the renal vein, I 
would expect the testicular exam to have shown a varicocele or 
altered flow on the ultrasound. 

Given the patient’s age, it would be extremely unlikely to 
be an abdominal aortic aneurysm or dissection. If we consider 
inherent vascular issues such as vasculitis, we’d be looking for 
one that could cause a constellation of symptoms consistent 
with the patient’s presentation. There are a number of possible 

small and large vessel vasculitides such asTakayasu’s or lupus 
mesenteric vasculitis, but no syndrome fits nicely except for 
one in particular, Henoch-Schönlein purpura (HSP). 

HSP, also known as IgA vasculitis, fits with some 
things from our patient’s presentation, such as his colicky 
abdominal pain as well as a recent gastrointestinal (GI) illness, 
although we don’t know the specific source. The patient had 
the expected microscopic hematuria and proteinuria, and 
congruent with HSP (and unlike other purpuric diseases), he 
had normal platelets. Unfortunately, the patient doesn’t have 
other usual symptoms like arthritis or a rash. However, not 
everyone presents like this, and HSP may first have atypical 
symptoms before the typical ones such as rash manifest.5

Overall I’m not sure that we can completely exclude a 
vascular problem yet, so we’ll move on to some miscellaneous 
causes because I’m beginning to feel confident that this 
was more directly related to the bowels than anything else. 
Because the patient is a prisoner, you’d have to at least 
consider an ingested or inserted foreign body, but nothing in 
his history suggests that. Could he have had a toxic bite or 
exposure to something? Possibly, but without geographical 
information available to me while looking at the case, it would 
be hard to pinpoint this. He did drink, and he was 18, so it 
would be remiss not to consider a toxic alcohol ingestion; 
however, his metabolic panel was normal and he doesn’t really 
fit a toxidrome. He has no signs of trauma on exam, and I 
don’t get any indication that he’s malingering.

Since this is a CPC, we’ll briefly address a couple of zebras. 
There have been case reports of pulmonary embolism presenting 
with abdominal pain,6,7 but he is not hypoxic, he has no leg 
swelling, and he does not have any risk factors. Furthermore, 
the pain shouldn’t be colicky. I’d also expect that if he had upper 
quadrant pain from possible lung infarct-related irritation of 
the diaphragm, it would radiate to the shoulder rather than the 
testicles. The possibility of acute intermittent porphyria (AIP) 
was something that I entertained for a while because it fits the 
picture of having abdominal pain with dysuria; but he did not 
have any of the neurologic findings or psychiatric symptoms, 
and the attacks from AIP tend to result in more constant pain.8 
Furthermore, the specific finding of AIP is rarely an ED diagnosis 
unless you could do an on-the-spot porphobilinogen test, which 
isn’t available in our department. I suppose, though, you could 
take the urine sample to a windowsill and look for darkening after 
ultraviolet light exposure.

I think we have narrowed down the pain source to vascular 
or bowel pathology. With the diarrhea a presenting feature, 
an infectious cause is possible. However, the patient does not 
have any fevers, and has not had any bloody or mucous stool. 
His diarrhea had improved and there was no reported recent 
travel; so he does not fit any of the patterns of the well-known 
infectious diarrheas. What does fit, because of the severe waves 
of pain, is some sort of obstructive process. I like the way 
intussusception, although rare in an adult, more closely fits the 
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patient’s presentation, more so than something like a volvulus 
or a functional problem. The patient experienced brief, severe 
episodes that self-resolved, which could be due to telescoping 
of bowel in and out. Although the most common location is 
usually ileocecal, and one might expect right lower quadrant 
pain, the pain from intussusception can occur anywhere, and 
as previously discussed the pain sensations we experience 
can be vague or poorly localized if visceral. Furthermore, an 
obstruction anywhere can cause pain upstream due to dilation. 
We typically think of “currant jelly stool” as part of the classic 
triad of intussusception, along with vomiting and abdominal 
pain. But keep in mind, “classic” in medicine often actually 
means “you probably won’t see it.” That triad is present in only 
around a third of patients, and bleeding is a late finding, less 
common in adults.

Does it fit? I think it does, especially the severe, brief 
nature, and the fact that it followed a diarrheal illness. What 
I’m still having a hard time fitting into the picture is the 
dysuria and hematuria. I suspect this would either have been 
reactive or from a more widespread condition like vasculitis. 
Intussusception usually has a lead point, so absent cancer or 
previous scar tissue, I went back to my list of vasculitides 
as a possible explanation, and HSP kept coming up with 
symptoms similar to our patient’s. It is well known to cause 
intussusception in kids, and I found a number of reports9-10 of 
HSP presenting as intussusception in adults. 

That being said, my test of choice is computed 
tomography (CT) of the abdomen and pelvis as there is no 
way to avoid scanning this patient based on his worsening 
presentation. I’m confident he has an obstructive bowel 
process. Any other diagnosis would be one of exclusion after 
making sure there isn’t a mechanical cause. Some might 
suggest starting with an ultrasound and I like that idea; 
however, it would depend on his habitus, and if the ultrasound 
was inconclusive a CT would follow anyway. I only have 
enough information to diagnose intussusception, not HSP, but 
he should have close surveillance for HSP with a thorough 
skin exam, and a high index of suspicion. My final diagnosis 
is intussusception, with CT as the test of choice. 

CASE OUTCOME (Anna Darby, MD, MPH)
In order to provide appropriate care for this patient, it 

became clear that more imaging would be required. At the 
time of presentation, his complaints seemed to be concerning 
for a genitourinary (GU) source: nephrolithiasis, testicular 
torsion or GU infection all seemed plausible. However, with a 
negative testicular ultrasound and worsening pain, a CT of the 
abdomen and pelvis was ordered and revealed the diagnosis of 
ileocolic intussusception. Once the CT resulted, an emergent 
surgery consult was placed. The patient was rushed to the 
operating room and underwent right hemicolectomy with 
part of the terminal ileum, ascending colon, and transverse 
colon removed. The pathology report showed ulceration 

with extensive acute inflammation, and reactive lymphoid 
hyperplasia with acute lymphadenitis. Luckily, this patient did 
well after the operation and was discharged on postoperative 
day three without any complications. 

RESIDENT DISCUSSION
Intussusception is classically described as a proximal 

segment of GI tract “telescoping” into a more distal portion 
of the bowel. This process is traditionally classified based 
on location and can lead to bowel obstruction proximally, 
gut ischemia, or perforation. Although intussusception is 
predominantly a pediatric diagnosis (the classic triad taught in 
most medical schools being intermittent abdominal pain, “red 
currant jelly” stool, and a palpable mass), adults account for 
about 5% of all cases of intussusception. The classic triad is 
much less likely to occur in adults than in children.11 

The majority of all adult cases are due to a “lead point” 
lesion, meaning some kind of physical abnormality that makes a 
portion of the bowel more likely to experience the telescoping. 
Among adults, tumors (~50%), adhesions, and lesions from 
inflammatory bowel disease are the most common lead points 
thought to trigger intussusception. These are most commonly 
enteroenteric in location, with the most likely presenting 
symptom being abdominal pain, followed by changes in bowel 
patterns, vomiting, rectal bleeding and/or melena.12 

In this case, we are reminded why adult intussusception 
can be such a difficult diagnosis to make. Although our patient 
did exhibit abdominal pain as well as changes in bowel 
patterns and vomiting, he did not have the “classic” signs of 
pediatric intussusception and thus initially was somewhat of 
a medical mystery. Besides age, his leukocytosis, testicular 
pain, and hematuria led us down several erroneous diagnostic 
paths before we were able to make the correct diagnosis. 
In hindsight, our patient’s pathology results of lymphoid 
hyperplasia were consistent with his recent GI infection, and 
in fact likely served as the lead point in this particular case.

Misdiagnosis is somewhat common in adult 
intussusception. Up to 20-30% of patients may be 
asymptomatic, and the aforementioned symptoms are 
somewhat nonspecific.13 Because delays in diagnosis of adult 
intussusception have proven to increase morbidity a high 
clinical suspicion is often key. As we saw in our case, CT is 
the gold standard for diagnosis and will typically reveal a 
“target”-like mass, which is due to the overlap of the inner 
and outer portions of the telescoped bowel (Image 3). Plain 
radiographs have neither the sensitivity nor specificity to 
reliably pinpoint the lesion but may show signs of obstruction 
and oral or enema contrast may identify the location of the 
intussusception. Ultrasound is used commonly for diagnosis 
in children, but may be limited due to bowel gas from an 
obstruction or body habitus in adults.

Unlike children, who are generally treated with either a 
barium or air enema, management of adult intussusception 
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has traditionally been surgical because of the high proportion 
of pathologic lead points. Resection of the lead point and 
any ischemic area is the traditional surgical goal. There 
is, however, a more recent acknowledgment that with the 
development and increased use of better diagnostic imaging, 
more idiopathic or incidental intussusceptions are being 
diagnosed and that some adult patients may be treated 
non-surgically.14 If adult intussusception patients display 
obstructive symptoms, GI bleeding, or have a palpable mass, 
surgical exploration may still be the most appropriate option.15 

FINAL DIAGNOSIS
Intussusception

KEY TEACHING POINTS
•	 Adult patients with intussusception can present with 

a wide variety of symptoms and do not abide by the 
classically taught, pediatric intussusception triad. Up to 
one third of adults with the disease may be asymptomatic. 

•	 Delays in diagnosis of adult intussusception have proven 
to increase morbidity, so a high clinical suspicion is key 
with concerning symptoms.

•	 CT is the gold standard for diagnosis of intussusception 
in adults.

•	 While traditional treatment of adult intussusception was 
once strictly surgical, for patients with more mild disease 
there may now be a role for non-operative management. 
Any patient with obstructive symptoms, bleeding, or signs 
of a mass should still undergo surgical exploration.

Documented patient informed consent and/or Institutional Review 
Board approval has been obtained and filed for publication of this 
case report.

Image 3. Example of the “target” sign (arrow) of intussusception 
as seen on the patient’s computed tomography.
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Subarachnoid hemorrhage (SAH) is a life-threatening cause of headache. The diagnostic approach to 
this entity continues to evolve with a recent questioning of the classic workup of computed tomography 
and lumbar puncture. We report a risk management case of a patient with a missed SAH resulting in a 
fatal outcome. When there are multiple diagnostic strategies, the patient may be involved with shared 
decision-making. Some of the medical and legal implications of the diagnosis of SAH will be discussed. 
[Clin Pract Cases Emerg Med. 2018;2(3):193–196.]

INTRODUCTION
Headaches are commonly seen in the emergency 

department (ED). Distinguishing a benign headache from a life- 
threatening one, such as subarachnoid hemorrhage (SAH), is a 
critical task for emergency physicians (EP). While the historical 
workup involves computed tomography (CT) followed by a 
lumbar puncture (LP), recent literature suggests that CT alone 
done within six hours obviates the need for this procedure. The 
following case will illustrate the significance in identifying the 
life-threatening diagnosis of SAH and the current state of the 
art in the diagnostic approach. We present a case, discuss the 
workup of SAH and the potential use of shared decision-making 
in this process. 

CASE
A 53-year-old male with a history of migraine headaches 

and sleep apnea was brought in by emergency medical services 
with the chief complaint of headache. He stated the headache 
had woken him from sleep approximately two hours prior to 
arrival, was in the occipital area, and was described as persistent, 
throbbing, sharp, and severe. He reported nausea, dizziness, 
trouble walking, and tingling of his extremities. He did not 
lose consciousness but described near syncope. The pain also 
was exacerbated by movement. He had a history of migraines; 
however, he stated this headache was different.  

The review of systems was unremarkable. Physical exam 
revealed a blood pressure 134/87 millimeters of mercury, 
heart rate of 75 beats per minute, respiratory rate of 16 breaths 
per minute, oral temperature of 98.2º Fahrenheit, and oxygen 
saturation of 100%. He appeared mildly anxious and described an 
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occipital headache, which was without meningismus and visual 
or neurological abnormalities. The remainder of the exam was 
unremarkable. The headache markedly improved with treatment. 
A noncontrast CT of the patient’s head was performed and 
interpreted as negative for masses or bleeds. A LP was performed 
with difficulty and revealed a large number of red blood cells 
(TNTC) but an absence of xanthochromia. Given the time frame, 
the difficulty with the procedure and the lack of xanthochromia, 
the providers interpreted this to be a traumatic LP. The EP 
prescribed metaclopromide, acetaminophen, decadron, 
promethazine and hydoromorphone with complete resolution of 
his symptoms. The patient was instructed to see his  primary care 
physician for follow-up care. 

The patient was seen in follow-up four days later in an 
outpatient setting. His labs were reviewed, and it was arranged 
for him to follow up with a neurologist. He was found dead at 
home the next day with a SAH secondary to a saccular aneurysm 
involving the anterior cerebral artery. In retrospect, the family 
stated that he had developed a headache the evening before his 
ED visit while weightlifting.

DISCUSSION
Montemayor

Headache accounts for approximately 2% of  ED visits, 
with SAH occurring in 0.5% to 6%.1 Approximately 15% of 
patients with SAH will die before they reach the hospital, 25% 
die within 24 hours, and 45% of patients die within 30 days.2 
Most patients with SAH experience abrupt headache, often 
thunderclap in nature, that reaches maximal intensity within one 
minute.3 Unfortunately, approximately 53% of cases are missed 
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on initial presentation.2 Consequently, providers should have a 
low threshold of suspicion for SAH when patients present with 
key historical features. Such symptoms include sudden onset, 
difference in severity or quality compared to previous headaches 
and other symptoms, particularly neck stiffness, but also seizure, 
syncope, focal neurological deficit, and vomiting.2  Clinicians 
should consider that thunderclap headache is not specific for 
SAH. (15% of thunderclap headaches are the result of SAH.)2

Sentinel headaches are similar to SAH headaches, which 
may occur days to weeks prior to aneurysm rupture. The 
incidence appears in 10%-43% of patients with subsequent 
aneurysmal SAH.4 While certain signs and symptoms 
may increase or decrease the likelihood of SAH, no single 
characteristic of the history or physical exam is sufficient to rule 
in or rule out SAH.5

Long
Noncontrast CT is done in the initial workup of a 

SAH. While older generation CT scanners had sensitivities 
approaching 92%, current generation machines demonstrate 
sensitivities approaching 100% if completed within six hours 
of headache onset.6  Several studies, both prospective and 
retrospective, have evaluated patients with sudden onset of 
headache, use of higher generation CT within six hours of 
onset, and CT interpreted by an experienced radiologist.7,8 The 
sensitivity and specificity approached 100%, though this is 
potentially limited in patients with anemia, smaller hemorrhage 
volume, poor CT quality, experience level of the interpreting 
radiologist, and imaging artifacts.2 This has generated a great 
deal of discussion with some authorities recommending this 
approach without performing a LP.9,10

Since many EPs are changing their practice based on these 
studies, it is imperative that the patient history is accurate. Despite 
little evidence for it, revisiting the history after the patient’s pain 
improves or soliciting family member may improve the history’s 
accuracy. In a patient with a sudden, severe headache with a 
normal neurologic examination, literature support exists for a 
negative noncontrast CT read by a qualified radiologist placing 
the patient at less than 1% risk for SAH.6,11 
 
Pfaff  

While LP is classically used in the case of a negative 
CT and is a common procedure, it can result in a number of 
complications including post-spinal headache or back pain, 
infection, and spinal hematoma. Traumatic taps may occur in 
15% of LPs, though the true frequency may be unknown and 
depends on how a traumatic tap is defined.12  LP can also provide 
an alternative diagnosis such as meningitis 3% of the time,13 but 
may not be beneficial if the pretest probability for SAH is low.5

Although all values in the cerebral spinal fluid analysis 
should be evaluated, red blood cells and xanthochromia are 
most commonly used to diagnosis SAH. Clearing of blood 
from successive tubes is unreliable since it can also occur with 

SAH.14  Classically, a decrease of red blood cells from the first 
to the fourth tubes has been used, but it is rare to completely 
clear. There is no clear cell count consensus with lower cutoffs 
anywhere from 100 X 106 to 2,000 X 106 cells per high power 
field  or greater.15,16 Xanthochromia, a byproduct of hemoglobin 
breakdown, generally takes anywhere from 2-12 hours to 
develop. It may be measured by either spectrophotometry or 
visual inspections. Most laboratories use visual inspection 
performed by technicians. Studies have shown a wide variation in 
sensitivity of visual inspection.6 Xanthochromia in the setting of 
SAH greatly reduces the likelihood of a traumatic tap.2  This may 
not be helpful if a tap was done in the first six hours since only 
20% of patients getting an LP during that time frame will have 
positive xanthochromia.2 

Pfaff/Moore 
Failure to diagnose is the most common reason EPs are 

involved in litigation. Failing to accurately interpret a test or 
varying from accepted practice could put providers at risk for 
litigation. In the headache patient presenting within the first 
six hours, many EPs are using head CT results alone vs. the 
traditional practice of CT followed by LP and its potential 
complications. Since there is a low risk of missed SAH in 
patients with CT alone in the first six hours, these patients 
are good candidates for shared decision-making. Shared 
decision- making is the process of clinician and patient jointly 
participating in a healthcare decision after discussing the 
options, benefits, and harms, and considering the patient’s 
values, preferences, and circumstances.17,18 Prior to the 
discussion, the patient must have the capacity to understand the 
risks; there should be clear documentation of the information 
provided, with the understanding that it is the patient’s decision. 
Other factors include situations where there is more than one 
clinical option and equipoise, the patient has decision-making 
capability, and there is sufficient time for the physician and 
patient to make an informed decision.19 If adequate shared 
decision-making is done and adequately documented, the 
physician will likely have established a defense in the event the 
patient were to bring suit for malpractice. 

Moore    
This legal concept and defense is called assumption of 

risk. In this situation, the patient is made aware of the risk and 
danger but makes the choice anyway. The legal elements of 
the assumption-of-risk defense are as follows: 1) The risk is 
known; 2) the risk is appreciated; and 3) the risk is voluntarily 
ignored. An early example of this was in Charrin v Methodist 
Hospital, a case in which a patient pointed out a television cord 
running across a room and later tripped over it. Her lawsuit was 
unsuccessful since she was aware of the risk of the cord.20 It is 
imperative that the risks are clearly spelled out. A classic legal 
case is Schneider v Revici; in this case a physician who practiced 
unorthodox treatment of breast cancer advised his patient to 
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evaluate conventional treatment and then had her sign a consent 
form for treatments not adopted by the medical community 
(i.e., not standard of care). She later sued, and the appeals court 
acknowledged the assumption-of-risk defense and allowed the 
physician to use it.21 

CONCLUSION
While the approach to evaluation of the acute onset of 

headache evolves, it is imperative that the right patient population 
is chosen and that the history is accurate. When shared decision-
making is used, the patient must have capacity, should understand 
the risk, and be informed that it is their decision. If this approach 
is used, the provider will very possibly have the availability of the 
assumption-of-risk defense in the event of adverse outcome.  

TAKE HOME POINTS
1.	 Knowledge of the full spectrum of presentations of SAH is 

important, as patients do not always present with the classic 
thunderclap headache.

2.	 CT is the imaging modality of choice if SAH is suspected. 
Further evaluation for SAH should be based on consideration 
of other diseases, time of headache onset, and other factors.

3.	 Ensure there is an accurate history when deciding to use the 
CT as the sole diagnostic tool in patients who present within 
six hours of onset, if an LP is not performed.

4.	 It is important for shared decision-making to have clear 
documentation of the information provided, the patient’s 
capacity, and the patient’s decision.

5.	 If shared decision-making is done, then it is possible for a 
physician to use the assumption-of-risk defense.

Documented patient informed consent and/or Institutional Review 
Board approval has been obtained and filed for publication of this 
case report.
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A 38-year-old female seasoned marathon runner presented to the emergency department (ED) 
with increasing right lower extremity pain after running two mid-distance races in one weekend. 
The patient had previously run many two-day races and longer distances, but recently had gained 
weight and had not been training. This case report details her presenting symptoms, evaluation, 
review of the literature, and treatment with attention to the factors that led to the development of her 
pathologies. [Clin Pract Cases Emerg Med. 2018;2(3):197-199]

INTRODUCTION
Acute compartment syndrome is a serious disease, which 

can result in severe morbidity and even mortality. Outcomes are 
progressively worse with delayed recognition of the diagnosis 
and the associated delayed treatment. The vast majority of 
compartment syndrome-associated injuries occur in relation to 
high-velocity trauma, fractures, and crush injuries. This article 
discusses the less-common cause: overuse and exercise. Many 
athletes are accustomed to significant muscle pain after training 
and events, which may delay the diagnosis. In addition, this 
patient used opiate painkillers after the races, which may have 
further delayed her presentation. To our knowledge, there is 
no previous report detailing a case of compartment syndrome 
after exercise, with concurrent use of opiate painkillers by the 
patient. This case report discusses a female recreational runner 
who presented to a tertiary care emergency department after two 
mid-distance running events in one weekend. 

CASE REPORT
A 38-year-old female presented with right foot, ankle, 

and calf pain. Her past history was remarkable for a 55-pound 
weight gain in the prior six months due to being sedentary, 
and she had a history of meralgia paresthetica of her right 
lower extremity after a motor vehicle collision. The patient 

University of California, Irvine, Department of Emergency Medicine, 
Orange, California
University of California, Irvine, Department of Orthopedics, Orange, 
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stated that she had completed a 10K race (6.2 miles) two 
days prior to presentation and a half marathon (13.1 miles) 
one day prior to presentation when she noticed her right calf 
started “seizing up” during the second race. She then started to 
experience pain on the dorsal aspect of her right foot. The pain 
progressively worsened over the next 24 hours until she could 
no longer bear weight on the right lower extremity without 
severe pain. The pain was worse on the posterior/lateral leg 
and lateral ankle with associated foot numbness and burning 
in the sensory distribution of L2-S1. Her sensation was 
intact to light touch in the sensory distribution of L2-S1 and 
throughout her lower extremity, despite perceived numbness 
to the dorsal aspect of her foot and lateral calf. The pulses in 
her leg were 2+ in femoral, dorsalis pedis, and posterior tibial 
locations. She also cited intermittent pulling and tightness at 
rest and with active motion. 

She had attempted her normal post-race remedies 
including ice, hot baths, ibuprofen and hydrocodone/
paracetamol. Nothing improved her pain. Stepping on the leg, 
moving, or touching the leg was extremely painful. Physical 
exam showed normal vital signs and was significant for an 
uncomfortable appearing, overweight woman. She allowed 
a limited physical exam; however, she refused to move the 
extremity actively or passively.

*

†
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What do we already know about this clinical 
entity? 
Compartment syndrome is a well-characterized 
disease that usually occurs secondary to 
trauma, fracture, or overuse injury.

What makes this presentation of disease 
reportable? 
This patient was a seasoned marathoner who 
had become deconditioned, ran two races in 
as many days, and then used narcotic pain 
medication to treat her post-run pain.

What is the major learning point? 
Narcotic medication should not be used for post-
exertional pain as it may mask injuries, such as 
compartment syndrome, and delay presentation.

How might this improve emergency medicine 
practice? 
Emergency medicine practitioners should be 
cautious prescribing opiates as patients may 
use the medication for conditions other than 
the intended condition.

A radiograph did not show a fracture and ultrasound did 
not show a deep venous thrombosis. Her creatinine kinase 
was 5533 (30 – 223 U/L). Intravenous fluid resuscitation 
was immediately initiated. Given that her pain seemed out 
of proportion to the exam, orthopedic surgery was consulted. 
Upon orthopedic evaluation, the patient was diagnosed with 
compartment syndrome based on the physical exam. She was 
taken to surgery for emergent lateral/anterior/superficial and 
deep posterior compartment (four-compartment) fasciotomy. 
Vacuum-assisted closure was placed on the fasciotomy 
wounds. A delayed primary closure of all of her wounds was 
done on postoperative day three.  She was discharged the 
following day. 

DISCUSSION
Compartment syndrome is a relatively rare condition. 

The vast majority of cases occur in individuals who have had 
fractures, high-velocity trauma, or crush injuries.1 However, 
compartment syndrome has also been reported with exercise, 
overuse injuries and post operatively. Many of the postoperative 
cases are due to poor positioning on the operating table of an 
extremity that was not part of the surgery.  

In this case, the patient was a trained marathoner who 
usually participated in multiple, long-distance running races 
per year. Her deconditioning coupled with significant weight 
gain were major factors rendering her more susceptible 
to muscle overuse injury, which subsequently led to the 
development of her compartment syndrome. Additionally, 
the patient’s narcotic use likely contributed to delayed 
presentation. There is no previous literature describing the use 
of narcotics by endurance athletes for post-workout pain. This 
represents a unique presentation of compartment syndrome 
and is significant given the current national focus on the 
opioid epidemic and overuse of narcotic pain prescriptions. 
The patient presented in this case was using narcotics 
inappropriately, which provides another example of a risk for 
over-prescription of narcotics by providers.

Each muscular compartment is a tightly-closed anatomic 
container that has very little capacity to expand. After an 
injury, the muscle begins to swell due to increased blood 
flow to the injured area. In some cases, the swelling is 
extreme and leads to microvascular and venous dysfunction 
and collapse. This in turn leads to decreased venous outflow 
and further engorgement of the muscle, which then causes 
a continuous rise in compartment pressure. This can also 
lead to extravascular fluid collections and edema. When 
the compartment pressure rises to a level higher than the 
blood pressure, the muscle becomes ischemic and then 
necrotic, resulting in rhabdomyolysis, which then results 
in myoglobinemia. It is the myoglobinemia that interferes 
with kidneys and cardiac function and is the major cause of 
death in these cases. This process was already well underway 
in our patient at the time of presentation, which is why her 

creatinine kinase was so high. Although compartment 
syndrome is a clinical diagnosis, a measured value of 
compartment pressure above 30 mm Hg above the diastolic 
blood pressure can also make the diagnosis. Modalities of 
treatment include conservative monitoring of compartment 
pressures and emergent fasciotomy.2,3

The treatment for most acute compartment syndrome 
is emergent decompression of each involved compartment. 
This is managed surgically by making a longitudinal 
incision into the fascia. In a successful compartment 
syndrome fasciotomy, the pressurized muscle will 
decompress with an immediate color change noted from 
a dark purple to a bright red. If the compartment is not 
successfully treated, the muscle develops scar tissue, the 
nerves die, and circulation is permanently compromised. 
Permanent disability can result including extremity motor/
sensory deficits, loss of all motion, even passive motion, 
and severe dysesthesias. Any of these conditions can lead 
to the extremity being amputated.4

Glass et al. completed a systematic review of 
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compartment syndrome, finding that delays in detection of 
compartment syndrome resulted in the most severe morbidity 
and mortality. The severe side effects of compartment 
syndrome (i.e., death and amputation) may be prevented by 
emergent fasciotomy performed by an orthopedic surgeon 
or qualified emergency physician; however, even after 
fasciotomy many patients still experience deficits such as 
foot drop, limb weakness, or sensory deficits. Some also 
progress to late amputations. Early diagnosis and treatment 
are the best predictors of good outcomes; however, there 
is no consensus in the literature regarding the best surgical 
method of treatment for compartment syndrome patients.3

Pain, or pain out of proportion to exam, is often 
the initial symptom indicating compartment syndrome 
pathology. Patients who are nonverbal as a result of their 
trauma, or pediatric patients, require close monitoring 
for physical signs of compartment syndrome as they may 
not be able to verbalize worsening pain.1 Other reports 
suggest compartment syndrome in lower extremities after 
harvesting bypass grafts and urologic procedures.5,6 These 
patients may also be under heavy sedation and post-operative 
analgesia, further complicating early diagnosis. However, 
young athletes are usually able to determine when their 
pain progresses to abnormal levels and will seek medical 
aid. However, in the case we have presented, this patient’s 
awareness of her condition may have been delayed by her 
use of narcotics for post-exercise pain. 

Athletes may also develop chronic compartment 
syndrome where repetitive injury causes tissue and 
microvascular damage that leads to progressively elevated 
compartment pressures, rather than acute compartment 
pressures.2 Chronic exertional compartment syndrome may be 
treated conservatively with physical therapy or gait retraining; 
it may also be treated operatively, most often arthroscopically. 

Campano et al. report good outcomes in 84% of operatively-
managed chronic exertional compartment syndrome patients.7,8 

CONCLUSION
A high index of suspicion is an important consideration 

in patients presenting with calf discomfort without trauma 
but having pain out of proportion to exam. Our patient had 
previous experience in athletic competitions; however, 
significant recent weight gain added risk to this otherwise-
seasoned athlete. Additionally, her use of narcotics likely 
delayed her presentation. It would have been easy to attribute 
her pain after two relatively short races to muscle fatigue, 
sprain and stress from the physical exertion. The risk of 
missing compartment syndrome has very serious morbidity 
and medical consequences, particularly for athletes, which 
makes consideration of this entity a critical diagnosis for 
emergency physicians.

Documented patient informed consent and/or Institutional Review 
Board approval has been obtained and filed for publication of this 
case report.
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Blunt traumatic cervical vascular injury (BCVI) is challenging to recognize, but it is a potentially 
devastating entity that warrants attention from emergency physicians. Injury to the vertebral or 
carotid artery can result in a delayed manifestation of neurologic injury that may be preventable if 
promptly recognized and treated. The modified Denver Criteria are frequently used to guide imaging 
decisions for BCVI; however, injuries can still be missed. We present a case of BCVI in a trauma 
patient whose initial presentation evaded standard screening criteria, illustrating the need for a high 
index of suspicion for BCVI in blunt trauma. [Clin Pract Cases Emerg Med. 2018;2(3):200-202.] 

INTRODUCTION
Blunt traumatic cervical vascular injury (BVCI) is 

challenging to recognize and is a potentially devastating clinical 
entity that warrants special attention from emergency physicians. 
Injury to the vertebral or carotid artery can result in a delayed 
manifestation of neurologic injury that may be preventable if 
promptly recognized and treated. The modified Denver Criteria 
are frequently used to guide imaging decision for BCVI, 
however, injuries can still be missed even using these criteria. 
We present a case of BCVI in a trauma patient whose initial 
presentation evaded standard screening criteria, illustrating the 
need for a high index of suspicion for BCVI in blunt trauma.

CASE REPORT
A 26-year-old female presented to a Level I trauma center 

after a motorcycle crash in which she was the unhelmeted 
passenger thrown from the vehicle. The patient did lose 
consciousness and was noted to be briefly confused on scene. Her 
right shoulder had a palpable deformity and she had difficulty 
moving the right upper extremity, but she denied other symptoms 
and was transported to our facility via ground emergency medical 
services. Upon arrival, the patient was in no distress, alert and 
oriented, and reported only pain in the right shoulder. 

Initial vital signs were temperature of 36.7° Celsius, heart 
rate 107 beats per minute, blood pressure 102/57 mmHg, 
respiratory rate 18 breaths per minute, and 100% oxygen 

Geisinger Health System, Department of Emergency Medicine, Danville, Pennsylvania

saturation on room air. She was evaluated by standard trauma 
protocol. Computed tomography (CT) imaging of the head, 
cervical spine, and chest/abdomen/pelvis were significant 
only for a right anterior shoulder dislocation. The patient was 
treated symptomatically and preparations were made to perform 
procedural sedation to reduce the shoulder dislocation. Prior 
to sedation, the patient developed an abrupt change in mental 
status. Her right pupil became fixed and dilated. She became 
aphasic, and her right side became flaccid. The patient was 
immediately intubated based on Glasgow Coma Scale (GCS) of 
7 and rapid deterioration of her clinical status. 

A repeat CT head was obtained and revealed a hyperdense 
left middle cerebral artery (MCA). Neurosurgery and neurology 
were both immediately consulted. CT angiography (CTA) of 
the head and neck revealed a left internal carotid dissection 
with tandem embolus to the proximal left MCA. A tandem 
occlusion is defined by injury that results in cervical carotid 
artery dissection, as well as embolic occlusion of a large 
intracranial artery. This type of vascular occlusion typically 
does not respond well to thrombolysis.1 Given the confirmed 
presence of a tandem occlusion in our patient, a discussion 
regarding the utility of thrombolytics was held. Neurosurgery 
opted to perform endovascular mechanical thrombectomy 
and stenting of the internal carotid artery. Diagnostic cerebral 
angiogram revealed complete revascularization of the distal 
left MCA territory. The patient was subsequently admitted to 
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What do we already know about this clinical 
entity?
Injury to the vertebral or carotid artery 
can result in a delayed manifestation of 
neurologic injury that may be preventable if 
promptly recognized and treated.

What makes this presentation of disease 
reportable? 
We present a case of Blunt cervical vascular 
injury (BCVI) in a trauma patient whose 
initial presentation evaded standard screening 
criteria, illustrating the need for a high index 
of suspicion for BCVI in blunt trauma.

What is the major learning point? 
The Modified Denver Criteria are frequently 
used to guide imaging decisions for BCVI, 
however, injuries can still be missed.

How might this improve emergency 
medicine practice? 
This case demonstrates the importance of 
considering BCVI in the setting of trauma, 
even in the absence of the Denver Criteria for 
computed tomography angiography.

the intensive care unit. There, her course was uncomplicated, 
and by discharge on hospital day 18 the patient had regained a 
significant amount of independent function.

DISCUSSION
Blunt cervical vascular injury (BCVI) is a term used to 

include injuries to the carotid and vertebral arteries. Although 
BCVI is rare, it is an entity that can lead to devastating 
outcomes, including stroke and death.2 Current estimates put 
the incidence of BCVI between 1-2% of all blunt trauma.3 
If recognized promptly treatments exist for BCVI. Current 
treatment strategies for BCVI range from antiplatelet and 
anticoagulation therapy to endovascular stents and mechanical 
thrombectomy depending on the clinical scenario. 

Screening for BCVI is heterogenous. Imaging modalities 
(e.g., CTA) have improved, 4 but they are inadequate for 
screening 5 and should not be relied upon exclusively for 
diagnosis.6 One commonly used screening tool, the modified 
Denver Criteria, suggests using CTA to evaluate for vascular 
injury in patients with any of the following: unexplained 
neurologic deficit; arterial hemorrhage, cervical bruit or thrill, 
infarct on head CT, basilar skull fracture on imaging, expanding 
neck hematoma; seatbelt abrasion on the neck; GCS less than 
or equal to 8 in association with blunt trauma; cervical spine 
fracture; Le Fort II or III facial fractures; or hanging with 
anoxic brain injury.7,8 In the case of our patient, she did not have 
any notable signs or symptoms to prompt early CTA screening 
for BCVI as suggested by the Denver Criteria. An abrupt onset 
of new symptoms prompted the imaging, which revealed a 
complete occlusion of the left internal carotid artery, as well as a 
tandem embolus to the proximal left MCA. 

Treatment for BCVI is dependent upon the severity of 
the injury. The Blunt Carotid Arterial Injury Grading Scale 
is the most commonly used tool to stratify vascular injury. It 
uses a scale from I to V: I represents luminal irregularity or 
dissection with less than 25% narrowing; II represents greater 
than 25% narrowing, intraluminal thrombus, or raised flap; III 
represents pseudoaneurysm; IV represents occlusion; and V 
represents transection with active extravasation. Management 
for lower-grade injuries most often consists of antiplatelet or 
anticoagulation regimens. Multiple studies have shown no 
clear benefit between antiplatelet and anticoagulation therapy. 
Management and optimal treatment depends on the clinical 
scenario. For example, the Eastern Association for the Surgery 
of Trauma recommends that patients with grade III or greater 
vascular injuries be considered for operative intervention as 
they rarely respond to antithrombotic therapy.10 

Multiple studies have been conducted comparing 
traditional vs. angio-interventional therapy, without clear 
superiority of one modality. In the case of our patient, CTA 
revealed a grade IV dissection with associated proximal MCA 
embolism. Recent case studies have shown promising results 
regarding the use of mechanical thrombectomy in association 

with proximal stenting of the injured vessel.11-17 Thrombolytics 
have a limited role in this situation. Endovascular therapy 
offers an alternative approach, which in the case of our patient 
provided complete revascularization and a favorable outcome.

CONCLUSION
BCVI has gained significant attention in the recent 

literature, and yet is frequently not recognized in a timely 
fashion. This case demonstrates the importance of considering 
BCVI in the setting of trauma, even in the absence of the 
Denver Criteria for CTA. Current screening criteria and 
imaging modalities can still miss injuries, delayed diagnosis 
and treatment leading to devastating sequelae, including death.  

Documented patient informed consent and/or Institutional Review 
Board approval has been obtained and filed for publication of this 
case report.
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Intracranial hemorrhage (ICH) is the second leading cause of mortality among patients diagnosed 
with acute myelogenous leukemia (AML). The bone marrow failure associated with AML produces 
dysfunctional platelets, which significantly increases the risk of hemorrhagic complications 
within this population. In this report we discuss the case of a previously healthy female patient, 
newly diagnosed with AML, who rapidly developed fatal ICH. [Clin Pract Cases Emerg Med. 
2018;2(3):203–206.]                                                                                                                                     

INTRODUCTION
Intracranial hemorrhage (ICH) is the second leading cause 

of mortality in patients with acute myelogenous leukemia 
(AML).1 AML-associated bone marrow failure produces 
marked thrombocytopenia with small, dysfunctional platelets, 
increasing risk of hemorrhage.2 Emergency physicians (EP) 
should maintain a high degree of suspicion for hemorrhagic 
complications in patients presenting with new-onset AML. 
Bleeding-type disseminated intravascular coagulation (DIC) 
is a common finding in AML patients, especially those with 
the acute promyelocytic leukemia (APL) subtype, and further 
increases risk of death from hemorrhage.3,4 

DIC may be difficult to diagnose in the emergency 
department (ED) setting due to a lack of specific lab 
parameters and variable presentation, but a high degree 
of suspicion for DIC in AML patients is warranted.
Administration of all-trans retinoic acid (ATRA) significantly 
improves outcomes of APL patients by preventing or 
rapidly reversing DIC.5 ATRA is a lifesaving intervention 
that EPs, in consultation with hematology-oncology, should 
consider in patients with laboratory values that suggest 
AML. Administration of platelet concentrate may also be 
useful.2 AML carries a relatively favorable prognosis if the 
complications of the disease – such as infection or hemorrhage 
– can be avoided or effectively managed.6 In this report we 
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discuss a patient with newly diagnosed AML, who presented 
to the ED ambulating, alert, and oriented, and while en route 
to a higher level of care quickly deteriorated before further 
interventions could be implemented.

CASE REPORT
A previously healthy 55-year-old female was evaluated in 

urgent care for easy bruising for three weeks’ duration. After 
she was found to have abnormal laboratory results, she was 
directed to a community ED for further treatment and care. 

The patient presented to a community ED the following 
day. She denied trauma, fever, chills, headaches, or abdominal 
pain. Upon initial evaluation, the patient had a temperature 
of 98.5º F, pulse of 87/minute, respiratory rate of 18/minute, 
and blood pressure of 170/75 mm/Hg. Pulse oximetry 
showed 100% saturation on room air. Physical exam was 
unremarkable, except for ecchymosis to the upper and lower 
extremities bilaterally. Initial laboratory data was significant 
for a white blood cell (WBC) count of 51.7 x109/L, with 
89% monocytes and 5% segmented neutrophils, platelets of 
16 x109/L and hemoglobin of 11.3 g/dL. Prothrombin time 
(PT) was 17.3 seconds, and international normalized ratio 
(INR) was 1.6. Complete blood count was negative for blasts; 
however, Auer rods were present, and the specimen was sent 
for peripheral smear and flow cytometry. The EP consulted 
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CPC-EM Capsule
What do we already know about this clinical 
entity?
Intracranial hemorrhage is a leading cause of 
death in patients with acute myelogenous
leukemia (AML) and can occur as a result of 
disseminated intravascular coagulation or bone 
marrow failure.

What makes this presentation of disease 
reportable?
The patient’s rapid progression makes this a 
valuable example of how critical a role the
emergency physician can play in the care and 
management of patients with new-onset AML.

What is the major learning point?
This report highlights the importance of 
emergency physicians in gaining familiarity 
with medications uncommonly used in the 
emergency department.

How might this improve emergency medicine 
practice?
The authors’ hope is that this will improve 
emergency medical practice by highlighting
the emergent nature of the complications of AML.

oncology by phone for suspicion of acute leukemia, and the 
patient was scheduled for an outpatient follow-up two days 
later, with instructions to return if her symptoms worsened. 

Early on the day of her scheduled oncology consultation, 
the patient returned to the ED complaining of bilateral lower 
extremity pain and multiple new bruises. She had pain in 
her lower extremities, from thighs to feet, and occasionally 
buttocks. She denied tingling, numbness, bladder or bowel 
incontinence, back pain, or headache. Review of systems was 
positive only for gross hematuria. Other than mild tachycardia, 
vital signs at triage were within normal limits. Similar to the 
prior visit, her physical exam showed ecchymosis over all 
four extremities, but was otherwise unremarkable. Neurologic 
examination was within normal limits.

Hematological studies showed significant dysfunction of 
multiple cell lines, including WBCs of 110.8 x109/L, platelets 
of 60 x109/L, hemoglobin of 10 g/dL, 0% neutrophils, and 
blasts now at 22%. Additional labs found a PT of 18.7 
seconds, INR of 1.6, and a d-dimer of 27.9 mg/L FEU. Initial 
analysis of peripheral smear showed multiple blast forms with 
convoluted nuclei and monocytoid features. Flow cytometry 
results from the previous visit were consistent with AML, 
while a lack of cluster of differentiation antigen 34 (CD34) 
and human leukocyte antigen – antigen D related (HLA-DR) 
was suggestive of APL. After ruling out deep vein thrombosis 
by lower extremity ultrasound, the patient was transferred by 
ambulance to a tertiary care center. At the recommendation 
of the receiving oncologist, 30mg of ATRA was administered 
prior to transfer to prevent DIC.  

While en route to the tertiary care facility, the patient 
became acutely altered and lost consciousness. Upon arrival, 
her pulse was 68/minute, blood pressure was 231/96, 
respiratory rate was 15/minute, and oxygen saturation was 
99% on 15L by non-rebreather mask. The patient’s Glasgow 
Coma Score was 1-1-1, her left pupil was fixed and dilated, 
and she was intubated for airway protection. She was given 
50g mannitol. The right pupil became fixed and dilated shortly 
thereafter, and another 50g mannitol was administered. 

Computed tomography (CT) demonstrated a 7.2 
centimeter parenchymal hematoma with associated edema 
and a 10mm midline shift, causing leftward uncal herniation 
(Image). Trace subarachnoid hemorrhage was also noted. 
The patient was emergently evaluated by neurology and 
neurosurgery and was treated with 60ml (30ml x 2) 23.4% 
sodium chloride. Neurosurgery evaluated the patient’s CT and 
reported that mortality associated with ICH of this size was 
72%, and that full recovery, if she survived at all, would be 
unlikely. Although there was no advanced directive in place, 
the patient’s family members agreed that the patient would not 
have wanted surgical intervention if her chances of significant 
recovery were unrealistic. 

Over the next 24 hours, the patient’s diagnostic studies 
demonstrated continued derangement across multiple parameters, 

with blast forms increasing to as high as 83%, fibrinogen 
dropping to 77 mg/dL, and platelets paradoxically oscillating 
from 60 x109/L, to 13 x109/L, to 88 x109/L in a matter of hours. 
Aspartate aminotransferase was measured at 64 units/L and 
alanine aminotransferase at 61 units/L, while creatinine increased 
from 0.9 mg/dL at initial presentation to 1.3 mg/dL, and troponin 
I was measured at 7.70 ng/mL at its peak. The patient died within 
24 hours of arrival at the tertiary care center.

DISCUSSION
The incidence of AML in the United States is 

approximately 20,000 cases per year.7 While infection is still 
the leading cause of death in this population, approximately 
10% of patients will die from DIC or bleeding diathesis at 
the time of initial presentation of AML, with ICH as the most 
common hemorrhagic complication.8-11 Risk of death from 
ICH in this population is linked to extent of coagulopathy 
and leukocytosis; those patients found to have WBCs >100 
x109/L and INR >1.5 have significantly higher risk of death 
from ICH than those found with lower respective lab values, 
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while thrombocytopenia additionally increases risk.11,12 
Female gender has also been associated with an increased risk 
of death from ICH.10, 11 Therefore, it may be prudent for EPs 
to consider admission or observation for any patient meeting 
these high-risk criteria.

While prophylactic platelet transfusion has been well 
studied and widely used in AML patients undergoing 
chemotherapy,13,14 according to blood transfusion guidelines, 
prophylactic platelet transfusion is not routinely performed 
for patients newly presenting with evidence of AML whose 
platelet counts are greater than 10 x109/L.2, 15 In 2011, Psaila et 
al. conducted one of the first studies that looked specifically at 
platelet function in patients with AML as compared to platelet 
function in equally thrombocytopenic individuals with immune 
thrombocytopenic purpura (ITP) and determined that patients 
with AML have more dysfunctional platelets than those in 
patients with ITP.2 This raises the question of whether it may be 
beneficial for EPs to consider prophylactic platelet transfusion 
at a higher platelet count in patients recently diagnosed with 
AML, who have not yet undergone any form of treatment. 

DIC is especially common in patients with the APL subtype 
of acute leukemia; however, the risk of hemorrhage exists 
with all types.1 Pathogenesis of DIC in patients with APL is 
mediated by increased blast cell production of tissue factor (TF) 
and cancer procoagulant (CP), and blast cell overexpression 
of the surface protein annexin II, which acts as a co-receptor 

for plasmin and tissue plasminogen activator, leading to 
extensive fibrinolysis.16 Combined with thrombocytopenia 
and dysfunctional platelets, these factors can cause a patient 
to rapidly progress to overt DIC. Unfortunately, there is no 
single, specific test that is diagnostic of DIC, so a combination 
of studies must be obtained if DIC is suspected.3 According 
to a 2014 study published by Wada et al., the findings of PT 
prolongation, d-dimer elevation, fibrinogen reduction, and 
platelet count reduction, is the most reliable combination of test 
results readily attainable in the ED to indicate the bleeding type 
of DIC associated with hematologic malignancies.3 

Administration of ATRA is effective in rapidly 
reversing DIC in these patients as it functions to stop 
aberrant production of TF and CP and simultaneously 
induce differentiation of leukemic promyelocytes.5 Current 
recommendations support starting ATRA as soon as a 
diagnosis of APL is suspected, as increased incidence of early 
death has been linked to delays in ATRA administration by 
as few as one to two days.17 Therefore, EPs may consider 
initiating ATRA treatment upon initial presentation of a 
patient with suspected APL. Prompt initiation of ATRA, 
followed by concomitant chemotherapy has significantly 
reduced morbidity and mortality in this population, and APL 
is now considered one of the most treatable subtypes of acute 
leukemia with long- term remission rates of up to 80% in 
those who survive the presentation period.6,18  

Image. Computed tomography of the brain, axial images, demonstrating 7.2 centimeter parenchymal hematoma (white arrow) with 
associated edema causing 10 millimeters of midline shift (black arrow).
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CONCLUSION
Patients with AML may access the ED for care throughout 

the course of their disease; they may be diagnosed in the 
ED, or they may present with infection, chemotherapy-
induced nausea and vomiting, or hemorrhage. Maintaining 
a high degree of suspicion for ICH and DIC is important in 
improving outcomes of these patients throughout the course of 
their treatment. Emergency physicians may consider a variety 
of treatment strategies for managing the complications of 
AML. Gaining familiarity with medications uncommonly used 
by emergency physicians, such as ATRA, may be beneficial in 
preventing disastrous outcomes.

Documented patient informed consent and/or Institutional Review 
Board approval has been obtained and filed for publication of this 
case report.
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A patient presented after ingesting the contents of a lava lamp that he believed to contain alcohol. 
It was later discovered that this product was comprised of 76% calcium nitrate, leading to his 
subsequent development of methemoglobinemia. This disease is a medical emergency secondary to 
poor transportation of oxygen and resultant tissue hypoxic effects.  Therefore, having high suspicion 
for this disease process in patients with toxic ingestions, understanding the proper diagnosis, and 
promptly starting treatment are all critical actions for emergency physicians. [Clin Pract Cases Emerg 
Med. 2018;2(3):207–210.]

INTRODUCTION
Methemoglobinemia can be genetic or acquired following 

exposure to various toxins. It can be induced by substances 
containing nitrates. When nitrates are metabolized, they 
form inorganic nitrites that act as the oxidizing agent on iron 
in hemoglobin. Methemoglobinemia occurs when iron in 
hemoglobin is oxidized from the ferrous state (Fe2+) to the 
ferric state (Fe3+). This prevents hemoglobin from binding 
oxygen, causing varying degrees of hypoxia.1

Acquired methemoglobinemia can be induced by 
ingestion of toxic substances such as paint thinner, which 
contain nitrobenzene, or it can be secondary to other 
less-common manifestations.4 For instance, in 1992 at a 
school in New Jersey, more than 40 children contracted 
methemoglobinemia after they ingested soup later found 
to contain high quantities of nitrite.2  There have also been 
reports of methemoglobinemia in septic patients thought to 
be secondary to large amounts of nitric oxide.3 In addition, 
medications such as sodium nitrite used to treat cyanide 
poisoning have been show to induce methemoglobinemia with 
toxic doses as low as 300mg.4   

CASE REPORT
A 71-year-old, 86 kilogram male with a history of alcohol 

abuse, dementia, chronic kidney disease, and hypertension 
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presented to the emergency department (ED) after the 
ingestion of approximately half of a retail lava lamp’s 
contents. On-scene vitals by emergency medical services 
(EMS) were notable for 90% oxygen saturation on room 
air. The patient was placed on two liters of oxygen by nasal 
cannula (NC), and the North Carolina Poison Control Center 
was called; they recommended supportive care, laboratory 
studies, and an electrocardiogram (ECG) with continuous 
cardiac monitoring. The risk of toxic ingestion was thought 
to be low because of the recent manufacture date, which 
theoretically minimized toxic contents previously found in 
similar products because of regulatory changes.

In the ED, EMS reported that the patient had consumed 
the lava lamp because he believed it to contain alcohol. 
The patient was unsure of the time of ingestion, though all 
history was limited by his chronic dementia. Initially, he 
remembered having nausea and vomiting at home, but was 
asymptomatic on evaluation. On physical exam, vital signs 
were notable for a blood pressure of 129/68mmHg, heart 
rate of 74 beats per minute (bpm), and oxygen saturation of 
97% on two liters NC. Patient was tearful but in no distress. 
He had equal and reactive pupils, his heart rate was regular, 
breath sounds were clear, abdomen was soft, and he had a 
normal cranial nerve exam. Family in the room reported 
he was at his baseline mental status: delayed speech and 
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What do we already know about this clinical 
entity? 
Methemoglobinemia is a serious condition 
resulting in tissue hypoxia. 

What makes this presentation of disease 
reportable? 
There have been multiple case reports of ingestion 
of toxins leading to Methemoglobinemia, however, 
this is the first case report of a lava lamp being the 
inciting event.

What is the major learning point? 
Keep Methemoglobinemia on your differential in 
any toxic ingestion, especially those who appear 
altered and have signs of hypoxia.

How might this improve emergency medicine 
practice? 
Having this insight can help detect this disease 
earlier and allow patients to get proper treatment.

baseline dementia. They seemed unconcerned about any new 
or significant mental status changes.

Routine laboratory results were normal except for the 
following: white blood cell count 14.4 x109/liter, hemoglobin 
10.0 g/dL, potassium 6.3 mmol/L, carbon dioxide 14mmol/L, 
blood urea nitrogen 37 mg/dL, calcium 12.1 mg/dL, creatinine 
2.3 mg/dL, and anion gap 23 mmol/L. Serum drug screen was 
negative for ethanol, acetaminophen, and salicylate. A 12-
lead ECG showed normal sinus rate, with concern for peaked 
T-waves in the apical leads. A chest radiograph was read as 
persistent low lung volumes with bronchovascular crowding 
and bibasilar opacities, likely reflective of atelectasis.

The patient was treated for hyperkalemia with calcium 
gluconate, insulin, dextrose, and sodium bicarbonate; the 
Poison Control Center was updated on the findings and initial 
treatments. Within three hours, the potassium had corrected to 
5.5 mg/dL and creatinine increased to 2.8 mg/dL. His mental 
status was unchanged. He continued to saturate in the low 90s, 
originally managed with two liters NC, but later requiring slight 
increases in his NC needs. Initially, it was thought that his 
lower saturations were attributed to a possible aspiration event, 
especially with reports of vomiting earlier in the morning.

About six hours into his ED visit, while pending admission, 
the nursing staff called providers to the room for an acute 
change in mental status with concomitant aspiration event. 
The patient’s oxygen saturation acutely dropped to 85% on 
NC, and high-flow NC was initiated. The patient’s saturation 
remained 85% on the Masimo SET™ pulse oximeter despite 
oxygen supplementation, and he was responsive to only painful 
stimulation. On auscultation, his lungs were clear bilaterally 
without wheezes or rales; his skin, especially distal, appeared 
gray and mottled. His blood pressure was 101/52 mmHg, and 
he became tachycardic to 101 bpm. A non-rebreather oxygen 
mask was applied at 15 liters and albuterol was administered 
with no change in respiratory status. Repeat radiograph was 
unchanged and it was thought this could be due to aspiration 
pneumonitis or acute respiratory distress syndrome. However, 
with the acute change, a venous blood gas was then also sent 
with the following notable results: pH of 7.22, methemoglobin 
of 45.6% and a lactate of 2.7 mmol/L. 

Given this finding and the fact that his oxygen saturation 
remained the same on supplementation, the patient was diagnosed 
with methemoglobinemia. Subsequently, he was administered 
two doses of methylene blue (50 mg intravenously) 20 minutes 
apart. Over the next half-hour, his color and oxygen saturation 
improved, followed by a return of his mental status to baseline at 
initial presentation. A follow-up arterial blood gas at 45 minutes 
showed pH of 7.28 and methemoglobin of 9%. The patient was 
admitted to the intensive care unit.

The Poison Control Center was later updated.  After 
research and testing, it was discovered that the components 
of the lava lamp ingested included 76% calcium nitrate, 23% 
water, and 1% potassium enol.

DISCUSSION
This patient survived after the ingestion of lava lamp 

contents later found to contain 76% calcium nitrate, which 
induced methemoglobinemia. It was originally presumed that 
the patient’s change in respiratory status was secondary to 
aspiration, especially because he was only requiring two liters 
via NC for the majority of his ED visit. However, after his 
seemingly sudden decompensation, a venous blood gas ended 
up being a crucial test to help come to the correct diagnosis. 
We believe that the delay in his respiratory decompensation 
was likely secondary to delayed metabolism of calcium 
nitrates, producing levels significant enough to be clinically 
responsible for his methemoglobinemia symptoms.   

The drug of choice in the treatment of severe 
methemoglobinemia is methylene blue.5 In the setting 
of drug- or toxin-induced methemoglobinemia, the 
actionable treatment level is generally considered to be 
20% methemoglobin in symptomatic patients and 30% in 
asymptomatic patients.5,6,8 Normal methemoglobin levels are 
1% - 3%.5 Methylene blue is available as a 1% solution (10 
mg/ml).5 It is dosed at one to two mg/kg intravenous (IV) 
over three to five minutes. The time to peak concentration for 
IV methylene blue is 30 minutes, and the onset of action for 
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the reduction of methemoglobin is 30-60 minutes.6 Clinical 
response should be observed within one hour.8 The dose 
may be repeated at one mg/kg if methemoglobinemia does 
not resolve within 30 minutes to one hour, or if the patient’s 
clinical status does not improve.6

At low concentrations, methylene blue enhances the 
reduction of methemoglobin to hemoglobin. It is converted to 
leukomethylene blue inside the red blood cell by erythrocyte 
methemoglobin reductase in the presence of nicotinamide 
adenine dinucleotide phosphate (NADPH). Leukomethylene 
blue is a reducing agent, and both compounds contribute 
to the reduction of methemoglobin in red blood cells.5 
Methylene blue serves as a cofactor to accelerate NADPH-
MetHemoglobin reductase. The ferric ion (Fe3+) on 
methemoglobin is converted back to its oxygen-carrying state 
(Fe2+), resulting in hemoglobin (see Figure). 7

An alternative pharmacological option is high-dose 
ascorbic acid, colloquially known as Vitamin C. The 
mechanism of ascorbic acid in methemoglobinemia is 
purported to be due to an antioxidant effect, which is directly 
proportional to plasma concentrations. High doses (up to 10 
grams) are required to rapidly achieve the necessary levels to 
achieve methemoglobin reduction. One notable concern for 
this treatment is that high doses increase urinary excretion of 
oxalate, which has been reported to cause oxalate nephropathy 

in patients with renal impairment.9

In a case series reported from an institution where 
methylene blue was not available, five pediatric patients were 
successfully treated for methemoglobinemia with ascorbic 
acid. All patients required three or four doses of 1.5 to two 
grams intravenously, and their methemoglobin levels were 
reduced to non-toxic levels within 24 hours of treatment.10

No randomized controlled trials have been published 
to directly compare the two treatments, but methylene 
blue has traditionally been the agent of choice because of 
its rapid onset. Methylene blue has been shown to reduce 
methemoglobin to non-toxic levels within 10 to 60 minutes 
while ascorbic acid may require 24 hours to achieve the 
same effect. Additionally, ascorbic acid requires multiple 
doses much more frequently.9,10  Finally, in severe cases of 
methemoglobinemia, exchange transfusion and hyperbaric 
oxygen can also be used as adjunctive or monotherapy.11,12

CONCLUSION
This case demonstrates the importance of 

considering methemoglobinemia in any patient with 
toxic ingestion of unknown contents, as well as those 
whose saturations do not improve with supplemental 
oxygen. It also demonstrates how precipitously patients 
with methemoglobinemia can desaturate over a short 
period of time. Methemoglobin should be considered 
in toxic ingestions, especially in substances that are not 
typically ingested with unknown contents. Lastly, if 
methemoglobinemia does present and if methylene blue is 
given, patients tend to respond to therapy within the hour 
and oxygen saturations can be expected to improve rapidly. 

Documented patient informed consent and/or Institutional Review 
Board approval has been obtained and filed for publication of this 
case report.
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Figure. Methemoglobin process of metabolism.
Fe2+, ferrous state; Fe3+, ferric state; NADP+, nicotinamide adenine 
dinucleotide phosphate; NADPH, reduced state of nicotinamide 
adenine dinucleotide phosphate.
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INTRODUCTION
Abdominal pain is a common complaint in pediatric 

emergency visits, accounting for about 460,000 yearly 
visits for females under 15 years old and 314,000 for 
males under 15. Common entities such as appendicitis 
are diagnoses entertained early in the evaluation by 
emergency physicians; however, this diagnosis is often 
quickly ruled out in patients with a prior history of 
appendectomy. The provider must be familiar with 
complications of appendectomy such as retained stones 
and, as illustrated, stump appendicitis. Although rare, 
with a reported incidence of 1 in 50,000 appendectomies,1 
under-recognition can cause a significant delay in diagnosis 
and treatment, leading to severe complications. We review 
two cases of children presenting with abdominal pain 
after previous laparoscopic appendectomies. These cases 
highlight the importance of being familiar with this unusual 
entity as well as the value of serial abdominal examinations 
and utilization of imaging including ultrasound.

CASE REPORT
Case One

An 11-year-old male presented to the emergency 
department (ED) with abdominal pain of one night duration 
causing difficulty with sleeping and ambulation. Of note, 
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University of Iowa Hospitals and Clinics, Department of Surgery, Division of 
Pediatric Surgery, Iowa City, Iowa

*
†

‡

Abdominal pain is a frequent problem encountered in the emergency department, and acute 
appendicitis is a well-recognized diagnosis. Laparoscopic appendectomy has become one of the 
most common surgical procedures in the United States. Patients with a history of appendectomy 
may experience recurrent right lower quadrant abdominal pain from an infrequently encountered 
complication that may occur when the residual appendix becomes obstructed and inflamed. 
We describe two cases of stump appendicitis in pediatric patients with a review of clinical and 
imaging findings and surgical management. [Clin Pract Cases Emerg Med. 2018;2(3):211–214.]

the patient denied loss of appetite, vomiting, and fever. 
Past surgical history was significant for appendectomy 19 
months prior after presenting with similar symptoms and 
being diagnosed with appendicitis sonographically. There 
were no reported operative or postoperative complications.

Upon presentation the patient had not had a bowel 
movement in several days, and the initial leading 
differential diagnosis was constipation. Physical 
examination was significant for fever and localized 
peritonitis. Pertinent laboratory investigations at current 
presentation included leukocytosis of 13,300 per cubic 
millimeter (reference range 4,500-13,000), neutrophilia of 
9,870 per cubic millimeter (reference range 1,700-7,500), 
and an elevated C-reactive peptide to 1.4 milligrams per 
deciliter (reference range <0.5). After antipyretics, repeat 
assessment showed a reduction in fever; however, the 
patient still had severe abdominal pain. A point-of-care 
ultrasound showed a normal-appearing gallbladder and 
no dilation of the common bile duct but demonstrated an 
aperistaltic mass in the right lower quadrant (RLQ).

After consulting with the pediatric surgery team, 
contrast-enhanced computed tomography of the abdomen 
and pelvis was performed and demonstrated surgical 
changes of appendectomy with staple lines at the blind end 
of the appendiceal stump. A high-density appendicolith 
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What do we already know about this clinical 
entity? 
Stump appendicitis has an estimated incidence 
of 1 in 50,000 and can occur after both open 
and laparoscopic surgeries, months to years 
after initial removal.

What makes this presentation of disease 
reportable? 
Stump appendicitis is not well described in the 
emergency medicine literature. These patients 
had an evolving abdominal exam consistent 
with appendicitis despite their surgical history.

What is the major learning point? 
These cases highlight the importance of being 
familiar with this unusual entity, as well as the 
value of serial abdominal examinations and 
use of imaging including ultrasound.

How might this improve emergency 
medicine practice? 
Increased awareness of this disease process 
among emergency physicians could prevent 
delayed diagnosis and complications.

was obstructing the base of the appendiceal stump, which 
was surrounded by mesenteric fat stranding (Image 1). 
Thickening of the appendiceal wall and the peritoneal 
reflection of the RLQ were additional findings consistent 
with acute appendicitis. There was no pneumoperitoneum. 
The patient was admitted and taken for laparoscopic surgery 
the next day. Surgical exploration revealed an inflamed 
appendiceal stump with pus in the right paracolic gutter. The 
appendiceal wall was very friable, and the stump required 
piecemeal removal during which time two appendicoliths 
were discovered in the lumen. The base was stapled flush 
with the cecum ensuring that no residual appendicoliths were 
present. The patient was discharged on postoperative day 3 
and reported good recovery at follow-up appointments. 

Pathology confirmed that the stump was necrotic, in two 2 cm 
long portions, with one portion containing a large appendicolith.

Case Two
An 11-year-old female patient with a past medical 

history significant for appendicitis treated with laparoscopic 
appendectomy two months prior presented to a local ED with 
a one-day history of epigastric and right-sided abdominal 
pain, poor oral intake, and emesis. Prior to transfer to the 
university hospital, contrast-enhanced computed tomography 
of the abdomen and pelvis demonstrated a fluid collection 
in the right pericolic gutter at the site of surgical changes of 
appendectomy. The collection contained small stones (Image 
2) and small foci of extraluminal air. There was also a small 
amount of frank pneumoperitoneum consistent with rupture 
of the appendiceal stump or dehiscence of the sutures.

Upon transfer, the patient was febrile and tachycardic. 
She was taken for laparoscopic appendectomy during 
which an inflamed, approximately 5 cm-long stump was 
encountered with an obvious appendicolith at its base 
adjacent to the cecum. The site of perforation was not 
readily evident, but there was evidence of recent peritoneal 
spillage and contamination. The previous staple line was 
readily apparent at the end of the stump. The appendectomy 
was completed by passing a stapling device proximal to the 
appendicolith and resecting the stump.

Pathology confirmed an inflamed, 5 cm appendix containing 
two large fecoliths. After gradual clinical improvement, she was 
discharged on postoperative day 4. Residual postoperative pain 
was well controlled with acetaminophen.

DISCUSSION
Stump appendicitis is an uncommon entity; consequently 

it is rarely entertained as a diagnosis in a patient who has 
previously undergone an appendectomy, which may lead to 
a delay in diagnosis. One case series found perforation at 
the appendiceal stump in 60% of cases.2 Stump appendicitis 
may be significantly under-reported in the literature. Since 
1945 there have only been about 60 cases reported in the 

English medical literature.3-10 It has been reported following 
laparoscopic as well as open appendectomy, and can occur 
many years after the original operation.11,12 It is thought to be 
more common following laparoscopic appendectomy,2 but a 
comparison to the open technique will become more difficult 
as that approach becomes less frequent. It is widely believed 
to be the result of a surgical illusion with respect to the 
actual location of the appendiceal base. This may be made 
more difficult by inflammatory changes and is probably 
more common after complicated appendicitis. Some 
authors suggest an appendiceal critical view13 similar to that 
described for cholecystectomy14 to avoid this problem.

The decision to use medical imaging in children can 
be difficult. While it is important to adequately rule out 
dangerous pathologies, it is also important to limit ionizing 
radiation doses in children. Ultrasound can be a screening 
tool to evaluate some etiologies of abdominal pain,15 but 
computed tomography with oral and intravenous contrast 
may be required for a definitive diagnosis in complicated and 
unusual cases such as these.
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Pediatric patients presenting with abdominal pain often 
have an attributable, nonsurgical cause such as constipation 
or gastroenteritis. In the first case, the patient was initially 
afebrile, decreasing concern for a serious bacterial illness. 
However, he developed a fever throughout his ED course, 
and his abdominal exam became more concerning, 
illustrating the importance of observation and serial 
examination when the diagnosis is uncertain. Anchoring on 
a common diagnosis, such as constipation, and discharging 
the patient prior to the evolution of the fever could have 
devastating consequences. 

CONCLUSION
Stump appendicitis is an uncommon complication 

after appendectomy. It is important for physicians to 
be aware of this entity to ensure timely diagnosis and 
treatment of this unusual condition. With the increased 
utilization of laparoscopy for appendix resection, there 
may be an increased incidence of stump appendicitis 
after appendectomy, and it is important not to exclude 
appendicitis from the differential diagnosis based on prior 
history of appendectomy.

Documented patient informed consent and/or Institutional Review 
Board approval has been obtained and filed for publication of this 
case report.

Image 1. Contrast-enhanced computed tomography of the 
abdomen and pelvis, oblique axial plane, demonstrating surgical 
changes of appendectomy with staple lines at the blind end of 
the appendiceal stump (arrow). A high-density appendicolith 
(arrowhead) was obstructing the base of the appendiceal stump, 
which was surrounded by inflammatory changes.

Image 2. Axial contrast-enhanced computed tomography 
of the abdomen and pelvis in delayed phase demonstrating 
inflammation and extraluminal air in the right lower quadrant at the 
appendectomy site with high-density appendicoliths (arrowhead).
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A 56-year-old female presented to the emergency department with evolving cardiac tamponade 
after receiving alteplase for acute ischemic stroke. This is the first case report of cardiac tamponade 
from thrombolytics in the setting of recent pacemaker placement. Point-of-care ultrasound was used 
to make the diagnosis quickly and expedite the patient to the operating room where a pericardial 
window was performed. [Clin Pract Cases Emerg Med. 2018;2(3):215–218.]

INTRODUCTION 
The risks and benefits of thrombolysis for ischemic 

stroke are well established, with defined absolute and 
relative contraindications.1 The alteplase package insert 
lists major surgery (e.g., coronary artery bypass graft, 
obstetrical delivery, and organ biopsy) as a warning but 
not an absolute contraindication, while the American Heart 
Association considers surgery a relative contraindication.2 The 
European Stroke Organization does not list surgery as 
a contraindication.3 Following pacemaker implantation, 
systemic hemorrhage has occurred following thrombolytic 
administration,4 but there are no reports of pericardial effusion 
or tamponade. 

A history of myocardial infarction (MI) within the prior 
three months is considered a relative contraindication to 
the administration of intravenous thrombolytics for acute 
stroke according to American Heart Association guidelines 
but not per the European guidelines.1,3 The risk of thrombolytics 
to this population includes risk of myocardial hemorrhage 
predisposing to myocardial wall rupture, pericarditis following 
MI that may progress to a hemorrhagic pericardial effusion, and 
embolization from possible ventricular aneurysm.5 There are 
several case reports of hemopericardium and cardiac rupture 
following thrombolytic therapy for acute stroke.6 Only one 
case had a confirmed prior MI within three months of receiving 
thrombolytic therapy. None of these cases reported a history of 
recent cardiac surgery or pacemaker placement. 

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

Pericarditis is not an uncommon complication following 
pacemaker implantation, with a rate of 2% previously reported 
in a case series of 395 patients.7 Risk of bleeding in the setting 
of pericarditis is perceived as a potential risk, though this is 
not supported by the literature.8,9 There are prior examples 
of pericardial effusion in the setting of anticoagulation and 
pacemaker placement.10 However, we present a novel case 
with a combination of factors not previously reported: use 
of thrombolytics for ischemic stroke; very recent pacemaker 
placement (less than one week prior); and use of point-of-
care ultrasound (POCUS) to quickly make the diagnosis and 
expedite the disposition of the patient. 

CASE REPORT 
We present the case of a 56-year-old female with 

history of syncope due to third degree atrioventricular 
heart block presenting initially with onset of stroke 
symptoms six days after pacemaker placement and two days 
after hospital discharge. At 5 PM she developed abrupt onset 
of left facial droop along with left upper and lower extremity 
weakness. The patient was initially treated at an outlying 
hospital and received alteplase at 6:35 PM for treatment of 
acute ischemic stroke. 

A chest radiograph performed at the outlying hospital prior 
to alteplase administration demonstrated an enlarged 
cardiac silhouette when compared to prior radiographs showing 
only borderline cardiomegaly. Upon administration, the 
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What do we already know about this clinical 
entity? 
Pericardial effusions as a complication of 
pacemaker placement have been reported in 
anticoagulated patients but never in the setting 
of alteplase administration.

What makes this presentation of disease 
reportable? 
We report a novel combination of use of 
thrombolytics for ischemic stroke, very recent 
pacemaker placement, and use of bedside 
ultrasound to diagnose cardiac tamponade.

What is the major learning point? 
Cardiac tamponade is a potential risk of 
administration of alteplase in patients with 
recent cardiac procedures and should be 
considered when hypotension is present.

How might this improve emergency medicine 
practice? 
Knowing this complication of alteplase 
administration may improve early diagnosis 
of pericardial tamponade in patients with a 
history of recent cardiac procedures.

patient reported mild chest pain and was given nitroglycerine 
and morphine. Her chest pain resolved and she was transferred 
to our comprehensive stroke center for admission. The patient 
presented to our emergency department at 10:10 PM with a 
heart rate of 122 beats per minute (bpm) and a blood pressure 
of 109/41 millimeters of mercury (mmHg).

At 11:20 PM the patient went for a computed tomography 
angiogram (CTA) after an initial assessment by the emergency 
physician in consultation with the stroke-team attending 
physician. After CTA at 10:28 PM, she was documented 
to have a blood pressure of 49/25 mmHg and heart rate 
of 109 bpm. She was returned to the resuscitation bay for 
re-evaluation. Cardiac tamponade was suspected due to 
the extreme hypotension in the setting of thrombolytic 
administration after recent pacemaker placement. 

On reassessment, the patient had become confused with 
a Glasgow Coma Scale of 14. The emergency physician 
performed a POCUS, which demonstrated a pericardial effusion 
with features of cardiac tamponade including diastolic collapse 
of the right ventricle (Image). At that point the diagnosis 
of cardiac tamponade was made. The patient was alert and 
responsive, so an intravenous bolus of normal saline was given 
while a stat surgical consult was obtained. The surgical team 
evaluated the patient at the bedside within minutes and was able 
to review the POCUS findings. As the patient was conscious, 
they elected to take her immediately to the operating room 
rather than perform a bedside pericardiocentesis.

While in the operating room, approximately 400 
milliliters of coagulated blood were evacuated from the 
pericardial sac with 150 milliliters of surgical bleeding. The 
operative report notes resolution of tachycardia following this 
intervention with heart rate trending down to a range of 80-90 
bpm with concomitant improvement in blood pressure. She 
was discharged two days post-operatively with a pericardial 
catheter in place. Echocardiogram performed on day of 
discharge noted a small, residual pericardial effusion. 

 
DISCUSSION 

 Although no source of bleeding was identified intra-
operatively during the pericardial window, we suspect that 
a small cardiac perforation occurred during pacemaker 
placement. Significantly, echocardiogram performed on 
the day of pacemaker placement immediately following 
the procedure noted no pericardial effusion. Given the 
temporal association between the development of tamponade 
physiology and the administration of alteplase, we believe that 
administration of thrombolytic medication led to recurrent 
bleeding and further progression of pericardial hemorrhage 
and the development of tamponade physiology by the time of 
the patient’s arrival to our tertiary care center. 

It is also noteworthy that point-of-care cardiac 
ultrasound was performed within 10 minutes of the 
patient developing hypotension, which led to an 

immediate management change for this patient. She 
went immediately to the operating room based entirely 
on the POCUS findings. One question that remains 
unresolved is whether pericardial effusion was present 
prior to alteplase administration. As noted above, the 
outlying hospital chest radiograph demonstrated an 
enlarged cardiac silhouette compared to previous imaging 
at their facility, possibly representing the presence of 
pericardial effusion. Chest radiograph performed at the 
facility where pacemaker placement was performed 
noted stable cardiomegaly, which was followed by two-
dimensional echocardiogram where no effusion was seen. 
Thus, it is unclear whether further change in the cardiac 
silhouette developed in this six-day span. However, the 
time between the chest radiograph being performed at the 
outlying facility and the administration of alteplase was 
greater than 60 minutes. Had ultrasound been performed 
at the outlying hospital during this time span, a pericardial 
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effusion may have been identified. This would have been a 
contraindication to the administration of thrombolytics in 
this patient. 

CONCLUSION 
Though major surgery is listed as a relative  

contraindication to alteplase, we recommend proceeding 
with caution in patients who have had any recent surgical 
procedure. We also stress the importance of assessment with 
ultrasound in patients at risk for pericardial effusion or cardiac 
complications from thrombolytic administration. We also 
recommend considering the use of point-of-care ultrasound 
to further evaluate patients with abnormal chest radiograph 
findings if the clinical scenario indicates a possible 
cardiac etiology. Finally, we highlight the importance 
of reassessment to recognize complications of high-risk 
medications such as thrombolytics.

Documented patient informed consent and/or Institutional Review 
Board approval has been obtained and filed for publication of this 
case report.
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Image. Point-of-care ultrsaound, subxiphoid view of the heart demonstrating a large pericardial effusion (arrow) with diastolic collapse 
of the right ventricle (outlined). The black arrow points to the pericardium with the large effusion contained within. 
RV, right ventricle; LV, left ventricle; RA, right atrium; LA, left atrium; S, intraventricular septum.
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A 34-year-old female reported to the emergency department with a chief complaint of epigastric pain. 
Initial rapid screening was negative for both influenza A and B. The patient eventually developed 
myocarditis that led to pulseless ventricular tachycardia and death within 24 hours of admission. Viral 
smear was positive for influenza B postmortem despite the initial negative rapid screen. This case 
demonstrates the need for a new diagnostic criteria and treatment strategy for viral myocarditis due 
to influenza while concisely illustrating how the disease can progress in adults despite commonly 
presenting as a disease in adolescents. [Clin Pract Cases Emerg Med. 2018;2(3):219–222.]

INTRODUCTION
Myocarditis can be an exceptionally challenging diagnosis 

to make due to its multiple etiologies, highly variable 
nonspecific presentations, and the lack of universal treatment 
standards.1 Therefore, it is also highly under-reported. The 
most common mechanism of myocarditis involves an invading 
virus through either the respiratory or gastrointestinal tract. 
These viruses infect cardiac myocytes causing an inflammatory 
reaction. Native macrophages and dendritic cells then form a 
response that triggers the release of cross-reactive self-antigens, 
leading to a T-cell mediated autoimmune response that further 
injures cardiac myocytes.1 Delayed cardiac manifestations such 
as arrhythmias, congestive heart failure, sinus tachycardia, 
and embolic events can occur days or even weeks after the 
initial viral infection.1 Untreated, this may eventually lead 
to unfavorable outcomes such as dilated cardiomyopathy, 
ventricular tachycardia, and sudden cardiac death.2

The classic culprits of viral myocarditis historically 
include Coxsackie virus, cytomegalovirus, and echovirus. 
However, there has been increasing evidence of influenza 
virus causing myocarditis in recent years. Based on the 
results of Karjalainen et al., the true incidence of myocarditis 
could be as high as 9%.3 Influenza B carries the lowest 
risk of developing myocarditis at 0.7% compared to type 
A (1.3%) and type C (3.6%).4 Additionally, 69% of patients 
who died due to an influenza B infection had some evidence 
of myocardial injury on autopsy report.5 However, most of 
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these patients were younger than 18 years of age. Myocarditis 
caused by influenza B has rarely been reported in adults.6  

CASE REPORT
A 34-year-old female was brought to the emergency 

department (ED) by family with a chief complaint of severe 
epigastric pain. Her symptoms, which had begun five days 
earlier, consisted of general malaise, self-reported low-grade 
fevers, and a non-productive cough in addition to her epigastric 
pain. She had taken off work for the prior three days due to her 
symptoms. She reported one instance of nausea and vomiting 
the day prior to her ED admission. She denied any history of 
dysuria, hematuria, headache, or neck stiffness. Past medical 
history was significant for polycystic ovarian syndrome and 
attention deficit hyperactive disorder. Past surgical history was 
notable for a remote appendectomy and cholecystectomy. Social 
history revealed that she had quit smoking 10 years prior and 
drank one alcoholic beverage on average per day. She denied 
any recreational or intravenous (IV) drug abuse. 

Triage temperature was 97.5°F, heart rate was 71 beats 
per minute (BPM), blood pressure measured at 136/93, 
respiratory rate was 20, and her oxygen saturation was 98% on 
room air.  Approximately 20 minutes after triage, the patient 
remained afebrile but her heart rate had increased to 125 and 
blood pressure decreased to 96/56. She appeared fatigued and 
slightly diaphoretic. Her oropharynx was clear and moist, neck 
was supple with full range of motion, cardiac examination 
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What do we already know about this clinical 
entity?
Myocarditis is one of the more rare, but 
potentially fatal, complications of influenza 
typically seen in the adolescent population. 

What makes this presentation of disease 
reportable?
Viral myocarditis typically presents in the 
adolescent population. However, in this 
case the patient was an adult with multiple 
negative diagnostic tests.

What is the major learning point?
It is essential to keep viral myocarditis on 
the differential in adults and even when 
diagnostic tests come back negative.

How might this improve emergency 
medicine practice?
This case points out the challenges and 
inefficiencies of diagnosing viral myocarditis 
in the emergency setting.

revealed no evidence of a murmur, and she displayed normal 
respiratory effort without any signs of distress or wheezing. 
Her abdomen was soft and non-tender without rebound or 
guarding. Urinalysis showed a specific gravity of 1.024, trace 
ketones, 0-2 white blood cell count per high power field (HPF), 
0-2 red blood cells per HPF, and 16-20 hyaline casts. Urine 
pregnancy test, mycoplasmal immunoglobulin M, and influenza 
A/influenza B rapid screen were all negative. Chest radiograph 
was negative for pathology and showed a heart size and 
vascularity within normal limits, with clear and fully expanded 
lungs. Blood test results are displayed in the table below.

vitals were stable. She was given a seventh liter of fluid with 
modest improvement of her blood pressure, but she remained 
clammy and required a central line placement in the intensive 
care unit (ICU). Physical examination was significant for mild 
epigastric tenderness and acrocyanosis. At this time, she was 
diagnosed with dehydration secondary to severe sepsis with 
septic shock. She was given ceftriaxone, vancomycin, and 
doxycycline to cover meningococcus, methicillin-resistant 
Staphylococcus aureus, and rickettsia. Additionally, blood 
cultures and an electrocardiogram (ECG) were ordered and 
revealed questionable 0.5mm ST-segment elevation of lateral 
chest leads (Image). Troponin I was elevated at 0.47 ng/ml. 

The patient was sent for abdominal computed tomography 
(CT) to look for a cause of sepsis. The imaging showed some 
atelectasis/bibasilar infiltrates with small bilateral pleural 
effusions as well as patchy enhancement of the kidneys 
concerning for pyelonephritis, but no significant pulmonary 
edema or cause of sepsis. After completing the CT, the patient 
decompensated into pulseless ventricular tachycardia and 
eventual death despite attempts at resuscitation. A postmortem 
influenza smear was negative for influenza A, parainfluenza 
A1-A4, and positive for influenza B. This finding, coupled with 

Blood plasma, serum Value
White blood cells 16,500/m3

Polymorphonuclear leukocytes 81%
Hemoglobin 19 g/dL
Platelets 287,000/mm3

Sodium 132 mEq/L
Potassium 4.2 mEq/L
Chloride 100 mEq/L
Bicarbonate 16 mEq/L
Blood urea nitrogen 20 mg/dL
Creatinine 1.1 mg/dL
Glucose 158 mg/dL
Aspartate aminotransferase 36 U/L
Alanine aminotransferase 24 U/L
Bilirubin 0.9 mg/dL
Lipase 33 U/L

Table. Notable components of complete blood count, blood 
metabolic panel, liver enzymes, and lipase.

Fluid resuscitation was started upon arrival to the ED. 
Despite infusing four liters of normal saline over the course of 
four hours, the patient’s blood pressure never increased above a 
systolic pressure of 100 and she remained borderline hypotensive. 
Her admitting diagnosis was systemic inflammatory response 
syndrome (SIRS) due to a presumed viral but undetermined 
etiology with hypovolemia. At the time of admittance, her vital 
signs were a temperature of 97.5°F, a heart rate of 116 BPM, a 
respiratory rate of 18 breaths per minute, and a blood pressure of 
94/67. She received ondansetron for nausea.

The next morning, the patient complained of worsening 
symptoms of malaise and weakness while denying any shortness 
of breath, cough, chest pain, headache, diarrhea, or anxiety. 
Except for her blood pressure, which had dropped to 80/50, her 



Volume II, no. 3: August 2018	 221	 Clinical Practice and Cases in Emergency Medicine

Dickey et al.	 Fatal Influenza B Myocarditis in a 34-Year-Old Female

inflammation of the myocardium on the autopsy, led to the 
diagnosis of fatal myocarditis caused by influenza B.

DISCUSSION
A review of literature revealed few confirmed, documented 

cases of myocarditis secondary to influenza, and even fewer 
cases of myocarditis specifically caused by influenza B. The 
case shared some common themes with the other presentations. 
For example, hypotension refractory to IV fluids was a common 
finding.7,8 Additionally, ST-segment elevations on ECG are a 
common theme related to myocarditis.4,7,8 Finally, a positive 
culture is a required part of diagnosing myocarditis secondary to 
infection.4,7,8 However, there were some aspects of this case that 
deviated from the norm. Most cases of viral infection causing 
myocarditis are seen in the young adult population, while our 
patient was 34 years old.4,7 Furthermore, influenza B is a rare 
cause of myocarditis compared to the more common offenders 
such as Coxsackie virus.

Furthering the difficulty of this diagnosis lies in accuracy 
of testing. Diagnosis of influenza B via reverse transcriptase 
polymerase chain reaction relies on a sensitivity of 54% in 
adults and 62% overall, which is lower than the sensitivity for 
influenza A (65% overall).9 Diagnosis of viral myocarditis is 
based on the Dallas criteria, which require an endomyocardial 
biopsy consisting of an inflammatory infiltration with necrosis 
and/or degeneration of adjacent myocytes.10 This pathologic 
definition has been criticized for inaccuracy in the medical 
community, especially considering that endomyocardial 
biopsies only meet these specific definitive criteria with 
successful diagnosis rates of 25%.11 

In the treatment of influenza, oseltamivir phospate is 
thought to be most efficacious within 48 hours from the 
onset of symptoms. In patients admitted to the ICU with 
hemagglutinin type 1 and neuraminidase type 1 influenza, 
there was a reported 75% survival rate in patients given 
oseltamivir phospate within the time constraint (compared to 
58% survival rate if left untreated).12 However, oseltamivir 
phospate administered within five days still showed some 
benefit in disease progression.12 The combination of 
these factors makes the diagnosis of myocarditis caused 
by influenza B an exceptionally difficult, yet dangerous, 
diagnosis to miss. 

CONCLUSION
We present an adult female with myocarditis secondary 

to influenza B infection. The case was complicated by 
low sensitivity of rapid influenza screening, inconsistent 
diagnosing criteria, and questionable treatment strategies. 
To better serve the population of patients that develop 
myocarditis from influenza, we need better-defined strategies 
to approach, diagnose, and treat myocarditis due to influenza 
B. Additionally, it must be recognized that, although rare, viral 
myocarditis should be considered in the differential diagnosis 
of both adults and adolescents.

Documented patient informed consent and/or Institutional Review 
Board approval has been obtained and filed for publication of this 
case report.

Image. Electrocardiogram revealed mild ST-segment elevation of lateral chest leads.
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Seeds from the mangrove plant Cerbera (C.) odollam, known as the “suicide tree,” are responsible 
for a significant number of plant deaths worldwide but are not well recognized in Western medicine. 
Cerberin is a cardiac glycoside concentrated in the plant’s seeds, which causes disrupted cardiac 
electrical activity leading to fatal dysrhythmias. We present a fatal case of intentional C. odollam 
seed ingestion. The patient experienced high-degree heart block and cardiac arrest despite 
supportive treatment and digoxin immune fab administration. Clinicians should be aware of 
the potential morbidity and mortality associated with C. odollam poisoning and be prepared for 
resuscitative interventions. [Clin Pract Cases Emerg Med. 2018;2(3):223–226.] 

INTRODUCTION
Toxins found in the seeds of the tree Cerbera (C.) odollam, 

also known as C. mangha, are responsible for hundreds of deaths 
worldwide, with 537 recorded deaths from 1989 to 1999 in the 
southern Indian state of Kerala alone.1 C. odollam poisoning, 
however, has received little attention in Western medicine. 
Cerberin, a cardiac glycoside found in the seed, reversibly inhibits 
the sodium–potassium adenosine triphosphatase (Na–K– ATPase) 
exchanger in myocardial cells causing disruption in cardiac 
electrical activity and ultimately death.1,2 Cerberin is chemically 
related to other cardiac glycosides found in plant species 
including oleander (Nerium oleander), foxglove (Digitalis lanata, 
Digitalis purpurea), ouabain (Strophanthus gratus), and yellow 
oleander (Thevetia peruviana), which all produce similar effects 
as digoxin on the heart.1 C. odollam is referred to as the “suicide 
tree” or “pong-pong” tree, as its seeds continue to contribute 
to a significant number of suicides and homicides each year, 
particularly in rural areas of South Asia. We present a fatal case of 
intentional self-ingestion of “pong-pong” seeds in an adult patient 
who purchased the seeds online.

CASE REPORT
A 22-year-old previously healthy, pre-operative male-to-

female transgender patient presented via ambulance after a 
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suicide attempt. The patient admitted to ingesting one “pong-
pong” seed approximately seven hours prior to arrival and said 
that he had purchased the seed online after researching suicide. 
He admitted to vomiting about two hours after ingestion of 
the ground seed, and upon initial emergency department (ED) 
presentation, reported chest pain and “feeling weird.”

Past medical history included a history of depression, 
post-traumatic stress disorder, and one previous suicide attempt 
with inpatient psychiatric admission. ED vital signs revealed 
a temperature of 36.2° Celsius, pulse rate of 53 beats per 
minute (bpm), respiratory rate of 16 breaths per minute, blood 
pressure 114/54 millimeters of mercury, and pulse oximetry 
of 99% on room air. On physical examination, the patient was 
alert and oriented to person, place and time with a Glasgow 
Coma Scale of 15. Patient’s pupils were three millimeters and 
reactive bilaterally; moist mucous membranes were noted and 
cardiovascular examination revealed bradycardia with a regular 
rhythm and no murmurs. Lungs were clear bilaterally and the 
abdomen was soft without tenderness. Skin was warm and 
dry. Neurological examination revealed normal strength in all 
extremities without sensory deficits; no clonus or rigidity was 
noted, and reflexes were 2+ throughout.

We notified Poison Control immediately upon the 
patient’s arrival, and initial recommendations were to give 
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What do we already know about this clinical 
entity? 
Cerbera (C.) odollam seeds contain 
active cardiac glycosides and account for 
significant worldwide mortality. Management 
of C. odollam poisoning is similar to that of 
digoxin toxicity.

What makes this presentation of disease 
reportable? 
We present the second known C. odollam 
poisoning in the United States and the first 
fatality reported, despite treatment with 
digoxin immune fab administration.

What is the major learning point? 
Severe C. odollam poisoning is associated 
with hyperkalemia, bradycardia, and lack of 
response to atropine. Clinicians should prepare 
for aggressive resuscitative interventions.

How might this improve emergency 
medicine practice? 
We hope to educate clinicians about the 
lethality and treatments of C. odollam 
poisoning, while raising awareness about a 
common international means of suicide.

five vials of digoxin immune fab with hourly potassium 
levels and supportive care. Poison Control cautioned the 
patient could develop second- and third-degree heart block, 
dysrhythmias, and refractory hypotension. The patient’s 
initial electrocardiogram (ECG) (Image 1) demonstrated 
second-degree heart block with 2:1 atrioventricular (AV) 
conduction and ST-segment depression with biphasic 
T-waves. Five vials of digoxin immune fab were given 
intravenously and the patient’s heart rate improved to 90 
bpm. The second ECG (Image 2) was obtained after the 
initial dose of digoxin immune fab and showed improvement 
to a sinus rhythm with first-degree AV block with persistent 
ST-segment depression with biphasic T-waves. Initial 
serum chemistries were significant for a potassium level 
of 5.2 milliequivalents per liter (mEq/L) (normal 3.5-5.1) 
and troponin I <0.05 nanograms per milliliter (ng/ml). 
Serum toxicology was negative for digoxin (1.3 ng/ml), 
ethanol (<10 milligrams per deciliter), acetaminophen (<10 
micrograms per milliliter) and salicylates (<2.5 milligrams 
per deciliter); a urine drug screening was pending.

Approximately two hours into the ED course, the patient 
became bradycardic again. When a third ECG (Image 3) 
demonstrated a high-degree heart block, five more vials of 
digoxin immune fab were ordered. Repeat serum potassium 
level was 5.7 mEq/L. Thirty minutes later, the patient 
became unresponsive and lost pulses, and the monitor 
showed pulseless electrical activity as the repeat dose 
of digoxin immune fab was administered. The patient 
was resuscitated per Advanced Cardiovascular Life Support 
protocols. During resuscitation, he was intubated and a right 
femoral central venous catheter was placed. Ten additional 
vials of digoxin immune fab and lipid emulsion 20% (100 

Image 1. Initial electrocardiogram demonstrating second-degree heart block with 2:1 atrioventricular conduction and ST-segment 
depression with biphasic T-waves.
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ml) were given intravenously. Ultimately, after two hours of 
unsuccessful resuscitation, the patient expired. Postmortem, 
forensic toxicology testing failed to identify a causative agent; 
however, a C. odollam test was sent to the Federal Bureau of 
Investigation laboratory in Quantico, Virginia, and was still 
outstanding at time of this publication.

DISCUSSION
The C. odollam plant belongs to the Apocynacea family and 

grows predominantly in Southern India, Vietnam, Cambodia, 
Sri Lanka, Myanmar, Malaysia and Madagascar.1 Its seed is 

Image 2. Electrocardiogram following initial dose of digoxin immune fab demonstrating sinus rhythm with first-degree atrioventricular 
block, persistent ST-segment depression with biphasic T-waves.

where the active cardiac glycosides cerberin, cerberoside, and 
odollin are concentrated.1, 2 Three glycosides are thought to be 
responsible for the toxicity of C. odollam: cerberin, cereberoside 
and odollin,1,3 while a fourth glycoside was identified in 2004.4 
These toxic compounds are concentrated in the seeds and oil of 
the plant. An alcohol extract produced from seeds of C. odollam 
was shown to have similar effects on anesthetized dogs and cats 
as a digoxin solution, showing a rise in blood pressure followed 
by a sudden fall and death.3 A standardized extract from the 
leaves of C. odollam administered intraperitoneally was 
found to produce a lethal dose in 50% (LD50) of study 

Image 3. Third electrocardiogram after patient decompensation demonstrating high-degree heart block.
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mice at 20.8 grams per kilogram.4 By comparison, the 
LD50 of purified digoxin in mice is 17.8 milligrams per 
kilogram when administered orally.5

While nonpharmacologic cardiac glycoside toxicity is 
rare in the United States (U.S.), accounting for 1.5% (677) 
of the 44,731 plant exposures reported to the National 
Poison Data System in 2014, C. odollam toxicity has 
demonstrated significant worldwide mortality.6 Ritual 
C. odollam poisonings in Madagascar were at one point 
responsible for the death of 2% of the population.1

 Poisoning 
by “pong-pong” seed ingestion is widespread in southern 
India, with 537 reported deaths in the state of Kerala from 
1989-99. Deaths, both homicides and suicides, are almost 
certainly underreported, as the only method of identifying 
C. odollam toxin is by thin-layer chromatography.7 For this 
reason we were unable to obtain a glycoside blood level; 
however, we believe that the patient’s history (admitted 
suicide attempt using “pong-pong” seeds) and hospital course 
(bradycardia, ECG changes, hyperkalemia) are sufficient to 
give a diagnosis of C. odollam poisoning. 

Management of cerberin toxicity is similar to that of 
digoxin toxicity, consisting of supportive treatments for 
bradycardia and hyperkalemia as well as administration 
of digoxin immune fab.1,2,8, 9 A Cochrane review stated that 
digoxin immune fab may be effective for the treatment of 
yellow oleander poisoning, another poisonous cardenolide-
containing plant of the Apocynaceae family.10  In 2014 a 
patient in the U.S. who ingested an unknown number of 
“pong-pong” seeds was successfully treated with a total 
of 20 vials of digoxin immune fab.7 Narendranathas et al. 
analyzed 38 sequential C. odollam poisonings of which 
all four patients who presented with normal sinus rhythm 
survived and nine of the 25 patients with abnormal rhythm 
on admission died.11 More severe poisoning was associated 
with hyperkalemia, bradycardia (heart rate below 50 
bpm), and lack of response to atropine. Our patient was 
hyperkalemic (5.7 mEq/L) and developed bradycardia, 
indicating a severe poisoning.

CONCLUSION
This was the second known C. odollam poisoning in 

the U.S. and the first fatality reported.7 Our patient expired 
despite being treated with the same amount of digoxin 
immune fab, possibly indicating a more severe poisoning, 
or reduced affinity between digoxin immune fab and 
the digoxin-like toxins that our patient ingested. While 
poisoning from C. odollam is rare in Western medicine, 
clinicians should be aware of its potential morbidity and 
mortality and be prepared for resuscitative interventions 
including digoxin immune fab administration, correction 
of serum potassium concentration, lipid emulsion therapy 
with consideration of early transfer to a center with 
extracorporeal membrane oxygenation capabilities.

Documented patient informed consent and/or Institutional Review 
Board approval has been obtained and filed for publication of this 
case report.
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Cor triatriatum is a rare, congenital heart defect. When diagnosis does not occur in infancy, primary 
symptoms in an older patient may mimic reactive airway disease. We report a case of cor triatriatum in 
an older child, previously diagnosed with asthma, presenting to an emergency department with a chief 
complaint of wheezing. Initial treatment with bronchodilators and corticosteroids was unsuccessful, 
prompting thorough evaluation. Subsequent imaging diagnosed cor triatriatum sinister. When 
presentations consistent with common conditions, such as asthma, do not respond appropriately to 
classic intervention, emergency physicians must be prepared to consider alternative and rare diagnosis. 
[Clin Pract Cases Emerg Med. 2018;2(3):227–230.]

INTRODUCTION
Cor triatriatum is one of the rarest forms of congenital 

heart defect, estimated incidence of 0.1% of all the congenital 
heart diseases.1 Classically, there is a membrane that separates 
the left atrium into two components: one chamber with the 
pulmonary veins and the other with the mitral valve and atrial 
appendage (Image 1). Most patients are identified shortly after 
birth with the evaluation of a distressed or cyanotic neonate. 
However, when presentation is delayed, primary symptoms 
may mimic reactive airway disease.2 We report a case of cor 
triatriatum in an older child who presented to an emergency 
department (ED) with a chief complaint of wheeze and 
dyspnea with a previous diagnosis of asthma.

CASE REPORT
A five-year-old male with reported history of poor weight 

gain and mild intermittent “asthma” presented to the pediatric 
ED in respiratory distress. He was tachypneic and tachycardic, 
with an oxygen saturation of 86% on room air. According to the 
patient’s mother, he had been seen by a pediatric pulmonologist 
approximately two months prior and found to have normal 
pulmonary function tests that did not change with albuterol 
administration. He was diagnosed with asthma and given 
prescriptions for budesonide/formoterol and albuterol nebulizer. 

SUNY Upstate Medical University, Department of Emergency Medicine, Syracuse, New York

Image 1. Cor triatriatum sinister. Classic findings include a 
membrane separating the left atrium into two components: one 
chamber with the pulmonary veins and the other with the mitral valve 
and atrial appendage. The obstructing membrane is often partially 
fenestrated, allowing communication between the proximal and distal 
atrial segments. 
SVC, superior vena cava; IVC, inferior vena cava.
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What do we already know about this clinical entity? 
Cor triatriatum is one of the rarest forms of 
congenital heart defect, estimated incidence of 
0.1% of all the congenital heart disease.

What makes this presentation of disease reportable? 
While most cases of cor triatriatum are diagnosed 
in early infancy, rare cases can present with 
primarily pulmonary complaints, leading to 
delayed or missed diagnostic opportunities. 

What is the major learning point? 
Pulmonary complaints that do not respond 
appropriately to common therapeutic interventions 
should raise emergency provider suspicion for 
alternative disease processes.

How might this improve emergency medicine 
practice? 
This case highlights the need for diagnostic acumen 
and the expansion of differential and appropriate 
imaging in a case where a common presentation 
does not translate to a common diagnosis.

The patient had further presented to his primary 
pediatrician approximately one month before his ED visit 
for complaints of fever. At that time he was diagnosed with 
acute otitis media and started on azithromycin, but returned 
four days later with increasing wheezing, upper respiratory 
symptoms, and exercise intolerance. His antibiotic was 
changed to cefdinir with a five-day course of prednisolone; the 
mother reported that he improved with this regimen. He had 
otherwise been in “normal” health since that time, though his 
mother did endorse continued issues of poor weight gain and 
intermittent wheezing.

On the day of presentation, the mother reported that 
the patient was unable to tolerate a single flight of stairs 
without fatigue and wheezing. He had used the budesonide/
formoterol inhaler earlier that morning and had received 
multiple albuterol nebulizer treatments prior to arrival without 
improvement. The patient’s respiratory status had been 
worsening for the previous two days, with increased dyspnea 
and wheezing on exertion the day prior to arrival such that 
he could not play for more than 10 minutes outside without 
becoming severely dyspneic and fatigued. 

On initial exam, the patient was notably tachypneic and 
tachycardic as well as hypoxic on room air. An expiratory 
wheeze was appreciated, but no obvious murmur was heard 
on cardiac auscultation. Splenomegaly was noted. Given the 
reported history, nebulized albuterol with ipratropium was 
ordered. Following the breathing treatment, auscultation 
demonstrated improvement of wheezes, though bilateral 
coarse breath sounds were appreciated at that time. He 
remained tachypneic and tachycardic but improved to the 
point that he was able to speak in full sentences. Oxygen 
saturation initially improved to 95% but quickly declined to 
85% when the nebulizer treatment was completed. Work of 
breathing increased drastically with worsening hypoxia.
The patient was started on continuous albuterol and given 
magnesium, solumedrol, and ceftriaxone without significant 
improvement. Chest radiography demonstrated severe 
pulmonary edema (Image 2). At this time, the patient’s 
respiratory and mental status statuses rapidly declined and 
intubation was indicated. He was successfully intubated, but 
confirmatory chest radiograph demonstrated worsening edema 
consistent with acute respiratory distress syndrome (Image 3). 
At this time the patient was admitted and care was transferred 
to the pediatric intensive care unit (PICU).

After transfer to the PICU, the patient’s oxygen saturation 
gradually improved to 95% on 100% fraction of inspired 
oxygen (FiO2) with a high positive end-expiratory pressure. 
The pediatric cardiology team was consulted and performed 
a bedside echocardiogram that revealed cor triatriatum with 
severe supravalvar mitral stenosis and significant pulmonary 
hypertension. The patient was transferred for surgical 
correction of the malformation as pediatric cardiac surgery 
was not available at the admitting institution.

DISCUSSION
Cor triatriatrum sinister is an exceedingly rare congenital 

cardiac malformation characterized by the presence of a 
membrane separating the left atrium into two components: one 
chamber with the pulmonary veins and the other with the mitral 
valve and atrial appendage.3 A communication between the right 
atrium and the proximal or distal chamber is not uncommon.4,5 
The membrane arises in relationship to the left superior vena cava 
(LSVC); it is hypothesized that the LSVC normally obliterates 
during early embryonic atrial development but a prominent or 
persistent LSVC may induce an abnormal left atrial membrane by 
impingement.6 

While the condition can occur in the right heart (cor 
triatriatum dexter), it is more common in the left (sinister).3 If 
there is a remaining communication between the divided atrial 
chambers of sufficient size to allow circulatory exchange, clinical 
presentation can be delayed from infancy until later childhood 
or even adulthood.3,7 Such presentation may closely mimic signs 
and symptoms of left heart outflow obstruction. Children may 
exhibit signs of poor weight gain and failure to thrive, potentially 
leading to delayed motor milestones.1,8 In addition to respiratory 
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Image 2. Initial chest radiograph demonstrating pulmonary edema.

Image 3. Post-Intubation chest radiograph demonstrating worsen-
ing edema consistent with acute respiratory distress syndrome.

complaints, adolescents may complain of gastrointestinal 
symptoms including abdominal pain, nausea, and weight loss.8 
Symptomatic atrial dysrhythmias may be seen.1

Misdiagnosis of cor triatriatum as reactive airway disease 
or asthma has been reported occasionally.2,3,9,10 Even so, the 
diagnosis remains elusive and challenging particularly in the 
ED. Given the prevalence of asthma and other reactive airway 
disorders in childhood, with up to 11% of all children aged 
10 years having episodes of reactive airway disease,11 it is 
unsurprising that a presentation as in the case above would 
prompt initial ED management with bronchodilators, inhaled 
beta-agonists, and corticosteroids. However, poor response 
to such treatment mainstays or unexpectedly poor pulmonary 
function should prompt imaging and consideration of less-
common causes of wheeze. Definitive diagnosis of cor triatriatum 
is easily made by echocardiogram.

Previous publications regarding the association between cor 
triatriatum and wheezing have suggested that the etiology may 
be related primarily to pulmonary hypertension, with pulmonary 
venous hypertrophy triggering spasm of pulmonary vasculature 
and associated bronchial smooth muscle reactivity.2,3 Initial 
improvement with bronchodilators may be observed given that 
the final mechanism remains smooth muscle activation and 

resultant airway narrowing. As in this case, such response would 
be expected to be short-lived, with the patient experiencing 
additional pulmonary decline from pulmonary edema and 
associated respiratory distress. Temporizing management of 
acute pulmonary edema with non-invasive or invasive ventilatory 
support, or through cautious preload/afterload reduction or 
pulmonary vasodilation, may be helpful in stabilization prior to 
definitive intervention. Surgical correction offers good results 
once the correct diagnosis is made.1

CONCLUSION
Common presentations in the ED prompt common 

interventions; most pediatric presentations of wheezing are 
indeed associated with reactive airways. However, emergency 
providers should not rely on the common diagnoses when faced 
with poor response to seemingly appropriate interventions. 
While congenital cardiac malformations are most commonly 
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diagnosed early in childhood, undiagnosed cases may present 
as clinical quandaries that should prompt more thorough 
evaluation. Cor triatriatum is rare, particularly in older children, 
but can be diagnosed by the discerning emergency physician 
through careful examination, evaluation of treatment response, 
and expanded imaging when a patient does not appropriately 
respond to common therapeutic interventions. Whether or not 
definitive diagnosis is made, identification of pulmonary edema, 
regardless of etiology, should prompt appropriate management 
of oxygenation and ventilation, medical stabilization, and 
consultation for further care.

Documented patient informed consent and/or Institutional 
Review Board approval has been obtained and filed for 
publication of this case report.
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We report the case of a postpartum patient who presented to the emergency department in 
status epilepticus. She was initially treated for eclampsia; however, she was subsequently found 
to have simultaneous cerebral venous thrombosis (CVT) and pulmonary embolism (PE). While 
thromboembolic events may be seen frequently in the postpartum period, the combination of CVT 
and PE is an unusual occurrence. Although a challenging diagnosis, the emergency physicians 
played a critical role in the early recognition and rapid treatment of CVT in this case. [Clin Pract 
Cases Emerg Med. 2018;2(3):231–234.]

INTRODUCTION
Cerebral venous thrombosis (CVT) is an unusual but 

devastating neurological emergency.1 It accounts for 0.5%-1% 
of all strokes in the general population.2 The incidence increases 
during pregnancy and in the postpartum period, accounting 
for 6%-64% of pregnancy-related strokes.3 Nonetheless, CVT 
remains a diagnostic challenge in the emergency department 
(ED) due to the remarkably wide spectrum of signs and 
symptoms. In addition, magnetic resonance imaging (MRI) as a 
screening modality is not easily accessible in the ED.

CASE REPORT
An 18-year-old female who was 10 days post-vaginal 

delivery presented to the ED in status epilepticus for which 
she required endotracheal intubation. She had a blood pressure 
of 163/89 millimeters of mercury, a heart rate of 155 beats 
per minute, a temperature of 37.0°Celsius, a respiratory rate 
of 22 breaths per minute, and an oxygen saturation of 94% 
on 15L per minute of oxygen via a bag-valve mask. Physical 
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King Abdulaziz University, Intensive Care Unit, Jeddah, Saudi Arabia
King Abdulaziz University, Radiology, Jeddah, Saudi Arabia
King Abdulaziz General Hospital, Radiology, Jeddah, Saudi Arabia

*
†

‡

§

¶

examination confirmed the presence of left leg swelling with 
mild erythema below the knee; otherwise, no palpable cords or 
other abnormalities were seen in her lower extremities. Initially 
it was thought to be deep venous thrombosis, but there was no 
evidence via venous Doppler ultrasound. Cardiac examination 
did not reveal murmurs, rubs, gallops, or other abnormalities, 
and her lungs were clear to auscultation. Upon questioning her 
family, it was revealed that a few hours prior to presentation the 
patient had developed sudden onset of difficulty breathing and 
subsequent loss of consciousness. She was rushed to the ED.

Further workup revealed leukocytosis of 19.84 x109 /L, 
elevated D-dimer of 19.9 milligrams per liter, fibrinogen of 457.9 
milligrams per deciliter, and troponin of 2.42 micrograms per 
liter. An electrocardiogram (EKG) revealed an S1Q3T3 pattern. A 
urine dipstick revealed +2 protein and was otherwise normal. 

A magnesium sulfate (MGSO4) bolus dose of 4g 
intravenous (IV) over 30 minutes followed by a drip of 2 
grams per hour was initiated for presumed eclampsia. A brain 
computed tomography (CT) without contrast was ordered for 
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What do we already know about this clinical 
entity? 
Cerebral venous thrombosis is a devastating 
neurological emergency. The incidence during 
pregnancy and postpartum period, account for 
6% to 64% of pregnancy-related strokes.

What makes this presentation of disease 
reportable? 
Although this case was not completely novel, 
pulmonary embolism and cerebral venous 
sinus thrombosis (CVST) are not reported in 
the literature as presenting simultaneously.

What is the major learning point? 
CVST is a challenging diagnosis, and this case 
reinforces the reminder to consider it when 
evaluating syncope, seizure, headache, or any 
neurological complaint.

How might this improve emergency medicine 
practice? 
This case is an important reminder to include 
CVST in there differentials when approaching 
postpartum patients with seizure or any 
neurological sequel.

the workup of a first-time seizure. This was unremarkable. At 
this point, the patient’s differential diagnosis was reconsidered 
and prompted the team to order a CT venogram (CTV) of the 
brain with a CT pulmonary angiogram. It demonstrated CVT 
involving the superior sagittal and right transverse sinuses 
(Image 1), while her CT pulmonary angiogram showed bilateral 
pulmonary thromboses involving the main, lobar, and multiple 
segmental arteries bilaterally (Image 2). 

Image 1. Sagittal computed tomography venogram of the brain 
showing filling defects involving most of the superior sagittal 
sinus (arrow), except the posterior portion, suggesting superior 
sagittal sinus thrombosis.

Image 2. Computed tomography pulmonary angiogram showing 
bilateral large filling defects involving the main pulmonary 
arteries (arrows).

Enoxaparin sodium was initiated in the ED and the 
patient was admitted to the intensive care unit (ICU) for 
further management. During her ICU stay, brain MRI 
with a magnetic resonance angiogram showed diffuse 
ischemia with a 5 mm tonsillar herniation and the absence 
of signal flow void in both internal carotid arteries 
(Image 3). She was started on 1 g/kg IV of mannitol over 
60 minutes. Additionally, a presumptive diagnosis of 
seronegative antiphospholipid syndrome was made and IV 
immunoglobulin and methylprednisolone were initiated, with 
the addition of plasmapheresis. Unfortunately, none of the 
treatment measures showed a favorable response. Her poor 
prognosis was discussed with her family and the consensus 
was to place a do-not-resuscitate order. The patient died in 
the ICU two weeks later because of tonsillar herniation.

DISCUSSION
CVT is a major cause of morbidity and mortality if 

left unrecognized.4 Setbacks in the diagnosis are due to the 
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infrequency of the disease combined with variability in 
manifestations and lack of specialized imaging in the ED.4 

Patient outcomes can be enhanced with prompt recognition 
and treatment. Generalized tonic-clonic seizures are present 
in 40% of those with CVT, as was the case in our patient.1 
Therefore, it is prudent for emergency physicians to include a 
CVT in the differential diagnosis of seizing patients, especially 
in all hypercoagulable states. This will improve recognition, 
allow the early initiation of treatment, and reduce morbidity 
and mortality. Other initial findings include headache (81%), 
limb weakness (34%), disturbed consciousness (30%), blurred 
vision (11%), and fever (6.9%).1

Head CT without contrast is the first-line investigation 
in patients with new headache, focal neurologic deficit, 
seizure, or altered mental status as per the guidelines 
of the American College of Emergency Physicians.5 

Unfortunately, this test has a poor sensitivity for CVT 
and is normal in 30% of cases.6 Therefore, a normal non-
contrasted CT of the brain should not be used alone to 
rule out the diagnosis of CVT.7 However, CT combined 
with venography is reliable with an overall sensitivity of 
95%,6 which is comparable to the sensitivity of magnetic 
resonance venography. The widespread availability of CTV 
makes it the initial test of choice for the diagnosis of CVT.6 

A normal D-dimer level may be considered to help identify 
patients with low probability of CVT. However, if there is 
a strong suspicion of CVT, a normal D-dimer level should 
not preclude further evaluation.6

In our patient, it is likely that a pulmonary embolism (PE) 
might have caused her CVT, as her respiratory symptoms 
appeared earlier than her neurological symptoms. The 
association of CVT and PE may be explained by a detached 
thrombus and global prothrombotic state.8

Image 3. Magnetic resonance angiogram showing absent signal 
flow in both internal carotid arteries (arrows), indicating occlusion.

Mortality due to CVT can reach 5.6% during the acute 
phase, commonly due to herniation.9-11 Postpartum women have 
a higher risk for both venous thromboembolism and eclampsia. 
Although this case was not completely novel, PE and cerebral 
venous sinus thrombosis (CVST) are not reported in the literature 
as presenting simultaneously, and our case was unique in that 
the patient’s presentation was initially consistent with eclampsia 
(hypertension, syncope, seizure, and mild proteinuria). CVST is 
a challenging diagnosis, and this case reinforces the reminder to 
consider it when evaluating syncope, seizure, headache, or any 
neurological complaint. This case is applicable to emergency 
medicine providers to improve the survival rates of these patients.

CONCLUSION
Cerebral venous thrombosis can be commonly missed 

in the ED. It is critical for emergency physicians to include 
CVT in the differential diagnosis of patients in the ED and to 
proceed with appropriate imaging if suspicion is high. Venous 
thromboembolism remains the most common cause of direct 
maternal deaths, and morbidity and mortality are significantly 
reduced with improvements in recognition and treatment options.

Documented patient informed consent and/or Institutional Review 
Board approval has been obtained and filed for publication of this 
case report.
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Introduction: Pyogenic flexor tenosynovitis (PFT) is difficult to diagnose on clinical grounds alone 
as many patients requiring an operation do not have all four of Kanavel’s signs. Previous studies 
have shown that hypoechoic fluid surrounding the flexor tendon on ultrasound is associated with this 
diagnosis. We sought to determine if emergency physicians (EPs) could recognize this finding in 
patients with suspected flexor tenosynovitis using point-of-care ultrasound (POCUS).

Methods: We present a retrospective case series of seven patients suspected of PFT who had 
hypoechoic fluid surrounding the tendon on POCUS performed by the treating EP. We report on the 
patient characteristics, history of trauma by puncture wound, number of Kanavel’s signs, treatment 
course, and operative findings.

Results: We identified seven patients suspected to have flexor tenosynovitis by the emergency 
department attending physician who had anechoic or hypoechoic fluid surrounding the flexor tendon 
on real-time POCUS examination. Patients ranged in age from 16 – 51 years. All were male. All 
patients had at least two of Kanavel’s signs on examination. Five of seven (71%) patients had history 
of recent trauma to the affected hand. Four of seven (57%) were managed in the operating room. 
One of seven (14%) had incision and drainage at the bedside, and the remaining two (28%) were 
managed non-operatively and successfully with antibiotics alone. 

Conclusion: Our study demonstrates that EPs can recognize the finding of hypoechoic or anechoic 
fluid surrounding the flexor tendon on POCUS. [Clin Pract Cases Emerg Med. 2018;2(3):235-240.]  

INTRODUCTION
Dr. Allen B. Kanavel’s textbook, Infections of the Hand. 

A Guide to the Surgical Treatment of Acute and Chronic 
Suppurative Processes in the Fingers, Hand, and Forearm, 
was first published in 1912. The now-eponymous Kanavel’s 
signs are as follows: 1) fusiform swelling; 2) finger held in 
partially flexed position; 3) pain on palpation of the flexor 
tendon; and 4) pain on passive stretch of the flexor tendon.1 
Since the first publication of these signs more than 100 years 
ago there have been no prospective data to determine their 
sensitivity and specificity. Retrospective series have come 
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to different conclusions regarding the significance of the 
different signs. 

Dailiana et al. in 2008 found that all four of Kanavel’s 
signs were present in only 22/41 (54%) patients taken to the 
operating room (OR) with acute pyogenic flexor tenosynovitis 
(PFT); they noted, however, that all 41 patients had tenderness 
along the tendon and pain on passive stretch.2 Pang et al., 
in a series of 75 patients published in 2007, noted that only 
72% of patients had pain on passive stretch and just 64% had 
tenderness along the tendon. This study noted that fusiform 
swelling was the most common finding (97%).3 Thus, 
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What do we already know about this clinical 
entity? 
For over 100 years the diagnostic criteria for 
pyogenic flexor tenosynovitis have been the 
presence of Kanavel’s four cardinal signs on 
physical exam.  

What makes this presentation of disease 
reportable? 
This series demonstrates that ultrasound 
can be used to detect purulence within the 
tendon sheath and can do so in cases with an 
incomplete number of Kanavel’s signs.

What is the major learning point? 
Point-of-care ultrasound can be used to 
identify purulence in the tendon sheath.

How might this improve emergency 
medicine practice? 
Recognition of flexor tenosynovitis by 
visualization of fluid in the tendon sheath 
in patients without all four Kanavel’s signs 
might lead to improved patient outcomes.

healthcare providers are still left with diagnostic uncertainty 
in patients presenting to the emergency department (ED) with 
painful, swollen fingers because physical examination criteria 
alone are not sufficient to identify patients requiring surgery.

Since at least the 1980s ultrasound (US) has been 
employed to attempt to differentiate between flexor 
tenosynovitis and other infections of the hand.4,5 These 
previous studies found that hypoechoic or anechoic fluid 
surrounding the flexor tendon is associated with purulent 
discharge at time of surgery and thus a useful adjunct in 
the diagnosis of PFT. US is particularly useful because the 
normal finger does not have appreciable synovial fluid on 
US images.6 Accordingly, presence of fluid is abnormal and, 
in the setting of clinical infection, suggests tenosynovitis. 
There have been at least three individual case reports from the 
emergency medicine (EM) point-of-care ultrasound (POCUS) 
literature in which a finding of fluid surrounding the flexor 
tendon in a patient presenting with multiple Kanavel signs was 
determined to be purulent at time of surgery.7-9 To date there 
have been no case series from the EM literature on this topic.

The objective of this study was to determine if emergency 
physicians (EP) could recognize this finding on patients with 
suspected flexor tenosynovitis by POCUS. We present here a 
case series of seven patients presenting to the ED with at least 
two of Kanavel’s signs on exam and fluid seen on POCUS 
performed by an EP.  

MATERIALS AND METHODS
This was a retrospective case series of patients 

presenting to our urban, academic emergency department 
(ED) over an eight-year time period. Our ED attending 
physicians have been using POCUS since the 1980s, and all 
are credentialed in the use of bedside US in our institution. 
Real-time sonography was performed in each patient using 
a high-frequency linear probe and either a water bath or gel 
mattress. All patients were determined to have anechoic or 
hypoechoic fluid surrounding a flexor tendon on POCUS 
performed by the ED attending. We identified cases by 
performing a search of the departmental POCUS image 
archive system for a diagnosis of “tenosynovitis.” The 
electronic medical record was then reviewed for information 
regarding history of presenting illness, exam, additional 
diagnostics, specialist consultations, treatments, operative 
reports, hospital course, and follow-up (if available). All 
patients described here were found to have the finding of 
fluid surrounding the flexor tendon by POCUS by the ED 
attending. We only included cases if the consulting hand 
surgeon made a diagnosis of flexor tenosynovitis, with 
the exception of one case in which the final diagnosis by 
the consultant was “possible flexor tenosynovitis.” The 
institutional review board (IRB) at our hospital does not 
require IRB approval for retrospective case series using 
deidentified information.

RESULTS
We identified seven patients who had anechoic or 

hypoechoic fluid surrounding the flexor tendon on real-time 
POCUS examination and were suspected to have flexor 
tenosynovitis by the ED attending  Patients ranged in age 
from 16 – 51 years, and all were male. All patients had at 
least two of Kanavel’s signs on ED examination. Five of 
seven (71%) had history of recent trauma to the affected hand. 
Four of seven (57%) were managed in the OR. One of seven 
(14%) had incision and drainage (I&D) at the bedside, and 
the remaining two (28%) were managed non-operatively and 
successfully with antibiotics alone. See the table for summary 
of patient characteristics and key POCUS images.

DISCUSSION
The currently available data on the association of 

fluid with purulent drainage at operation are scant. To our 
knowledge only two case series on the use of US in the 
diagnosis of acute PFT have been published, both in the 
1980s by an identical author group.4,5 In these two case series 
of patients with suspected acute hand infections, anechoic 
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Case number
US machine transducer

conduction medium

Number of Kanavel’s 
signs on ED exam:
Previous trauma? Key image

Operative findings 
and treatment course

Final discharge 
diagnosis

Case 1
Sonosite (Seattle, WA)
Linear 25mm, 10-5 
MHz
Gel mattress

4/4

No history of 
trauma

No fluid at operation, 
Received antibiotics 
for three days prior 
to operation

Flexor 
tenosynovitis

Case 2
Sonosite (Seattle, WA)
Linear 25mm, 10-5 
MHz
Gel mattress

2/4

No history of 
trauma

Non-operative 
management with 
antibiotics

Flexor 
tenosynovitis

Case 3
Toshiba (Tokyo, Japan)
Linear 32mm, 11-6 MHz
Water bath

4/4

History of puncture 
trauma

+Purulence and 
foreign body at 
operation

Flexor 
tenosynovitis

Case 4
Sonosite (Seattle, WA)
Linear 25mm, 10-5 MHz
Gel mattress

2/4

History of puncture 
trauma

I&D at bedside and 
IV antibiotics

Possible flexor 
tenosynovitis

Table. Number of Kanavel signs and history of puncture trauma to the hand, key ultrasound images, treatment course, and final 
discharge diagnosis.

US, ultrasound; ED, emergency department; OR, operating room; IV, intravenous, I & D, incision and drainage.
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Case number
US machine transducer

conduction medium

Number of Kanavel’s 
signs on ED exam:
Previous trauma? Key image

Operative findings 
and treatment course

Final discharge 
diagnosis

Case 5
Ultrasonix (Vancouver, 
Canada)
Linear 38mm, 14-5 MHz
Water bath

4/4

History of puncture 
trauma

+purulence at 
operation

Flexor 
tenosynovitis

Case 6
Sonosite (Seattle, WA)
Linear 25mm, 10-5 MHz
Gel mattress

3/4

History of puncture 
trauma

Non-operative 
management with 
antibiotics

Flexor 
tenosynovitis

Case 7

Sonosite (Seattle, WA)
Linear 25mm, 10-5 
MHz
Gel mattress

2/4

History of puncture 
trauma

+Purulence at 
operation

Flexor 
tenosynovitis

Table. Continued.

US, ultrasound; ED, emergency department.

or hypoechoic fluid surrounding the tendons was associated 
with PFT. The first series by Jeffrey et al.4 in 1987 detailed 
a total of seven patients suspected of having purulent flexor 
tenosynovitis who underwent US. Six patients had hypoechoic 
fluid areas surrounding the flexor tendon. Five of six patients 
with hypoechoic fluid surrounding the tendon on US had a 

final diagnosis of acute bacterial tenosynovitis with purulent 
drainage at surgery. Fluid around the tendon in the remaining 
patient was attributed to a viral inflammatory etiology.  The 
patient in the study who did not have fluid surrounding the 
tendon on US but was found to have purulent tenosynovitis at 
surgery was noted to have 25% enlargement of the tendon on 
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the affected side compared to the normal contralateral side. In 
fact, all six patients with bacterial flexor tenosynovitis had at 
least 25% enlargement of the affected tendon.4 In our present 
cases series, we did not assess tendon diameter.

The group’s second series,5 consisting of 18 patients 
and published in 1989, had somewhat mixed results. All 18 
patients had >25% increase in tendon diameter by comparison 
to normal contralateral tendon. Twelve patients were taken 
to surgery, 11 of whom had the sonographic finding of fluid 
surrounding the tendon. However, purulence was found in 
only eight of these 11 US-positive cases. No explanation 
for the discrepancy between the sonographic and operative 
findings was offered. The authors do not report the time 
between image acquisition and surgery. Also of note, of the 
six remaining patients who were medically managed, one had 
fluid surrounding the tendon.

These series were published in 1987 and 1989 
respectively, in an era in which US images were of inferior 
quality to today’s US images. It is possible that artifacts were 
falsely interpreted as fluid in the negative operative cases. 
It is also possible that medical management, including the 
administration of parenteral antibiotics, allowed for the arrest 
of the suppurative process and reabsorption of fluid prior 
to operative exploration. It is possible that contemporary 
machines may also increase the sensitivity of diagnosing 
PFT, but may also be detecting early cases in which surgical 
drainage is not necessary to achieve a cure, and antibiotics 
alone may be sufficient.

Our findings are notable in that despite the presence of 
fluid on US and multiple Kanavel’s signs, not all patients 
required operative treatment. It is unclear whether this was 
due to the absence of tenosynovitis or to early diagnosis with 
successful resolution with antibiotics alone. It is uncertain 
what role the US played in the diagnosis, but all who were 
evaluated for the possibility of tenosynovitis were found to 
have abnormal fluid. Patients with only two of Kanavel’s 
signs might have gone undiagnosed without US. It is possible 
that US identifies patients with tenosynovitis with such high 
sensitivity that it could lead to over-triage to the OR. On 
the other hand, its sensitivity could lead to early diagnosis, 
appropriate antibiotic therapy, and beneficial avoidance 
of operative treatment. We did not report on all cases of 
tenosynovitis. It is possible that not all cases would have fluid 
and that a negative US could lead to a false dismissal of the 
diagnosis or even influence management away from surgery 
when surgery is actually necessary. Only a prospective trial 
could answer these questions. A finding of fluid in the sheath 
is also consistent with non-pyogenic processes; it is well 
documented that various rheumatologic conditions are also 
associated with fluid surrounding the flexor tendons.10,11

All patients selected for our retrospective analysis were 
included because they presented with a suspected acute hand 
infection and were found to have fluid around the flexor 

tendon at the time of ED evaluation. A conclusion from the 
previously published data reviewed is that the finding of 
fluid around the tendon does not identify a set of patients 
that requires operative management for resolution. Our data 
seem to support this observation as two of seven cases from 
our cohort did not undergo an operation or I&D despite the 
presence of multiple Kanavel signs and fluid visualized on 
POCUS. Neither of these patients was known to have a bad 
outcome at a minimum of two-month follow-up.  

Non-surgical management of suspected flexor 
tenosynovitis has been previously reported. Nevasier and 
Gunther reported the successful nonsurgical management 
of PFT in four patients with a regimen of intravenous 
antibiotics, splinting, and elevation.  The authors noted 
that all four of these patients presented within 48 hours of 
symptom onset and hypothesized that the early presentation 
allowed for successful medical management.12 Schecter and 
colleagues reported on six patients with suspected early 
tenosynovitis who were medically managed. These patients 
were noted to have fewer of Kanavel’s signs than in the 
group requiring surgery (2.1 vs 3.6 respectively).5

Our data highlight the potential utility of US in the early 
diagnosis of tenosynovitis. As this is a retrospective case 
series, with selection bias and without data on the influence of 
US in decision-making, further conclusions are not warranted.

LIMITATIONS
Our study is a retrospective series of patients for whom the 
consulting hand surgeon made a final diagnosis of flexor 
tenosynovitis and on whom POCUS had been performed by 
ED attendings. As such, the results of the study are subject to 
selection bias. 

CONCLUSION 
Our study of seven cases, the first case series in the EM literature 
on this topic, demonstrates that EPs can use POCUS to identify 
fluid surrounding the tendons in patients presenting with PFT. 
We also found that some patients presenting without all four 
of Kanavel’s signs had the US finding of fluid surrounding 
the tendon and purulence at operation. Furthermore, we 
found that two patients were managed successfully with non-
operative treatment. We conclude that POCUS may assist in 
the early diagnosis of PFT, possibly resulting in the success of 
conservative, non-operative management. We recommend that 
future study be directed at additional findings of tendon diameter 
and hyperemic flow in an effort to make POCUS of suspected 
PFT more specific for the diagnosis.

Documented patient informed consent and/or Institutional Review 
Board approval has been obtained and filed for publication of this 
case report.
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A 49-year-old female six days post-endometrial biopsy presented to the emergency department 
with constant severe suprapubic abdominal pain, fevers and myalgia. A contrasted computed 
tomography noted an intrauterine fluid collection and a final diagnosis of pyometra was made 
in the operating room following total hysterectomy. Pyometra is an exceptionally rare clinical 
condition with significant mortality. [Clin Pract Emerg Med. 2018;2(3):241-243.]

INTRODUCTION
Non-traumatic abdominal pain is one of the most common 

reasons for emergency department (ED) visits. It is also a 
notoriously difficult complaint to approach in females due to 
the myriad of abdominal and pelvic etiologies. In female 
patients, pelvic pathology accounts for approximately 12% of 
acute abdominal pain presentations.1 This case report 
illustrates an otherwise healthy female who, due to a unique 
series of events, developed an intrauterine infection that 
progressed to a rare surgical emergency called a pyometra. 

CASE REPORT
A 49-year-old female presented to the ED with diffuse 

abdominal pain, fevers, myalgia and nausea. The patient had 
an unsuccessful cervical dilation and endometrial biopsy six 
days prior to presentation. She was seen in gynecology clinic 
on post-procedure day two and was started on oral 
metronidazole for suspected bacterial vaginosis due to a 
foul-smelling discharge, which subsequently resolved. 
Pertinent surgical history included an endometrial ablation and 
bilateral tubal ligation. 

On arrival, the patient was mildly tachycardic but 
otherwise hemodynamically stable and afebrile. She was 
ill-appearing. On physical exam, severe diffuse abdominal 
tenderness and guarding was noted. A pelvic exam noted 
uterine tenderness and scant dark blood in the vaginal vault, 
but without appreciable discharge. Laboratory results were 
significant for mild leukocytosis with white blood cell count 
of 12 x 10^3/µL (ref 3.98-10.04) but otherwise unremarkable. 

Carl R. Darnall Army Medical Center, Department of Emergency Medicine, Fort Hood, Texas

Her contrasted abdominal and pelvis computed tomography 
demonstrated a 2.8 cm x 4.8 cm intrauterine fluid collection 
(Image 1). Ampicillin, clindamycin and gentamycin were 
started. Gynecology was consulted and patient was taken to 
the operating room for emergent dilation and curettage. The 
procedure was unsuccessful due to complete cervical stenosis 
and severe uterine tissue inflammation and edema. Repeated 
ultrasound-guided attempts failed, and a non-perforating 

Image 1. Contrasted computed tomography with the white arrow 
demonstrating the 2.8 cm x 4.8 cm intrauterine fluid collection.
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What do we already know about this clinical 
entity? 
Pyometra is a serious, life-threatening infection 
within the uterus. It is typically caused by 
anaerobic bacteria growth within a poorly 
draining uterus.

What makes this presentation of disease 
reportable? 
Pyometra, although a well-known entity within the 
veterinary community due to frequency in dogs 
and cattle, is exceptionally rare in humans.

What is the major learning point? 
Early broad spectrum antibiotics to include 
anaerobic coverage and urgent surgical 
intervention are important in the treatment of 
pyometra.

How might this improve emergency medicine 
practice? 
Increased awareness of rare abdominal pathology 
will allow for future recognition and management.

iatrogenic false lumen was created in the posterior 
myometrium. The following day, the patient was taken back to 
the operating room for a total abdominal hysterectomy. The 
surgeon reported a tense, fluid-filled uterus that ruptured when 
bi-valved, consistent with a pyometra (Image 2).

Image 2. Tense fluid in the uterine cavity ruptured when bi-valved. 
White arrow illustrates the cervical canal is completely obliterated 
due to patient’s prior ablation.

DISCUSSION
Pyometra is an intrauterine infection and collection of 

purulent material due to the inability of the cervix to 
adequately drain the uterine contents. It is a well-known 
entity within the veterinary community due to its relative 
frequency in dogs and cattle,2 but it is exceptionally rare in 
humans. A 2014 literature review found only 81 reported 
cases from 1949-2015, and noted a mortality rate of 31%.3 

Streptococcus species, Bacteroides fragilis and Escherichia 
coli are the most common organisms isolated in 
pyometra.4,5 In the few reported human cases, the majority 
were caused by cervical obstruction due to malignancy.2

Our patient developed a hematometra (retention of blood 
in the uterus) due to her prior uterine ablation and resultant 
cervical stenosis.1 Her prior bilateral tubal ligation, which 
prevented retrograde expulsion of the menses into the 
abdominal compartment, likely also contributed to her 
presentation. The chronic collection of stagnant 
proteinaceous bodily fluid likely served as an excellent 
medium for bacteria introduced via instrumentation during 
the patient’s attempted endometrial biopsy six days prior. 

Although this patient’s intrauterine cultures grew negative, 
by the time they were obtained the patient had been on 
ampicillin, gentamicin, and clindamycin for over 24 hours. 
The patient’s symptoms resolved and she was discharged on 
hospital day three with gynecology follow-up.

CONCLUSION
This case was resultant from the culmination of a unique 

series of events including prior tubal ligation, cervical stenosis 
with development of a chronic hematometra and ultimately 
iatrogenic inoculation via recent instrumentation. As 
emergency physicians, we are often asked to make decisions 
on incomplete data. Although the ultimate diagnosis of 
pyometra was made in the operating room over 24 hours later, 
this patient benefited from early, broad-spectrum antibiotics 
and fluid resuscitation. Furthermore, this case illustrates the 
need to maintain a broad differential when evaluating 
nontraumatic abdominal pain. In summary, we report an 
exceptionally rare case of a pyometra in a human. To our 
knowledge, this has not been reported within the emergency 
medicine literature.
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A spontaneous diaphragmatic hernia (SDH) occurs when intra-abdominal contents extend into 
the thoracic cavity through a defect in the diaphragm after a sudden increase in intra-abdominal 
pressure. SDH is one of the rarest surgical emergencies with less than 30 reported cases in 
the literature.1,2 In our case a 94-year-old female presented to the emergency department in 
respiratory distress with unilateral breath sounds and was diagnosed with a SDH. The only 
treatment option for a SDH is surgical.3,11 However, nasogastric tube decompression of the 
gastrointestinal tract and supplemental oxygen can be used to alleviate symptoms until definitive 
operative management is performed. [Clin Pract Cases Emerg Med. 2018;2(3):244-246.]

INTRODUCTION
A patient presenting to the emergency department (ED) 

in respiratory distress with unilateral breath sounds does 
not have an extensive differential diagnosis. In a trauma 
scenario a pneumothorax or hemothorax quickly comes 
to mind. It is taught that a chest tube should be inserted 
without further diagnostic testing. In the non-traumatic 
patient a spontaneous pneumothorax, pleural effusion, 
pneumonia, or airway foreign body are among the most 
likely etiologies. Spontaneous diaphragmatic hernia (SDH) 
is not often considered, and thus may be a missed diagnosis 
during initial evaluation. 

SDH is one of the rarest surgical emergencies 
comprising less than 1% of all diaphragmatic hernias, 
with fewer than 30 reported cases in the literature.1,2,4,5 A 
SDH occurs when intra-abdominal contents extend into 
the thoracic cavity through a defect in the diaphragm after 
a sudden increase in intra-abdominal pressure. SDH has 
been attributed to physical exercise, labor and delivery, 
coughing, vomiting, or defecation1-3 Diaphragmatic hernia 
is a rare surgical emergency that usually occurs in the 
setting of trauma. Blunt trauma is more common than 
penetrating trauma, and the most common cause is a motor 
vehicle accident.1 The most common structures to enter the 
thoracic cavity are the stomach, colon, greater omentum, 
small intestine, spleen, and liver.1,2
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CASE REPORT
A 94-year-old woman with chronic obstructive pulmonary 

disease, hypertension, and breast cancer presented to the 
ED in respiratory distress. She reported dyspnea starting the 
night prior to presentation with no history of trauma. She was 
normothermic, had a normal heart rate and blood pressure, but 
was tachypneic and hypoxic to 88% on room air. Physical exam 
revealed significant accessory muscle use, no stridor, no jugular 
venous distention, normal heart sounds and diminished breath 
sounds in the left hemithorax. 

While the nurse gathered a 14-gauge needle and a 
chest tube tray for needle decompression followed by tube 
thoracostomy, a bedside ultrasound was performed. The 
ultrasound showed bilateral pleural sliding without significant 
B-lines or effusion. Portable chest radiograph revealed that 
a large amount of intra-abdominal contents had entered the 
thoracic cavity resulting in a shift of the mediastinum (Image 1). 
A nasogastric tube was not inserted to decompress the bowel, as 
the patient declined to have this performed. 

We consulted the general surgery service, which 
recommended obtaining a computed tomography (CT) scan to 
further characterize the defect in the diaphragm (Image 2). The 
patient and her family members declined surgical intervention. 
She was admitted to the hospital to arrange home hospice care 
and was discharged within 24 hours. She died at home with her 
family three days after presenting to the ED.



Volume II, no. 3: August 2018	 245	 Clinical Practice and Cases in Emergency Medicine

Darocki et al.	 Spontaneous Diaphragmatic Hernia

CPC-EM Capsule

What do we already know about this clinical 
entity? 
A spontaneous diaphragmatic hernia (SDH) 
occurs when intra-abdominal contents extend 
into the thoracic cavity through a defect in the 
diaphragm after a sudden increase in intra-
abdominal pressure.

What makes this presentation of disease 
reportable? 
SDH is one of the rarest surgical 
emergencies with fewer than 30 reported 
cases in the literature.

What is the major learning point? 
The diagnosis of SDH should be considered in 
patients presenting in respiratory distress with 
unilateral or asymmetrical breath sounds.

How might this improve emergency 
medicine practice? 
Increased awareness of this rare diagnosis 
could prevent the unnecessary and 
potentially harmful placement of a chest tube 
in this patient population.

DISCUSSION
A SDH can be considered based on the history and 

physical exam, but imaging is required to make the 
diagnosis. It is important to consider SDH as part of an 
early differential diagnosis, as a delay in diagnosis increases 
the risk of strangulation, perforation, and pulmonary or 
vascular compression.1,6 Historical red flags include a known 
diaphragmatic defect,6 dyspnea preceded by a sudden increase 
in intra-abdominal pressure, and/or dyspnea in conjunction 
with vomiting. Patients commonly present with abdominal 
pain, chest pain, nausea, vomiting, and difficulty breathing.1,5 
Physical exam findings include the absence of breath sounds, 
decreased breath sounds, or the presence of bowel sounds in 
the thoracic cavity.6 

Diagnostic imaging options in the ED include chest 
radiograph, CT, ultrasound, magnetic resonance imaging, and 
upper gastrointestinal (GI) contrast studies. The most readily 
available options are radiograph, point-of-care ultrasound, 
and CT.9 Chest radiographs are diagnostic in only 25-50% of 
cases,7,9 and an estimated 66% of diaphragmatic hernias are 
missed on initial presentation.8 Common radiographic findings 
include the following: elevated left hemidiaphragm; blunting of 
the costophrenic angle; distortion of the diaphragm boarders; 
curling of gastric tube into the thorax; mediastinal shift; pleural 
effusion; or presence of air-filled GI structures in the thorax.5,7,8 
Ultrasound can be complicated by scattering of the beam by 
the aerated lung and gas-filled intestinal structures, as well as 
acoustic shadowing from the ribs.9,10 CT is the most accurate 
imaging modality available in the ED. Depending on the 
location of the lesion, the accuracy of CT ranges from 50-78%.9 

The most accurate method of making the diagnosis is via 
exploration in the operating room.13 However, even this is not 
100% accurate.14 The only treatment option for a diaphragmatic 
hernia is surgical.3,11 However, supplemental oxygen as well 

Image 1. Anterior-posterior chest radiograph demonstrating 
intrathoracic gastrointestinal contents (white arrow). Note the shift 
of the mediastinum into the right hemithorax (black arrow).

Image 2. Computed tomography (CT) of the chest. Left: Axial view 
of a CT chest demonstrating gastrointestinal (GI) contents in the 
thoracic cavity with cardiovascular compression (white arrow). Right: 
Coronal view of a CT chest demonstrating GI contents in the thoracic 
cavity (white arrow).
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as a nasogastric tube to decompress the GI tract can be used to 
alleviate symptoms until definitive operative management is 
performed.4 In our case, the bedside ultrasound exam did not 
confirm the diagnosis of SDH, but it did make the alternative 
diagnoses of pneumothorax or large pleural effusion much less 
likely. This prevented the patient from undergoing unnecessary 
needle decompression followed by tube thoracostomy, and the 
pain and morbidity associated with these procedures.
 
CONCLUSION

Spontaneous diaphragmatic hernia is a rare diagnosis 
that is often missed on the initial patient encounter. While the 
treatment is surgical, therapeutic measures can be taken in the 
ED to alleviate symptoms and suffering. The utility of bedside 
ultrasound in the diagnosis of SDH is yet unproven. However, 
in our case it rapidly excluded a pneumothorax and prevented 
the unnecessary placement of a chest tube in an elderly woman.

Documented patient informed consent and/or Institutional Review 
Board approval has been obtained and filed for publication of this 
case report.
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Rivaroxaban, an oral anticoagulant, directly inhibits factor Xa (FXa). A 35-month-old boy was brought 
to the emergency department 15 minutes after ingesting 200 mg of rivaroxaban (16 mg/kg). Activated 
charcoal (AC) was administered; the patient was observed with monitoring of plasma anti-FXa levels 
and discharged the following day after an uneventful hospital observation. We identified two case series 
and seven case reports of potentially toxic rivaroxaban ingestion in the literature. No serious adverse 
effects were reported. The present case is the first reported use of anti-FXa monitoring after rivaroxaban 
ingestion. The magnitude of the effect of AC administration in this patient is unclear. [Clin Pract Cases 
Emerg Med. 2018;2(3):247–250.]

INTRODUCTION
Rivaroxaban is an oral anticoagulant that directly inhibits 

factor Xa (FXa). The United States (U.S.) Food and Drug 
Administration (FDA) has approved its use in adults for 
prophylaxis and treatment of deep vein thrombosis, pulmonary 
embolism, and prevention of ischemic stroke in patients with 
nonvalvular atrial fibrillation. Typical daily doses in adults 
range from 10 to 30 mg depending on renal function and 
indication. No FDA-approved indications exist for pediatric 
patients. A favorable pharmaco-kinetic profile and absence of 
therapeutic drug monitoring have led to increasing popularity of 
rivaroxaban over vitamin K antagonists. 

Until recently, no antidote was available in the U.S. 
to reverse the anticoagulant effects of rivaroxaban in an 
overdose. In May 2018, the FDA approved coagulation FXa 
(recombinant), inactivated-zhzo for reversal of anticoagulation 
in patients treated with rivaroxaban or apixaban who are 
experiencing life-threatening or uncontrolled bleeding. It is 
not yet widely available for clinical use, however, and it has 
not been studied in pediatric populations.1

Anti-FXa assays quantitatively measure plasma levels of 
unfractionated heparin or low-molecular-weight heparin.2

Multiple, commercially available, automated assays exist, 
and the test is readily available throughout the U.S. Compared 

Mayo Clinic, Department of Emergency Medicine, Rochester, Minnesota
Mayo Clinic, Pharmacy Services, Rochester, Minnesota 
Hennepin County Medical Center, Minneapolis, Minnesota 
Minnesota Poison Control System, Minneapolis, Minnesota

*
†

‡

§

with activated partial thromboplastin time (aPTT), a more 
traditional method of measuring response to heparin therapy, 
anti-FXa assays provide a more specific measurement of heparin 
activity. Other proposed advantages include faster time to 
achieving a therapeutic range for heparin anticoagulation, less 
variability in testing reagents, and fewer laboratory blood samples 
drawn compared with the aPTT. Anti-FXa is finalized in a similar 
amount of time and has been shown to be cost neutral compared 
with aPTT.3 Although there are no FDA-approved anti-FXa 
reagents for oral FXa inhibitors, a strong correlation has been 
shown with rivaroxaban concentrations using a heparin-calibrated 
anti-FXa assay.1

CASE REPORT
A previously healthy 35-month-old boy (weight, 12.5 kg) 

was brought to the emergency department (ED) immediately after 
he was found with partially chewed rivaroxaban tablets in his 
mouth. His mother reported missing 10 20-mg tablets (200 mg 
total; approximately 16 mg/kg). The patient had no known family 
history of bleeding or hypercoagulable disorders.

He was examined within 15 minutes of ingestion by a 
physician who did not find evidence of bleeding, bruising, or 
altered mental status. The regional poison control center was then 
quickly contacted. Activated charcoal (AC) (2 g/kg) was orally 
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What do we already know about this clinical 
entity?
Rivaroxaban is an anti-factor Xa (FXa) inhibitor 
used for anticoagulation, and an overdose could 
be associated with bleeding. Reports of this are 
rare in adults and almost nonexistent in children. 

What makes this presentation of disease 
reportable?
This is the first case report of a pediatric 
rivaroxaban ingestion presented in the literature 
and the first report of anti-FXa testing being used 
to confirm ingestion and monitor recovery.

What is the major learning point?
Morbidity from rivaroxaban overdose is rare. Also, 
anti-FXa is a common laboratory test that can be 
useful in cases of suspected ingestion, in lieu of 
traditional coagulation studies.

How might this improve emergency medicine 
practice? 
Anti-FXa testing can be considered in diagnosing 
and treating a suspected rivaroxaban overdose.

administered within 45 minutes of ingestion and was tolerated 
well by the patient. During the ED stay, a plasma anti-FXa level 
was obtained approximately four hours after ingestion. The result 
(>4.00 international units/mL) exceeded the upper limit of the 
reference range and markedly surpassed the therapeutic window 
for unfractionated heparin (0.30- 0.70 international units/mL). 

The patient was admitted and observed overnight. At 
13.5 hours after ingestion (a time chosen to correspond with 
the pediatric hospital service’s morning rounds the following 
day), the anti-FXa level was rechecked and found to be 1.51 
international units/mL. No other laboratory testing was performed 
by the ED or inpatient teams. The patient was discharged 
later that day, less than 24 hours after ingestion, without any 
complications. He did not receive blood products, reversal agents, 
or additional doses of AC during his stay.

We performed a literature search to identify case reports 
of rivaroxaban ingestion. All reports of pediatric ingestion are 
limited to pediatric subsets of two case series drawn from reports 
to poison control centers with limited details for individual cases. 
No reports of quantitative monitoring with anti-FXa levels or 
utility of AC in pediatric patients were identified. 

In one case series, two “1.5-year-old” children accidently 
ingested an unknown quantity of rivaroxaban but did not have 
further evaluation by a healthcare provider. Both patients were 
lost to follow-up without any treatment or adverse effects 
reported.4 The other case series identified 18 reports of one-time 
exposure in pediatric patients (age <12 years) who did not have 
adverse effects. An unspecified minority of patients had results 
of coagulation studies (international normalized ratio [INR], 
prothrombin time [PT], or partial thromboplastin time) that were 
all within the reference ranges.5 

The other case reports, which involved adults, are 
summarized in the Table.6-12 AC or prothrombin complex 
concentrate or both were given empirically in some cases with no 
report of serious morbidity.

DISCUSSION
We report the use of serum anti-FXa, a more specific marker 

of anticoagulation status than PT/INR in FXa inhibitors, as 
a means to guide management of rivaroxaban ingestion in a 
pediatric patient. For our patient, the true peak anti-FXa drawn 
at four hours was unknown, but the result (>4.00 international 
units/mL) exceeded the upper limit of the reference range. The 
anti-FXa level 13.5 hours after ingestion decreased to 1.51 
international units/mL.

In healthy adult volunteers, maximal inhibition of FXa with 
rivaroxaban occurs in two to four hours. The bioavailability 
(66%-100%) is dependent on the dose and state of fasting.13 In 
healthy adults, a single rivaroxaban tablet has a half-life of six to 
seven hours. A dose-dependent relationship between the biologic 
effect and anti-FXa activity has been described.14 

For our patient, if the most conservative peak concentration 
is used (4.00 international units/mL), we observed a 62% 

reduction in anti-FXa activity over 9.5 hours. It is plausible 
that AC helped decrease the absorption and bioavailability 
of rivaroxaban. Administration of AC within two hours after 
ingestion has been shown to decrease the serum concentration 
of rivaroxaban relatively quickly, resulting in a 43% reduction 
over time in the rivaroxaban area under the curve.15 

It is plausible to attribute the decrease in anti-FXa in 
our patient to the effect of AC and possible enterohepatic 
recirculation of rivaroxaban. No evidence is available on 
the enterohepatic recirculation of rivaroxaban; however, 
it has been described in animal studies for apixaban and 
edoxaban, which are in the same therapeutic drug class as 
rivaroxaban.16,17 One study suggested that AC given eight 
hours after ingestion decreased the rivaroxaban area under 
the curve even after drug absorption was complete.12 No 
conclusions can be made regarding the influence of AC on our 
patient’s outcome given the lack of data in this population. No 
adverse effects related to AC administration were observed.

CONCLUSION
In summary, our pediatric patient who accidentally ingested 
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Age 
(years) Sex

Time to 
presentation Intentional

Amount of 
rivaroxaban (mg) Coingestants

Tests 
performed Treatment Bleeding Reference

71 M Unknown Yes 1,940 None PT 60.2 s; INR 
7.2; aPTT 
55.7 s; BUN 
28 mg/dL; Cr 
1.2 mg/dL

None None Repplinger 
et al6

50s M 12 ha No 300a None INR about 2.1; 
PT 20 s; PTT 
40 s

Activated 
charcoal

None Sajkov and 
Gallus7 

28 F 3 mo Yes Unknown Unknown PT 19.2 s; 
INR 1.8; PTT 
52 s; TEG 
“normal”

Unknown Abnormal 
uterine 
bleeding

Katragadda 
et al8

42 M 5 h Yes 1,400 24 g 
acetaminophen; 
1,200 mg 
codeine; 600 mg 
diphenhydramine; 
8 mg lorazepam; 
unknown amount 
of naproxen

INR 2.4; PTT 
46 s

Tranexamic 
acid; 4fPCC

None Linkins and 
Moffat9

63 M 2.5 h Yes 1,960 90 mg diazepam; 
1 g quetiapine; 50 
mg zolpidem 

PT 66 s; aPTT 
64 s

Activated 
charcoal; 
4fPCC

None Lehmann 
et al10

23 M 12 h Yes 1,960 31.5 mg 
phenprocoumon; 
1,425 mg 
diclofenac; 21 g 
metamizole

PT 34 s; aPTT 
128 s

Vitamin 
K; PCCb; 
pantoprazole

Single 
episode 
of gross 
hematuria

Pfeiffer 
et al11

54 M 3 h Yes 1,800 1,800 mg 
enoxaparin

PT 21.4 s; 
aPTT >150 s; 
INR 1.9

None None Bandali 
et al12

Table. Published case reports of rivaroxaban overdoses.

aPTT, activated partial thromboplastin time; BUN, blood urea nitrogen; Cr, creatinine; 4fPCC, four-factor prothrombin complex concentrate; F, 
female; g, grams; h, hours; INR, international normalized ratio; M, male; mg, milligrams; mo, months; PCC, prothrombin complex concentrate; 
PT, prothrombin time; PTT, partial thromboplastin time; s, seconds; TEG, thrombolastography; y, years.
a Two 150-mg doses separated by 12 hours; recognized 10 minutes after the second dose.
b Case report did not specify whether three-factor or four-factor PCC was used.

rivaroxaban was treated with early administration of AC and 
monitored with anti-FXa levels without showing clinically 
significant morbidity. This case showed the utility of monitoring 
anti-FXa levels in an ingestion of rivaroxaban and suggested that 
early use of AC should be considered for pediatric patients who 
ingest rivaroxaban. Additional pharmacokinetic and toxicokinetic 
studies of rivaroxaban in pediatric patients are needed to further 
understand optimal treatment and monitoring.

Documented patient informed consent and/or Institutional Review 
Board approval has been obtained and filed for publication of this 
case report.
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Rickets due to vitamin D deficiency, typically presenting as bowed legs in toddlers, is uncommon in 
the modern era. We describe the case of a nine-year-old girl with autism and developmental delay 
who was evaluated for chronic intermittent extremity pain for more than one year prior to referral to 
the emergency department for hypocalcemia and increased alkaline phosphatase, which eventually 
led to the diagnosis of rickets confirmed by radiographic and laboratory findings. This report 
highlights the importance of the patient’s history of developmental delay and autism in the evaluation 
and approach to limb pain, and discusses the appropriate diagnostic approach. [Clin Pract Cases 
Emerg Med. 2018;2(3):251–254.]

INTRODUCTION
Nutritional rickets is a metabolic bone disease marked by 

failure of bone mineralization and architectural disruption at the 
growth plate. Calcipenic rickets is due to a deficiency in calcium; 
it can occur either due to inadequate intake or metabolism of 
vitamin D, or inadequate intake or absorption of calcium in the 
setting of normal vitamin D levels. This commonly presents at 
an early age with delayed closure of the fontanelle, frontoparietal 
bossing of the skull, bowing of the legs, widening of the wrists, 
and craniotabes. Rickets can also cause developmental delay, 
delayed achievement of motor milestones, hypocalcemic 
seizures in the first year of life, and neurologic as well as cardiac 
pathology. While essentially eradicated in the developed world 
due to vitamin D supplementation of newborns, there are still 
reports of nutritional rickets worldwide. This case highlights the 
importance of considering rickets in the differential diagnosis, 
especially if there is history of developmental delay and autism. 

CASE REPORT
A nine-year-old Hispanic female with a past medical history 

of autism and global developmental delay presented to our 
emergency department (ED) complaining of a one-year history 
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of pain in her extremities. The pain initially started in the right 
leg causing her to limp, trip, and fall. She was evaluated by her 
primary care physician and referred to a physical medicine and 
rehabilitation clinic that prescribed supramalleolar/ankle foot 
orthosis (SMAFO). The leg pain resolved, but she developed 
episodic pain in her bilateral upper extremities a month later. 
Initially manifesting as pain in her left arm, it was managed with 
nonsteroidal anti-inflammatory medications; then as this resolved 
she developed pain in her right arm. The episodic chronic pain 
in her extremities prompted laboratory evaluation and eventually 
her referral to the ED because of an elevated alkaline phosphatase 
(1,847 international units/liter [L]) and low serum calcium (6.4 
milligrams [mg]/ deci-liter [dL]). Her past medical history was 
significant for autism and developmental delay. She did not have 
a family history of frequent fractures, bone pathology, or calcium 
problems. 

On exam, she was non-verbal but followed commands 
and was comfortable with no acute distress. Her weight and 
height were less than the third percentile for age with minimal 
subcutaneous fat but normal body mass index (twelfth percentile). 
She had angular deformity and diffuse tenderness in the right and 
left arms and proximal forearms. She was able to bear weight but 
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What do we already know about this clinical 
entity? 
Nutritional rickets commonly presents at an 
early age with delayed closure of the fontanelle, 
frontoparietal bossing of the skull, bowing of the 
legs, widening of the wrists, and craniotabes.

What makes this presentation of disease 
reportable? 
Late presentation without overt and classical 
signs and symptoms. The initial differential 
focused on non-accidental trauma (NAT) and did 
not entertain rickets.

What is the major learning point? 
While NAT should remain high on the differential 
diagnosis, it’s important to remain mindful of the 
increased risk of nutritional rickets in patients 
with autism and developmental delay.

How might this improve emergency medicine 
practice? 
With early diagnosis and management in the 
Emergency Department, Vitamin D deficiency 
causing rickets can be easily treated and serious 
complications avoided.

had lower extremity pain and difficulty with ambulation. The rest 
of her physical exam was normal. We noted no spine tenderness, 
brachydactyly or other dysmorphic features.

Initial laboratory findings were remarkable for hypocalcemia 
and elevated alkaline phosphatase (Table). Radiographs of 
her extremities revealed multiple healed and healing fractures 
(Image 1), initially raising concern for non-accidental trauma. 
Further review of films with radiology revealed generalized 
bony demineralization, widened growth plates and metaphyseal 
fraying and flaring consistent with the diagnosis of rickets (Image 
2). No vertebral compression fractures were noted, nor was 
rachitic rosary noted on chest radiographs. An elevated intact 
parathyroid hormone level (PTH) and extremely low serum 
25-hydroxyvitamin D (25-OH vitamin D) concentration (Table) 
confirmed a diagnosis of severe hypocalcemic rickets due to 
vitamin D deficiency. 

Endocrinology was consulted and elicited on history that 
she was a picky eater, only eating rice, fries and potato chips. 
She drank homemade green juices and smoothies but had limited 
dairy intake. On further review of systems, the family had not 
noticed any muscle spasms, seizures or twitching. Physical 
exam by the endocrinologist revealed widened wrists and 
ankles and rachitic rosary-prominent costochondral junctions 
of the ribs. She had no symptoms of neuromuscular irritability 
(negative Chvostek sign) despite ionized calcium of only 0.93 

Image 1. Radiograph of the right humerus of a nine-year-old 
female patient showing demineralization (yellow arrow) and 
healing fracture (red arrow).

millimoles/L, highlighting the chronicity of the presentation.
The patient received calcium carbonate and calcitriol 

therapy followed by gradual supplementation of vitamin D3. She 
experienced significant improvement of pain and gait issues one 
month after initiation of calcitriol, calcium carbonate, and vitamin 
D3 supplementation along with orthotics. She was followed by 
endocrinology and was taken off calcitriol with normalization 
of calcium and serum 25-OH vitamin D concentrations in a 
month. One year after the diagnosis, calcium supplementation 
was also stopped with complete normalization of her calcium 
(10.1 mg/dL), PTH (38.6 picogram/mL), alkaline phosphatase 
(355 units/L) and vitamin D (48.7 nanogram/mL). All fractures 
were well healed except for a malaligned right humerus with no 
functional disability. She had improved dietary calcium intake 
with supplemental nutritional shakes and remained on 2,000 IU 
of vitamin D3 daily.

DISCUSSION 
Rickets is a metabolic bone disease marked by failure of 

bone mineralization in the growth plates. The disease had been 
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largely eradicated in the United States since the 1930s, with a 
hospitalization rate of 1.23 per 100,000 in children younger than 
10 years old.1 Another study showed the prevalence of nutritional 
rickets to be approximately nine cases per one million children.2 
The Centers for Disease Control and Prevention reports a rate 
of five cases per one million children aged six months to five 
years.3 Causes of calcipenic rickets include nutritional deficiency 
of calcium and vitamin D (the most common cause) and genetic 
abnormalities in the enzyme 25(OH)D3-1-alpha-hydroxylase 
or vitamin D receptors. Other causes of rickets include 
malabsorption syndromes, medications, hypophosphatemic 
rickets, or renal disease. 

Common presenting clinical signs of calcipenic rickets 
include bowing of the legs, frontal bossing, generalized 
hypotonia, Harrison’s groove formation, pigeon-breast deformity, 
and rachitic rosary.4 Defects in bony mineralization result in 
an increase in osteoid and therefore an un-mineralized organic 
bone matrix that loses stability and strength.5 At the growth 
plate, chondrocytes become hypertrophic and disorganized with 
thickening of the growth plate and hypertrophic zone expansion.6 
Typical age at presentation is in toddlers with the characteristic 
bowed legs when they start weight bearing.

Our patient’s presentation was more insidious. She did 
not present with the classic physical exam findings. Instead 
she had chronic extremity pain at nine years of age. Generally, 
bone pain is the first symptom on presentation in pediatric 

patients with acute lymphoblastic leukemia.7 Bone pain was 
also the initial complaint in 67.5% of patients with primary 
lymphoma.8 When children present with chronic bone pain to 
the ED, clinical suspicion is generally high for physical and 
sexual abuse, musculoskeletal abnormalities, hematologic 
processes, or malignancy.15 Children with disabilities are at 
higher risk for physical/emotional abuse than those without 
disabilities.9,10 Hence, we entertained this diagnosis in the 
pediatric ED while the workup was ongoing and the Child 
Protective Team was consulted. 

With its decreasing incidence in the developed world, 
nutritional rickets due to vitamin D deficiency was not high 
on the initial differential. However, children with autism must 
be evaluated on different premises. In fact, children with 
autism and developmental delay are five times more likely 
to have feeding difficulty, or specific feeding behaviors, and 
are particularly susceptible to calcium deficiencies.11 Food 
selection in children with autism is often based on color and 
texture preferences, in addition to aversions to dairy products 
or foods rich in protein. Deficiencies have been observed in 
vitamins A, B6, B12, C, D, and K.12 It has also been observed 
that children with autism have significantly lower vitamin D 
levels compared to those without autism and that children with 
vitamin D-dependent rickets have autistic markers, which have 
resolved after supplementation with vitamin D.13

CONCLUSION
Although the differential diagnosis of a child presenting 

with bone pain includes an extensive list of conditions ranging 
from benign growing pains to malignancies, in children with 
developmental delay, failure to thrive, or other musculoskeletal 
abnormalities, non-accidental trauma, and nutritional rickets 
should be high on the differential diagnosis. It is important for 
physicians to remain mindful of the increased risk of nutritional 
rickets in patients with autism and developmental delay. Vitamin 
D deficiency causing rickets can be easily treated and serious 
complications avoided with early diagnosis and management. 

Laboratory test Value Reference range
Serum calcium (mg/dL) 6.4 9.1-10.5
Alkaline phosphatase (IU/L) 1847 134-349
Intact parathyroid hormone (PTH) 
(pg/mL)

1521.3 8.7-77.1

25-hydroxy vitamin D (ng/mL) 2.8 30-100
Ionized calcium (mmol/L) 0.93 2.2-2.7
Phosphorous (mg/dL) 3.6 2.5-4.5
Albumin (g/dL) 4.5 3.5-5.5

Table. Initial laboratory data for nine-year-old patient presenting 
with chronic episodic bone pain.

mg, milligram; dL, deci-liter; IU, international units; pg, picogram; 
mL, milliliter; mmol, millimoles; L, liter; g, gram.

Image 2. Marked generalized bony demineralization with 
widening of the physes in the distal femur, proximal tibia, and 
proximal fibula (yellow arrows) with metaphyseal fraying and 
flaring (asterisk). Healing nondisplaced transverse fracture at the 
proximal metadiaphysis of fibula (black arrow).
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Esophageal perforation is a rare condition with high rates of mortality if not recognized quickly. This 
is a case of a 67-year-old male with a self-inflicted gunshot wound to the head. He had one failed 
intubation attempt prior to arrival. On postmortem autopsy it was discovered that in addition to 
significant head trauma he also had an esophageal and gastric rupture. [Clin Pract Cases Emerg 
Med. 2018;2(3):255–257.]

INTRODUCTION
Esophageal perforation occurs rarely, with an estimated 

3.1/1,000,000 population per year.1 Inciting events are typically 
iatrogenic or spontaneous rupture and, less commonly, trauma. 
Even with prompt diagnosis and recognition, mortality rates 
approach 20%. Gastric contents leak out from the site of rupture, 
leading to significant inflammation and infection.1 Esophageal 
perforation can occur due to unrecognized esophageal intubation 
or improper bagging techniques.2 While uncommon, these 
injuries are likely under-reported even when recognized, and can 
have serious implications if not identified. Few case reports cite 
this complication, and none previously attributed esophageal 
rupture to recognized prehospital esophageal intubation. 

CASE REPORT
A 67-year-old male with past medical history only of 

hypertension was brought to the emergency department (ED) 
after a suspected self-inflicted gunshot wound to the head 
approximately 30 minutes prior to arrival. The patient was found 
supine and unresponsive by emergency medical services (EMS) 
with stridorous breath sounds. Paramedics attempted intubation 
once, but after recognizing esophageal intubation through 
auscultation they removed the endotracheal tube and placed a 
King laryngeal tube (LT) supraglottic airway (Ambu®). The 
second attempt was confirmed by auscultation of bilateral breath 
sounds and digital end-tidal carbon dioxide monitoring. The 
airway was suctioned through the King LT and 200 mL of blood 
was removed. Initial vital signs at the scene were pulse 77 beats 
per minute (bpm), blood pressure (BP) 134/63 millimeters of 
mercury (mmHg), room air oxygen saturation (SaO2) 70%. 

University of Iowa Hospitals and Clinics, Department of Emergency Medicine, Iowa City, Iowa

Upon arrival to the ED, the patient had a pulse of 74 bpm, 
respiratory rate 23 breaths per minute, a BP of 122/65 mmHg, 
SaO2 83%. During the primary survey, the King LT was 
removed and the patient was re-intubated with an endotracheal 
tube on the first attempt using direct laryngoscopy. He was 
pre-oxygenated with saturations maximizing in the mid-80s. 
Secondary survey findings were significant for a gunshot 
wound to the right temporal region. No additional injuries 
were found. Pupils were three millimeters bilaterally and 
fixed, weak corneal reflex, absent cough and gag reflex, and 
decerebrate posturing in all extremities. Head computed 
tomography revealed a right parietal entry wound with 
fragments scattered through the bullet tract and to the left 
of midline, a large subdural hematoma with rightward shift, 
diffuse cerebral edema, and a comminuted skull fracture. A 
chest radiograph (CXR) revealed widening of the superior 
right mediastinum with loss of definition of airspace in the 
right upper lobe and absence of the minor fissure, most 
consistent with complete collapse of right upper lobe (Image). 
Upon reexamination, no additional injuries or entry sites were 
found to correlate with the radiograph findings.

The patient was given 100 grams of mannitol for 
bradycardia and signs of herniation and one grams of 
levetiracetam prior to transfer to the intensive care unit (ICU) 
for expectant management of his head injury while waiting for 
family to arrive. At admission to ICU, his blood pressure was 
80/50 mmHg with heart rate in the seventies. His neurologic 
exam remained poor. Bronchoscopy was performed in the ICU 
due to persistent hypoxia and revealed blood obstructing the 
right mainstem bronchus, which was suctioned and evacuated 



Clinical Practice and Cases in Emergency Medicine	 256	 Volume II, no. 3: August 2018

Esophageal Perforation After Failed Prehospital Intubation	 Pomeranz et al.

CPC-EM Capsule

What do we already know about this clinical 
entity? 
Esophageal perforation is rare but with 
significant mortality if not quickly identified. 
Iatrogenic and spontaneous ruptures are the 
most common causes.

What makes this presentation of disease 
reportable? 
Esophageal rupture secondary to esophageal 
intubation is a rare event, but the conditions 
predisposing patients are common in the 
emergency department (ED) and it should 
remain a consideration for ED practitioners. 
We found no case reports of rupture 
secondary to prehospital intubation.

What is the major learning point? 
Esophageal intubation can be recognized 
through a combination of radiography findings, 
clinical findings, and historical features.

How might this improve emergency 
medicine practice? 
Recognition of esophageal perforation 
after intubation will improve emergency 
physicians’ ability to initiate early evaluation, 
consultation, and therapy in affected patients.

from the right lung. A right-sided chest tube was placed for 
pneumothorax identified after bronchoscopy with blood 
evacuated from the chest cavity. Due to the poor prognosis of 
the patient, care was transitioned to comfort measures and he 
was compassionately extubated. 

Autopsy was performed approximately 12 hours after death. 
In addition to significant intracranial hemorrhage and edema, the 
patient was noted to have a transection of the gastroesophageal 
junction and a large disruption of the greater curvature of the 
stomach. Blood was noted in the mediastinum and within the 
pleural and peritoneal cavities. No inflammation or ischemic 
changes were noted on histologic specimens of the stomach, but 
specimens from the esophagus and gastroesophageal junction 
were suggestive of ischemia. 

DISCUSSION
Rupture of the esophagus and stomach are rare 

complications of esophageal or failed intubation. These 
injuries are likely under-recognized and under-reported. 
Esophageal or gastric rupture is more often associated with 
cardiopulmonary resuscitation (CPR), occurring in up to 
12% of those who undergo CPR.3 In the case described, no 
CPR was performed, but he did have a failed intubation 
attempt.4 The use of bag-valve-mask ventilation, especially 
if improperly performed or performed after esophageal 
intubation, can greatly increase pressure in the stomach, 
with as little as 15 cm H2O resulting in gastric distention. 
This distention decreases the amount of air that is able 
to leave the stomach, resulting in an increase in pressure 
and subsequent rupture.3 Risk factors for perforation are 

similar to risk factors for difficult intubations, including 
poor visualization, macroglossia, trismus, and short neck.2 
Other potential causes of esophageal rupture could be direct 
trauma from the endotracheal tube or the esophageal airway 
placement, but the location of the perforation make direct 
trauma unlikely in this case. 

Typical findings suggestive of esophageal rupture 
on chest radiography are a widened mediastinum and 
pneumomediastinum. Subcutaneous emphysema and loss of 
contour of the descending aorta can also be visualized.2 CXR 
using water-soluble contrast can reveal sites of contrast leak 
and can be repeated if initial imaging is negative but clinical 
suspicion remains elevated.5 Esophageal tears are typically 
visualized in the upper one-third of the esophagus or the distal 
esophagus near the esophagogastric junction.2 Subtle findings 
such as neck pain or dysphagia may be noted. Objective signs 
such as neck swelling or subcutaneous emphysema may be 

Image. Initial chest radiograph demonstrating mediastinal 
widening and collapse of the right upper lobe (arrow) in patient 
with esophageal perforation
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recognized. More significantly, signs of sepsis can appear 
quickly if the injury is missed.2,6

In the controlled surgical environment, patients may 
be able to report symptoms postoperatively; however, our 
patient remained intubated and sedated and the injury was 
not discovered until postmortem. On autopsy, the significant 
amount of hemorrhage present supported the assertion that 
the injury occurred before death. A failed intubation attempt 
in the field, abnormal mediastinum visualized on chest 
radiography, and treatment-resistant hypoxia suggest that 
this injury was likely present at the time of ED evaluation 
but was not recognized. 

Treatment is controversial due to low incidence and 
very high mortality with little outcomes data guiding 
management. Early recognition and aggressive antimicrobial 
therapy is likely associated with best outcomes, with 
mortality rising sharply after the first 24 hours (over 60%), 
typically due to overwhelming infection.1 Patients who 
are clinically stable may be managed in a non-operative 
fashion, but unstable patients require primary surgical repair 
or esophageal stent placement. Early recognition is key to 
improving clinical outcomes.5 

An alternative diagnosis that can cause 
gastroesophageal perforation is postmortem gastromalacia 
and esophagomalacia, which are well documented in 
the literature. Endogenous enzymes, pepsinogen and 
hydrochloric acid are released leading to autolytic rupture 
with subsequent effects including pneumoperitoneum or 
pneumothorax.7 Although it can be difficult to discern 
timing of the rupture, gastromalacia is more common in the 
fundus or distal esophagus, with 70-80% of perforations 
occurring at the lesser curvature of the stomach.4 It is 
typically recognized as thinned tissue without inflammation, 
hemorrhage, or signs of peritonitis.7 The timing of these 
changes after death remains unclear, but it is reported to 
occur within the first 20 hours following death.7,8 In this case 
the patient’s clinical presentation, recognized antemortem 
pneumothorax, and postmortem evidence of hemorrhage 
suggest an antemortem injury, most likely secondary to 
intubation trauma and esophageal insufflation. 

CONCLUSION
In conclusion, this case displays a rare complication 

of a common procedure in the setting of trauma in the 
prehospital environment. Rapid recognition of esophageal 
or gastric perforation can be critical to initiating early 
therapy and limiting the morbidity and mortality of this 
serious condition.

Documented patient informed consent and/or Institutional Review 
Board approval has been obtained and filed for publication of this 
case report.
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CASE PRESENTATION
A 35-year-old immunocompetent female with a history 

of intracranial fungal abscess with surgical resection 11 years 
prior presented with headache for four months. Her headache 
was located along frontal sinuses. Vital signs were normal. 
Head examination was significant for minimal left maxillary 
swelling with mild tenderness to palpation (Image 1). A fibrotic 
scar located on the right forehead was present from previous 

Kern Medical, Department of Emergency Medicine, Bakersfield, California

Image 1. Photograph of patient with minimally evident presentation 
of invasive fungal infection and old fibrotic scar (white arrow).

Image 2. Right-sided mass with extension into ethmoid and 
maxillary sinuses (red circle).

craniectomy. Nasal turbinates were normal appearing. Neurologic 
examination was normal. 

Complete blood count and electrolytes were within normal 
limits. Computed tomography of the face showed ethmoid and 
maxillary sinus bone destructions with extension into the right 
frontal lobe and surrounding facial structures, consistent with 
severe fungal disease (Image 2). Inpatient nasal endoscopy with 
biopsy showed fungal elements consistent with Aspergillus species. 
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What do we already know about this clinical 
entity? 
Aspergillus, Fusarium, and Mucorales 
are the most common causative agents 
of invasive fungal sinusitis. Computed 
tomography specificity and sensitivity is not 
optimal for diagnosis.

What is the major impact of the image(s)?
The images demonstrate how a chronic 
course may take an indolent form and 
present with little or no physical signs, and 
that aggressive treatment may be necessary 
given potentially benign findings. 

How might this improve emergency 
medicine practice?  
These images raise awareness of the need 
to maintain a high index of suspicion of a 
potentially acute disease that may be difficult 
to diagnose clinically, but where early 
intervention may be life-saving.

DISCUSSION
Aspergillus species, Fusarium species, the Mucorales, and 

dematiaceous (brown-black) molds are among the most common 
causative agents of invasive fungal sinusitis.1,2 The chronic course 
is typically greater than 12 weeks and takes an indolent form 
that may present with little or no systemic signs or symptoms.3,4 
Therefore, the emergency physician must maintain a high index 
of suspicion for such pathology. In the case of our patient, the 
extensive and severe nature of her pathology was not appreciated 
by physical examination. Physical exam should include careful 
inspection of the nares and oral cavity for areas of necrosis.5 
Other physical exam findings may include tenderness to palpation 
of the maxillary sinuses. Neurologic examination may reveal 
decreased sensation in malar areas and visual changes due to 
optic nerve and/or orbit involvement. 

In general, invasive rhinosinusitis is difficult to cure and 
survival rates are poor. Long-term sinonasal complications 
such as mycotic aneurysms, cavernous sinus thrombosis, and 
cerebral infarcts or hemorrhage may develop.6 Because of the 
poor prognosis, early diagnosis and aggressive treatment is 
necessary. A high index of suspicion for invasive fungal infection 
should be maintained in patients complaining of sinus symptoms 
including facial pain and headache, especially in the setting of 
immunocompromised status.

Documented patient informed consent and/or Institutional Review 
Board approval has been obtained and filed for publication of this 
case report.
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CASE PRESENTATION
A 69-year-old woman with a history of osteopenia 

and left total hip arthroplasty three months prior presented 
from home to the emergency department with leg pain and 
inability to ambulate. She had fallen from standing onto a 
tile floor, making contact with her left hip. She was mildly 
hypertensive, with a blood pressure of 137/92 mmHg and 
tachycardic, with a heart rate of 105 beats per minute, 
but had otherwise unremarkable vitals. On examination, 
she had tenderness and developing ecchymosis over the 
greater trochanter of the left femur. Her left leg was slightly 
shortened and externally rotated but neurovascularly intact. 
A pelvic radiograph (Image) showed medial displacement 
of the acetabulum and femoral head into the lesser pelvis. 
Angiography failed to reveal any vascular disruption. She 
remained hemodynamically stable and was taken to surgery 
for an urgent but successful internal pelvic fixation.

DIAGNOSIS
Acetabular protrusion most commonly occurs 

as a chronic erosion of the acetabulum in patients 
with osteoporosis or other disease of the bone (e.g., 
osteomalacia, ankylosing spondylitis). Also, as in the case 
of acute trauma, force transmitted through joint can cause 
failure of acetabular integrity. This acetabular protrusion 
brings the femoral head in close proximity to pelvic 
contents, risking further injury. Providers should assess for 
sciatic nerve damage, which occurs in up to 30% of acute 
acetabular fractures, as well as injury to the iliac artery, 
which is at risk of shearing injury as it courses along the 
internal pelvic cavity.2 Unlike with other pelvic fractures, 
there is no role for pelvic binding in acetabular protrusion, 
as it can potentially worsen neurovascular damage.3 For the 
hemodynamically unstable patient, interventional radiology 
should be consulted for embolization of the internal iliac.4 

The University of Chicago, Department of Medicine, Section of Emergency Medicine, 
Chicago, Illinois

Stable patients may be placed in traction to minimize 
medial force on the acetabulum.

Documented patient informed consent and/or Institutional Review 
Board approval has been obtained and filed for publication of this 
case report.

Image. Anterior-posterior radiograph of the pelvis demonstrating 
medial displacement of the acetabulum and femoral head (arrow) 
into the lesser pelvis.
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What do we already know about this clinical 
entity? 
Acetabular protrusion is a medial 
displacement of the acetabulum into the 
true pelvis. It usually occurs chronically, 
as natural forces cause the femoral head to 
erode through weakened bone.

What is the major impact of the image(s)?
Acute traumatic protrusion jeopardizes 
nearby structures, including iliac vessels. 
Traditional pelvic binding increases risk of 
neurovascular injury, acute hemorrhage, and 
limb ischemia.

How might this improve emergency 
medicine practice?  
Physicians encountering traumatic 
acetabular protrusion should avoid pelvic 
binding, and have low threshold to consult 
interventional radiology for angiography 
and possible embolization.
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CASE PRESENTATION
A 69-year-old male with no significant past medical 

history presented to the emergency department (ED) 
after accidental ingestion of hydrogen peroxide. He used 
concentrated hydrogen peroxide as a home remedy. Intending 
to drink water, he had accidentally grabbed the incorrect bottle 
and ingested “multiple gulps.” He soon started to experience 
multiple symptoms including eructation, flatulence, nausea, 
non-bloody vomiting and generalized abdominal pain. His 
computed tomography is shown (Image 1A). During his stay 
in the ED he started to complain of headache, blurry vision 
and was found to have a left homonymous hemianopia, 
dysmetria and hyperreflexia. He was emergently transferred to 
a tertiary care hospital for hyperbaric therapy. 

DISCUSSION
The patient was diagnosed with portal venous gas and 

presumed cerebral air embolism. Concentrated hydrogen 
peroxide (>10%) is primarily an industrial chemical 
(as opposed to the 3% concentration sold for consumer 
use), but it is also used as a natural remedy when diluted 
for “hyperoxygen” therapy.1,2 These ingestions not only 
cause direct caustic injury but the resulting exothermic 
reaction liberates large volumes of oxygen that distend the 
stomach and, if not expelled, diffuse into the blood stream 
and tissues.3 Some studies report that hyperbaric therapy 
improves outcomes from cerebral infarction secondary to 
air embolism.1,2 

Our patient, already experiencing a visual field deficit, 
emergently received hyperbaric therapy over advanced 
head imaging given concern for neurologic sequelae. His 
follow-up abdominal computed tomography less than 
24 hours after completing hyperbaric therapy showed 
complete resolution of portal venous gas (Image 1B). His 
gastrointestinal and neurologic symptoms resolved, and he 
returned to baseline.

Perelman School of Medicine at the University of Pennsylvania, Department of Emergency 
Medicine, Philadelphia, Pennsylvania 
Perelman School of Medicine at the University of Pennsylvania, Department of Emergency 
Medicine, Division of Undersea and Hyperbaric Medicine, Philadelphia, Pennsylvania
Lancaster General Hospital, Department of Emergency Medicine, Lancaster, Pennsylvania
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Image 1. Computed tomography of abdomen showing portal 
venous gas of the liver before hyperbaric oxygen therapy (arrows) 
(A) and resolution after therapy (B).
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What do we already know about this clinical 
entity? 
Hydrogen peroxide is a common household 
item that has a variety of uses including as a 
home remedy. As such, providers need to be 
aware of the effects of toxic ingestions.

What is the major impact of the image(s)? 
While portal venous gas can develop quickly 
and be extensive, it can be reversible with 
quick recognition and treatment.
 
How might this improve emergency 
medicine practice? 
Providers should have a heightened awareness 
of the effect of this household ingestion and 
have a low threshold to image or observe 
patients for progression of symptoms.

Documented patient informed consent and/or Institutional Review 
Board approval has been obtained and filed for publication of this 
case report.
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CASE PRESENTIATION
A 52-year-old-male presented to our emergency department 

with gradually worsening left lower back pain radiating to his 
left leg for six weeks. He had sustained a previous spinal cord 
injury from a motor vehicle accident with thoracolumbar fusion, 
and he self-catheterizes for urine due to a neurogenic bladder. 
He originally attributed his pain to his chronic ailments, but 
worsening pain and subjective fevers prompted his visit. He 
presented febrile to 38.6° Celsius, tachycardic to 130 beats per 
minute, and normotensive. Physical exam was significant for a 
firm, tender nodular mass to his left flank. Laboratory analysis 
revealed white blood cell count (WBC) 23.8 x 10(3)/uL, lactate 
0.8 mmol/L, and urinalysis demonstrated bacteria too numerous 
to count and 50 WBC per high-power field. 

Computed tomography of the abdomen and pelvis 
revealed a large fluid collection measuring 7.5 x 8.7 x 15 
centimeters centered in the left psoas muscle that abuts and 
displaces the left kidney. The kidney demonstrates a staghorn 
calculus with surrounding cystic changes that is contiguous 
with the psoas collection (Images 1 and 2).

Our patient received broad spectrum antibiotics and 
underwent percutaneous drainage, which is often considered 
first-line treatment.1,2 Blood and body-fluid cultures grew beta-
hemolytic Streptococcus. He was ultimately discharged with 
a pigtail catheter left in place and treated for six weeks with 
intravenous ceftriaxone. 

DISCUSSION
Iliopsoas abscess is a rare condition often presenting with 

varied and non-specific symptoms. They are often characterized 
as either primary or secondary. Primary iliopsoas abscess 
occurs from hematogenous spread, while secondary iliopsoas 
results from direct extension of a nearby infectious process.1 
Most secondary cases result from gastrointestinal causes, such 
as inflammatory bowel disease, diverticulitis, or appendicitis. 
Cases resulting from genitourinary disease are exceedingly 
rare, accounting for only 3% of cases in one series.2 Our 
patient was at high risk for genitourinary infections from self-

Southside Hospital, Department of Emergency Medicine, Bay Shore, New York
Southside Hospital, Department of Family Medicine, Bay Shore, New York
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Image 1. Computed tomography, axial image, demonstrating 
large fluid collection (*) centered over the left psoas. The left 
kidney is displaced and demonstrates a staghorn calculus with 
cystic changes contiguous with the fluid collection (arrow). There 
is artifact from spinal fusion hardware.

catheterizing. We also discovered a large staghorn calculus 
that he was previously unaware of. Given that cystic changes 
in the kidney were contiguous with the collection, the imaging 
strongly suggests that a chronically infected renal calculus led 
to formation of the abscess.

Regardless of the cause of a psoas abscess, whether it is 
primary or secondary, most cases do not require open surgical 
drainage. In one retrospective review, 97% of patients were 
treated successfully with percutaneous drainage or antibiotics 
alone. The authors concluded that the initial management of 
psoas abscesses should be nonsurgical.3

Documented patient informed consent and/or Institutional 
Review Board approval has been obtained and filed for 
publication of this case report.
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What do we already know about this clinical 
entity? 
Iliopsoas abscess is a rare clinical entity 
with various causes and non-specific 
symptoms. Mainstays of treatment are 
prompt antibiotics and procedural drainage.

What is the major impact of the image(s)?
Rarely has iliopsoas abscess been attributed 
to a genitourinary source, nor has such 
a case been described in the emergency 
medicine literature.

How might this improve emergency 
medicine practice?  
This case adds to our understanding of the 
full scope of potential complications related 
to pyelonephritis and nephrolithiasis, two 
clinical entities frequently encountered.

Image 2. Computed tomography, coronal image, demonstrating 
large fluid collection (*) centered over the left psoas. The left kidney is 
displaced and demonstrates a staghorn calculus with cystic changes 
contiguous with the fluid collection (arrow).
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CASE PRESENTATION 
We present a 31-year-old male who sustained an isolated 

stellate corneal laceration associated with an open globe injury. 
The patient presented with mild, right eye pain one hour after 
glass was sustained to the face during a motor vehicle collision. 
Visual acuity was 20/100 (baseline 20/20), but no obvious 
facial or ocular trauma was noted. Extraocular movements were 
intact. Slit lamp examination revealed a central stellate corneal 
laceration, peaked 4mm non-reactive pupil, flat anterior chamber, 
and a falsely negative Seidel sign (Image 1). Intraocular pressure 
was not measured given the nature of the injury. Computed 
tomography (CT) orbits revealed a flat anterior chamber (Image 
2). The patient was placed in an eye shield, treated for nausea/
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pain, initiated on antibiotics with levofloxacin, and updated on 
tetanus; ophthalmology then completed a surgical repair.

DISCUSSION
Ocular trauma accounts for roughly 3% of emergency 

department visits and is a major cause of unilateral visual 
impairment and permanent visual loss in young individuals.1,2 
Open globe injuries occur more commonly in males and should 
be in the differential diagnosis with any injury involving high-
velocity metal or glass.1,3 Penetrating mechanisms tend to be 
more common in the young, while a blunt mechanism is more 
common in the elderly.1,3 Exam findings can be subtle. Classic 
teaching revolves around Seidel’s sign; it is not sensitive, but 

Image 1. Stellate corneal laceration with negative Seidel Sign.

Image 2. Computed tomography of the orbits, axial view, 
revealing right flat anterior chamber (yellow arrow) with iris 
abutting the cornea.
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What do we already know about this clinical 
entity? 
Open globe rupture is an ophthalmologic 
emergency. Speedy recognition by the 
emergency department provider and 
ophthalmologic intervention are essential to 
restoring functional outcome.

What is the major impact of the image(s)?
A globe rupture with false negative Seidel 
sign is a rare but known occurrence when 
ocular contents “plug” the opening, as seen 
in this patient image.

How might this improve emergency 
medicine practice?  
The case highlights the importance of 
good clinical exam after ocular trauma. 
Providers should consider further workup 
with computed tomography imaging with any 
injury involving high-velocity metal or glass.

it is specific.4 A globe rupture with false negative Seidel sign is 
a rare but known occurrence when ocular contents “plug” the 
opening, as seen in this patient, preventing aqueous outflow 
and causing a falsely negative Seidel sign. Other suggestive 
exam findings include a peaked pupil, poorly reactive pupil, 
flat anterior chamber, and visual acuity changes.4 Despite 
poor sensitivity, CT is very specific and can be helpful when 
identifying open globe injuries.  

Documented patient informed consent and/or Institutional 
Review Board approval has been obtained and filed for 
publication of this case report.
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CASE PRESENTATION
An 80-year-old woman with a history of hypertension 

presented to the emergency department (ED) with blunt facial 
trauma including a four-centimeter laceration of the right 
upper eyelid sustained during a ground-level mechanical 
fall. Upon arrival to the ED, she was confused, repetitive, 
and amnesic to events surrounding the fall. Computed 
tomography (CT) of the brain and orbits was rapidly obtained, 
and upon return from CT she reported new visual loss of 
the right eye with the ability to see only light. On exam, her 
globe was noted to be increasingly firm, full to palpation, 
and swollen shut. Physical examination also revealed new 
ophthalmoplegia, proptosis, subconjunctival hemorrhage, and 
afferent pupillary defect. Intraocular pressure (IOP) measured 
50 mmHg in the right eye and 12 mm Hg in the left eye. CT 
demonstrated a hematoma within the right orbit impinging 
on orbital contents, confirming the diagnosis of orbital 
compartment syndrome (OCS). An emergent bedside lateral 
canthotomy and cantholysis (LCC) was performed by the 
emergency physician with reduction of her IOP and restoration 
of vision.

DISCUSSION
OCS is a rare complication of increased pressure within 

the confined orbital space. It may be caused by retro-orbital 
hematoma following blunt or penetrating trauma to the orbit. The 
pressure exerted by the hematoma reduces perfusion resulting in 
ischemia-induced vision loss, which may develop over minutes 
to hours.1-3 OCS may present with ocular pain, diplopia, or vision 
loss.4,5 OCS is a clinical diagnosis with physical examination 
findings that may include ophthalmoplegia, proptosis, 
subconjunctival hemorrhage, and afferent pupillary defect.1,4,5 
Diagnostic criteria include a constellation of the aforementioned 
signs and symptoms associated with an IOP of 30 mmHg or 
higher.2,6 LCC, the primary treatment for OCS, is a relatively 
simple procedure ideally performed within 60-120 minutes of 
symptom onset to prevent permanent vision loss.1,3,4,7 

Cedars-Sinai Medical Center, Department of Emergency Medicine, Los Angeles, California

Diagnosis of OCS can be challenging as the patient’s 
examination may be limited by altered mental status; vision 
loss may be masked by inability to open edematous eyelids; and 
orbital pain may be explained by bony and soft tissue injury.7 
CT findings concerning for OCS include tenting of the posterior 
sclera – otherwise known as “guitar pick” sign – caused by 
intraocular mass (Images 1 and 2).8 Although CT findings of 

Image 1. Computed tomography of facial bones without contrast, 
axial view, demonstrating retro-orbital hematoma (asterisks); tenting 
of posterior sclera (also known as “guitar pick” sign) (yellow arrows); 
eyelid edema (red two-way arrow); bony fractures (green arrows), 
and superimposed image of a guitar pick (red guitar pick with white 
text). The hematoma within the orbit is impinging on the orbital 
contents, pushing it medially and slightly superiorly.
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What do we already know about this clinical 
entity? 
Orbital compartment syndrome is a rare 
complication of increased pressure within the 
confined orbital space that may lead to permanent 
blindness if not treated in a timely fashion.

What is the major impact of the image(s)?
The “guitar pick” sign is a rarely reported 
radiographic sign that should alert physicians 
of the possibility of a syndrome requiring 
immediate intervention.

How might this improve emergency medicine 
practice?  
Emergency physicians will be able to better 
recognize patients at risk for orbital compartment 
syndrome following blunt facial trauma.

retro-orbital hematoma should raise suspicion for OCS, serial 
evaluations are essential for detecting OCS in evolution.

Documented patient informed consent and/or Institutional 
Review Board approval has been obtained and filed for 
publication of this case report.
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Image 2. Artistic rendering of computed tomography of facial 
bones without contrast, axial view, demonstrating retro-orbital 
hematoma (asterisks), tenting of posterior sclera (also known as 
“guitar pick” sign) (yellow arrows), eyelid edema (red two-way 
arrow), bony fractures (green arrows), and superimposed image 
of a guitar pick (red guitar pick with white text).
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CASE PRESENTATION
A 57-year-old female presented to the emergency 

department (ED) with periumbilical and left upper quadrant 
abdominal pain. The pain began abruptly 12 hours prior to 
presentation and was worsening. Her pain increased with 
supine position and was associated with nausea and vomiting. 
Her past medical history was significant for hypertension, 
gastroesophageal reflux disease and obesity. Prior to presentation 
in our ED, she underwent a laparoscopic Roux-en-Y procedure 
for weight loss 10 years prior at an outside hospital. On arrival, 
pertinent vitals included a heart rate of 115 beats per minute, 
20 breaths per minute and blood pressure of 190/100 mmHg. 
Laboratory studies in the ED were significant for a leukocytosis 
(14.7 x 109/L), and a lactate level of 5.4 mmol/L. The remainder 
of laboratory studies were normal. Computed tomography (CT) 
images were obtained (Images 1 and 2). 

DIAGNOSIS: INTERNAL HERNIA
Obesity is an epidemic in America, and bariatric surgery 

is becoming more common. Roux-en-Y procedure is the “gold 
standard” of bariatric surgery.1 It provides more overall weight 
loss than adjustable gastric band and more durable weight loss 
than sleeve gastrectomy.1,2 Complications of Roux-en-Y gastric 
bypass are categorized as early or late. Early complications 
include anastomotic or staple-line leak, hemorrhage and 
obstruction. Later complications can be difficult to differentiate 
from other more routine abdominal emergencies seen in 
the ED. Late complications include anastomotic stricture, 
marginal ulceration, fistula, nutritional deficiencies and bowel 
obstruction.3 Internal hernia can occur at any time after the 
procedure and has lifetime incidence of roughly 5%.4 Ironically, 
the potential space created by sudden, post-procedural weight 
loss is a risk factor for this complication.5 

Internal hernias develop when bowel protrudes through 
iatrogenic defects in the mesentery. This is most common 
at the transverse mesocolon, Petersen’s space, or the meso/

Carl R. Darnall Army Medical Center, Department of Emergency Medicine, Fort Hood, Texas 

Image 1. Axial computed tomography of the abdomen shows “swirl 
sign” indicative of internal hernia (red arrow).

jejunojejunal anastamosis. Petersen’s space is a defect 
posterior to the Roux limb.6 Symptoms of internal hernia 
can be intermittent, vague and may mimic benign disease 
processes. This makes diagnosis of this uncommon yet life-
threatening finding particularly difficult. 

Diagnosis can be made by CT, where the “swirl sign” is 
sometimes seen (Images 1 and 2). If present it is 78-100% 
sensitive, and 80-90% specific for internal hernia.7 Even in 
the absence of swirl sign, patients should undergo exploratory 
surgery if suspicion of internal hernia is high based on 
clinical presentation, unexplained laboratory abnormalities 
that may suggest bowel ischemia, or imaging consistent with 
the stigmata of bowel obstruction. This patient underwent 
laparoscopic revision of her Roux-en-Y, and was discharged 
home after the procedure with no further complications.
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What do we already know about this clinical 
entity? 
Internal hernias are a post-operative 
complication of bariatric surgeries. Diagnosis 
can be made by computed tomography (CT) 
imaging showing a characteristic “swirl sign.”

What is the major impact of the images? 
While the surgically altered abdomen may 
seem intimidating anatomically, there are tell-
tale abnormalities that can be easily recognized 
on CT by the informed physician.

How might this improve emergency 
medicine practice? 
We can be better advocates for bariatric 
surgery patients by knowing their potential 
post-operative complications and associated 
findings on imaging.

Image 2. Coronal computed tomography of the abdomen and 
pelvis showing site of internal hernia (red arrow).

Documented patient informed consent and/or Institutional Review 
Board approval has been obtained and filled for publication of this 
case report.
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CASE PRESENTATION
A 24-year-old woman presented to the emergency 

department by emergency medical services with severe 
respiratory distress and hypoxia. The patient complained of 
exertional chest pain and nonproductive cough. Her room 
air saturation was 65% with improvement to 95% with 
oxygen supplementation. Her vital signs were a pulse of 
110 beats per minute, blood pressure of 140/100 mmHg and 
a temperature of 36.5 degrees Celsius. Lungs were clear to 
auscultation, heart was without murmur, and extremities 
had no edema. Electrocardiogram demonstrated sinus 
tachycardia with rSR’ pattern, prominent p-waves, and an 
elevated R:S wave ratio in V1 and V2. Troponin was 0.08 
ng/mL, d-dimer was 445 ng/mL, and hemoglobin was 16.4 
g/dL. Portable chest radiograph was normal. 

Point-of-care ultrasound (POCUS) demonstrated 
significant right ventricular dilatation (Image 1) with 
hypertrophy of the right ventricular myocardium (Image 
2). On further questioning, the patient clarified that she 
had been diagnosed with “pulmonary hypertension” but 
hadn’t seen a doctor in over a year and was not prescribed 
any treatment. Subsequent review of outside electronic 
medical records revealed an echocardiogram performed 
approximately one year prior to presentation that 
demonstrated concern for an atrial septal defect.

POCUS revealed significant right ventricular 
hypertrophy supporting a longstanding disease process. 
Computed tomography angiography did not reveal any 
abnormalities. The patient was admitted for hypoxia 
and pulmonary hypertension. On admission, formal 
echocardiogram demonstrated concern for atrial septal 
defect with left-to-right shunt. Two days later,  repeat 
echocardiography with bubble study demonstrated  right-
to-left shunt across the interatrial septum. The patient 
rapidly decompensated during the admission, leading 
to intubation for respiratory distress and then pulseless 
electrical activity arrest and death despite resuscitation.

Beaumont Health System, Department of Emergency Medicine, Royal Oak, Michigan

Image 1. Transthoracic echocardiogram apical view demonstrating 
severe right ventricular (RV, walls outlined) and right atrial (RA) 
dilation consistent with right heart strain.
LV, left ventricle; LA, left atrium.

Image 2. Transthoracic echocardiogram parasternal short view 
demonstrating enlargement of the right ventricle (RV) with bowing of 
the interventricular septum (straight line) toward the left ventricle (LV), 
demonstrating the “D” sign (outlined) of right ventricular overload.
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What do we already know about this clinical 
entity? 
In Eisenmenger syndrome, a right to left 
intracardiac shunt causes progressive 
pulmonary hypertension. Once pressures in 
the right heart exceed those in the left, shunt 
reversal and severe hypoxia occurs.

What is the major impact of the image(s)?
While right ventricle (RV) dilation and 
hypoxia often suggests pulmonary embolus, 
RV hypertrophy should prompt consideration 
of chronic pulmonary hypertension and 
alternative diagnoses.

How might this improve emergency 
medicine practice?  
Differentiating acute vs. chronic right heart 
strain is poorly described, but management of 
each can be very different. Ultrasound may be 
useful in distinguishing the two.

DIAGNOSIS
Eisenmenger syndrome is the process by which a 

longstanding, left-to-right cardiac shunt, secondary to 
congenital heart defect, reverses into a cyanotic right-
to-left shunt.1 The reversal is a result of progressive 
pulmonary over-circulation, with a subsequent increase 
of right ventricular pressures over the course of several 
years. This also gives rise to right ventricular and 
pulmonary artery hypertrophy. POCUS reveals evidence 
not only of right heart strain but also significant right 
ventricular hypertrophy,2 helping differentiate the etiology 
from massive pulmonary embolism. In a patient with 
desaturation despite high supplemental oxygen and no 
evidence of lung consolidation, right-to-left cardiac shunt 
should be considered.

Documented patient informed consent and/or Institutional Review 
Board approval has been obtained and filed for publication of this 
case report.
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CASE PRESENTATION
A 30-year-old male presented to the emergency 

department (ED) with sudden, painless, decreased vision in 
the left eye after an episode of severe vomiting. He noted 
a gray area in the center of his vision and was only able 
to distinguish objects’ outlines with the affected eye. His 
visual acuity was 20/200 in the left eye vs. 20/50 in the 
right. Intraocular pressures were 18 millimeters of mercury 
(mmHg) in the left eye and 16 mmHg in the right eye. 
Point-of-care ultrasound (POCUS) (Image, Video) showed 
findings consistent with retinal pathology and hemorrhage. 
No further workup was obtained in the ED. Ophthalmology 
was consulted with the ultimate diagnosis of pre-retinal 
hemorrhage due to Valsalva action.

DIAGNOSIS	
Valsalva retinopathy is a rare entity, most commonly 

presenting as pre-retinal hemorrhage either bilaterally 
or unilaterally, which to these authors’ knowledge has 
not previously been identified on POCUS in an ED. It 
is normally self-limited with a favorable prognosis and 
resolution over several months.1,2 The mechanism of 
Valsalva retinopathy is due to a sudden increased thoracic/
intra-abdominal pressure leading to a rapid increase in 
intraocular venous pressure and spontaneous rupture 
of capillaries.2 Aside from conservative management, 
other treatments are available for resolution of pre-
retinal hemorrhage including the following: pneumatic 
displacement of hemorrhage with yttrium-aluminum-garnet 
laser, tissue plasminogen activator, vitrectomy, or the less-
invasive injection of intravitreal ranibizumab (anti-vascular 
endothelial growth factor).2 

Use of POCUS allowed for quick diagnosis, 
consultation, and disposition without the need for extensive 
or expensive testing. POCUS findings seen in image and 
video revealed evidence of retinopathy, and subsequent 

Marietta Memorial Hospital, Department of Emergency Medicine, Marietta, Ohio

optic imaging confirmed pre-retinal hemorrhage. 
This furthers the evidence of the utility of POCUS in 
differentiating pathology and obtaining quick consultation 
as needed.3 

Video. Pre-retinal hemorrhage.

Documented patient informed consent and/or Institutional Review 
Board approval has been obtained and filed for publication of this 
case report.

Image. Point-of-care ultrasound demonstrating a pre-retinal 
hemorrhage (arrow).
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What do we already know about this clinical 
entity? 
Valsalva-induced pre-retinal hemorrhage is a 
known entity in ophthalmology but is a rare 
finding that would not normally be diagnosed 
in the emergency department (ED).

What is the major impact of the image(s)?
The images allow emergency physicians to 
learn the importance of being able to obtain 
and recognize point-of-care ultrasound (US) 
images at bedside.

How might this improve emergency 
medicine practice?  
This report shows the ever-increasing utility 
of point-of-care US not only as a tool for 
procedures, but also for diagnosis in the ED.
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