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CliniCopathologiCal Cases from the University of maryland
 

40-year-old Female with Sudden Onset Dyspnea
 
Breanna M. Kebort, MD*
Aleta J. Hong, MD†

Laura J. Bontempo, MD, MEd‡ 
Zachary D.W. Dezman, MD, MS, MS‡ 

Section Editor: Joel Moll, MD
Submission history: Submitted September 11, 2020; Revision received October 15, 2020; Accepted October 16, 2020
Electronically published December 28, 2020
Full text available through open access at http://escholarship.org/uc/uciem_cpcem   
DOI: 10.5811/cpcem.2020.10.49781

A 40-year-old female presented to the emergency department (ED) after the acute onset of 
dyspnea. The patient was tachypneic with accessory muscle usage and diffuse wheezing on initial 
examination. Despite aggressive treatment, the patient deteriorated and was intubated. This case 
takes the reader through the differential diagnosis and systematic workup of a patient presenting to 
the ED with dyspnea and arrives at the unexpected cause for this patient’s presentation. [Clin Pract 
Cases Emerg Med. 2021;5(1):1–5.] 

Keywords: Dyspnea; adenoid cystic carcinoma; CPC.

CASE PRESENTATION (DR. KEBORT)
A 40-year-old female presented to the emergency 

department (ED) with sudden onset dyspnea. She stated she 
had been having progressive shortness of breath over two 
weeks that worsened acutely just prior to her presentation. The 
patient also reported a cough productive of yellow/brown 
mucus over the same time course. 

The patient had a past medical history of severe persistent 
asthma for which she was on multiple inhalers including 
albuterol sulfate, fluticasone/vilanterol, tiotropium bromide, 
and ipratropium bromide. She also had a history of seasonal 
allergies for which she was on dexamethasone nasal spray, 
fluticasone nasal spray, levocetirizine, ranitidine, and 
montelukast. She had been using these regularly during her 
illness with no improvement in symptoms. She recently saw 
her pulmonologist who found that she had elevated peripheral 
eosinophils in her blood work and started her on her first 
injection of mepolizumab. 

In addition to asthma, the patient had a medical history 
of gastroesophageal reflux for which she took pantoprazole, 
hypertension for which she took losartan, and depression for 
which she took fluoxetine. She had no surgical history. The 
patient was a former smoker who had quit nine years earlier. 
She denied any illicit drug use and reported only social 
alcohol use. She worked as a nurse at the same location for 

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

*

†

‡

the prior three years. Her only allergies were to escitalopram 
and lettuce.

On arrival to the ED, the patient was noted to be in 
significant respiratory distress with increased work of 
breathing. She was afebrile (37.5º Celsius) with a heart rate of 
135 beats per minute, a respiratory rate of 38 breaths per 
minute, an oxygen saturation of 100% on room air, and a 
blood pressure of 160/98 millimeters of mercury. She weighed 
88.9 kilograms (kg) and was five feet, five inches in height 
with a body mass index of 32.6 kg/meter2. She was well 
developed and well nourished. Her head was normocephalic 
and atraumatic with moist mucous membranes, a clear 
oropharynx with no uvular edema, tonsillar enlargement or 
audible stridor. Her neck was supple with no tender 
lymphadenopathy, and her trachea was midline. She was 
tachycardic but had a regular rhythm with no murmurs, rubs, 
or gallops. She was tachypneic and had accessory muscle 
usage with diffuse wheezing, greatest at the bases. Her 
abdomen was obese but soft and nontender. She had trace 
lower extremity edema bilaterally with normal dorsalis pedis 
pulses. Her lower extremities had no asymmetry or calf 
tenderness. She had a Glasgow Coma Scale score of 15 with 
no motor or sensory deficits. 

An electrocardiogram was performed, which showed 
sinus tachycardia with a normal axis, normal intervals, and no 
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ST-segment or T-wave changes. Her chest radiography (CXR) 
is shown (Image 1). Her initial laboratory results are shown in 
Tables 1 and 2.

The patient received inhaled albuterol 0.083% 5 
milligrams (mg) and ipratropium 500 micrograms with 2 
grams of intravenous magnesium and solumedrol 125 mg in 
the ED without significant improvement and with increasing 
fatigue and declining mental status. Approximately one hour 
after her arrival to the ED, the patient was intubated using 
ketamine and rocuronium for presumed status asthmaticus 
without complication. She was started on broad spectrum 
antibiotics due to concern for possible pneumonia given her 
failure to improve. She was admitted to the intensive care unit 
(ICU). A test was then done that revealed the diagnosis.

CASE DISCUSSION (DR. HONG)
In this case, a 40-year-old obese female with a history of 

asthma presented to the ED with difficulty breathing and 
wheezing. As I read through the case, I was struck by how it 
served as a valuable reminder that we need to keep our 
differentials broad, even when the presentation may initially 
seem clear. 

Asthma is a common disease, and as emergency 
physicians we care for patients with wheezing on a near-daily 
basis and tend to follow a formulaic treatment pathway, 
generally with positive results. However, deep down we know 
that there are more causes to wheezing than just asthma and 
chronic obstructive pulmonary disease (COPD). It is crucial 
that whenever we care for a patient who is not improving with 
standard treatments we step back and reassess our plan, 
including expanding our differential diagnosis. This is 

Blood test Patient value Normal range
Complete Blood Count

White Blood Cells 12.2 K/mcL 4.5 - 11.0 K/mcL
Hemoglobin 11.5 g/dL 12.6 - 17.4 g/dL
Hematocrit 40.4% 37.0 - 50.0%
Platelets 338 K/mcL 153 - 367
Differential 

Polymorphonuclear 
leukocytes

90.4% 42-75%

Lymphocytes 2.0% 20-50%
Monocytes 6.4% 2-10%
Eosinophils 0.1% 1-3%

Serum chemistries
Sodium 138 mmol/L 136-145 mmol/L
Potassium 3.8 mmol/L 3.5-5.1 mmol/L
Chloride 104 mmol/L 98-107 mmol/L
Bicarbonate 26 mmol/L 21-30 mmol/L
Blood Urea Nitrogen 10 mg/dL 7-20 mg/dL
Creatinine 0.75 mg/dL 0.66-1.25 mg/dL
Glucose 249 mg/dL 70-99 mg/dL
Magnesium 2.2 mg/dL 1.6-2.6 mg/dL
Phosphorus 3.3 mg/dL 2.5-4.5 mg/dL
Total Protein 5.5 g/dL 6.3-8.2 g/dL
Albumin 3.1 g/dL 3.5-5.2 g/dL
Total Bilirubin 0.3 mg/dL 0.3-1.2 mg/dL
Aspartate 
Aminotransferase

13 u/L 17-59 u/L

Alanine Aminotransferase 24 u/L 21-72 u/L
Alkaline Phosphatase 49 u/L 38-126 u/L
Lactic Acid 0.9 mmol/L 0.5-1 mmol/L

Coagulation Studies
Prothrombin Time 13.3 s 10.8-13.3 s
Partial Thromboplastin 
Time

23.3 s 31.4-48.0 s

International Normalized  
Ratio

1.1

Table 1. Complete blood cell count, serum chemistry and coagulation 
studies of a 40-year-old female with sudden onset dyspnea.

K, thousand; mcL, microliter; g, grams; dL, deciliter; mmoL, 
millimole; L, liter; mg, milligrams; u, units; s, seconds.

important even when a patient’s presentation seems as though 
it should be straightforward.

After reading the case presentation, my immediate 
concern for the patient was her severe respiratory distress 
complicated by respiratory failure requiring intubation. The 
physical exam was concerning for impending respiratory 
failure due to fatigue, and the ED team took the appropriate 
course of action in intubating the patient prior to 

Image 1. Chest radiograph of a 40-year-old female with sudden 
onset dyspnea.
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decompensation. As emergency clinicians we must never 
forget the basics of resuscitation and the need to address our 
ABCs in emergency medicine.

In this case the patient had a history a severe persistent 
asthma for which she was on multiple medications including 
short-acting and long-acting beta-agonists; inhaled 
corticosteroids; montelukast; and she had recently been started 
on mepolizumab, an interleukin-5 antagonist 
immunomodulator used in more severe cases of eosinophilic 
asthma.1 Despite her disease severity, a two-week course of 
symptoms with acute worsening in the setting of medication 
compliance struck me as unusual. A productive cough 
combined with minimal response to advanced asthma 
treatments suggested that her wheezing and respiratory failure 
was not caused by her asthma alone and that there was another 
process at play.

At this point I felt I needed to take a step back and 
reconsider the information I had been presented. Although the 
patient was noted to be tachypneic on exam with increased 
work of breathing, her oxygen saturation was 100% on room 
air and her venous blood gas pH of 7.36 showed no acidosis, 
both unusual for an asthma exacerbation severe enough to 
require intubation. Her partial pressure of carbon dioxide 
(pCO2) was elevated, but the lack of acidosis suggested a 
more chronic process as the cause of her respiratory failure 
rather than a severe acute asthma exacerbation. As I 
considered the many causes of wheezing, I eliminated 
diagnoses based on the information available.

While there are many causes of wheezing, there are some 
that could be quickly ruled out based on the patient’s history 
and physical exam. The physical exam did not note any goiter, 
or enlargement or asymmetry of the neck. Tonsillar 
hypertrophy, vascular rings, and bronchiolitis were all unlikely 
causes of wheezing in an adult. As the patient had no history of 
recent surgery or intubations and had no history of chronic 
upper airway inflammation, I reasoned that tracheal stenosis, 
tracheomalacia, and mucous plugging were unlikely to be the 
cause of the patient’s wheezing. Vocal cord edema was unlikely 
as the patient had no stridor or history of voice changes, and, 
per the ED course she was intubated without any issue. 

Given the two-week duration of symptoms and lack of 
any pertinent history, I removed anaphylaxis from the 

Table 2. Venous blood gas of 40-year-old female with sudden 
onset dyspnea.

Patient value Normal range
pH 7.30 7.31-7.41
pCO2 51 mm Hg 41-51 mm Hg
pO2 108 mm Hg 36-42 mm Hg
HCO3 29 mmol/L 23-29 mmol/L

pH, potential of hydrogen; mm Hg, millimeters mercury; pCO2, 
partial pressure of carbon dioxide; pO2, partial pressure of oxygen; 
HCO3, bicarbonate.

differential. I also felt that a foreign body was unlikely to be 
the cause of the patient’s symptoms. While it is possible to 
have a foreign body present for a prolonged period these are 
usually small and unlikely to eventually cause acute severe 
airway compromise. The excellent social history provided by 
the medical team helped rule out occupational exposures such 
as bird feces, farming chemicals, or silicosis.

Besides the blood gas, the patient’s laboratory studies did 
not offer insight into the cause of her symptoms. The CXR 
was overall unremarkable with the exception of the correct 
placement of the endotracheal tube. While not diagnostic, I 
would have expected a patient with respiratory failure due to 
asthma or COPD to have more hyperinflated lungs than seen 
on this CXR. There was no sign of a focal infiltrate suggestive 
of an infectious cause such as bacterial pneumonia or 
aspergillosis. There were no signs of pulmonary edema on 
imaging. Given the patient’s lack of history of heart failure I 
felt comfortable ruling out cardiac causes as the reason for her 
wheezing. While not a common cause of wheezing, I 
considered pulmonary embolism (PE) as the patient was 
tachypneic, tachycardic, and in respiratory distress. Using the 
revised Geneva score she would be in the moderate risk group, 
warranting a D-dimer. However, she was neither hypoxic nor 
hypotensive, unusual for a PE large enough to cause such a 
significant degree of respiratory failure. Further workup for a 
PE was therefore not pursued. 

At this point I was left with a handful of diagnoses: tumor; 
autoimmune causes such as eosinophilic granulomatous 
polyangiitis (EGPA); and infectious causes primarily from 
pulmonary parasitic infections. While the patient’s history of 
asthma put her at higher risk for autoimmune diseases like 
EGPA, she lacked the characteristic extrapulmonary findings 
such as rash, granulomatous skin lesions, nasal polyps, or 
recurrent sinusitis.2,3 Her elevated eosinophil count made 
pulmonary parasitic infections such as Löffler’s syndrome more 
likely. Löffler’s syndrome can present insidiously, but the 
reticulonodular pulmonary opacities typically associated with 
the disease were not seen on this patient’s CXR. This disease is 
also rare in the United States, and most of the reported cases are 
associated with rural living.4 All in all, I felt that Löffler’s 
syndrome would be unlikely. 

It can be challenging to narrow a broad differential 
diagnosis down to a single diagnosis. However, the patient’s 
smoking history gave me pause as smoking is an independent 
risk factor for all types of head and neck cancers.5,6 These 
cancers often slowly grow in size and can cause both 
wheezing and severe respiratory distress, depending on their 
location. After considering a broad differential of potential 
causes of wheezing, I determined the patient likely had local 
neck pathology causing an obstruction of the trachea. 

If I were the treating physician, I would obtain a 
computed tomography (CT) of the soft tissue of the neck and 
chest with intravenous contrast to evaluate for an obstructive 
mass, most likely in the trachea.
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CASE OUTCOME (DR. KEBORT)
After failing to be weaned off the ventilator despite trials of 

antibiotics, nebulizers, furosemide, terbutaline, and 
aminophylline, additional imaging was done. The diagnostic 
study was a CT of the chest. As read by the radiologist, there 
was a soft tissue mass involving the carina projecting into the 
lumen of the distal trachea measuring approximately two cubic 
centimeters (cm) (Image 2) for which direct visualization was 
recommended. Rigid bronchoscopy showed a large tracheal 
tumor, which was extensively debulked (Image 3). 

The patient was extubated two days after debulking. Her 
final pathology showed adenoid cystic carcinoma. She had a 
positron emission tomography (PET) revealing no 
metastases. Repeat bronchoscopy performed approximately 
one month later revealed tumor involvement extending two 
cm from the main carina into the proximal left mainstem 
bronchus as well as the proximal opening of the bronchus 
intermedius and into the distal trachea; no lymph nodes 
sampled were positive for malignant involvement. The 
patient was deemed to not be a surgical candidate given the 
extensive airway involvement. She underwent concurrent 
chemoradiation with weekly carboplatin and paclitaxel as 
well as proton radiation therapy. Her follow-up CT imaging 
showed stable irregularity along the tracheal bifurcation with 

post-radiation changes. She gets repeat CT imaging every 
three months for continued surveillance. 

RESIDENT DISCUSSION
Primary tracheal tumors are exceedingly rare as the 

majority of tumors found in the trachea are due to invasion 
from local tissues including lung, esophagus, or thyroid. In 
total, primary tracheal tumors account for less than 0.1% of all 
malignant tumors.7 In adults, more than 80% of these primary 
tracheal tumors are malignant.8 Multiple studies show 
malignant tracheal tumors are more likely to occur in males 
and usually in the fifth or sixth decades of life.9

The most common types of malignant tracheal tumors 
include squamous cell carcinoma (SCC), adenoid cystic 
carcinoma (ACC), and carcinoid tumors. Cigarette smoking is 
a common risk factor for the development of SCC, known to 
be a fast-growing malignancy. With SCC, the tumor can grow 
into the mucosa, which can lead to bleeding within the trachea 
and hemoptysis. ACC has less of a potential to invade the 
mucosa with bleeding occurring significantly less often.7

Despite differences in histology, these malignant tumors 
present in a similar way with symptoms of airway 
obstruction being by far the most common. However, these 
symptoms do not usually occur until at least 50% of the 
airway is occluded, which can lead to a significant delay in 
diagnosis. SCC is typically diagnosed within four to six 
months of initial symptom onset with the most common 
presentation of hemoptysis, occurring in about 60% of 
patients with SCC, given its ability to invade the mucosa.10 
ACC is not diagnosed until an average of 18 months after 
symptom onset, commonly being misdiagnosed as adult 
onset asthma due to its overlapping of symptoms of dyspnea 
on exertion and wheezing.7,8

The ED workup, as with any patient with new respiratory 
symptoms, includes a CXR. In addition to identifying lung 
pathology, the CXR can evaluate for any significant tracheal 
narrowing. Sensitivity of a CXR is poor with a sensitivity of 
only 66% when there is a known tracheal mass and can be as 
low as 20% without a known diagnosis as tracheal tumors can 
be easily overlooked.11 A CT of the chest is usually the next 
diagnostic step. This can depict the area of obstruction, degree 
of stenosis, vascular involvement, as well as identify any 
surrounding lymphadenopathy.10 

If a tracheal mass is identified on CT imaging, the next 
diagnostic step is a bronchoscopy for histologic testing and 
confirmation.12 After tissue sampling, PET scans are typically 
performed for staging of the malignancy although there is no 
widely accepted staging system in place for tracheal tumors.8

Initial management in the ED most importantly included 
management of the patient’s airway. A smaller-bore 
endotracheal tube than is typically used in the ED should be 
selected to prevent a forceful, traumatic airway or inability to 
pass the endotracheal tube. Steroids do not play a beneficial 
role in airway obstruction in the setting of tracheal tumors and 

Image 2. Coronal (A) and sagittal (B) computed tomography of 
the chest without contrast of a 40-year-old female with dyspnea 
showing a mass at the carina (1). (Trachea with endotracheal tube 
[2] is marked to orient the reader.)

Image 3. Bronchoscopy images (A, B) of a 40-year-old female 
with dyspnea showing the carinal mass (1), and the left (2) and 
right (3) main bronchi. Post-surgical bronchoscopy (C) shows 
improved cross-sectional diameter of the left (2) and right (3) main 
bronchi, as well as the area of the resection (4).
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are therefore not recommended. If a patient had previously 
been misdiagnosed with asthma and was previously being 
treated with steroids, these should be discontinued prior to any 
possible resection.11

The main treatment for all types of tracheal 
malignancies includes resection. However, the maximum 
length of tissue resection in a trachea is five cm, potentially 
limiting the full ability to resect it depending on the extent 
of the tumor. Additional contraindications to surgical 
resection of these malignancies include multiple confirmed 
positive lymph nodes, involvement of greater than 50% the 
length of the trachea, mediastinal invasion of unresectable 
organs, and distant metastases.7 Approximately 50-70% of 
patients will have resectable disease at their time of 
diagnosis.9 Chemoradiation may be offered in some cases. 
However, there is a dearth of data regarding its role in 
treatment of tracheal tumors. At this time, a similar 
approach is taken to tracheal tumors as those of other 
tumors with head and neck origin with administration of 
cisplatin every 21 days along with radiation.9 For tumors 
that are unresectable, rigid bronchoscopy may be performed 
with laser partial resection or placement of stents, however 
only as a palliative approach. 

The strongest prognostic factor for these patients is the 
degree of resectability. Squamous cell carcinoma has a worse 
prognosis with a five-year survival of only 13%. Despite 
ACC being diagnosed usually significantly later than SCC, 
with its relatively slow growth and more prolonged course, 
patients with these tumors have an increased five-year 
survival of 74%.13

FINAL DIAGNOSIS
Tracheal adenoid cystic carcinoma, complicated by 

respiratory failure.

KEY TEACHING POINTS
• When a patient with dyspnea is not improving with 

standard treatments, reevaluate and reconsider your 
differential diagnosis. 

• Symptoms of tracheal obstruction, such as from a tumor, 
typically do not present until approximately half of the 
airway is occluded, which can lead to a delay in diagnosis. 

• Initial testing for a tracheal mass includes CXR followed 
by CT. If a mass is found, bronchoscopy should be 
performed for direct visualization and tissue sampling.
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Introduction: Buprenorphine benefits patients with opioid use disorder (OUD) in the emergency 
department (ED), but its efficacy for OUD patients with suicidal ideation (SI) in the ED is unknown. 

Case Series: We present a case series of 14 OUD patients with SI who were given buprenorphine and 
a referral to outpatient substance use treatment in the ED. All experienced SI resolution, engaged with 
outpatient services, and remained in outpatient substance use treatment 30 days after ED discharge. 

Conclusion: Our data provide evidence for the feasibility of starting buprenorphine in OUD patients with 
SI in the ED, and suggest that buprenorphine may be useful in helping to resolve SI for these patients. 
Future research with larger samples is needed. [Clin Pract Cases Emerg Med. 2021;5(1):6–10.]

Keywords: Opioid-related disorders; buprenorphine; suicidal ideation; emergency service, hospital.

INTRODUCTION
The opioid epidemic in the United States has seen an 

almost sixfold increase in overdose deaths since 1999, a rise 
that parallels a 30% increase in the suicide rate between 
2000-2016.1,2 While the association between opioid use and 
suicidal ideation (SI) has been documented, the impact of 
opioid use on the current escalation in suicides is unclear.3 It is 
likely that suicides caused by opioid overdose are 
underreported and that many opioid overdose deaths classified 
as “undetermined” by coroners are suicides.4 Treating 
individuals with opioid use disorders (OUD) must include 
attention to suicide risk. 

The 99.4% increase in opioid-related visits to emergency 
departments (ED) between 2005-2014 represents an 
opportunity for EDs to encourage patients already in a 
vulnerable period to make behavioral changes.5,6 This includes 
offering medication-based treatment with methadone and 
buprenorphine to OUD patients. Studies show that ED-
initiated buprenorphine decreases opioid use and increases 
engagement in outpatient substance use treatment.7,8 A 
limitation of these studies is that OUD patients with SI have 

University of Maryland School of Medicine, Department of Psychiatry, Baltimore, Maryland

been excluded, despite some evidence that buprenorphine 
might reduce SI.9

We present observational data on 14 OUD patients with 
SI who presented to the ED for treatment. Our goals were to 
explore the feasibility of starting buprenorphine in these 
patients in the ED, and to determine whether ED-initiated 
buprenorphine treatment would be associated with 
improvements in SI and engagement in outpatient substance 
use treatment. 

CASE SERIES
This study was approved by the medical school’s 

institutional review board. The 14 patients presented to the ED 
of a tertiary care hospital between July 2012–August 2018. All 
met criteria for OUD and reported current SI or a suicide 
attempt at their index ED visit. All were evaluated by a 
psychiatrist and offered buprenorphine with a referral to an 
outpatient substance use treatment program. 

We retrospectively reviewed health records of patients 
referred to the outpatient substance use program affiliated with 
the medical school. Information collected from the records 
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What do we already know about this clinical 
entity? 
Buprenorphine initiation in the emergency 
department (ED) improves engagement in 
outpatient substance use treatment for opioid 
use disorder (OUD) patients.

What makes this presentation of disease 
reportable? 
This is the first report of successfully initiating 
buprenorphine in OUD patients who present 
to the ED with suicidal ideation (SI). 

What is the major learning point? 
Buprenorphine initiation and a referral to 
outpatient substance use treatment may help 
resolve SI and promote outpatient substance 
use treatment engagement. 

How might this improve emergency 
medicine practice? 
In the ED, buprenorphine initiation and a 
referral to outpatient substance use treatment 
may be successful interventions for OUD 
patients who present with SI.

included the patients’ background characteristics, reasons for 
ED visit, current substance use, mental health symptoms, 
buprenorphine use during their ED visit, and engagement in 
outpatient substance use treatment after ED discharge. 
Variables collected regarding outpatient substance use 
treatment included referral to the program during the index 
ED visit (yes/no); number of days between ED referral to the 
program and the first appointment (defined as the number of 
days between discharge from the ED and attendance at the 
first scheduled appointment); attendance at the first scheduled 
appointment (yes/no); engagement with the program 30 days 
after the first scheduled appointment (yes/no, defined as 
having notes documenting services received on and after day 
30); number of medical visits during the 30-day period 
(defined as visits with a physician to discuss medication and 
side effects); and number of support visits during the 30-day 
period (defined as visits with a non-physician to discuss issues 
besides medication and side effects).

Two of the authors conducted the health record reviews. 
One (RA) completed the initial review using a data-collection 
form that matched an Excel (Microsoft Corporation, 
Redmond, WA) spreadsheet where the data were entered. The 
second (MB) reviewed the data after these were entered into 
the spreadsheet and did a comparison with the health record 
for these variables. Any discrepancy was corrected (if simple), 
or discussed to reach consensus (if more complex).  

Baseline characteristics are summarized in Table 1. Patients 
were 86% male and 86% Caucasian with a mean age of 41.36 
years (standard deviation [SD] =12.18, range 26-60 years). 
Besides opioids, patients reported current cocaine (n = 10), 
cannabis (n = 4), and alcohol use (n = 7), along with symptoms 
of mood (n = 12) and anxiety (n = 6) disorders. Two patients 
had attempted suicide immediately before presenting to the ED; 
12 reported SI as a main reason for their visit. 

Buprenorphine use during the ED visit and engagement 
with outpatient substance use treatment after discharge are 
summarized in Table 2. The doses of buprenorphine given in 
the ED ranged from 2-16 milligrams (mg) (mean = 8.00 mg, 
SD = 3.76). None of the patients required an inpatient 
hospitalization for SI. All patients received a referral to an 
outpatient substance use treatment program, attended their first 
scheduled outpatient substance use treatment visit, and 
remained engaged with the outpatient substance use treatment 
program 30 days after their first visit. During the 30 days after 
their first visit, patients attended between 1-8 medical visits 
and 7-28 support visits at the outpatient substance use 
treatment program.  

DISCUSSION
This case series provides evidence for the feasibility and 

potential benefit of initiating buprenorphine in the ED to OUD 
patients who present with SI. For all the patients in our 
observational data, ED-initiated buprenorphine was associated 
with SI resolution, discharge from the ED, and engagement in 

outpatient substance use treatment. Given that SI rates remain 
high among OUD patients in outpatient methadone treatment, 
medication-based treatment by itself is unlikely to explain 
why the patients in our series experienced SI resolution.10 
Although other factors besides buprenorphine initiation might 
have contributed to SI resolution, our results provide evidence 
that ED-initiated buprenorphine may be helpful in the 
treatment of OUD patients who present to the ED with SI. 

There could be several explanations for our findings. One 
explanation might involve buprenorphine’s pharmacology as a 
partial mu-opioid receptor agonist and kappa-opioid receptor 
(KOR) antagonist. KOR activation is known to worsen 
depressive states, and buprenorphine’s antidepressant effect is 
thought to result from its KOR antagonism, a property 
methadone lacks.1112 Studies have shown that there might be a 
role for buprenorphine to decrease SI for individuals with and 
without OUD, and it has been hypothesized that 
buprenorphine’s anti-suicidal property might result from its 
KOR antagonism.913 Although pharmacologically compelling, 
this mechanism of action remains speculative, and no 
evidence links the KOR to SI. Studies are needed to determine 
whether KOR activation causes or worsens SI.
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Table 1. Characteristics of 14 patients with opioid use disorder and suicidal ideation at presentation to the emergency department 

Age Gender Race
Reasons for 

ED visit

Self-reported 
substance use 

recorded at 
ED visit

Positive urinalysis 
at ED visit

Suicidal ideation 
description 
recorded at 

ED visit

Psychiatric 
symptoms and 

diagnoses recorded 
at ED visit

Patient 1 59 Male Caucasian suicidal 
ideation, 
chest pain

heroin, cocaine heroin,  
cocaine

suicidal ideation 
with plan

depression, bipolar 
disorder

Patient 2 26 Male Caucasian suicidal 
ideation, 
alcohol 
withdrawal

heroin, alcohol cocaine, 
benzodiazepines

suicidal ideation 
with plan

depression

Patient 3 45 Male Black suicidal
ideation 

heroin, cocaine, 
alcohol, 
cannabis

heroin,  
cocaine

unknown substance-induced 
mood disorder, 
depression

Patient 4 35 Male Caucasian suicidal 
ideation, 
nausea/
vomiting, 
depression

heroin, cocaine, 
alcohol, 
cannabis, 
inhalants

heroin, cocaine,  
cannabis

suicidal ideation 
with plan

depression, sleep 
disturbance, anxiety

Patient 5 60 Male Caucasian suicidal 
ideation, 
substance 
use disorder

heroin, cocaine cannabis passive suicidal 
ideation with no 
plan

depression 

Patient 6 27 Female Caucasian suicidal 
ideation with 
plan

heroin, cocaine, 
alcohol, 
benzodiazepines

alcohol suicidal ideation 
with plan

post-traumatic 
stress disorder, 
substance-induced 
mood disorder

Patient 7 33 Male Caucasian suicide 
attempt

heroin, cocaine, 
cannabis, 
sedatives

cocaine suicide attempt depression, sleep 
disturbance

Patient 8 37 Male Caucasian suicidal 
ideation, 
groin rash

heroin, cocaine heroin, cocaine, 
morphine, fentanyl

suicidal ideation attention-deficit 
disorder, anxiety

Patient 9 40 Male Caucasian suicidal 
ideation

heroin heroin, cannabis, 
morphine, fentanyl

suicidal ideation anxiety, depression

Patient 10 28 Male Caucasian suicidal 
ideation, 
abdominal 
pain, mild 
ear pain

heroin, cocaine cocaine suicidal ideation 
with plan

poor sleep, weight 
loss, irritability

Patient 11 31 Female Caucasian suicidal 
ideation, 
substance 
use disorder

heroin, cocaine, 
cannabis, 
alcohol

cannabis passive suicidal 
ideation

post-traumatic 
stress disorder, 
anxiety, bipolar

Patient 12 50 Male Caucasian suicidal 
ideation

heroin, cocaine, 
alcohol

unknown passive suicidal 
ideation

depression

Patient 13 55 Male Black suicide 
attempt

heroin heroin suicide attempt depression, sleep 
disturbance, 
appetite 
disturbance, anxiety

Patient 14 53 Male Caucasian suicidal 
ideation, 
depression

heroin, alcohol heroin, cannabis suicide attempt loss of appetite, 
weight loss, low 
energy

ED, emergency department.

Another explanation might be that the ED referral to 
outpatient substance use treatment addressed the non-clinical 

issue of access to care for OUD treatment that had led these 
patients to experience SI.14 It is notable that all 14 patients 
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Patient
 1 2 3 4 5 6 7 8 9 10 11 12 13 14

Buprenorphine  
prescribed at ED visit

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Buprenorphine dose 
in mg* prescribed at 
ED visit

8mg 4mg 16mg 12mg 12mg 4mg 8mg 8mg 8mg 8mg 8mg 10mg 2mg 4mg

Required inpatient 
hospitalization for SI

No No No No No No No No No No No No No No

Self-harm within 30 
days after ED visit

None None UK None None None UK UK UK UK UK UK UK None

Outpatient referral 
made at ED visit

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Days between ED 
referral and 1st 
appointment

1 1 UK 5 5 4 UK UK UK UK 4 UK UK 2

Outpatient referral 
– 1st appointment 
attended

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Outpatient referral 
– engaged 30 days 
after 1st appointment

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Outpatient referral – 
number of medical 
visits* attended in 
30 days

2 2 2 2 2 8 3 2 2 1 3 UK 2 5

Outpatient referral 
– number of support 
visits** attended in 
30 days

7 19 10 20 23 11 UK UK UK UK UK UK 20 28

*Medical visits = visits with a physician, discussion focused on medication and side effects.
**Support visits = visits with a nurse or counselor, discussion focused on issues other than medication and side effects.
ED, emergency department; mg, milligram; SI, suicidal ideation; UK, unknown.

Table 2. Buprenorphine initiation and outpatient-treatment engagement for 14 patients with opioid use disorder and suicidal ideation at 
presentation to the emergency department.

attended their first outpatient appointment and remained 
in treatment for 30 days. Other studies of ED-initiated 
buprenorphine and referral to treatment have found lower 
percentages of OUD patients attending their first outpatient 
appointment.7 Many patients did not have to wait long to start 
outpatient treatment: for the seven patients in our case series 
whose data are available, the range between the ED referral 
to outpatient treatment and attendance at the first appointment 
was 1-5 days. Moreover, by treating both the opioid-
withdrawal symptoms and SI, ED-initiated buprenorphine 
might have illustrated the benefits of continuing 
buprenorphine after ED discharge to these patients. It might 
be that the combination of a quick referral to outpatient 
substance use treatment and the experience of ED-initiated 
buprenorphine was enough to promote treatment engagement. 

Several limitations should be noted. This was a small case 
series of 14 patients who were not compared with a matched 
control group that did not receive buprenorphine. We did not 

examine changes in treatment engagement, opioid use, and 
SI after 30 days, so we cannot determine how these outcomes 
might have changed over a longer period of time. We were not 
able to access data on two variables that might have had an 
impact on engagement: how patients paid for treatment (eg, 
insurance, other payment programs, self-pay), or their degree 
of opioid withdrawal (measured by clinician-rated scores from 
the Clinical Opiate Withdrawal Scale). It would be useful to 
know whether any patient experienced self-harm or attempted 
suicide after the 30 days following their first outpatient 
substance use visit. Future research should follow patients to 
examine whether self-harm or suicide attempts occur in the 
early days of outpatient substance use treatment to evaluate 
more fully the potential benefit of ED-initiated buprenorphine.

CONCLUSION
The observational data in our case series provide evidence 

for the feasibility of starting buprenorphine in OUD patients 
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with suicide ideation in the ED and referring them to outpatient 
substance use treatment. More rigorous studies are needed to 
determine the effectiveness of ED-initiated buprenorphine on a 
larger and more diverse sample of patients.

The Institutional Review Board approval has been documented 
and filed for publication of this case report.
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Introduction: Lung injury associated with the use of electronic cigarettes and vaping (EVALI) was 
first identified in 2019. Since then, clusters of cases have been reported in the literature. Our aim 
was to describe the clinical presentation of adolescents with EVALI in the emergency department 
and their clinical outcomes. 

Case Series: In our case series, we identified seven adolescents diagnosed with EVALI. We 
describe their signs and symptoms on presentation to the emergency department and their 
clinical course. The most common symptoms on presentation were cough, shortness of breath, 
and vomiting. Each of these symptoms was seen in 71% of patients (n = 5), although not always 
together. Sinus tachycardia was noticed in 100% of patients (n = 7) and tachypnea in 85% (n = 6). 
While 85% (n = 6) required hospitalization for respiratory support, all patients were later discharged 
home on room air. After the diagnosis of EVALI, 85% of patients (n = 6) were treated with steroids.

Conclusion: EVALI is a new disease with unclear mechanisms that commonly presents with 
symptoms of cough, shortness of breath, and vomiting. It causes severe respiratory compromise in 
the adolescent population, requiring hospitalization and respiratory support. [Clin Pract Cases Emerg 
Med. 2021;5(1):11–16.]

Keywords: Electronic cigarettes, and vaping, product-use associated lung injury; adolescents; 
emergency department.

INTRODUCTION
Electronic cigarettes (e-cigarettes) and vaping products 

are new devices for inhaling various substances such as 
nicotine and cannabinoids, with or without flavoring 
chemicals. “Vaping,” or “Juuling,” is a term used to describe 
the use of e-cigarettes and vaping products.1 These devices, 
also known as e-cigs, vape pens, vapes, mods, pod-mods, 
tanks and electronic nicotine delivery systems, are available in 
different shapes and sizes.1,2

All e-cigarettes and vaping products are made of three 
components. The first component is the cartridge that contains 
e-liquid and the atomizer, a coil that heats and converts 
e-liquid into aerosols. E-liquids can be broadly categorized 
into two types: regular e-liquids made of propylene glycol-

Loma Linda University, Department of Emergency Medicine, Loma Linda, California

containing chemical flavors and vegetable glycerine used to 
dissolve nicotine or cannabis e-liquids containing 
tetrahydrocannabinol and cannabidiol. The second component 
is the sensor that activates the coil, and the third component is 
the battery.1,3 The hookah, also known as a water pipe, is an 
ancient method of smoking nicotine. In this method, the coal 
heats the tobacco and then the smoke passes through the water 
reservoir before it is inhaled.4 Contrary to public perception, 
hookah use is also associated with oral, lung, and esophageal 
cancers, similar to smoking cigarettes.4 In our study, we 
focused on e-cigarettes, and vaping, product-use associated 
lung injuries (EVALI).

According to the United States Centers for Disease 
Control and Prevention (CDC), in 2018 e-cigarettes were used 
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What do we already know about this clinical 
entity? 
Electronic cigarettes (e-cigarettes), and vaping, 
product-use associated lung injuries (EVALI) is a 
growing disease entity, especially in adolescents, 
with diagnostic criteria outlined by Centers for 
Disease Control and Prevention (CDC).

What makes this presentation of disease 
reportable? 
In our series, we aim to increase awareness by 
highlighting the clinical presentation of EVALI in 
the emergency department and its outcome.

What is the major learning point? 
EVALI often presents with respiratory and 
gastrointestinal symptoms, leading to acute 
respiratory failure, requiring hospital admissions.

How might this improve emergency medicine 
practice? 
Asking a single question about the use 
of E-cigarette and vaping products can 
help diagnose the condition in the context 
of diagnostic criteria outlined by CDC, 
differentiating it from other respiratory ailments. 

by 3.05 million high school and 570,000 middle school 
students.5 EVALI is a diagnosis of exclusion, with a definition 
outlined by the CDC for confirmed and probable cases.6 
EVALI was first identified in August 2019 after the Wisconsin 
Department of Health Services and the Illinois Department of 
Public Health received multiple reports of a pulmonary 
disease of unclear etiology, possibly associated with the use of 
e-cigarettes and related products.6 Since then, more than 2000 
cases of EVALI have been reported, and in 80% 
tetrahydrocannabinol (THC)-containing products were used.7,8 
Our study aimed to identify the clinical characteristics and 
hospital course of adolescents diagnosed with EVALI.

CASE SERIES
Methods

We performed a retrospective chart review of adolescents 
(11-18 years old) presenting to our hospital between January–
December 2019, with diagnosis of EVALI. Subjects were 
identified by the International Classification of Diseases, 
Tenth Revision (ICD-10) diagnostic codes outlined by official 
ICD-10 guidelines.9 The following codes were used: J68.0 
(Bronchitis and pneumonitis due to chemicals, gases, fumes 
and vapors; includes chemical pneumonitis); J69.19 
(Pneumonitis due to inhalation of oils and essences; includes 
lipoid pneumonia); J80 (Acute respiratory distress syndrome); 
J82 (Pulmonary eosinophilia, not elsewhere classified); 
J84.114 (Acute interstitial pneumonitis); J84.89 (Other 
specified interstitial pulmonary disease); J68.9 (Unspecified 
respiratory condition due to chemicals, gases, fumes, and 
vapors); T65.291 (Toxic effect of other nicotine and tobacco, 
accidental); and T40.7X1 (Poisoning by cannabis or its 
derivatives, accidental).

We used a standardized data collection sheet. Data were 
collected by trained personnel who were not blinded to the 
objectives of study. The data extracted from the medical 
records were age, gender, weight, and vital signs (temperature, 
respiratory rate, blood pressure, heart rate) obtained in the ED. 
We also compiled data on duration of symptoms, history of 
cough, shortness of breath, chest pain, vomiting, wheezing, 
rales, use of accessory muscles, and presence of altered mental 
status. We also included data on respiratory support, duration 
of hospital stay, use of steroids during treatment, and 
laboratory tests and imaging obtained in the hospital 
(complete blood count, respiratory virus panel, respiratory 
cultures, computed tomography [CT] findings.

We identified cases using the CDC definition of adolescents 
who had used e-cigarettes or other vaping devices in the 90 
days prior to presentation, with bilateral airspace disease on 
chest imaging (radiograph and/or CT) and a negative infectious 
workup or the decision by the clinical care team to treat as a 
case of EVALI.6 Exclusion criteria were gastrointestinal and 
central nervous system (CNS) manifestations without interstitial 
pulmonary involvement, ingestions of cannabinoids, duplicate 
visits, and if it was unclear whether vaping device was used or 

not. We used descriptive statistics to analyze the data. Median 
and interquartile range (IQR) were calculated for continuous 
variables, and proportions were calculated with 95% confidence 
intervals (CI) for categorical variables. The study was approved 
by the Loma Linda University Institutional Review Board. 

RESULTS
We identified 16 encounters with the ICD-10 codes for 

EVALI during the one-year period. Using the exclusion 
criteria mentioned in the Methods section, we excluded seven 
patients. Four of these patients presented with CNS 
manifestations (seizure or altered mental status) and vomiting 
without pulmonary involvement. In one patient, the history of 
vaping was unclear. One patient had ingested cannabinoids 
without vaping. Two encounters were excluded because they 
were duplicate visits.

Of the seven patients included in the analysis, six (85%) 
were male. The median age was 16 years (IQR 15-16). The 
median weight in our series was 70 kilograms (IQR 63-84). 
The medians for vital signs recorded in the ED were the 
following: temperature of 100.2º Fahrenheit (IQR 98.6-102.6); 
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respiratory rate 24 breaths per minute (IQR 18-32); oxygen 
saturation, 90% (IQR 87-96); heart rate 130 beats per minute 
(IQR 118-143); systolic blood pressure 128 millimeters of 
mercury (mm Hg) (IQR 112-139); and diastolic blood 
pressure 76 mm HG (IQR 64-79). Three (43%; 95% CI, 9-81) 
patients had documented fever in the ED.

The most common symptoms reported in our study were 
cough, shortness of breath, and vomiting, each occurring 
separately in five patients. Three patients presented with chest 
pain. Two patients presented with altered mental status in the 
form of unresponsiveness, with one patient requiring 
intubation. The other unresponsive patient, a 16-year-old 
male, returned to a normal mentation with bag-valve-mask 
ventilation and naloxone but required high-flow nasal cannula 
(HFNC) for shortness of breath. On physical examination, 
accessory muscle use was the most common finding, reported 
in four patients. Rales were appreciated in two patients, while 
no patients were found to have wheezing (Table 1).

In our study, six patients (86%; 95% CI, 42-99) presented 
with respiratory failure. Four (57%; 95% CI, 22-96) required 
HFNC. One patient (14%; 95% CI, 0-57) was intubated; one 
patient (14%; 95% CI, 0-57) required simple nasal cannula 
oxygen at two liters per minute; and one patient (14%; 95% 
CI, 0-57) maintained normal oxygen saturations in room air 
during his ED visit and was discharged home. A brief clinical 
presentation, summary of findings on imaging, and type of 
respiratory support needed are summarized in Table 2.

Five patients (71%; 95% CI, 36-99) were admitted to the 
pediatric intensive care unit, and one patient (14%; 95% CI, 
0-57) was admitted to the normal pediatric unit. The median 
hospital length of stay was six days (IQR 3-7). All patients 
(100%) were discharged with no comorbidities or deaths 
reported. Six patients (86%; 95% CI, 42-99) were treated with 
steroids. The median duration of treatment with steroids during 
admission and after discharge was nine days (IQR 5-10).

Our patients had a variety of laboratory tests ordered. 
Most common were complete blood count, respiratory virus 
panel, respiratory cultures, and urine drug screen. All patients 

had a complete blood count, and the median for white cell 
count was 16 thousand cells per cubic millimeter (reference 
range 4.80-11.80; IQR 11-21). A respiratory virus panel was 
collected from five patients and it was negative in all of them 
(0%; 95% CI, 0-50). Respiratory cultures were collected from 
two patients and both resulted negative. A urine drug screen 
was performed for six patients and was positive for 
cannabinoids in all six (100%; 95% CI, 63-100). 

Three patients (43%) followed up at different intervals in 
the pulmonology clinic (Table 1: Cases 1, 2 and 4). 
Spirometry showed normal results in all three patients (100%) 
at that time. Case 1 followed up one week after discharge, at 
which time spirometry showed evidence of obstructive lung 
disease, which returned to normal at three-month follow-up 
visit. No repeat imaging was performed for that patient. Case 
2 followed up six weeks after discharge with near-complete 
resolution of ground-glass appearance on repeat CT and 
normal spirometry. Case 4 followed up two weeks after 
discharge with improvement in lung opacities on repeat 
radiograph and normal spirometry. All three patients had 
received steroids for 10 days when they were originally 
diagnosed with EVALI. No follow-up data was available for 
the remaining four patients.

DISCUSSION
EVALI was an emerging disease entity in 2019. In our 

case series, we describe adolescents diagnosed with EVALI 
and their clinical course in the ED and the hospital. In our 
study, the most common symptoms of cough, shortness of 
breath, and vomiting presented with an equal frequency of 
71%. In a study by Layden et al, shortness of breath and cough 
was noticed in 85% of patients and vomiting in 61%; whereas, 
according to Belgaev et al, 90% of patients in their study 
presented with gastrointestinal (GI) and respiratory 
symptoms.6,10 In a report by the CDC, 85% of the EVALI 
population had respiratory symptoms and 57% had GI 
symptoms.11 The results of our study are similar to previous 
literature in suggesting that respiratory and GI symptoms are 
common in patients with EVALI. 

According to Balgaev et al, 67% of patients had clinical 
and radiological improvement with residual findings on 
radiological and pulmonary function tests at time of follow-
up.10 In our study, the three patients who had documented 
follow-up visits had normal spirometry without residual 
deficits. Only two of those patients had repeat imaging, and 
both showed improvement without residual abnormalities.

E-cigarette liquids and aerosols have been shown to 
contain a variety of chemical constituents including flavors 
that can be cytotoxic to human pulmonary fibroblasts and stem 
cells.12 Exposure to heavy metals such as chromium, nickel, 
and lead has also been reported.13 None of our patients were 
tested for heavy metal exposure. Most of the delivery systems 
have nicotine in them, with one cartridge providing the 
nicotine equivalent to a pack of cigarettes.12 

Table 1. Common presenting signs and symptoms of EVALI: 
electronic cigarettes, and vaping, product-use associated lung injury.

Signs and symptoms N (percentage; 95% CI)
Cough 5 (71%; 36-99)
Shortness of breath 5 (71%; 36-99)
Vomiting 5 (71%; 36-99)
Chest pain 3 (43%; 9-81)
Accessory muscle use 4 (57%; 22-96)
Tachycardia 7 (100%; 63-100)
Tachypnea 6 (85%; 42-99)
Rales 2 (29%; 5-85)
Altered mental status 2 (29%; 5-85)

N, total number; CI, confidence interval.

https://paperpile.com/c/Vys839/tIwe
https://paperpile.com/c/Vys839/Xi7I
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Table 2. Characteristics of adolescents with electronic cigarettes, and vaping, product-use associated lung injury.

Cases
Age 
(yrs) Gender

Clinical  
presentation

Imaging 
(CT )

Respiratory 
support

Steroid 
duration 
(Days) Antibiotics Disposition

Length of stay 
in hospital

(Days)
1 17 M Fever, shortness 

of breath and 
cough for 3 days 
with 5 episodes of 
non-bloody, non-
bilious vomiting 

Bilateral, lower 
lobe predominant 
ground glass 
attenuation with 
subpleural sparing

HFNC
20 lpm
FiO2 40%

10 Yes PICU 6 

2 16 F History of epilepsy. 
Had a self-resolved 
seizure followed by 
development of a 
cough, shortness of 
breath, chest pain 
and hemoptysis 

Bilateral ground 
glass opacities 
with interlobular 
septal thickening 
predominantly in 
the mid and upper 
lung zones

HFNC
20 lpm 
FiO2 100%

10 Yes PICU 4

3 16 M Found 
unresponsive, 
locked in his room. 
Arousable but 
developed acute 
respiratory failure 
and required 
intubation

Right 
pneumothorax, 
dense consolidation 
of right lung/partial 
white out, L lung 
base consolidation, 
subcutaneous 
emphysema

Intubated
ACPC
26/5
FiO2 40%

0 Yes PICU 10

4 16 M Non-productive, 
dry cough for 5 
days followed 
by worsening 
shortness of breath 
for 1 day

Extensive bilateral 
patchy areas of 
infiltration with 
some basilar 
consolidation and 
small bilateral 
pleural effusions

Nasal 
Cannula 
2 lpm

10 Yes Pediatric 
in-patient 
unit

7

5 15 M Vaping marijuana 
and snorting 
acetaminophen-
oxycodone; 
was found 
unresponsive by 
family. Returned to 
normal mentation 
with naloxone, but 
developed hypoxia, 
chest pain and 
shortness of breath

Fluffy centrilobular 
opacities in central 
and peripheral 
lungs, with 
prominence at 
posterior lower 
lobes

HFNC
10 lpm
FiO2 35%

5 No PICU 3

6 15 M Vomiting once 
per day for 5 days 
followed by cough 
and chest pain for 
2 days

Reticular opacities, 
particularly in bi-
basilar subpleural 
space, may 
represent mild/
early fibrosis but 
chronicity has not 
been established

Room air 5 Yes Discharged 
home

N/A

7 16 M Abdominal pain 
and diarrhea for 2 
weeks, followed by 
non-bloody, non-
bilious vomiting 
and shortness of 
breath for 2 days

Mild granular and 
patchy parenchymal 
opacities in 
both lung bases 
concerning for 
bilateral pneumonia

HFNC 
20 Lpm 
FiO2 21%

9 Yes PICU 7

CT, computed tomography; HFNC, high-flow nasal cannula; lpm, liters per minute; PICU, pediatric intensive care unit; ACPC, assist 
control, pressure-controlled setting; FiO2, fraction of inspired oxygen.
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In addition to nicotine, e-cigarette devices can be used to 
deliver THC-based oils.14 According to Trivers et al, one-third 
of the adolescents who used e-cigarettes had used 
cannabinoids in their e-cigarettes.15 In our patients with 
EVALI, urinary drug screen was positive for cannabinoids in 
all patients. One caveat is that we do not know whether our 
patients used only THC-containing products or a combination 
of nicotine and THC-containing products.

In our case series, the majority of patients presented with 
pulmonary disease requiring respiratory support and intensive 
care unit admission. None of these patients developed acute 
respiratory distress syndrome (ARDS). We likely did not see 
this disease process due to our small sample size, as Layden et 
al reported ARDS development in several of their examined 
cases.6 In our series, we did not evaluate the pathologic 
pulmonary changes in different patients. In other case reports, 
different pathophysiologic patterns of pulmonary involvement, 
in the form of diffuse alveolar hemorrhage, exogenous lipoid 
pneumonia, acute eosinophilic pneumonia, or hypersensitivity 
pneumonitis have been identified.16-19 

Although the mechanism of EVALI is not clearly 
understood, the CDC suggests the use of steroids for 
treatment.11 According to a series of patients in Illinois, 51% 
of those patients had improvement in symptoms after the 
administration of steroids.6 In another study, patients showed 
clinical and radiological improvement following the use of 
antibiotics and steroids.10 In our study, six patients received 
steroids and six patients received antibiotics; three of those 
patients followed up in clinics with normal spirometry. But 
this evidence is not sufficient to establish that use of steroids 
or antibiotics is beneficial in EVALI.

There are several limitations of our study. First, because 
it was a retrospective chart review we could not establish 
causation. Second, all data may not have been recorded on 
all patients (such as smoking THC vs nicotine vs both). We 
might have missed some if the ICD-10 codes were not 
correct on the chart. Only three had documented follow-up, 
so we don’t know whether the other four had any 
comorbidities after their hospitalization. Third, we had a 
small number of patients. Fourth, this was a single-center 
study; so results may not be generalizable to other hospitals 
with different patient demographics. 

CONCLUSION
Our study supports that EVALI can present with 

respiratory and gastrointestinal symptoms. It can lead to 
acute respiratory failure requiring respiratory support and 
hospital admission. Respiratory complaints are a common 
reason for adolescents to present to the ED, and physicians 
should consider EVALI when there is a history of recent 
use of vaping devices. We also suggest counseling 
adolescents against use of e-cigarette with and without 
THC-containing products, whenever that history is elicited 
in the ED.

The Institutional Review Board approval has been documented 
and filed for publication of this case series.
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Introduction: The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), which is 
responsible for the coronavirus disease of 2019 (COVID-19) pandemic, has been associated 
with a variety of prothrombotic sequelae. The pathogenesis of this hypercoagulability has not yet 
been fully elucidated, but it is thought to be multifactorial with overactivation of the complement 
pathways playing a central role. There is emerging evidence that the resulting complications are 
not confined to the venous circulation, and even in patients without typical respiratory symptoms or 
traditional risk factors, there is a significant rate of arterial thromboembolic disease in patients with 
SARS-CoV-2 infection. 

Case Report: We describe a patient presenting with bilateral leg pain without any respiratory 
symptoms or fever who ultimately was found to be COVID-19 positive and had thromboembolism 
of the aorta and bilateral iliac occlusion. This report reviews available evidence on the prevalence 
of arterial thromboembolism in COVID-19 patients and some proposed mechanisms of the 
pathophysiology of COVID-19-associated coagulopathy. 

Conclusion: It is important that the emergency physician maintain a high degree of suspicion for 
arterial thromboembolic disease in patients who are infected with COVID-19 even in the absence 
of typical respiratory symptoms. Additionally, COVID-19 should be considered in patients with 
unexplained thromboembolic disease, as this may increase the detection of COVID-19.  [Clin Pract 
Cases Emerg Med. 2021;5(1):17–21.]

Keywords: SARS-CoV-2; COVID-19; arterial thromboembolism; coagulopathy; aortoiliac occlusion.

INTRODUCTION
The severe acute respiratory syndrome coronavirus 

2 (SARS-CoV-2) may create numerous complications 
outside of the respiratory tract. Coagulopathies have also 
been observed as complications associated with the virus.1-3 
These prothrombotic sequelae are not confined to the 
venous circulation. Here we present a case of a patient with 
thrombosis of the distal abdominal aorta and occlusion of 
bilateral iliac arteries complicated by severe rhabdomyolysis 
who presented with lower extremity pain and weakness in the 

University of California, San Diego, Department of Emergency Medicine, San 
Diego, California

setting of a coronavirus disease 2019 (COVID-19) infection. 
Although cases of lower extremity arterial thrombosis have 
been described before,1-3 our case is unique in that the patient 
was relatively young, presented without respiratory symptoms, 
and had bilateral leg involvement necessitating amputations. 
This case demonstrates the importance of maintaining a 
high index of suspicion for arterial thrombosis in patients 
with COVID-19 infection even in the absence of typical 
respiratory symptoms or other evidence of severe disease. It 
also important within this context to also consider COVID-19 
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What do we already know about this clinical 
entity? 
Severe acute respiratory syndrome coronavirus 
2 infection often presents as respiratory illness 
and hypoxia, but has been associated with 
significant coagulopathy.

What makes this presentation of disease 
reportable?
We present the case of a large aortoiliac occlusion 
in a coronavirus disease of 2019 (COVID-19) 
patient with no initial respiratory complaints.

What is the major learning point?  
Major coagulopathic complications such as 
stroke, pulmonary embolism, coronary artery 
embolism, and arterial thrombosis have been 
observed in COVID-19 patients.

How might this improve emergency medicine 
practice?  
Providers should consider arterial thrombosis 
in COVID-19 patients with neurovascular 
compromise and coagulopathy. Prompt imaging 
can improve morbidity and mortality.

in unexplained thrombosis. 

CASE REPORT
A 57-year-old male with a history of type 2 diabetes and 

hypertension presented to the emergency department (ED) 
with low back pain radiating into his legs worsening over 
the prior three days. The patient was not able to identify any 
clear precipitating factors or trauma. He described the pain 
as moderate in intensity and of a “burning” quality. Prior to 
being seen in our ED the patient was seen at an outside clinic 
in Mexico where he was given a “Toradol shot and steroids” 
and diagnosed with sciatica. The patient denied any other 
symptoms including fever, cough, shortness of breath, chills, 
or weakness. 

The patient’s vital signs on presentation were normal 
except for a heart rate of 101 beats per minute. He was 
noted to have a blood pressure of 119/79 millimeters of 
mercury (mm Hg), a pulse oxygen saturation of 96%, and 
a temperature of 98.2°Fahrenheit (F). The patient’s exam 
was unremarkable except for pain to palpation of bilateral 
lower extremities. He was not noted to have any weakness 
or neurological deficit and had normal bilateral dorsalis 
pedis pulses. The patient had a blood glucose within normal 
limits. He was given pain medication and steroids and 
felt improvement of his symptoms. As the pain seemed to 
improve, his symptoms were attributed to sciatica and he was 
discharged home. 

Two days later the patient returned to the ED reporting 
worsening pain in his flank and legs and bilateral lower 
extremity weakness. He reported moderate to severe pain with 
movement, which had limited his ability to ambulate. The 
patient complained of some dysuria but continued to deny 
other symptoms including fever, cough, shortness of breath, 
chest pain, nausea, vomiting, diarrhea, numbness or inability 
to urinate. At this presentation, the patient had a heart rate 
of 66 beats per minute, blood pressure was 120/79 mm Hg, 
oxygen saturation was 95% on room air, and his temperature 
was 97.4°F. He reported that his pain on arrival was 10/10. He 
was found to have full range of motion, normal sensation, and 
equal dorsalis pedis pulses bilaterally in his lower extremities. 
He was noted to have pain with movement of his lower 
extremities, and endorsed tingling. He had normal rectal tone. 
His lower extremities were noted to be hyporeflexic.  

The patient was given pain medication and his laboratory 
results revealed an elevated white blood cell count of 23.5 x 
109/liter (L) (reference range 4.0-10.0 x 109/L) with normal 
hemoglobin, hematocrit, and platelets. His comprehensive 
metabolic panel was normal with the exception of bicarbonate 
of 22 milliequivalents (mEq)/L (23-30 mEq/L), an elevated 
blood urea nitrogen of 60 milligrams per deciliter (mg/dL) 
(7-20 mg/dL), an alanine aminotransferase of 242 units (U)/L 
(7-56 U/L), and an aspartate aminotransferase of 617 U/L 
(normal 0-35 U/L). His creatine phosphokinase was markedly 
elevated at 26,818 U/L (20-600 U/L). His D-dimer was 562 

nanograms per milliliter (ng/mL) (< 250 ng/mL). His lactate 
dehydrogenase was 2601 U/L (140-280 U/L). The urinalysis 
demonstrated 2+ blood and 30 red blood cells. Based on his 
urinalysis, a computed tomography (CT) abdomen and pelvis 
was also ordered to evaluate for nephrolithiasis. 

The CT of his abdomen did not demonstrate any 
significant intra-abdominal abnormalities, but he was 
noted to have diffuse patchy infiltrates in his lower lungs. 
A chest radiograph demonstrated patchy diffuse bilateral 
infiltrates. These findings prompted COVID-19 testing, which 
resulted as positive despite lack of any upper respiratory 
symptoms. A lumbar spine CT was completed, which was 
also unremarkable. While in the ED, his pain and weakness 
worsened and ultimately a magnetic resonance imaging 
(MRI) of his lumbar spine and a venous duplex of his lower 
extremities were also obtained and he was admitted for pain 
control and further workup. The MRI was unremarkable and 
his lower extremity venous duplex ultrasonography did not 
demonstrate any acute deep vein thrombosis. 
Within two hours of his ED stay, an arterial duplex of his 
lower extremities was performed and demonstrated no 
blood flow in the right dorsalis pedis artery or left posterior 
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tibial, anterior tibial, or dorsalis pedis arteries. A computed 
tomographic angiography (CTA) of the aorta and lower 
extremities demonstrated diffuse arterial insufficiency with 
thrombosis of distal abdominal aorta and occlusion of bilateral 
iliac arteries (Image). He was then placed on a heparin drip. 
The patient’s respiratory status deteriorated over the next 
few days and he required endotracheal intubation for acute 
respiratory failure. He was transferred to an outside hospital 
for possible thrombectomy. 

As in our case, there are reports that demonstrate an 
association of lower extremity arterial thromboses such 
as aortoiliac thromboses and SARS-CoV-2 infection. 
Vulliamy and colleagues published two cases of patients 
with COVID-19 pneumonia who also presented with acute 
thrombotic occlusion of the descending aorta.3 A recent 
case series of 16 patients showed a high incidence of aortic 
and lower extremity arterial thromboses in patients with 
COVID-19 infection.1 Prominent features include ischemic 
leg symptoms, large thrombus burden, and involvement of 
proximal vessels. Many of these patients required amputation 
(25%) or had complications that resulted in death (38%). 
Another cohort of acute lower extremity ischemia in patients 
diagnosed with COVID-19 pneumonia had an overall 
mortality rate of 40%.8 A summary of these case reports and 
case series is found in the table.

Patients with COVID-19 infection can have pathology 
consistent with systemic hypercoagulable state, marked by 
microvascular thrombotic disorders and elevated D-dimer.9 It 
can occur despite antithrombotic prophylaxis and be refractory 
to full anticoagulation.10 In our case anti-phospholipid 
antibodies were not elevated, consistent with what has been 
seen in other series of COVID-19 patients with thrombotic 
complications.11 Our patient also did not have evidence of 
DIC. The modest protein S deficiency manifested by the 
patient has been hypothesized to contribute to cytokine 
storm in COVID-19 and could be the result of exuberant 
dysregulated blood coagulation.12

The pathogenesis of hypercoagulability associated with 
COVID-19 has yet to be fully elucidated, but it is thought 
to be multifactorial with contributions from excessive 
inflammation, hypoxia, immobilization and DIC. Additionally, 
complement pathways may play a role in the pathogenesis 
of this hypercoagulability. Deposition of complement 
components has been shown to cause endothelial cell injury 
and subsequently activate the clotting pathway and lead to 
fibrin deposition.13 Multiple studies have documented that 
in at least a subset of COVID-19 patients, respiratory failure 
is the result of sustained, complement-mediated thrombotic 
microvascular injury and activation of catastrophic positive 
feedback loops with the coagulation system.9 

 Moreover, viral interaction with angiotensin converting 
enzyme (ACE2) receptors has been postulated to cause an 
overactivation of complement systems. Research has shown that 
SARS-CoV-2 enters cells through ACE2 receptors, which leads 
to downstream effects of increased angiotensin II. Angiotensin 
II is associated with inflammation and fibrosis and the resulting 
increases of oxidative stress and complement activation.13 

Patients with severe COVID-19 are observed to have excessive 
complement activation with elevated lactate dehydrogenase, 
D-dimer, bilirubin, anemia, and decreased platelets all 
potentially leading to thrombotic microangiopathy.10,12,13 
Therefore, current research has been targeting complement 
inhibition for treatment of COVID-19 systemic thrombosis.7,14

Image. Computed tomographic angiography of abdomen and 
lower extremities with extensive thrombosis of distal abdominal 
aorta (asterisk) and occlusion of bilateral iliac arteries (arrows).

The thrombectomy was successful; however, the patient’s 
lower extremities were not salvageable and he required 
bilateral above knee amputations. His hematology workup 
revealed slight decrease in protein S 39% (reference range 
66-143%) with normal protein C, complement, antithrombin 
3, homocysteine, and cardiolipin antibodies, and no evidence 
of disseminated intravascular coagulation (DIC). Ultimately, 
the patient’s respiratory status improved and he was extubated. 
At the time of writing he remained hospitalized on enoxaparin 
with discharge planning ongoing. 

DISCUSSION
There is ample documentation of the relatively high 

rate of thromboembolic complications in critically ill 
COVID-19 patients. Prior studies of thrombotic events 
have been estimated to occur in 3.7-45% of COVID-19 
cases.2,5 Prophylaxis and management of thromboembolic 
complications is an important component of COVID-19 
therapy. One retrospective study of 449 admitted severe 
COVID-19 patients showed that the administration of 
prophylactic heparin was associated with a marked reduction 
in mortality (40% vs 64%).6 However, other observational 
studies have shown less consistent benefit.6,7
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Table. Characteristics of selected case studies demonstrating presence of arterial thromboembolism in coronavirus disease of 2019 
positive patients.
Author/Year Age Gender Co-

morbidities
Associated 
pneumonia

Location 
of arterial 
thrombus

Thrombectomy Amputation 
or surgical 
intervention

Death

Veyre (2020)3 24 M None N Common 
femoral artery

Y N N

Vulliamy (2020)4 60 M None Y Infra-renal 
aorta & bilateral 
common iliac 
arteries

Y N N

Levolger (2020)2 75 M None Y Descending 
thoracic aorta 
& superior 
mesenteric 
artery

N (catheter 
directed 
thrombolysis)

Small bowel 
resection

N

50 M None Y Right common 
Iliac artery

Y (received 
thrombolysis)

N N

55 M None N Subclavian 
artery occlusion

N N N

62 M Unknown N M1 occlusion 
with subtotal 
internal carotid 
stenosis

Y N N

Goldman (2020)1 Mean Age Gender Co-
Morbidities

Symptoms Presence of 
thrombus

Death or 
Amputation

Retrospective 
propensity 
score-matched 
study comparing 
16 COVID-19+ 
patients receiving 
lower extremity 
CTA to Control 
Group

70 7 F
9 M

Variable
HTN: 13
DM: 8 
HLD:8
PVD: 8

5 patients 
presented 
with only leg 
symptoms; 
11 patients 
had 
additional 
systemic 
symptoms

All COVID-19+ 
patients had 
at least one 
thrombus 
between aorta 
and distal 
lower extremity 
arteries

10/16 
patients 
ultimately 
progressed 
to death or 
amputation

Y, yes; N, no; F, female; M, male; HTN, hypertension; DM, diabetes; HLD, hyperlipidemia; PVD, peripheral vascular disease; CTA, computed 
tomographic angiography; M1, M1 segment as it originates at the carotid bifurcation and terminates as the middle cerebral artery.

LIMITATIONS
Literature regarding the association between SARS-

CoV-2 and thromboembolism is still rapidly evolving. A 
recent, large, retrospective study showed that the odds of 
pulmonary embolism in patients who are diagnosed with 
COVID-19 vs non-COVID-19 infected patients were not 
significantly different between the two groups.15 This may 
shed some doubt on the association of SARS-CoV-2. 

We also could not establish strong causal effect of 
coagulopathic state with the outcome of the large aortoiliac 
occlusion in this particular patient. The patient did not 
initially report a personal or family history of coagulopathies. 
Additionally, we do not know whether the patient had 
primary, underlying protein S deficiency, thus making him 
more susceptible to an increasingly prothrombic state. A 
hypercoagulable state induced by concomitant COVID-19 
infection may have increased the potential for thrombosis, 

which could still have made SARS-CoV-2 infection a 
significant contributing factor. Without known pre-existing 
risk factors for thromboembolism, the patient still had a 
devasting thrombotic event. In the presence of abnormal 
vital signs, neurovascular compromise and coagulopathy, 
emergency physicians should maintain a high suspicion 
for thromboembolic events especially if the patient has 
concomitant COVID-19. 

CONCLUSION
We report a case of a patient with diffuse lower aortic 

and bilateral iliac arterial thrombosis who tested positively 
for COVID-19 while lacking any of the common early 
respiratory complaints. Early recognition of this complication 
from COVID-19 may have improved outcome, although 
the literature is unclear on the benefit of anticoagulation. 
Regardless, emergency physicians should prompt expedient 
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imaging given presence of leg pain and ischemia in a patient 
with SARS-CoV-2. Further workup is indicated and early 
thrombectomy can aid in improved morbidity and mortality.
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Introduction: While thrombotic complications of severe coronavirus disease 2019 (COVID-19) have 
been documented, the overall risk in non-critically ill cases of COVID-19 remains unknown.

Case Report: We report a case of a previously healthy male patient who presented to the emergency 
department with headache and extremity paresthesia. The patient was diagnosed with cerebral venous 
thrombosis (CVT) and found to have a positive COVID-19 test. Inpatient anticoagulation was initiated, 
and symptoms had largely resolved at discharge.

Conclusion: This case demonstrates the importance of considering thrombotic complications, such as 
CVT, even in well-appearing COVID-19 patients with no other risk factors for thromboembolic disease.
[Clin Pract Cases Emerg Med. 2021;5(1):22–25.]

Keywords: COVID-19; SARS-CoV-2; cerebral venous thrombosis; stroke; anticoagulation.

INTRODUCTION
Severe acute respiratory syndrome coronavirus 2 (SARS-

CoV-2) first emerged in Wuhan, China, in December 2019 
as the cause of coronavirus disease 2019 (COVID-19). Since 
that time, COVID-19 has escalated into a global pandemic 
as declared by the World Health Organization. Although 
recognized primarily as a respiratory disease, a growing 
body of literature has highlighted the association 
between COVID-19 and significant thromboembolic 
complications.1,2 We report a case of a 34-year old male 
presenting with cerebral venous thrombosis (CVT) in the 
setting of subacute febrile respiratory illness who was found to 
be SARS-CoV-2 positive on admission. 

Cerebral venous thrombosis is an uncommon cause 
of stroke affecting approximately 5/1,000,000 people 
annually, accounting for <1% of all strokes.3 CVT presents 
at an earlier age compared to other causes of stroke, 
typically less than 50 years of age, and affects women more 
than men at a rate of 3:1, likely due to gender-specific risk 
factors (pregnancy, postpartum period, oral contraceptive 
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use).4 With successful diagnosis and treatment, CVT carries 
a relatively low overall mortality rate compared with 
arterial stroke but has a risk of intracranial hemorrhage 
and a significant incidence of cognitive impairment and 
difficulty returning to work.5

CASE REPORT   
A healthy 34-year-old male employed as a baggage 

handler at an international airport presented to the emergency 
department (ED) with a frontal headache, dizziness, left 
neck pain, as well as paresthesia and subjective weakness 
in the right upper and lower extremities. One month prior 
to this presentation, the patient had 10 days of fevers, dry 
cough, fatigue, diarrhea, anosmia, and ageusia. He had a 
known SARS-CoV-2 positive contact, but personally had two 
negative nasopharyngeal tests for SARS-CoV-2. On day 14 
after symptom resolution, the patient had a forceful sneeze and 
sudden onset of a severe, generalized headache. Following 
the initial onset the headache became intermittent and would 
resolve with acetaminophen. The patient subsequently 
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What do we already know about this clinical 
entity? 
Cerebral venous thrombosis is a rare 
neurovascular emergency that has been reported 
in patients with current or recent coronavirus 
disease 2019 (COVID-19).  

What makes this presentation of disease 
reportable?
This is the first case report in the emergency medicine 
literature of a patient found to have cerebral venous 
thrombosis in the setting of COVID-19.

What is the major learning point?  
Cerebral venous thrombosis is a documented 
complication of COVID-19 and can present in 
otherwise well-appearing patients with no other 
risk factors for thrombotic disease.

How might this improve emergency medicine 
practice?  
The delay from initial viral illness to onset of 
thrombotic complication highlights special 
considerations in evaluating emergency 
department patients with recent COVID-19 or in 
those who have already recovered. 

developed blurry vision, imbalance with ambulation, as 
well as numbness and tingling in his right upper and lower 
extremities. He decided to come to the ED after dropping 
objects from his right hand. On review of systems he denied 
any symptoms of fever, myalgia, nausea, vomiting, abdominal 
pain, chest pain, shortness of breath, or diarrhea within 
the prior week. He had no past medical history and denied 
smoking and drug use. 

On physical examination the patient was well appearing 
with a normal body habitus. His vital signs were as follows: 
temperature 37.2 degrees Celsius; blood pressure 146/98 
millimeters mercury; pulse 80 beats per minute (min); 
respiratory rate 16 breaths per min; and pulse oximetry 95 
percent on room air. The cardiopulmonary examination 
was unremarkable, and he had normal distal pulses in all 
extremities. Examination of the ears, nose, and throat was 
unremarkable. His neurological examination, including full 
cranial nerve testing, strength, sensation, coordination, and 
ambulation, was without appreciable deficit. His National 
Institute of Health Stroke Scale (NIHSS) score was 0.

Laboratory evaluation was significant for a D-dimer 
quantitative level of 2.31 milligrams per liter (mg/L) 
fibrinogen-equivalent-units (reference range ≤ 0.5 mg/L). The 
complete blood count, electrolytes, blood glucose, liver 
enzymes, and kidney function were within normal limits. The 
initial differential diagnosis included concern for possible 
carotid or vertebral artery dissection based on headache, left 
neck pain, and contralateral extremity paresthesia following 
a forceful sneeze. The patient was sent for a computed 
tomography angiogram of the head and neck, which revealed 
absent enhancement and filling defects within the superior 
sagittal sinus, torcula, left transverse, and left sigmoid sinus, 
as well as the proximal left internal jugular vein, compatible 
with cerebral CVT. There was also a partial filling defect 
within the right transverse venous sinus compatible with 
partial thrombosis. At this initial ED visit the patient also 
had a positive rapid SARS-CoV-2 test as part of his routine 
admission screening. He was treated with intravenous heparin 
and admitted to the COVID-19 intensive care unit (ICU) with 
neurology and hematology services on consultation.

During his hospitalization the patient had magnetic 
resonance imaging, which confirmed presence of dural 
venous sinus thrombosis along with increased signal in the 
left posterior frontal and parietal lobes suggestive of a small 
subarachnoid hemorrhage vs cerebral spinal fluid effusion 
without acute infarct or midline shift. The hematology 
consultant ordered hypercoagulability testing that showed 
a negative factor V Leiden mutation, no activated protein 
C resistance, undetected Janus kinase-2 mutation, negative 
peripheral blood flow cytometry for paroxysmal nocturnal 
hemoglobinuria, negative beta-2 glycoprotein antibodies, and 
normal protein S activity, with anticardiolipin antibodies still 
pending. He was positive for circulating lupus anticoagulant 
although this sample was obtained after initiation of 

heparin. Lupus anticoagulant testing was to be repeated in a 
few months out of concern for a possible false-positive result. 

At the time of discharge the patient’s headache and 
paresthesia had resolved. He continued to have subjective 
visual changes as well as a feeling of imbalance. The patient 
was discharged home on warfarin with close hematology and 
neurology follow-up.   

DISCUSSION  
Thrombotic disease has become a well-recognized 

complication of COVID-19, including deep vein thrombosis, 
pulmonary embolism, myocardial infarction, and stroke.1,2,6 The 
evidence for the increased incidence of thrombotic complications 
in COVID-19 patients has appropriately focused on the critically 
ill ICU population, whereas the incidence of thromboembolic 
complications in non-critically ill COVID-19 patients is 
considered to be lower.7,8

Multiple disease-specific mechanisms have been 
proposed to explain the increased risk of thrombosis seen 
in COVID-19. These include severe systemic inflammation 
leading to hypercoagulability, viral binding to angiotensin 
converting enzyme-2 receptors on endothelial cells, 
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endothelial damage, and microvascular thrombosis, as well 
as patient-specific risk factors such as age, obesity, comorbid 
conditions, and inherited coagulopathic disease.1,9,10

In regard to CVT, there have not been any cases 
reported in the emergency medicine literature thus far, but 
there is a prior case series in the neuroradiology literature 
from a New York medical center describing three patients 
who developed CVT in the setting of COVID-19. All three 
patients presented with acute mental status change, had 
abnormal vital signs and/or abnormal neurologic findings 
and had multifocal pneumonia on chest imaging. All three 
of these cases were fatal.11 In contrast, our case involved 
a well-appearing patient who had a normal mental status, 
normal vital signs and a NIHSS score of 0. He had no 
identifiable risk factors for venous thromboembolism (VTE) 
by past medical or family history. Additionally, inpatient 
genetic testing did not identify any definitive inherited 
hypercoagulable condition.  

ED laboratory testing was notable only for an elevated 
D-dimer level. There is growing evidence that D-dimer 
levels above 1 mg/L in patients with COVID-19 can help risk 
stratify patients for increased mortality and thromboembolic 
complications.1,12 Thus, emergency physicians may want to 
consider VTE, including CVT, in their differential diagnosis 
even in non-critically ill appearing COVID-19 patients who 
present with concerning symptoms. The additional finding 
of an elevated D-dimer level may prompt consideration of 
symptom-related diagnostic imaging even in the absence of 
other VTE risk factors.  

The patient in our case had two prior negative 
nasopharyngeal SARS-CoV-2 tests prior to his ED visit. The 
sensitivity of these tests is not well defined. A recent article 
postulated that if a patient has a pretest probability of infection 
of 50% and the sensitivity of the SARS-CoV-2 test is 70%, a 
negative test still leaves the patient with a 23% chance of being 
infected.13 Until the testing characteristics of the SARS-CoV-2 
test are better defined or improved, emergency physicians 
will need to continue to consider the possibility of Covid-19 
infection and related complications, even when caring for 
symptomatic patients with a negative SARS-CoV-2 test.

Furthermore, the time lapse between the initial viral illness 
to the development of a serious thrombotic complication in our 
patient raises additional concerns. Proposed guidelines from 
both the American Society of Hematology and the American 
College of Chest Physicians currently recommend initiation 
of medical thromboprophylaxis only for hospitalized patients 
in the absence of contraindication.1,14,15 Additional expert 
consensus has also recommended consideration for further 
short-term thromboprophylaxis for COVID-19 patients who 
have been discharged from the hospital.16 As there are no current 
recommendations for thromboprophylaxis in patients not requiring 
hospitalization, it may be necessary to consider VTE, including CVT, 
in non-previously hospitalized patients who present with concerning 
symptoms weeks to months following their recovery.

CONCLUSION
Based on prior literature, clinicians anticipate thrombotic 
complications in critically ill patients infected with SARS-
CoV-2.1,2 A time lapse of 7-14 days or more between initial 
infection and development of serious thrombotic complications 
has been reported.2,8 The risk of thrombotic complications 
in non-critically ill COVID-19 patients is thought to be 
lower.7,8  Our case demonstrates that thrombotic complications 
such as CVT can occur even in well-appearing, ambulatory 
COVID-19 patients who present with concerning symptoms.

The authors attest that their institution requires neither Institutional 
Review Board approval, nor patient consent for publication of this 
case report. Documentation on file.
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Introduction: The severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2), the etiology of 
the coronavirus disease 2019 (COVID-19) pandemic, has proven to be an era-defining illness with 
profound impact on patients and healthcare providers alike. By nearly all measures, daily cases 
and deaths are growing on a global scale despite conscious infection control efforts. As the medical 
community strives to better understand the pathogenesis of COVID-19, it has become increasingly 
appreciated that this “respiratory virus” can present clinically with a wide range of signs and 
symptoms not necessarily confined to the respiratory system.

Case Report: Specifically, the central nervous system has been described as the presenting 
complaint of COVID-19, including anosmia and headaches and, more rarely, meningitis. This clinical 
case highlights the presentation of a 52-year-old male who presented to the emergency department 
with altered mental status and fever, ultimately attributed to COVID-19 infection.

Conclusion: This case serves to add to the growing body of evidence surrounding the potentially 
severe neuropathologic capabilities of the novel SARS-CoV-2 virus.  [Clin Pract Cases Emerg Med. 
2021;5(1):26–29.] 

Keywords: COVID-19; encephalopathy; neuropathic; fever; case report.

INTRODUCTION
Severe acute respiratory syndrome coronavirus-2 

(SARS-CoV-2), known to cause coronavirus disease  2019 
(COVID-19), is primarily considered a viral agent that 
causes respiratory disease; however, there is increasing 
evidence regarding the neuropathic capabilities and 
manifestations of the virus. Neurologic manifestations have 
been reported to range from mild accounts of headache, 
ageusia, and anosmia to more severe cases of encephalitis, 
myelitis, Guillain-Barré syndrome, polyradiculopathy, 
and even cerebrovascular disease.1, 2 It has been noted 
that patients with predisposing comorbidities such as 
hypertension, diabetes, and coronary artery disease are at 
increased risk for neurological sequelae of COVID-19.3

 Neurologic involvement is thought to occur through 
several potential mechanisms. These include central nervous 

University of Alabama Birmingham, Department of Emergency Medicine, 
Birmingham, Alabama

system access via specific receptors, namely the angiotensin 
converting enzyme 2 (ACE2) receptor as well as retrograde 
viral movement along axons, most frequently the olfactory 
nerve. It has also been suggested that neurological injury 
may be due to cytokine toxicity-related injury or secondary 
hypoxia due to cerebral edema and ischemia.2,3 Of these 
proposed mechanisms, the neurotoxicity related to cytokine 
storm has garnered significant attention. It is thought that the 
hypoxic and metabolic changes that occur due to the presence 
of cytokines in the brain parenchyma lead to dysregulation of 
typical metabolic processes.4, 5 This subsequently can present 
clinically as encephalopathy, which can be defined as diffuse 
brain dysfunction that manifests as varying degrees of altered 
consciousness.4 Our intent in this case report was to further 
contribute to the growing body of literature describing the 
neurological presentations and manifestations of COVID-19.



Volume V, no. 1: February 2021 27 Clinical Practice and Cases in Emergency Medicine

Goodloe III et al. COVID-19 Presenting as Encephalopathy

CPC-EM Capsule

What do we already know about this clinical 
entity? 
Coronavirus disease 2019 (COVID-19) has 
primarily emerged as an upper airway and 
respiratory disease; however, it manifests in a 
myriad of clinical presentations.

What makes this presentation of disease 
reportable? 
We detail a case of a 52-year-old male who 
presented with encephalopathy attributed to the 
virus but without any respiratory symptoms.

What is the major learning point? 
Continued reporting of novel presentations of 
this disease entity will hone providers’ clinical 
acumen and ability to recognize COVID-19 in 
less typical, non-respiratory presentations.

How might this improve emergency medicine 
practice? 
Continued research regarding viral 
pathology and the array of presentations 
will enable providers to identify and 
intervene with patients presenting with this 
deadly virus.

CASE REPORT
A 52-year-old male with a past medical history of 

hypertension, diabetes mellitus type 2, end-stage renal 
disease (ESRD) on hemodialysis (HD), coronary artery 
disease status post coronary artery bypass grafting, and 
past cerebrovascular accident presented to the emergency 
department (ED) with altered mental status. The patient 
had been well, per family, including an uncomplicated HD 
session earlier that day, until the evening of presentation 
when family noted that he had increasing confusion and 
agitation, progressive for three to four hours, prompting 
them to call 911. On arrival to the patient’s home, 
paramedics noted that he was severely agitated, moaning 
loudly, and “jerking about,” particularly the bilateral 
upper extremities. To facilitate safe transfer to the hospital 
and due to paramedic concern for possible seizure-like 
activity, they administered midazolam five milligrams (mg) 
intramuscularly. 

Upon presentation to the ED, the patient was noted to 
be febrile (38.94°C), tachycardic (115 beats per minute), and 
hypertensive (blood pressure 224/104 millimeters mercury 
(mmHg). He was moaning loudly with no coherent speech 
and unable to follow specific commands; however, he was 
responding to painful stimuli and appeared to respond 
to his name. Additionally, the patient was moving all 
extremities spontaneously and had no appreciable cranial 
nerve defects. The remainder of his physical exam revealed 
clear breath sounds bilaterally, no abdominal distension or 
perceived tenderness, and warm, dry, intact skin with no signs 
of breakdown or ulcers. Further evaluation and treatment 
were initiated, and the patient was started on vancomycin, 
ceftriaxone, azithromycin, and acyclovir for empiric 
meningitis coverage. A clevidipine infusion at one mg per 
hour was also started in the ED.  

One hour after arrival and treatment initiation, the 
patient’s blood pressure was 143/90 mm Hg, and the 
infusion was discontinued. Additionally, chest radiograph 
did not show any acute abnormality, and computed 
tomography (CT) of the head without contrast showed 
chronic changes in the left putamen in the setting of known 
remote cerebrovascular accident. Laboratory evaluation 
was significant for an elevated blood urea nitrogen of 60 
mg per deciliter (mg/dL) (reference range: 7-20 mg/dL) and 
creatinine of 8.3 mg/dL (0.8-1.2 mg/dL) in the setting of 
known ESRD. Otherwise, urinalysis did not show evidence 
of infection, urinary drug screen was negative, white blood 
cell count was 7.05 x 103/microliter (mL) (4.5-11 x 103/
mL), and salicylate and acetaminophen levels were within 
normal limits. However, nasopharyngeal polymerase chain 
reaction (PCR) swab returned positive for SARS-CoV-2. A 
lumbar puncture was also performed, which evidenced 
clear cerebrospinal fluid (CSF), white blood cell count of 
zero per cubic millimeter (mm3) (0-5/mm3), protein of 46 
mg/dL (10-60 mg/dL), and mildly elevated glucose of 121 

mg/100 mL (50-80 mg/100 mL). The patient was admitted 
to the intensive care unit (ICU) for further management.

During ICU admission, the patient remained 
encephalopathic despite administration of antipyretics in 
the ED. His blood pressure remained stable with systolic 
less than 180 mm Hg with lisinopril 20 mg and amlodipine 
10 mg daily. Antibiotic coverage was discontinued after 
approximately 48 hours as no signs of infection were 
present clinically or by laboratory evidence, and CSF 
culture returned negative (including varicella, herpes 
simplex, and cytomegalovirus). Magnetic resonance 
imaging (MRI) of the brain was performed on the 
morning of ICU day two, which did not show any acute 
pathologic changes. Continuous electroencephalogram for 
24 hours was begun approximately six hours after initial 
presentation and showed evidence of mild, diffuse cerebral 
dysfunction. On ICU day three, the patient’s mentation 
began to improve, and he was noted to be increasingly 
alert, able to follow basic commands and speak simple 
phrases. On hospital day four, the patient was downgraded 
to a floor bed setting where he remained for an additional 
five days until his mentation was considered “back 
to baseline” with subsequent hospital discharge. 
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Repeat SARS-CoV-2 testing during outpatient follow-up 
20 days after his initial ED presentation was negative. To date, 
the patient appears to have fully recovered from this episode 
of encephalopathy without neurologic sequelae.  

DISCUSSION
Medical literature that has emerged during 

the pandemic, including some case reports, has 
provided clinical anecdotes as well as evidence of 
how COVID-19 may present with neurological signs and 
symptoms. Although the specific mechanism for neurologic 
involvement is still being investigated, patients with 
complex medical histories and comorbidities appear to be 
at an increased risk for the neurological complications of 
SARS-CoV-2 infection.6

This case presentation of a 52-year-old male with 
multiple comorbidities who presented with febrile 
encephalopathy and SARS-CoV-2 positive serology 
in the absence of any other identifiable infectious or 
metabolic source provides an additional example of the 
neuropathologic capabilities of SARS-CoV-2. Although 
this patient’s CSF studies did not show findings 
consistent with inflammation, including pleocytosis 
or elevated protein, this is not an uncommon finding 
in viral encephalitis.3 Likewise, neurological imaging 
was unremarkable for acute processes; however, again, 
normal CT and/or MRI imaging is not uncommon in viral 
encephalitis, particularly early in the disease process.3 
Posterior reversible encephalopathy syndrome was also 
considered but thought to be less likely in the absence of 
neuroradiographic abnormalities.7 

Of note, the patient did present with significantly 
elevated blood pressure, which has been reported to 
be a major complicating factor in many SARS-CoV-2 
cases.8 It is thought that as cerebral blood flow becomes 
compromised at increasingly elevated blood pressures, 
encephalopathy can develop due to the subsequent hypoxic 
effects.9 The virus’ effect on ACE2 receptors in the 
brain likely also plays a role in this dynamic, especially 
in patients already taking ACE inhibitors. There is no 
consensus at this time on the exact mechanisms involved, 
but viral binding to the ACE2 receptor may lead to an 
element of renin-angiotensin-aldosterone system disruption 
that could exacerbate or alter disease presentation in those 
with pre-existing hypertension.10

Additionally, it is important to note that encephalopathy 
is pathologically different from true encephalitis, which is 
characterized by inflammation of the brain itself. Reported 
cases of SARS-CoV-2 presence in CSF as evidenced 
by pleocytosis and PCR detection, as well as acute 
changes visualized on neurological imaging, exist in the 
literature.11 However, literature review reveals that the 
predominance of reported encephalopathic presentations of 
patients infected with SARS-CoV-2 are not found to have 

these aforementioned features present.3 Because neurological 
manifestations of SARS-CoV-2 are being increasingly 
recognized, clinical consideration of infection with this 
virus cannot be excluded in patients who present to the ED 
with new-onset neurological complaints or symptoms. It has 
been clearly established that these symptoms alone may be 
the only initial features of a SARS-CoV-2 positive patient’s 
clinical picture.

Lastly, it is of note that if neurological involvement 
is ultimately found to be primarily mediated by immune 
dysfunction and cytokine storm as discussed previously, then 
this greatly expands the potential for treatment of COVID-19 
through utilization of existing drug agents that function to 
dampen this response. In this way, these treatment modalities 
may have utility in this unique subset of patients presenting 
with significant neurological manifestations.   

 
CONCLUSION

The coronavirus disease 2019 has undoubtedly raised 
significant questions and prompted a vast mobilization of 
research due to its novelty and its increasingly recognized 
variability in clinical presentation. The case presented in 
this report is evidence of this variability and underscores the 
importance of considering COVID-19 as a potential cause 
of a wide range of neurological manifestations. In today’s 
healthcare environment, providers should not overlook 
COVID-19 as a source of altered mental status, especially 
in the context of patients presenting to the ED. Without 
question, further research and evaluation is needed to better 
understand the neuropathologic capacities of COVID-19 
as well as its long-term impacts on those with pre-existing 
medical comorbidities.
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Introduction: Coronavirus disease 2019 (COVID-19) may predispose patients to increased risk of 
venous thromboembolism (VTE) due to various pathophysiological mechanisms, including but not 
limited to endothelial injury, inflammation, cytokine-mediated microvascular damage, and reactive 
thrombocytosis. A high risk of vessel thrombosis correlates with disease severity, making early 
identification and treatment of prime consideration.
Although identification of a deep venous thrombosis (DVT) or pulmonary embolism warrants 
immediate treatment with anticoagulation, trying to predict which COVID-19 patients may be at 
increased risk for developing these pathologies is challenging.

Case Reports: We present two cases of patients with COVID-19 who had ultrasonographic findings 
of turbulent blood flow within the deep venous system, without clear evidence of acute proximal DVT, 
who were subsequently found to have significant VTE.  

Conclusion: Point-of-care lower extremity ultrasound has become one of the core applications 
used by emergency physicians. Typically we perform compression ultrasound for DVT evaluation. 
This novel finding of turbulent blood flow, or “smoke,” within the deep venous system, may serve 
as a marker of increased risk of clot development and could be an indication to consider early 
anticoagulation. [Clin Pract Cases Emerg Med. 2021;5(1):30–34.]

Keywords: Point-of-care ultrasound; COVID-19; thromboembolism.

INTRODUCTION
Coronavirus disease 2019 (COVID-19), the viral illness 

caused by severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2), has been declared a global pandemic since its 
initial spread from Wuhan, China. As of June 4, 2020, there 
have been 6.6 million cases worldwide with more than 389,000 
reported deaths.4 While many people are asymptomatic or 
have mild symptoms, patients requiring hospitalization have 

North Shore University Hospital, Department of Emergency Medicine, Manhasset, 
New York 

experienced high mortality rates, often thought to be in part 
due to undiagnosed venous thromboembolism (VTE). A study 
of patients hospitalized with COVID-19 showed a cumulative 
rate of VTE of 21%.5 Virchow’s triad of factors contributing to 
thrombosis consists of hypercoagulability, hemodynamic stasis, 
and endothelial injury. Patients suffering from COVID-19 are 
at particularly high risk for developing VTE due to increased 
platelet activation, endothelial dysfunction, hemostasis, 
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What do we already know about this clinical 
entity? 
Little is known about the link between 
Coronavirus Disease 2019 (COVID-19) and 
increased turbulent blood flow, or “smoke,” in 
the deep venous system.

What makes this presentation of disease 
reportable? 
This novel finding of increased turbulent 
blood flow in two COVID-19 patients suggests 
that the presence of “smoke” may mark an 
increased risk for clot development.

What is the major learning point? 
Turbulent flow may be indicative of ongoing 
thromboembolic disease and may be used 
as a predictor for thromboembolic events in 
COVID-19 patients. 

How might this improve emergency medicine 
practice? 
In patients with COVID-19, bilateral lower 
extremity duplex demonstrating turbulent flow 
may lead to earlier detection and treatment of 
thromboembolic disease.

hypoxemic vasoconstriction, and activation of hypoxia-
inducible factors.6,7 [ 

Although data is limited at this time, several studies have 
suggested that despite being on anticoagulation, patients 
have high rates of VTE; either deep venous thrombosis 
(DVT) or pulmonary embolism (PE) were found in up 
to 27% of COVID-19 polymerase chain reaction (PCR) 
positive patients.7,8 Patients with COVID-19 also have high 
rates of other prothrombotic complications such as clotting 
within the continuous renal replacement therapy (CRRT) or 
extracorporeal membrane oxygenation (ECMO) circuits.7 
Although patients are suffering from VTE despite being on 
anticoagulation, a preliminary study from the Mount Sinai 
health system suggests that systemic anticoagulation may still 
be associated with improved outcomes.8

DVT is a common pathology with an incidence of 
approximately 100 persons per 100,000 each year in the 
general population, with higher rates in advancing age.9 Early 
recognition and treatment of VTE is important as it is associated 
with a 28-day case-fatality rate of 11% for a first-time VTE in 
those over 45 years old.10 Diagnosis of VTE begins with risk 
stratification based on history and physical exam findings, 
followed by imaging modalities including lower extremity 
ultrasonography or computed tomography angiogram (CTA). 

Although there are many ultrasonographic findings 
suggestive of a thrombus, we report an ultrasonographic 
finding of slow, turbulent blood flow, or “smoke,” in the 
deep venous system in two patients presenting with signs 
and symptoms of COVID-19. In the first case, a patient with 
“smoke” but an otherwise negative point-of-care ultrasound 
(POCUS), was found to have a large PE; in the second case 
the patient was appropriately discharged but returned to the 
emergency department (ED) days later and ultimately died of 
a suspected massive PE. Similar findings suggestive of slow 
venous flow have been reported by Jensen et al11 in oncology 
patients. In this paper, the ultrasonographic findings were 
correlated with a near doubling of the risk of developing a 
DVT. As there is an increased risk of VTE with COVID-19, 
the addition of ultrasonographic findings of slow, turbulent 
flow in the deep veins may suggest that providers may need 
to start thromboprophylaxis earlier or, at a minimum, ensure 
increased surveillance and follow-up of these patients. 

CASE REPORTS
Case 1
A 61-year-old male with no known past medical history, 
presented with fevers and shortness of breath for three weeks. 
The patient was seen at another hospital one week prior where 
he tested positive for COVID-19. On physical exam the patient 
was ill-appearing, with an increased work of breathing and an 
oxygen saturation of 77% on room air, which improved to 95% 
on a 15-liter (L) non-rebreather mask. The rest of his exam was 
otherwise unremarkable. Laboratory evaluation showed an 
elevated D-dimer 1556 nanograms per milliliter (ng/mL) [<= 

229ng/mL D-dimer units], elevated high-sensitivity troponin of 
360 ng/L [reference range 0-51 ng/L], and elevated serum pro-
brain natriuretic peptide of 2209 picograms (pg)/mL) [ref range 
0-300 pg/mL]. Chest radiograph demonstrated patchy bilateral 
opacities. Point-of-care lower extremity duplex compression 
ultrasound demonstrated adequate compression but multiple areas 
of turbulent flow within the deep venous system (Image 1 and 2).

Image 1. Point-of-care ultrasound of the lower extremity with 
arrow identifying hyperechoic turbulent flow in the saphenous-
common femoral vein junction.
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A CTA of the chest showed a PE within the right main 
pulmonary artery extending into the right upper lobar and 
segmental pulmonary arteries. The patient was started on 
therapeutic heparin. He progressively worsened, becoming 
hypotensive, tachypneic, and acidotic. He was subsequently 
intubated several days later and ultimately expired.  

Case 2
A 54-year-old male with a history of diabetes, hypertension, 
hyperlipidemia, hypothyroidism, coronary artery disease, and 
a DVT, who had not been on anticoagulation at the time due 
to gastrointestinal bleeding, presented to the ED with fever, 
chills, body aches, and chest tightness as well as worsening 
bilateral calf pain. The patient reported feeling ill for the prior 
10 days with progressively worsening symptoms of fatigue, 
fever, myalgias, and diarrhea. The patient was a hospital 
employee and tested positive for COVID-19 four days prior 
to the ED visit. Upon arrival to the ED he was found to be 
hypoxic to 90% on room air, tachypneic with a respiratory 
rate of 20 breaths per minutes, tachycardic with a heart 
rate of 102 beats per minute, afebrile with oral temperature 
of 98.7 degrees Fahrenheit, and blood pressure of 125/75 
millimeters mercury. On physical exam the patient was ill-
appearing with increased work of breathing, decreased breath 
sounds bilaterally, and bilateral calf tenderness to palpation. 
Laboratory evaluation showed an elevated D-dimer of 465 ng/
ml (with a normal cutoff value of 229 ng/ml).  A point-of-care 
lower extremity duplex compression ultrasound demonstrated 
turbulent blood flow in the right lower extremity (Image 3).

A right calf vein thrombosis was noted distal to 
the trifurcation. (This was an incidental finding as calf 
vein imaging is not part of the compression ultrasound 

protocol.)  A CTA was negative for PE but showed bilateral 
peripheral ground-glass opacities. The patient was placed 
on supplemental oxygen, started on enoxaparin and 
admitted to the hospital. He was admitted for four days with 
improvement and discharged home on anticoagulation. The 
patient returned to the ED five days later with worsening 
shortness of breath, hypoxia, and chest pain. A CTA again 
demonstrated no PE. D-dimer at that time was 31,876 ng/ml. 
During the second admission, a subsequent comprehensive 
ultrasound demonstrated a persistent calf vein thrombosis, 
and the patient’s D-dimer continued to downtrend but was 
significantly higher than on the prior visit. Radiology did 
not comment on the turbulent flow finding; however, upon 
retrospective review of these images, the patient continued to 
have turbulent flow in the deep venous system of the lower 
extremity. His oxygen requirements continued to escalate 
along with the deterioration of his hemodynamics. A repeat 
bedside echocardiogram showed evidence of right heart 
strain with an enlarged right ventricle, septal bowing, and 
low tricuspid annular plane systolic excursion. He was given 
tissue plasminogen activator for a suspected massive PE, 
without significant improvement and ultimately expired in the 
intensive care unit. 

DISCUSSION
Venous thromboembolism diagnosis and treatment 

is a common challenge among emergency providers. 
Studies have continually attempted to investigate how 
lab values, such as fibrinogen and D-dimer, may help 
risk-stratify patients at risk for VTE and predict mortality 
rates.12 Traditionally in the ED, D-dimer cutoff levels 
are used to decide whether further imaging such as 

Image 2. Point-of-care ultrasound of the lower extremity with 
arrow identifying hyperechoic turbulent flow in the popliteal vein.

Image 3. Point-of-care ultrasound of the lower extremity with 
arrow identifying hyperechoic turbulent flow in the common 
femoral vein.
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lower extremity ultrasound or CTA chest is warranted. In 
COVID-19 patients, D-dimer levels seem to be intrinsically 
elevated, thereby making it a less useful tool to risk-stratify 
COVID-19 patients. There have been suggestions to modify 
the D-dimer cutoff levels in order to adapt to COVID-19 
pandemic; however, no conclusion has been established 
to date.13 To our knowledge, this case report is the first to 
suggest how an ultrasonographic sign can be used as an 
adjunct to risk-stratify COVID-19 patients for possible 
VTE events. 

Venous stasis as it relates to VTE has been recognized 
for years but has been studied in only a few subgroups. 
Jensen et al11 described slow venous flow state on 
ultrasound in oncology patients and how it correlates with 
higher risk of developing DVTs. We describe this finding 
in the context of COVID-19 patients. In several COVID-19 
patients in our ED, emergency ultrasound fellowship- 
trained physicians found the ultrasonographic finding 
of static, turbulent flow, or “smoke,” in the deep venous 
system without clear evidence of a proximal DVT. In some 
of these patients we identified this finding in bilateral 
lower extremities. Typically a DVT is ruled out with a 
comprehensive duplex ultrasound with Doppler to evaluate 
for compressibility and normal spectral waveforms14 
POCUS has been used successfully in evaluating the 
presence of proximal lower extremity thrombosis with 
compression ultrasound.15 

We hypothesize that ultrasonographic “smoke” can 
be an early indicator of venous stasis in COVID-19 
patients, which would be associated with increased risk 
of developing future VTE.  Even though evaluation of 
“smoke” is not a typical component of point-of-care lower 
extremity ultrasound, we suggest that emergency providers 
be aware of this finding and its potential prognostic 
significance for possible development of VTE. In addition, 
the finding of “smoke” may suggest that closer surveillance 
of COVID-19 positive patients for VTE may be necessary. 

CONCLUSION 
Multiple studies have highlighted the higher risk of 
thrombotic events in COVID-19 patients and have 
attempted to correlate laboratory values with venous 
thromboembolism risk. We propose the addition of 
the ultrasonographic finding of slow turbulent flow, or 
“smoke,” as a risk factor for VTE and should prompt the 
provider to highly consider thromboprophylaxis, or at 
the very least lower the threshold for further imaging to 
evaluate for significant VTE.
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Introduction: Point-of-care ultrasound (POCUS) in the emergency department (ED) is being 
performed with increasing frequency. The objective of this study was to demonstrate how utilization 
of POCUS can help the emergency physician recognize emphysematous pyelitis (EP) and 
emphysematous pyelonephritis (EPN).  

Case Report: A 60-year-old female presented to the ED with normal vital signs and intermittent 
left-sided flank pain that radiated to her groin. She also had a history of obstructive nephrolithiasis. 
Within 20 minutes of arrival she became febrile (101.2°Fahrenheit), tachycardic (114 beats per 
minute), tachypneic (21 breaths per minute), and had a blood pressure of 114/82 millimeters 
mercury. POCUS was conducted revealing heterogeneous artifact with “dirty shadowing” within the 
renal pelvis, which was strongly suggestive of air. The emergency physician ordered a computed 
tomography (CT) to confirm the suspicion for EP and started the patient on broad-spectrum 
antibiotics. The CT showed a 1.3-centimeter calculus and hydronephrosis with foci of air. The patient 
received intravenous antibiotics and had an emergent nephrostomy tube placed. Urine cultures 
tested positive for pan-sensitive Escherichia Coli. Urology was consulted and a repeat CT was 
obtained to show correct drainage and decreased renal pelvis dilation.

Conclusion: Distinctly different forms of treatment are used for EP and EPN, despite both having 
similar pathophysiology. In EP, air can be seen in the renal pelvis on POCUS, as in this case study, 
which distinguishes it from EPN. In the case of our patient, the use of POCUS was useful to aid in 
rapid differentiation between EP and EPN. [Clin Pract Cases Emerg Med. 2021;5(1):35–38.] 

Keywords: Point-of-care ultrasound; emphysematous pyelitis; emphysematous pyelonephritis.

INTRODUCTION
Emphysematous pyelitis (EP) is a rare complication of 

pyelonephritis that results from gas-forming bacteria localized 
to the renal pelvis or renal collecting system.1 Emphysematous 
pyelitis is a relatively benign condition when compared to 
emphysematous pyelonephritis (EPN). While EP involves an 
infection of the renal pelvis by gas-forming bacteria, EPN 
consists of a necrotizing infection of the renal parenchyma as 
well. Both EP and EPN are rare complications of acute 
pyelonephritis. However, EPN can have devastating outcomes 
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with mortality rates as high as 80% if treated with antibiotics 
alone.2 The clinical presentation of both entities is remarkably 
similar, consisting of fever, chills, flank pain, dysuria, 
vomiting, and lethargy.2

Historically, the only method of differentiation between 
EP and EPN has been computed tomography (CT) that 
demonstrates air within the renal parenchyma. It is important 
to distinguish EPN from EP due to the increased morbidity 
and mortality associated with EPN, as well as the different 
treatment course for each condition.2,3 In this report, we 
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What do we already know about this clinical 
entity? 
Emphysematous pyelitis (EP) and 
emphysematous pyelonephritis (EPN) are 
diagnosed through computed tomography 
(CT); treatment differs despite similar 
pathophysiology.

What makes this presentation of disease 
reportable? 
The ultrasound video clip demonstrates key 
findings such as reverberation artifact and 
“dirty shadowing” to show EP.

What is the major learning point? 
Ultrasound may be useful to differentiate 
pathology for EP and EPN.

How might this improve emergency medicine 
practice? 
Using ultrasound may expedite diagnosis of 
EP and EPN to better guide course of therapy 
before confirming with CT.

demonstrate the utility of point-of-care ultrasound (POCUS) 
to diagnose EP in a female presenting with symptoms 
suggestive of pyelonephritis. 

CASE REPORT
A 60-year-old female with an extensive history of 

obstructive nephrolithiasis presented to our emergency 
department (ED) with left-sided flank pain. She described her 
pain as intermittent and sharp in nature, with radiating pain to 
the groin. Associated complaints included dysuria and gross 
hematuria. Initial triage vitals were normal; however, within 
20 minutes of arrival she became febrile to 101.2° Fahrenheit, 
tachycardic to 114 beats per minute, tachypneic to 21 breaths 
per minute, and a blood pressure of 114/82 milligrams 
mercury. On exam she was in mild distress, with diaphoresis 
and left costovertebral angle tenderness. 

Point-of-care ultrasound performed in the ED showed 
unilateral moderate hydronephrosis with echogenic debris in 
the renal pelvis (Video). Specifically, the isolated debris in the 
renal pelvis was heterogeneous with both hyperechoic and 
isoechoic artifacts; mobile hyperechoic foci with “dirty 
shadowing” were highly suggestive of air in the renal pelvis. 
Blood cultures were obtained, and given suspicion for EP,the 
emergency physician initiated broad-spectrum antibiotics and 
consulted urology while waiting for the results of a 
confirmatory CT. 

The CT demonstrated a 1.3-centimeter calculus and 
hydronephrosis with foci of air, raising suspicion for a 
hemorrhagic or infectious etiology (Image). The patient was 
admitted for intravenous antibiotics and emergent nephrostomy 
tube placement by interventional radiology. Blood cultures were 
positive for gram-negative rods. Urine cultures revealed 
pan-sensitive Escherichia coli. The patient was evaluated by the 

urology service, with repeat CT showing appropriate drainage 
of infection and decreased renal pelvis dilation. 

DISCUSSION
Emphysematous infections of the renal and genitourinary 

collecting systems can be life threatening and rapidly 
progress to sepsis without aggressive intervention.4 
Emphysematous pyelonephritis is characterized by a necrotic 
infection of the renal parenchyma. Infection with gas-
forming microbes will result in the presence of gas in the 
collecting system and perinephrotic tissue.5 Acute EPN can 
result in greater complications then EP due to the increased 
rate of sepsis. The primary cause of mortality in EPN is 
complications related to sepsis.5

Although both EP and EPN have similar 
pathophysiology and epidemiological risk factors, the overall 
prognosis of each pathology and diagnostic criteria are 
unique. Specifically, EP has a significantly lower mortality 
rate (18-20%) as compared to the nearly twofold increase in 
mortality associated with EPN (25-42%). 4,6,7 The clinical 
presentation of EP can be similar to that of pyelonephritis, 
with symptoms ranging from fever, chills, hematuria, and 
vomiting to renal angle tenderness.1 In contrast, the 
presentation of EPN is typically more ominous, frequently 

Image. Computed tomography of the abdomen and pelvis 
showing an enlarged left kidney with hydronephrosis as well as air 
in the renal pelvis (white arrow).
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presenting with vital sign abnormalities, sepsis, and shock if 
left untreated.8 

Computed tomography is considered the best modality for 
differentiating EPN from EP, as it can consistently 
differentiate the existence of gas in specific locations within 
the renal excretory system, including renal parenchyma, renal 
pelvis, and perinephric spaces.3 Although there have been a 
few case reports of the adjunctive roles of ultrasound and 
kidney, ureter, and bladder radiographs in differentiating EP 
from EPN, to our knowledge the reported use of POCUS by 
an emergency physician for rapid identification of EP is 
unique. Given routine delays in CT imaging in a busy ED, the 
role of POCUS in helping physicians differentiate between a 
benign and life-threatening condition has evolved. 

POCUS for both EP and EPN demonstrates a 
reverberation artifact projecting posteriorly from a 
hyperechoic focus (emphysema). The hyperechoic focus is 
due to free air bubbles with lateral and axial blooming.9 The 
reverberation artifact from the hyperechoic gas bubbles gives 
a sonographic appearance of “dirty shadowing.” Dirty 
shadowing is described as superimposed echoes from free gas 
that give a large radius of curvature of the surface struck by 
the sound beam.10 This results in the characteristic dirty 
shadowing that projects from a hyperechoic focus of free gas 
with a larger curvature and acoustic noise within the shadow. 
In contrast, “clean shadowing” is related to solid surface 
material, such as nephroliths, that creates a clean shadow with 
no infiltrative artifact.10 Characteristics of EP on POCUS that 
distinguish it from EPN include the presence of “dirty 
shadowing,” which is isolated to the renal pelvis.11 In 
comparison, sonographic findings of EPN are similar; 
however, reverberation artifact is present extending toward the 
renal parenchyma, not isolated to the renal pelvis as in EP. At 
times, emphysema into the parenchyma and renal cortex can 
become so extensive that adequate visualization of the pelvis 
and uropelvic junction can be challenging.12

Current treatment of EP consists of the use of broad-
spectrum antibiotics, urology evaluation, and nephrostomy 
tube placement in cases of obstructive processes.13 In contrast, 
EPN requires aggressive interventions. Delays in recognition 
and/or diagnosis by the provider can result in increased 
morbidity or mortality. POCUS can help facilitate the prompt 
diagnosis and treatment of both EP and EPN, resulting in 
improved patient outcomes.1,2,14

CONCLUSION
Point-of-care ultrasound can be used successfully by 

emergency physicians to rapidly differentiate between 
emphysematous renal infections, thus expediting care in 
critically ill patients. This case report further characterizes the 
sonographic appearance of emphysematous pyelitis, as well as 
comparing the subtle differences in ultrasound imaging, 
presentation, and treatment of EP from the far deadlier 
emphysematous pyelonephritis.

Video. This video clip shows a coronal ultrasound of the left 
kidney presented in the case report. As seen, there is an obvious 
hypoechoic dilation of the renal pelvis with blunting of the calyces 
consistent with moderate hydronephrosis. Also visualized in the 
clip is a heterogeneous collection of debris. The isoechoic sedi-
ment likely represents purulent material in the clinical setting of 
infection. The hyperechoic foci, with posterior “dirty shadowing,” 
corresponds to air. The foci of air are isolated to the renal pelvis 
consistent with the diagnosis of emphysematous pyelitis. 
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Introduction: When patients present to the emergency department with retained urethral foreign 
objects, imaging is crucial for identifying and further describing the object(s). Imaging is also 
important to plan the management and to assess the potential complications of foreign object 
removal. Ultrasonography is sometimes used for this purpose and can often provide more 
information on the object and its location and characteristics than plain radiographs. 

Case Report: This case report discusses the identification and characterization of a retained 
urethral foreign object that was not seen on plain radiography. 

Conclusion: While ultrasonography has its own limitations, in the cases of retained foreign objects, 
it can provide preferable imaging and can help guide the management of these patients. [Clin Pract 
Cases Emerg Med. 2021;5(1):39–42.] 

Keywords: Point-of-care ultrasound; genitourinal; foreign body.

INTRODUCTION
Urethral foreign body (FB) is an uncommon complaint in 

the emergency department.2 Typically, these retained urethral 
FBs are either iatrogenic and retained from a procedure, 
catheter, or implant, or they are the result of autoerotic 
stimulation practiced by some individuals.2-6 Even more rarely 
is a FB placed intentionally in one’s urethra as an attempt at 
self-harm, and this is usually associated with a history of 
mental illness.5-7 Urethral FBs can have many serious 
complications, including urinary retention (and secondary 
hydronephrosis and obstructive nephropathy); infection (with 
the object acting as a nidus until removal); trauma to the 
urethra and surrounding structures; urethral scarring and 
subsequent stricture; and sexual dysfunction.3-6 For these 
reasons, timely removal of retained urethral FBs is important 
in preventing serious and permanent complications. 

Localizing these FBs is often performed using 
radiographs, although ultrasound is becoming increasingly 
used.1,6,8 In many ways, ultrasound may be a preferable 
modality for imaging as it provides dynamic views and, if the 

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

location is superficial enough, can provide high definition 
images of the FB and surrounding structures.9-11 Imaging plays 
a vital role in the management of retained urethral FBs by 
helping to localize the object in relationship to other 
structures, and to ascertain information on the size, shape, 
mobility, and susceptibility to various removal techniques. In 
this case, we discuss a patient with a retained urethral FB that 
was only seen on ultrasound imaging, and which the 
ultrasound assisted in determining the best means of foreign 
object removal.

CASE REPORT
A 29-year-old male-to-female transgender patient 

presented to the emergency department complaining of 
inability to urinate. The patient had a long history of self-
injury and genital self-mutilation, including placing foreign 
bodies in her penile urethra. The patient stated that 
approximately eight hours prior to arrival, she had 
intentionally placed a baby carrot inside her urethral meatus 
and then pushed the carrot entirely into the urethra and 
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What do we already know about this clinical 
entity? 
Many foreign bodies (FB) are radiolucent, 
making traditional radiography unhelpful. 
Point-of-care ultrasound (POCUS) has 
become a useful tool in FB identification.

What makes this presentation of disease 
reportable? 
This is a unique case of a urethral FB not 
seen on plain radiograph that was easily 
visualized with POCUS. Ultrasound was also 
used to plan FB removal.

What is the major learning point? 
When urethral foreign body is suspected, 
POCUS may be a fast and easily accessible 
tool to aid in diagnosis and removal planning.

How might this improve emergency 
medicine practice? 
Using POCUS for radiolucent urethral FBs 
may save time to both diagnosis and removal 
when compared to ureteroscopy and/or 
computed tomography.

continued to apply pressure to move the FB as proximal as she 
could. She reported minimal pain during the time of insertion, 
but since then she had gradually worsening severe suprapubic 
pressure and penile pressure that radiated to the scrotum. She 
had not been able to void since inserting the FB. Exam 
showed slight erythema and irritation of penile meatus, no 
palpable mass within the penis, non-tender testicles, and a 
palpable, firm, cylindrical object in the anterior perineal area 
when palpated through the scrotum. In addition, patient had a 
tender and distended bladder on suprapubic palpation. 

AP and lateral radiographs were obtained of the pelvis, 
but no obvious foreign object or mass was clearly 
visualized (Image 1). 

Image 1. A plain anteroposterior view of the patient’s pelvis, not 
showing any foreign body. 

Image 2. (A) Point-of-care transverse image of the urethra was obtained trans-scrotally. A hyperechoic foreign body (vertical arrow) with 
shadowing (horizontal arrow) within the penile urethra was identified. (B) Point-of-care ultrasound of the urethra in long axis was obtained 
trans-scrotally. A hyperechoic foreign body (vertical arrow) with shadowing (horizontal arrow) within the penile urethra was identified. 

Point-of-care ultrasound was used for further evaluation. 
Multiple transverse and longitudinal views were obtained 
directly through the penis, but again, no foreign objects or 

other obvious abnormalities were identified. A trans-scrotal 
approach was made with the ultrasound probe, focusing on the 
area with the palpable cylindrical mass. Using this view, a 
distinct cylindrical mass was identified in both transverse and 
long axis (Image 2). 

Palpation of the mass while obtaining the ultrasound 
showed that it was mobile and appeared to be within the 

A B
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urethra, distal to the prostate. The object was measured (Image 
3). The bladder appeared distended, but otherwise no foreign 
objects were noted in the bladder on ultrasound.

Urology was consulted, and based on ultrasonographic 
localization, was able to palpate the proximal tip of the mass. 
The urology resident was then able to hook a fingertip around 
the proximal tip and push the foreign object distally through 
the urethra until it was palpable in the penis. External 
manipulation was continued, and the urology resident was 
able to “milk” the foreign object entirely out of the urethra. An 
approximately 5- centimeter baby carrot was removed fully 
intact, and the patient was able to urinate immediately 
afterward with significant improvement in pain. The patient 
had no obvious complications, and was discharged on 
ciprofloxacin for urinary tract infection prophylaxis.

DISCUSSION
When retained urethral foreign objects are suspected, 

imaging is important for diagnosis and prediction of possible 
complications, as well as for planning the removal of the 
foreign object and further management. Ultrasound has been 
shown to be an effective tool in confirming the presence of, 
locating, and determining the characteristics of a urethral 
foreign object. In this case, plain radiographs were not able to 
visualize a retained urethral foreign object, while ultrasound 
confirmed its presence. POCUS also demonstrated mobility of 
the object and its shape, which indicated that external 
manipulation could be a viable means of removal. Because of 
this, more invasive measures, such as urethroscopy, and any 
associated potential harms were avoided.

The limitations of POCUS can include missed foreign 
object depending on the depth, location, composition, and 
patient tolerance. Likewise, radiographs are often helpful in 
determining the exact size and shape of the object, and can 

highlight metal vs non-metal structures, but ultrasound is 
limited in this aspect due to various potential forms of artifact, 
especially with objects that ultrasound waves do not penetrate 
well. However, despite these limitations, as demonstrated in 
this case, POCUS can still be a useful and sometimes crucial 
tool in the management of retained urethral foreign objects.

CONCLUSION
Point-of-care-ultrasound can be a useful tool to evaluate 

for urethral foreign bodies. It is fast and effective, and location 
can sometimes be immediately determined. In this case, the 
foreign body could not be identified with plain radiography. 
Here we show an example where POCUS proved to be 
diagnostic in the identification of a urethral foreign body.
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Image 3. Urethral foreign body measuring 3.74 x 1.43 centimeters, 
as measured in long axis on point-of-care ultrasound. 
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Introduction: We present a case of intentional ingestion of a piece of plastic explosive in a military 
patient that resulted in tonic-clonic seizure and gastrointestinal illness. 

Case Report: Although uncommon, such ingestions have been reported in military journals since 
the Vietnam War. Access to plastic explosives is generally limited to military personnel, and non-
military medical providers may not be familiar with treatment of acute intoxication. 

Conclusion: It is imperative to refresh awareness and provide education to heighten suspicion and 
broaden differential diagnosis for patients presenting with new onset syncope or seizure, particularly 
in the military population. [Clin Pract Cases Emerg Med. 2021;5(1):43–46.] 

Keywords: Cyclonite; C4; RDX; plastic explosive; seizures; military explosives.

INTRODUCTION
Cyclotrimethylenetrinitramine (common names cyclonite, 

Research Development Explosive [RDX]) is the predominant 
explosive ingredient in Composition-4 (C-4) plastic explosive 
used extensively since World War II by the military in the United 
States (US) and other countries.1,2 It is a white solid with a 
putty-like consistency (Image). Previous studies have revealed 
that soldiers may intentionally ingest C-4 for two reasons: to elicit 
intoxication with symptoms similar to ethanol ingestion, or to 
induce illness for secondary gain.1,3 There are also reports of 
unintentional occupational exposure in the manufacture of C-4. 

Reported symptoms of ingestion include nausea, 
vomiting, diarrhea, seizures, postictal coma, lethargy, 
dysrhythmia, and myoclonus. Cardiac abnormalities such as 
tachycardia and quadrigeminal rhythm have also been 
reported; however, the exact mechanism has not been 
elucidated.4 In addition to ingestion, exposure due to 
inhalation was reported, on average, four times per month 
between December 1968–December 1969 when C-4 explosive 
was used to heat food rations, since it gives off intense heat 
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William Beaumont Army Medical Center, Department of Emergency 
Medicine, El Paso, Texas
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Image. The plastic explosive compound C-4 is a white solid with a 
putty-like consistency.

without exploding.5 It is important to note that both 
unintentional and intentional exposures to C-4 have a common 
presentation: new onset seizure in a non-epileptic patient. 6
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What do we already know about this clinical 
entity? 
Ingestion of the plastic explosive 
Composition-4 (C-4), whether intentional 
or unintentional, may result in neurologic, 
gastrointestinal, renal, and cardiac effects.

What makes this presentation of disease 
reportable? 
Ingestion of C-4 is an uncommon practice. 
Yet it appears cyclically in military medical 
literature, and non-military medical 
providers should be made aware.

What is the major learning point? 
Ingestion of C-4 commonly results in 
seizures, nausea, and vomiting. Seizures 
associated with C-4 toxicity respond to 
standard doses of benzodiazepines.

How might this improve emergency 
medicine practice? 
Our goal was to raise awareness that certain 
patient populations such as young males in 
the military might ingest plastic explosive 
and suffer C-4 toxicity.

CASE REPORT
A 20-year-old male, active duty US Army Combat 

Engineer was brought to the emergency department (ED) via 
ambulance after ingesting a small piece of C-4, with a volume 
estimated to be about 1.2 cubic inches, or three-quarter ounce. 
As a combat engineer, his duties involved detonation of 
explosives, including C-4, in support of combat operations. 
During a lull between training iterations at a demolition range, 
he was dared by a colleague to eat a 4 x 1 centimeter piece of 
plastic explosive. Immediately following the ingestion, he 
began to have nausea and a headache. Approximately 30 
minutes later, he sustained a witnessed, generalized tonic-
clonic seizure lasting two minutes. His unit members 
contacted their medical support and he was transported to the 
nearest military ED.

Per emergency medical services, he was alert and oriented 
to person, place, time, and situation with reassuring vital 
signs. No antiepileptic medications were administered prior to 
arrival at the ED. In the ED, the patient reported feeling 
confused, dizzy, and weak for about 60 minutes following the 
seizure. He complained of new onset of lower back pain. His 
initial vital signs were as follows: blood pressure 149/71 
millimeters of mercury; heart rate 96 beats per minute; 
respiration 15 breaths per minute; and his rectal temperature 
was normal. His physical examination was remarkable for 
warm skin, hyperreflexia, and non-sustained bilateral lower 
extremity clonus. 

Electrocardiogram (ECG) showed sinus tachycardia 
without evidence of ischemia, and borderline corrected QT 
interval prolongation was reported; however, no specific 
measurement was provided in the patient’s record. Radiographs 
of the chest, thoracic spine, and lumbar spine showed no acute 
abnormalities, and there was no mention of radiopaque foreign 
bodies. Computed tomography of the head showed no evidence 
of acute hemorrhage, edema, or mass effect.

When it became clear the patient had been exposed 
to C-4, the West Texas Regional Poison Center was 
consulted. Additional laboratory tests were recommended 
to assess for signs of organ damage and metabolic 
aberrations: urinalysis for hematuria; blood gas for 
methemoglobinemia; comprehensive metabolic panel for 
elevated anion gap metabolic acidosis, acute kidney or liver 
injury and hypokalemia; and creatine kinase to assess for 
rhabdomyolysis. Supportive care was recommended for 
seizures and nausea. Twenty-four hour observation was 
recommended as well. 

The patient received lorazepam 1 milligram (mg) 
intravenously (IV), ketorolac 30 mg IV, and 1 liter (L) normal 
saline bolus. Laboratory results were significant for 
leukocytosis of 16.4 103/ microliters (uL) (reference range 4.5 
to 11.0 x109/uL); elevated D-dimer of 2003 nanograms per 
milliliter (ng/mL) D-dimer units (reference range <250 ng/
mL); and elevated lactate at 2.41 millimoles (mmol)/L 
(reference range 0.5-1 mmol/L).

He was admitted to the intensive care unit (ICU) for 
monitoring. On admission, the consulting neurologist 
recommended doses of valproate 20 mg per kilogram (kg) and 
levetiracetam 40 mg/kg IV for seizure prophylaxis. In 
addition, the inpatient team elected to order two 16-ounce 
doses of polyethylene glycol oral solution and magnesium 
citrate for gastrointestinal decontamination. There was no 
report of C-4 found in rectal effluent. He remained on seizure 
precautions and had resolution of gastrointestinal symptoms, 
and no further seizure activity or other neurologic symptoms. 

Once medically cleared, he was seen by a behavioral 
health specialist per standard Army protocol. He met face-to-
face with a licensed clinical social worker (LCSW) and was 
evaluated using a battery of seven standardized psychological 
screening tools routinely used in the US Army Behavioral 
Healthcare Clinic. There were no concerning results and he 
was cleared by the LCSW and returned to full duty after his 
24-hour observation period.

At follow-up with his primary care provider four days 
later, he denied any recurrence of symptoms and did not have 
any further complaints or seizure-like activity. 
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DISCUSSION
On our review of the literature, we found that fewer than 

10 case reports of human C-4 ingestion have been published 
in the last 20 years and all published cases involve military 
personnel.4,8,9 The cases describe symptoms ranging from 
acute gastrointestinal illness to severe neurological sequelae. 
As seen with our patient, the most commonly reported 
symptom from exposure was new onset of seizures; these have 
been reported even from occupational exposures where 
appropriate handling and packaging of materials have been 
performed.1 Toxic effects have also been reported in animals. 
For example, in 2008 a two-year-old male Labrador retriever 
working in explosive detection ingested C-4 resulting in 
tonic-clonic seizures.7

The practice of purposeful ingestion of C-4 occurs 
disproportionately in young males. Analysis of case reports 
from 1969–2019, including both occupational and intentional 
exposures, found 31 were male, and none were female. Mean 
age was 26 years old. The average time from ingestion to 
onset of symptoms was approximately seven hours, with a 
range of 30 minutes to 16 hours.4,8-9 Ingestion quantities were 
inconsistently reported; however, a minimum ingestion of 1.58 
grams to a maximum of 180 grams were reported. Of note, 
seizures were reported in 100% of cases.1-6,8-9

 Pathophysiologically, seizures after C-4 ingestion are a 
direct result of central nervous system toxicity. Animal models 
have shown that cyclonite, the toxic ingredient in C-4, binds in 
vivo to the gamma-aminobutyric acid A (GABAA) chloride 
channel at the picrotoxin binding site with the same or greater 
affinity than pentylenetetrazol, acting as a non-competitive 
inhibitor of chloride conductance and resulting in seizure 
activity.8,10-12 The treatment of status epilepticus from C-4 
ingestion is medication with competitive GABAA receptor 
binding, such as benzodiazepines, barbiturates, and propofol. 
The management of a patient suspected to have ingested C-4 is 
primarily symptomatic and supportive. An algorithmic approach 
including first establishing a patent airway followed by prompt 
ECG to analyze for arrhythmias is imperative. Administration 
of activated charcoal is then suggested in patients not at risk for 
aspiration, followed by standard doses of benzodiazepines to 
prevent and treat seizures.13 Fluid resuscitation and monitoring 
of urine output are indicated because acute renal injury is 
common, and a soldier presenting from a training event is at 
high risk of volume depletion. After stabilizing the patient, ICU 
admission for close observation is reasonable. 

CONCLUSION
Exposure to C-4, whether occupational or intentional, is 

most notable for new onset seizures but can also result in 
neurologic, renal, and gastrointestinal abnormalities. After 
standard initial management including airway control to 
prevent aspiration, the next steps include medications to 
control seizures, and then assessment for end organ damage. 
Young adult males who may be susceptible to peer pressure 

and ingest C-4 as a rite of passage are a particularly at-risk 
population. It is imperative that emergency providers consider 
C-4 ingestion as a possible cause for unexplained first-time 
seizures in populations with access to the compound.

Patient consent has been obtained and filed for the publication of 
this case report.
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Introduction: This case reviews a patient with moyamoya disease, a rare cause of altered mental 
status. It highlights the importance of maintaining clinical suspicion for uncommon causes of 
common presentations.

Case Report: A 64-year-old male presented with seizures and persistent altered mental status. 
Computed tomography demonstrated findings consistent with bilateral ischemia. Cerebral 
angiography was performed with no thrombus identified but moyamoya disease present.

Conclusion: Although rare, moyamoya should be considered as a potential cause of patients 
presenting with altered mental status. The case presented also highlights the importance of avoiding 
common diagnostic biases. [Clin Pract Cases Emerg Med. 2021;5(1):47–49.]

Keywords: Seizure; stroke; diagnostic bias.

INTRODUCTION
Altered mental status is a common presentation to the 

emergency department (ED), accounting for between 1-10% of 
all encounters.1 While some presentations of altered mental 
status have a clear etiology based on provided history, vital signs 
or examination, many patients present undifferentiated and, 
therefore, require a broad evaluation including laboratory testing 
and neuroimaging. This case reviews a patient presenting with 
moyamoya disease, a rare cause of altered mental status, and 
highlights the importance of maintaining clinical suspicion for 
uncommon causes of common presentations.

CASE REPORT
A 64-year-old Black male with a reported history of 

seizure disorder was brought to the ED by emergency medical 
services (EMS) for altered mental status. Prior to arrival to the 
ED the patient was found by paramedics with seizure activity, 
and midazolam 5 milligrams was administered intravenously, 
causing cessation of the tonic-clonic movements. The patient 
remained unresponsive during transport and was not intubated 
prior to arrival. He was altered on arrival to the ED. There was 
no family present with patient, no family contact information 

The George Washington University Hospital, Department of Emergency Medicine, 
Washington, District of Columbia

available, and no prior documentation in the electronic health 
record; therefore, no additional history was available. 

The patient arrived nonverbal with minimal spontaneous 
movements of all extremities and was not consistently 
following commands. He was protecting his airway and 
maintained adequate oxygen saturations. Given these findings 
on arrival and that the patient was likely in a postictal period 
without sign of ongoing seizure and improvement in his 
Glasgow Coma Scale compared to the EMS report, the 
physicians decided to not intubate the patient on arrival and 
closely monitor his neurologic status. Initial vitals also 
revealed that he was afebrile but with an initial blood pressure 
of 84/52 millimeters of mercury (mmHg). A point-of-care 
ultrasound was performed to evaluate the hypotension and 
revealed no sites of bleeding and normal cardiac output. 
Intravenous fluids were administered and blood pressure 
quickly normalized. Electrocardiogram was unremarkable. On 
repeat neurological examinations, the patient continued to 
exhibit altered mental status, clinically inconsistent with a 
postictal state.

Laboratory workup revealed leukocytosis to 14.5 x 103 cells 
per microliter (mcL) (reference range 4.80-10.803 mcL), as well 
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What do we already know about this clinical 
entity? 
Moyamoya, a rare disease with progressive 
stenosis of the internal carotid arteries, 
is associated with strokes and seizures in 
children and adults. 

What makes this presentation of disease 
reportable? 
While moyamoya is classically found in those 
of Asian descent, we describe a complex 
presentation of a Black adult male with 
generalized symptoms of altered mental status. 

What is the major learning point? 
This case highlights the diagnosis of 
moyamoya disease as a rare cause of altered 
mental status while emphasizing the need to 
avoid bias in clinical decision-making. 

How might this improve emergency 
medicine practice? 
Crucial to safe, accurate diagnosis is 
continued diagnostic suspicion in atypical 
presentations and consideration of rare 
causes of common presentations. 

as a lactate of 9.3 millimoles per liter (mmol/L) (reference value 
for critical high of  > 4.0 mmol/L). Venous blood gas was 
significant for a pH of 7.25 (reference range 7.32-7.42) with a 
partial pressure of carbon dioxide of 46.6 mm Hg (reference 
range 25-40 mm Hg) and bicarbonate level of 20 mmol/L 
(reference range 24-28 mmol/L). The patient was given 
vancomycin and piperacillin/tazobactam as empiric antibiotics 
for potential infectious cause as well as levetiracetam.

A computed tomography (CT) of the brain without 
contrast showed loss of gray/white matter differentiation on 
the right side, evidence of right middle cerebral artery (MCA) 
acute infarction. The on-call neurologist was emergently 
consulted. The patient was not eligible for tissue plasminogen 
activator. CT angiography with perfusion imaging was then 
emergently pursued and showed bilateral MCA infarction at 
the first segment (M1) with core to penumbra mismatches and 
no significant core seen on the left. Based on this imaging, the 
neurology team activated the large cerebral vessel occlusion 
protocol. The patient was subsequently taken for cerebral 
angiography, which revealed bilateral internal carotid artery 
stenosis. Additionally, it found evidence of stenosis of the 
right and left M1 sections but no thrombus. Extensive 
perforator collateral circulation was found, consistent with 
moyamoya disease (Image). No additional intervention was 
indicated, and the patient was admitted to the intensive care 
unit. He was eventually discharged to a rehabilitation facility 
with residual left-sided hemiparesis and dysphagia.

DISCUSSION
The differential diagnoses and, therefore, the evaluation 

for a patient presenting with altered mental status is broad. 
Seizures are one potential cause of altered mental status and a 
common complaint in the ED, accounting for 1-2% of ED 
visits annually.2,3 Although patients may be unresponsive or 
obtunded immediately following a seizure, they should show 
gradual improvement in their mental status. If a patient is not 

improving clinically or there are findings inconsistent with 
seizure, alternative causes must be explored. 

Moyamoya, meaning “a puff of smoke” in Japanese, is a 
rare disease typically affecting the internal carotid arteries in 
which the lumens of those vessels progressively narrow due to 
smooth muscle proliferation.4,5 Over time, collateralization 
occurs; however, the lack of carotid vessel flow places the 
patient at higher risk of transient ischemic attacks, 
arteriovenous malformations, and stroke.6,8 Classically, this 
disease has been described in Asia and is often found in 
childhood. Moyamoya can also present in adulthood as 
headaches, seizures, altered mental status, transient ischemic 
attack, and stroke.7 Presentations in the United States tend to 
be later in life and are generally associated with a lower stroke 
recurrence rate and better functional outcomes due to a more 
robust collateral circulation.9,10

In this case, the finding of seizure activity confirmed by 
paramedics could have potentially led to confirmation bias 
given the patient’s reported history of epilepsy. Elevation in 
lactate is common in patients after a seizure; however, the 
hypotension on arrival in combination with an elevated lactate 

Image. Collateralization of the cerebral vessels on cerebral 
angiography. The collateralization, and therefore cerebral blood flow, 
on the left is more extensive than the right, consistent with left-sided 
deficits. Differences in cerebral blood flow can be visualized by 
comparing black arrows and white arrows. 
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could have also led the physician to anchor on infection as the 
cause. Additionally, the findings on neuroimaging did not 
correlate directly to the patient’s initial neurological exam 
findings. Finally, the radiologist theorized that heart failure 
could potentially have been the cause of the inadequate contrast 
load to the brain and subsequent bi-hemispheric findings; 
however, this was confounded by point-of-care transthoracic 
ultrasonography showing sufficient cardiac function. 

CONCLUSION
By maintaining clinical suspicion for alternate diagnoses 

as well as pursing continued diagnostic testing and patient 
reassessment, the rare finding of moyamoya disease, was 
identified. Moyamoya could be considered in adult patients 
presenting with acute seizures or strokes in addition to patients 
with altered mental status.

The authors attest that their institution requires neither Institutional 
Review Board approval, nor patient consent for publication of this 
case report. Documentation on file.
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Introduction: Toxicity from rodenticides such as metal phosphides is common worldwide, 
particularly in developing countries where consumers have access to unlabeled and uncontrolled 
insecticides and pesticides.  

Case Report: We present the first documentation of a metal phosphide exposure in Lebanon. A 
middle-aged woman presented to the emergency department following the ingestion of an unknown 
rodenticide. Spectroscopy analysis of the sample brought by the patient was used and helped 
identify zinc phosphide. The patient developed mild gastrointestinal symptoms and was admitted to 
the intensive care unit for observation without further complications.

Review: We subsequently conducted a literature review to understand the diagnosis, pathophysiology, 
clinical presentation, and management of metal phosphide toxicity. Multiple searches were conducted 
on MEDLINE and PubMed, and articles related to the topics under discussion were included in the 
review. Metal phosphide is associated with significant morbidity and mortality involving all body 
systems. Patients presenting with metal phosphide intoxication need extensive workup including blood 
testing, electrocardiogram, and chest radiography. To date there is no antidote for metal phosphide 
toxicity, and management is mostly supportive. Many treatment modalities have been investigated to 
improve outcomes in patients presenting with metal phosphide toxicities.

Conclusion: Emergency physicians and toxicologists in developing countries need to consider zinc 
and aluminum phosphides on their differential when dealing with unlabeled rodenticide ingestion. 
Treatment is mostly supportive with close monitoring for sick patients. Further research is needed 
to better understand metal phosphide toxicity and to develop better treatment options. [Clin Pract 
Cases Emerg Med. 2021;5(1):50–57.]   

Keywords: Zinc phosphide; metal phosphides; Lebanon; rodenticides.

INTRODUCTION
Rodenticides differ from one another in chemical 

formulations, mechanism of actions, and toxicity in humans. 
They contain many heterogeneous agents that are either 
organic (such as superwarfarins, strychnine, and sodium 
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monofluoroacetate) or inorganic (such as arsenic salts, 
phosphorus, barium, and zinc/aluminum phosphide) 
compound groups.1 Metal phosphides, such as zinc phosphide 
(Zn3P2), are a significant cause of morbidity and mortality in 
developing countries where the use of these compounds is 
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What do we already know about this clinical 
entity? 
Metal phosphides are a significant cause 
of morbidity and mortality in developing 
countries. Toxicity frequently leads to shock 
and multiorgan failure.

What makes this presentation of disease 
reportable? 
To report the first case of zinc phosphide 
exposure in Lebanon, as well as review the 
existing literature on zinc phosphide poisoning.

What is the major learning point? 
Zinc and aluminum phosphides should 
be included on the differential when 
approaching an intentional ingestion of 
unlabeled product that is marketed as a 
rodenticide. Treatment is supportive with 
close monitoring for sick patients. 

How might this improve emergency 
medicine practice? 
Zinc phosphide is a potent rodenticide, and 
its distribution needs to be better controlled 
by officials to decrease potential accidental 
and homicidal toxic exposures. 

very common. Zinc phosphide is cheap, easily available, and a 
highly potent rodenticide.2 Mortalities due to accidental, 
suicidal, and homicidal exposure to zinc phosphide have been 
reported in Eastern countries such as India, Iran, Sri Lanka, 
and Thailand.3-5 Despite being associated with high mortality 
rates, there are currently no known antidotes for zinc 
phosphide toxicity, and the treatment is limited to supportive 
interventions.6 We report a case of zinc phosphide exposure in 
Lebanon, as well as a review of the existing literature on zinc 
phosphide poisoning. 

CASE REPORT
A 38-year-old female, known to have a history of 

generalized anxiety disorder and depression (on sertraline), 
presented to the emergency department (ED) with an 
intentional ingestion of an unknown black powder diluted in 
450 milliliters (mL) of water, 30 minutes before arrival 
(Image). The powder was labeled as “rodenticide” and 
purchased from a local Lebanese market. The patient waited 
seven minutes after mixing the solution in a bottle and then 
drank 400 mL; she reported a garlic-like smell. Her other 
co-ingestions included three tablets of 0.5 milligrams (mg) 
alprazolam and two tablets of 500 mg acetaminophen. On 
arrival, she was alert and oriented, with normal vital signs 
(heart rate 77 beats per minute, blood pressure 122/81 
millimeters of mercury (mm Hg), respiratory rate of 16 
breaths per minute, pulse oximetry 98% at room air, and 
temperature of 37.2°C). Pupils were 4 mm and reactive 
bilaterally. Neurologic examination was normal with no 
rigidity or clonus. 

The rest of her examination was unremarkable. 
Electrocardiogram was normal and chest radiography was 
unremarkable. Urine drug screen was detectable for 
acetaminophen but undetectable for amphetamines, 

barbiturates, benzodiazepines, cannabinoids, opiates, cocaine 
metabolites, tricyclic antidepressants, methadone, or 
phencyclidine. Her serum salicylate level was undetectable, 
and her acetaminophen level four hours post-ingestion was 
18.6 mg per liter (L) (toxic level: >150 mg/L four hours 
post-ingestion). Initial laboratory results are displayed in the 
Table. Given that the ingestion of the unknown rodenticide 
was 30 minutes before presentation, activated charcoal with a 
dose of 1 gram (g)/ kilogram (kg) was administered. The 
patient vomited once after the charcoal. The remaining 50 ml 
of the solution that the patient had ingested was sent for 
qualitative analysis. The sample was shaken and 10 ml was 
filtered on a 0.2µm filter, acidified, and run on inductively 
coupled plasma mass spectroscopy (Agilent ICP-MS 7500ce, 
Agilent Technologies, Inc., Santa Clara, CA) in a semi-
quantitative mode for multiple metals. The method used was 
the EPA 200-7/8 M (US Environmental Protection Agency 
Method 200.7: Determination of Metals and Trace Elements in 
Water and Wastes by ICP-MS-atomic emission spectrometry). 
This test can detect many substances including anticoagulants, Image. Residual sample (50 milliliters) of the diluted rodenticide 

ingested by the patient.
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thallium, aluminum/zinc phosphide, and other heavy metals 
(aluminum, vanadium, chromium, manganese, iron, cobalt, 
nickel, copper, zinc, arsenic, selenium, strontium, silver, 
cadmium, barium, lead, mercury, and phosphorus).

The test detected zinc (14.7 mg/L, limit for quantification 
>0.005 mg/L) and phosphorus (14.7 mg/L, limit for 
quantification >0.005 mg/L). Other metals such as barium 
(0.026 mg/L), strontium (0.058 mg/L), manganese (0.036 
mg/L), lead (0.024 mg/L), and thallium (0.007 mg/L) were 
detected minimally above the level of quantification (>0.005 
mg/L) but not as high as phosphorus and zinc. Testing for 
whole blood lead and arsenic level were also performed and 
results were unremarkable. The patient was subsequently 
admitted to the intensive care unit for 24 hours where she 
remained hemodynamically stable and only complained of 
mild abdominal pain and vomited once. Serial coagulation 
profile was repeated and was within normal limits. The patient 
was later transferred to the psychiatric ward and discharged 
with no complications on day three of hospitalization.

DISCUSSION
The above case highlights the challenges that emergency 

physicians and toxicologists can encounter in developing 
countries, where consumers have access to unlabeled and 
uncontrolled insecticides and pesticides.  The differential 
diagnosis in the case of unlabeled insecticide toxicity is wide 
and includes toxicity by thallium, zinc and aluminum 
phosphide, long-acting anticoagulants, lead, or other heavy 
metals. Analysis of the exposure sample is a key step as it 
helps in identifying the active ingredient, allowing the medical 
team to make appropriate medical decisions. In the case under 
discussion, zinc phosphide did not lead to a significant 
morbidity or mortality. This may be due to the fact that the 
zinc phosphide powder was already unpackaged and wrapped 
in a newsletter at the shop prior to purchase. This form of 

storage leaves the substance exposed to air and humidity, 
resulting in the dissipation of the phosphine gas.7 

There is a lack of updated evidence in terms of 
characteristics and management in zinc phosphide toxicity. 
Our goal was to provide an updated review of the literature in 
zinc phosphide toxicity, including important information on 
the pathophysiology, clinical presentation, diagnosis, and 
treatment. Since the toxic agent in zinc phosphide toxicity is 
phosphine, studies on phosphine and aluminum phosphide 
were also reviewed. We used the following search strategy: 
the National Library of Medicine’s MEDLINE database 
(PubMed) was systematically searched for articles from 1990 
to date using the following keywords and strategy: 1) metal 
phosphide; 2) zinc phosphide; 3) metal phosphide; 4) toxicity 
or exposure or poisoning; 5) #1 AND #4; 6) #2 AND #4; 7) #3 
AND #4; 8) antidote or therapy or treatment; 9) #5 AND #8; 
10) #6 AND #8; 11) #7 AND #8; 12) phosphine AND toxicity 
AND poisoning AND treatment. Every search triggered 
further review of additional articles. Abstracts of articles were 
reviewed and selected for inclusion if they discussed metal 
phosphide toxicity or exposure and treatment. We also 
conducted an independent hand search of the bibliography of 
studies to identify relevant articles that were not identified on 
the initial automated search. No limits on types of articles 
were set. Articles were excluded by the senior and first author 
if found to be irrelevant to the scope of this review.

Exposure
Zinc phosphide is an inorganic chemical compound that is 

found as dark gray or black powder.8 Upon ingestion, zinc 
phosphide is hydrolyzed by gastric acid, generating phosphine 
gas, which is rapidly absorbed through the gastric mucosa.9 In 
its purest form, phosphine is almost odorless, but its 
commercial grade has a disagreeable, garlic-like or decaying 
fish odor, due to impurities.10 The odor threshold for 
phosphine is 0.14-0.28 mg cubic millimeters (0.1-0.2 parts per 
million). However, odor is not always a reliable indicator of 
phosphine levels.10 

Phosphine gas is absorbed through multiple routes 
(inhalational, dermal, and oral).11 It is worth noting that 
ingestion of the fresh rodenticide in the original packaging is 
associated with increased toxicity. Once the packaging is 
removed and the rodenticide exposed to moisturized air, it is 
rendered less toxic due to the conversion of the phosphide and 
dissipation of the phosphine gas.7 

Pathophysiology
Zinc phosphide is a highly toxic compound, and the 

ingestion of as little as 4-5 grams can lead to significant toxicity 
and death.12 The generated phosphine gas is widely distributed 
in the body to all organ systems.13 Phosphine is primarily 
eliminated through exhalation, but it is also oxidized and 
eliminated in the urine as phosphites.14 The pathophysiology of 
zinc phosphide toxicity is multifaceted, and multiple theories 

Table. Patient’s initial test results in the emergency department.
Test Result Reference values

White blood cells count 8200 4000 – 11000/mm3

Creatinine 0.8 0.5 - 1.0 mg/dL
Blood urea nitrogen 7 8 – 25 mg/dL
Bicarbonate 21 24 – 30 mmol/L
Aspartate transaminase 34 0 – 50 IU/L
Alanine transaminase 20 0 – 50 IU/L
Anion gap 12
Activated partial thromboplastin 
time 

26.3 27.0 – 39.0 sec

Prothrombin time 11 10.0 – 13.0 sec
International normalized ratio 1.1 0.9 – 1.2

mm3, cubic millimeters; mg, millligrams; dL, deciliter; mmol, mil-
limoles; L, liter; IU, international units; sec, second.
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have been proposed to explain its toxicity. The phosphine gas 
inhibits the cytochrome C oxidase in the inner mitochondrial 
membrane, leading to dysregulation of the oxidative 
phosphorylation pathway.15 Additionally, nuclear and 
mitochondrial deoxyribonucleic acid damage through guanine 
oxidation is observed in the brain and the liver.16 Additionally, 
phosphine toxicity increases the production of oxygen reactive 
species, resulting in lipid peroxidation and tissue destruction, 
and ultimate organ collapse.17,18 

Clinical Characteristics
Patients with zinc phosphide intoxication usually have 

multisystem toxicity. The most common presenting signs and 
symptoms include nausea, vomiting, dyspnea, retrosternal or 
epigastric pain, and agitation, although patients may present in 
cardiovascular shock and hemodynamic instability.3,19 Zinc 
phosphide toxicity is associated with a high mortality rate, 
which can range from 37-100%.20

Gastrointestinal Toxicity
In a retrospective study conducted on 455 patients who had 

ingested zinc phosphide in Thailand, Trakulsrichai et al identified 
gastrointestinal symptoms as the most common presenting 
symptoms.3 However, gastrointestinal symptoms are also 
prevalent in patients who have been exposed through compound 
inhalation, as shown by Wilson et al.19 The common symptoms 
seen in cases of ingestion include nausea, vomiting, and 
abdominal pain.4,19 Phosphine is also associated with garlic-like 
breath.11 Additionally, zinc phosphide exposure is associated with 
hematemesis and corrosive changes in the esophagus and 
stomach of exposed patients.20-22 Esophageal strictures are another 
complication that develops following exposure, with cases of 
tracheaesophageal fistulas also reported.23-25 

Cardiovascular Toxicity
Phosphine toxicity leads to a constellation of 

cardiovascular clinical effects. A collapse of the circulatory 
system is frequently observed, which typically results in 
refractory hypotension and shock.26 Tachycardia is a common 
finding, although in some cases bradycardia is observed 
despite the persistent hypotension.27 In a study of 25 patients 
with phosphine exposure, Kalra et al reported that phosphine 
toxicity leads to a specific set of hemodynamic changes, which 
include profound hypotension, decreased cardiac output, 
increased systemic venous pressure, normal pulmonary 
capillary wedge pressure, and inadequate systemic 
vasoconstriction.28 Patients with hypotension have been found 
to have left ventricular enlargement early on following 
intoxication, as well as hypokinesia of the left ventricle and 
septum, global hypokinesia, and in some cases akinesia.29-31 

Additionally, studies investigating histological changes in 
cardiac tissue following exposure to phosphine confirmed the 
presence of myocardial edema with fiber separation, 
fragmentation of fibers, vacuolization of myocytes, as focal 

necrosis and neutrophilic and eosinophilic infiltrates in the  
heart.32-35Autopsies of isolated cases have also demonstrated 
evidence of myocarditis, pericardial effusions, and 
pericarditis.19,30,33-35 Dysrhythmias including atrioventricular 
bundle branch blocks, atrial fibrillation, atrial flutter, and other 
supraventricular tachycardias has been observed in patients 
following exposure to phosphine.36Additionally, ST-segment 
changes on the electrocardiogram (ECG) similar to those found in 
myocardial ischemia have been documented in some patients.37 

Respiratory Toxicity
Labored breathing and chest tightness are among the most 

common symptoms in patients exposed to phosphine, 
particularly in those who inhale it.6,19 Coughing, cyanosis, and 
the presence of rales and rhonchi on auscultation are also 
frequent findings.21 Pulmonary edema and acute respiratory 
distress syndrome have also been reported in multiple studies.38,39

Central Nervous System Toxicity
Neurological signs and symptoms of phosphine toxicity 

include headache, dizziness, drowsiness, paresthesia, intention 
tremors, weakness, fasciculations, and altered mental status.19 
Delayed symptoms may include seizures, delirium, and coma, 
all of which may be caused by electrolyte abnormalities as 
well as neuronal damage.19 

Hepatic Toxicity
Elevation of transaminases and, to a lesser extent, jaundice 

can be observed in patients with phosphine poisoning.7,19 Saleki 
et al studied the histological findings in the livers of 33 
deceased patients and noted that  sinusoidal congestion (77.4%) 
and fine vacuolization of hepatocytes (71.1%) were the major 
findings following exposure.40 Cases of hepatic failure and 
hepatic encephalopathy have also been reported.41,42 

Metabolic Findings
Metal phosphide toxicity is associated with glycemic 

derangement. Severe and persistent hypoglycemia is a common 
finding of phosphide poisoning, and it is believed to result from 
impaired hepatic gluconeogenesis and glycogenolysis.43 
However, hyperglycemia is also observed in rare cases and is 
associated with poorer outcomes.44 While the underlying causes 
of the elevated glucose are not fully understood, timely 
correction of the glucose level is recommended.44 Another very 
common finding is metabolic acidosis, which is often severe 
and associated with poor prognosis.12,45 Hypokalemia secondary 
to vomiting, and hyperkalemia secondary to acidosis and renal 
failure may also develop.3,7

DIAGNOSIS
Laboratory confirmation of phosphine exposure is usually 

not required if it is a known exposure.2 Phosphine is not tested 
for in the blood due to rapid oxidization into phosphites.46 
However, a multitude of tests can confirm phosphide exposure 
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and are required for forensic investigation. Qualitative color 
tests can be used to detect phosphine in biological samples. 
Testing can be done using silver nitrate, mercury chloride, 
potassium permanganate, or mercury diethyliocarbamate, and 
can be performed on samples of expired air, stomach content, 
urine, or liver tissue.2 Testing with silver nitrite paper is the 
most commonly used technique.2 Silver nitrate paper turns 
from blue to black when exposed to phosphine, and can detect 
phosphine concentrations as low as 0.05 mg/L.2,12

When phosphide poisoning is suspected, it is important to 
obtain laboratory tests that can determine the severity of 
toxicity as well as the prognosis of the patient. This includes 
blood testing for complete blood count, electrolytes, glucose, 
arterial blood gases and pH, hepatic function tests, and kidney 
function tests.2 Additionally, chest radiography is required to 
rule out the presence of pulmonary congestion, and an ECG is 
needed to detect cardiac involvement.2 Once phosphide 
poisoning is suspected, a medical toxicologist should be 
consulted early on for advice and guidance in management.2 

TREATMENT
There is currently no known antidote for zinc phosphide 

toxicity. Management is generally supportive and needs to be 
initiated promptly. Patients who are symptomatic at 
presentation require observation in a monitored setting until 
they are back to baseline.2 

Gastrointestinal Decontamination
Activated charcoal could be considered for patients with 

oral ingestion of zinc phosphide within one hour if there is no 
contraindication.2,7,12  However, the use of activated charcoal 
or other compounds such as potassium permanganate in 
gastric lavage for metal phosphide poisoning may be of 
limited benefit due to the lack of molecular interaction 
between these compounds and the metal phosphide.47

Blood Pressure Control
Hypotension is a common finding in patients with zinc 

phosphide intoxication that requires immediate attention. 
Patients should be initially treated with fluid resuscitation.2 
However, hypotension is often resistant to correction by fluids 
and requires the use of vasoactive agents such as 
norepinephrine or phenylephrine.48 Marashi et al also 
suggested using hydroxyethyl starch, a colloid that causes 
intravascular volume expansion in the treatment of 
hypotension.26 Hydroxyethyl starch was successfully used in 
one case reported, although further evidence is needed to 
determine its impact.26,49 In refractory hypotension that is 
resistant to fluids and vasopressors, intra-aortic balloon pumps 
was used in isolated cases with questionable benefit.50

Electrolytes and Blood pH Corrections
The metabolic acidosis observed following zinc 

phosphide toxicity is suspected to be the result of oxidative 

phosphorylation inhibition and severe tissue hypoperfusion 
secondary to hypotension and shock.4,51 Sodium bicarbonate 
(NaHCO3) is recommended by multiple sources for 
acidosis.2,12 However, Marashi et al and Boyd et al 
recommended that sodium bicarbonate should be reserved for 
patients in shock with blood pH lower than 7.0 49,52 In some 
cases, hemodialysis and peritoneal dialysis were used to 
correct severe acidosis and fluid overload.4 

Conflicting evidence exists as to whether metal phosphide 
toxicity leads to hypomagnesemia or hypermagnesemia and 
whether supplementation can lead to better outcomes. Chugh et 
al conducted a randomized study on patients who had been 
poisoned by aluminum phosphide, in which a group of patients 
was given several doses of magnesium while another group 
acted as controls. The treatment group had a significantly better 
survival rate compared with the control group.54 However, the 
benefits of magnesium supplementation remain unclear.

Potassium disturbances should also be addressed and 
corrected, as they may predispose or worsen dysrhythmias.7 

N-acetylcysteine
A decline of antioxidant levels such as glutathione is 

documented in patients following metal phosphide 
poisoning.55 In a retrospective review of 100 cases of 
aluminum phosphide poisoning, Bhat and Kenchetty found 
that the use of N-acetylcysteine (NAC) is associated with 
lower mortality rate, shorter hospital stay, and lower peak 
levels of aspartate and alanine transaminases.56 Tehrani et al 
conducted a randomized clinical trial aimed at assessing the 
usefulness of NAC in the treatment of aluminum phosphide 
toxicity. The authors reported a mortality rate of 36% in 
patients who received NAC and 60% in patients who did not.57 
These findings suggest that NAC may play a role in the 
treatment of phosphine toxicity. Additionally, Bhalla et al 
conducted an interventional study and found no difference in 
mortality rate between the group treated with NAC and the 
group that did not receive it.58 Further studies are therefore 
needed to confirm the role of NAC in the management.

Extracorporeal Membrane Oxygenation
Extracorporeal membrane oxygenation (ECMO) is being 

explored as a treatment modality in the management of patients 
with aluminum phosphide toxicity. Mohan et al reported a series 
of seven patients with severe acidosis and refractory shock who 
were treated with ECMO, where five patients survived and had 
full recovery of left ventricular function.59 In another study 
involving 83 patients, Mohan et al found improved short-term 
survival in 15 patients who were on ECMO. Therefore, ECMO 
may play a role in the management of phosphide toxicity 
although further evidence is needed.60 

Hyperinsulinemia-euglycemia
High levels of insulin are believed to promote carbohydrate 

utilization instead of fats, which allows for better myocardial 
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functioning.61 Hassanian-Moghaddam and Zamani evaluated 
two groups of poisoned patients and treated one group with 
high-dose insulin euglycemia protocol. Patients in the treatment 
group had significantly longer hospital stays and better survival 
compared to patients who received supportive treatment only.62 

Blood Transfusion
Rahimi et al used packed red blood cells (PRBC) in rats 

poisoned with metal phosphide and reported improved 
acidosis and overall survival.63 In their study, they infused 1.5 
mL of PRBCs into the poisoned rats, one hour after 
intoxication with aluminum phosphide (4-15 mg/kg). PRBC 
infusion improved the acidosis, electrolyte disturbances, and 
plasma troponin levels besides reversing the ECG changes. 
One proposed mechanism is that increased PRBCs chelate 
toxic intermediates through phosphine-hemoglobin interaction 
and modulate acid-base disturbances.63

Other Modalities
In another study, minocycline reversed ECG 

abnormalities, heart failure signs, and kidney injury in rats 
intoxicated with metal phosphides. The authors postulate that 
minocycline’s effects are due to its ability to improve 
mitochondrial function and inhibit apoptosis.64 Melatonin is 
another drug that is being explored as a treatment modality 
following phosphine toxicity. Hsu et al showed that melatonin 
increases glutathione levels and decreases lipid peroxidation 
in the brain in vivo and in vitro.16 Asghari et al conducted a 
similar study on rats and observed a decrease in the 
phosphine-induced oxidative damage to the heart in the group 
receiving melatonin.65 Additionally, Ahmadi et al studied the 
use of dihydroxyacetone (DHA) in phosphide poisoning in 
rats and found that DHA resulted in 100% survival and 
prevented cardiovascular abnormalities. The authors reported 
a 100% survival rate with improved ECG abnormalities and 
more stable hemodynamic status.66

Triiodothyronine, vasopressin, and milrinone are also 
being tested in animal models and show promising signs.67 
Triiodothyronine is associated with decrease in cardiac 
dysfunction, oxidative stress, and apoptosis. Vasopressin is 
being shown to have cardioprotective effects and cause 
increase in adenosine triphosphate production. Milrinone 
causes a decrease in oxidative stress and apoptosis.67 
Liothyronine and acetyl-L-carnitine have been studied for 
potential benefit for phosphide toxicity treatment.67 Based on 
in vitro studies, theoretically 6-aminonicotinamide showed 
protective activity in hepatocytes and boric acid may act as a 
trapping agent to trap phosphine, which can be excreted in 
urine.67 Further studies are needed to assess the role of these 
potential compounds in the management of phosphide toxicity. 

CONCLUSION
Emergency physicians and toxicologists in developing 

countries often face challenges when caring for patients who 

have been exposed to unlabeled and unregulated pesticides 
commonly found in the marketplace. Zinc and aluminum 
phosphides should be included on the differential when 
approaching an intentional ingestion of unlabeled product that is 
marketed as a rodenticide. This article is a comprehensive 
review of phosphide toxicity clinical presentation and approach 
to management. Toxicity affects multiple organ systems and 
frequently leads to shock and severe metabolic acidosis. 
Metabolic, cardiovascular, hepatic, and renal complications are 
common. There remains to be found a recognized antidote for 
metal phosphide toxicity, and treatment is mostly supportive. 

The Institutional Review Board approval has been documented 
and filed for publication of this case report.
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Introduction: Emergency physicians should be cognizant of complications following common 
procedures (including dental) and be able to readily care for patients with acute dental pain. 

Case Report: A 22-year-old female presented with dental pain and difficulty swallowing that 
developed 48 hours after she underwent a dental extraction. The physical exam showed an 
uncomfortable, afebrile female with dysphonia, inability to tolerate secretions, and crepitus over the 
neck and anterior chest wall. 

Discussion: The use of a high-speed dental drill may have caused air to dissect through 
fascial planes leading to subcutaneous emphysema, or even through deeper planes resulting in 
pneumomediastinum. It should be noted that subcutaneous emphysema and pneumomediastinum 
are rare complications of dental procedures. 

Conclusion: This case highlights an uncommon but potentially life-threatening complication 
following a routine dental procedure, which emergency clinicians should be attentive to and able to 
identify and thereby manage. [Clin Pract Cases Emerg Med. 2021;5(1):58–61.]

Keywords: Pneumomediastinum; subcutaneous emphysema; dental procedure; dysphagia; 
dental emergency.

INTRODUCTION
Subcutaneous emphysema and pneumomediastinum have 

a myriad of etiologies ranging from trauma or infection to 
post-surgical or even spontaneous origin.1 Although these 
complications may arise following innocuous dental 
procedures such as tooth extraction, they are far more rare.1,2 
When subcutaneous emphysema and pneumomediastinum do 
occur following dental procedures, they are almost always a 
result of the use of a compressed air drill and involve the 
mandibular molars.1 This case highlights the rare complication 
of subcutaneous emphysema and pneumomediastinum 
following a tooth extraction with local anesthetic. The 
mechanisms, clinical presentations, complications, and 
management are reviewed.  

CASE REPORT
A 22-year-old female presented to the emergency 

department (ED) with the complaint of left-sided jaw pain, 

Mercy St. Vincent Medical Center, Department of Emergency Medicine, Toledo, Ohio

left cheek swelling, dysphagia, and odynophagia that 
developed 48 hours after a dental extraction. The patient had 
been seen in the ED earlier that day for left jaw pain but did 
not endorse odynophagia at that time and was capable of 
eating and drinking. She denied any fever, headache, vision 
change, eye pain, nausea, vomiting, dyspnea, or use of 
straws. Her past medical history did not contain any pre-
existing cardiopulmonary disease and she was in good health 
without any prior surgeries. She denied tobacco or alcohol 
use. Two days prior to her visit to the ED, she underwent a 
tooth extraction at her dentist’s office where her left 
mandibular first molar was removed. The patient received 
bupivacaine with epinephrine injection for local anesthesia. 
Later review of dental records indicated that a pressurized air 
turbine dental drill had then been used for resection of the 
tooth prior to extraction. 

Her vital signs in the ED were as follows: blood pressure 
of 124/68 millimeters of mercury; heart rate 82 beats per 
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What do we already know about this clinical 
entity? 
Subcutaneous emphysema and 
pneumomediastinum following dental procedures 
is a rare but life threatening complication that 
may be easily overlooked.

What makes this presentation of disease 
reportable? 
Emergency physicians should be aware of the 
rare but serious complications that may occur 
following seemingly innocuous dental procedures.

What is the major learning point? 
The images serve to solidify the severity of the 
disease process that may occur following local 
dental extraction.

How might this improve emergency medicine 
practice? 
When a patient presents with dental pain, 
dysphagia, or odynophagia following dental 
extraction, allergic reaction and subcutaneous 
emphysema with pneumomediastinal extension 
should be considered.

minute; respiratory rate 15 breaths per minute; oxygen 
saturation of 98% on room air; and oral temperature 36.8° 
Celsius. Physical examination showed an uncomfortable-
appearing female who was expectorating saliva into an emesis 
basin. She exhibited slight dysphonia but no stridor, and was 
able to speak in full sentences without difficulty. The patient 
exhibited tenderness to palpation over the left mandible with 
mild cheek edema, without erythema. Partial dislodgement of 
blood clot overlying the left first mandibular molar (tooth 
number 19) was noted. The trachea was midline and there was 
no meningismus, although she had increased midline neck 
pain with resistance to neck extension (secondary to pain). She 
had palpable crepitus over the neck and anterior chest wall. 

Laboratory findings showed a white blood cell count of 
6.8 thousand per microliter (K/uL) (reference range 3.5-11.3 
k/uL), hemoglobin of 15.2 grams per deciliter (g/dL) (ref 
range 11.9-15.1 g/dL), platelet count of 300 (K/uL) (ref range 
138-453 K/uL), and C-reactive protein 8 milligrams per liter 
(mg/L) (ref range < 5 mg/L). A computed tomography (CT) 
soft tissue neck with intravenous (IV) contrast was performed, 
which demonstrated extensive air accumulation involving the 
oral, retropharyngeal space, and pneumomediastinum (Image). 
After consultation with a cardiothoracic surgeon, the decision 
was made to begin prophylactic antibiotics. She was started on 
IV maintenance fluids and ampicillin-sulbactam for broad 
spectrum coverage including oral flora. 

The patient was admitted for observation and discharged 
three days later. An esophagram taken to rule out esophageal 
damage showed that the esophagus appeared to be without 
injury and was functioning normally. The patient received a 
follow-up phone call one week after being discharged and 
reported complete resolution of symptoms. 

Image. (A) Computed tomography (CT) with intravenous 
contrast (coronal) demonstrating extension of the subcutaneous 
emphysema from left lower molar tooth, along both the anterior and 
posterior triangles extending up to the retrosternal area and into the 
mediastinum (arrows). (B) CT with intravenous contrast (sagittal) 
demonstrating extension of the subcutaneous emphysema from 
the left lower molar tooth into the retropharyngeal space and 
mediastinum (arrows). 

A B

DISCUSSION
Emergency physicians are more likely to encounter 

subcutaneous emphysema and pneumomediastinum from 
non-dental causes. These non-dental causes include traumatic 
intubation, mechanical ventilation, facial trauma, forceful 
vomiting leading to esophageal rupture, asthma exacerbation 
with alveolar rupture, and intense Valsalva maneuver. They 
can also result following endoscopic procedures such as 
tracheostomy, head, neck or thoracic surgery, endoscopy, 
bronchoscopy or, rarely, foreign body or tumor in the 
bronchopulmonary tree or digestive tract.1 Subcutaneous 
emphysema with pneumomediastinal extension are also rare 
complications following various dental procedures, especially 
after the use of an air pressurized dental drill used for cutting, 
extracting, and cooling dental surfaces.1 

When a pressurized drill is overused or used at an 
improper angle, it forces pressurized air and unsterile water 
beneath soft tissue spaces via disruptions in the 
dentoalveolar membrane.2-4 Air and water may then dissect 
along the multiple fascial planes between the mouth and 
mediastinum, especially near the roots of the three molars 
that directly communicate with the sublingual and 
retropharyngeal spaces, risking the spread of contaminants 
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from the gingival flora into the mediastinum.2 Mediastinal 
extension is associated with a myriad of potentially serious 
complications that increase morbidity and mortality such as 
infective mediastinitis, tension pneumothorax, pericardial 
tamponade, airway obstruction, or even air embolism.2,5-7

Physicians might attribute immediate dyspnea and 
swelling after a dental procedure to allergic reaction or 
angioedema, and delayed symptoms to hematoma or soft 
tissue infection such as cellulitis, Ludwig’s angina or 
Lemierre’s syndrome.5,8  Patients with isolated subcutaneous 
emphysema typically present with painless edema of the face 
and neck; however, the presence of palpable crepitus is 
pathognomonic and clearly distinguishes from other causes.4,5,9 
Symptom onset is within a few hours following the procedure 
in over 90% of cases, but seldomly beyond 48 hours.6,11 
Rarely, dysphonia, dyslalia, brassy voice, and hearing loss 
occur due to free air in the retropharyngeal space compressing 
the Eustachian tube.8 Once palpable crepitus is noted, there 
should be immediate consideration for pneumomediastinum 
and potentially associated pneumothorax, esophageal rupture, 
or infection within the fascial planes.2,10 Patients with 
pneumomediastinum typically present with dyspnea, chest 
pain, back pain, dysphagia, odynophagia, or Hamman’s sign 
(a systolic friction rub).5,7,10,11 

Diagnosis of subcutaneous emphysema and 
pneumomediastinum is confirmed radiographically. A CT of 
the chest and neck is the most sensitive test for detecting 
widespread emphysema and pneumomediastinum.4,5 If CT 
is unavailable, use of plain radiographs of the chest and 
neck will show radiolucent layers of free air. 

Subcutaneous emphysema by itself, despite the 
possibility of leading to local infection, is relatively benign 
and innocuous, with most cases spontaneously resolving 
within 2-10 days. These patients can be managed with 
reassurance, analgesia, and observational telemetry 
monitoring for cardiac and respiratory efforts. Since 
infection is rare, antibiotics are not always necessary; 
nevertheless,they are frequently prescribed. Patients with 
pneumomediastinum, however, are typically admitted for 
IV prophylactic, broad-spectrum antibiotics to cover oral 
aerobes and anaerobes. The possibility of further 
complications may be decreased by use of sedatives to 
lower respiratory effort. Additionally, stool softeners, 
antitussives, and antihistamines to decrease intrathoracic 
pressure generated from Valsalva, coughing, and nose 
blowing may be efficacious. 

In most cases, the reabsorption of air begins within two to 
three days, frequently having complete resolution by day 7-10 
after onset.8,9 This process may be hastened with the use of 
oxygen inhalation through nasal cannula or nonrebreather, 
which reduces the partial pressure of nitrogen within the 
blood, ultimately increasing air reabsorption.10 In the setting of 
ED presentation following dental work with a high-pressure 
drill or syringe, further invasive procedures such as 

nasoendoscopy, bronchoscopy, esophagoscopy, or barium 
esophagram are unnecessary. 

CONCLUSION
Cervicofacial and mediastinal emphysema rarely occurs 

following a common dental procedure such as molar 
extraction. Most reported cases are localized to the 
cervicofacial regions; only a few cases have been reported 
with mediastinal extension. It is imperative that clinicians be 
able to identify and diagnose complications associated with 
face or neck swelling following dental procedures as most 
cases are misdiagnosed and the complications could be fatal. 
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Introduction: A 20-year-old man with a reported history of asthma presented to the emergency 
department in cardiac arrest presumed to be caused by respiratory failure. 

Case Report: The patient was discovered to have central airway obstruction and concomitant superior 
vena cava compression caused by a large mediastinal mass—a condition termed mediastinal mass 
syndrome. While the patient regained spontaneous circulation after endotracheal intubation, he was 
challenging to ventilate requiring escalating interventions to maintain adequate ventilation. 

Conclusion: We describe complications of mediastinal mass syndrome and an approach to 
resuscitation, including ventilator adjustments, patient repositioning, double-lumen endotracheal tubes, 
specialty consultation, and extracorporeal life support. [Clin Pract Cases Emerg Med. 2021;5(1):62–65.] 

Keywords: Mediastinal mass; mediastinal mass syndrome; cardiac arrest; superior vena 
cava syndrome.

INTRODUCTION
Masses of the mediastinum are rare. In the Framingham 

Heart Study, mediastinal masses were present in 0.9% patients1; 
the exact prevalence, however, is difficult to ascertain given that 
most are asymptomatic until they compress or invade 
surrounding structures. Compression of the trachea may result in 
complaints of shortness of breath, orthopnea, cough, or stridor. 
These symptoms are often exacerbated by upper respiratory tract 
infections, airway inflammation, or manipulation.2

 Compression of the vena cava may result in superior vena 
cava (SVC) syndrome, which is characterized by intermittent 
swelling of the face and oropharyngeal structures, facial rubor, 
and/or venous congestion. Compression of pulmonary arteries 
may mimic massive pulmonary embolism (PE) causing acute 
right heart failure or circulatory collapse secondary to severely 
impaired pulmonary venous return, drastically reducing left 
ventricular preload. Collectively, this constellation of 
pathologies is known as mediastinal mass syndrome.2,3,4 
Cardiopulmonary arrest has been reported secondary to 
compression of neck and/or mediastinal structures by large 

University of Washington, Department of Emergency Medicine, Seattle, Washington

mediastinal masses causing obstructive shock, and patients can 
become difficult to ventilate after being given neuromuscular 
blockade for intubation. Providers must take care to rule out 
other causes of obstructive shock such as PE, cardiac 
tamponade, aortic stenosis, and tension pneumothorax.4-6

CASE REPORT
A young man with a reported history of asthma presented to 

the emergency department (ED) with ongoing cardiopulmonary 
resuscitation (CPR) after suffering from cardiac arrest on the 
sidewalk in front of the hospital. Family of the patient reported a 
two-week history of worsening dyspnea prior to his presentation. 

Initial examination revealed an apneic patient with 
distended veins across his upper chest and neck suggestive of 
obstructive pathology as a potential etiology of arrest, in 
addition to the history of respiratory distress. Medical providers 
inserted one 14-gauge angiocatheter in the bilateral second 
intercostal spaces for chest decompression, but no rush of air 
was noted. The cardiac monitor showed an initial rhythm of 
wide-complex pulseless electrical activity. With CPR ongoing, 
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What do we already know about this clinical 
entity? 
Mediastinal masses are rare and can become 
large enough to cause compression of the 
trachea or heart. This is called “mediastinal 
mass syndrome (MMS).”

What makes this presentation of disease 
reportable? 
MMS led to cardiac arrest in a young, 
otherwise healthy patient who was difficult to 
ventilate secondary to tracheal compression. 

What is the major learning point? 
Simple steps such as patient repositioning 
and increasing positive end-expiratory 
pressure may be life saving in cases of MMS. 

How might this improve emergency 
medicine practice? 
Providers should be aware of MMS, the 
steps to correct resulting central airway 
obstruction and also consider extracorporeal 
membrane oxygenation. 

the patient was intubated without complication via direct 
laryngoscopy and manually ventilated with return of 
spontaneous circulation (ROSC) after approximately six 
minutes of CPR. No adjuvant medications were given prior to 
ROSC as the first four minutes of CPR were provided outside of 
the ED, and intubation with subsequent ROSC was achieved 
simultaneously with successful peripheral vascular access. 

No oropharyngeal or airway abnormalities were noted other 
than minimal edema of the epiglottis. Endotracheal tube (ETT) 
placement was verified by auscultation, condensation within the 
tube, and colorimetric carbon dioxide (CO2) device. Initial 
arterial blood gas (with reference ranges in parentheses) after 
intubation showed a pH of 6.97 (7.35-7.45); pCO2 of 104 
millimeters mercury (mm Hg) (reference range 35-45 mm Hg); 
oxygen (pO2) of 44 mm Hg (75-100 mm Hg); and bicarbonate 
(HCO3) of 23 milliequivalents per liter (mEq/L) (22-26 mEq/L). 
After ROSC, his oxygenation was 95%. The patient was given 
nebulized albuterol and intravenous (IV) magnesium and 
methylprednisolone for presumed respiratory arrest secondary 
to severe asthma.

After five minutes, the mechanical ventilator alarmed and 
then failed to ventilate, with peak inspiratory pressures (PIP) 
elevated to 90 centimeters of water (cm H2O) indicating major 
airway resistance. The patient’s oxygenation decreased to 82%. 
However, manual bag ventilation was subsequently performed 
without significant difficulty and with improvement of 
oxygenation to 95%. Point-of-care ultrasound demonstrated 
lung sliding bilaterally and showed a heterogeneous mass 
overlying the heart and obscuring parasternal views. No 
pericardial effusion was noted. An electrocardiogram 
demonstrated sinus tachycardia without obvious findings to 
suggest pericarditis or acute ischemia. A portable chest 
radiograph was obtained, which showed the ETT in appropriate 
position and revealed a large, central opacity obscuring the 
normal airway anatomy and cardiac silhouette (Image 1).

Providers recognized that a large mediastinal mass might 
be compressing the airway, accounting for the high inspiratory 
pressures. The ETT was advanced approximately four cm (as 
far as possible without meeting resistance) attempting to 
bypass the obstruction; the ventilator was reconnected after 
manual bag ventilation and ventilated the patient appropriately 
with the original setting of positive end-expiratory pressure 
(PEEP) 5 cm H20. Computed tomography (CT) demonstrated 
a large mass in the anterior mediastinum, with almost 
complete obliteration of the SVC with significant 
collateralization, as well as severe stenosis of the airways at 
the level of the lower one-third of the trachea, carina, and 
main-stem bronchi (Image 2).

While the patient was undergoing CT the ventilator again 
failed secondary to increased PIPs, and manual bagging was 
reinitiated. PEEP was increased to 10 cm H2O, and providers 
raised the patient to a semi-recumbent position, which allowed 
the ventilator to oxygenate with PIPs in the 40s. Prior to 
intensive care unit admission, a cooling catheter was placed in 

the common femoral vein. Repeat blood gas showed 
improvement with a pH of 7.33 and downtrending lactate. 

The patient regained consciousness after cooling and 
rewarming but demonstrated diffuse myoclonus affecting 
the diaphragm, preventing extubation, and ultimately 
required tracheostomy. 

Tissue sampling of the mass revealed a large B-cell 
lymphoma, and chemotherapy was started. He subsequently 
developed massive hemorrhage from his right common carotid 
artery and jugular vein due to malignant erosion into these 
vessels. He suffered a subsequent arrest and was resuscitated 
in the operating room with ligation of the bleeding vessels but 
had diffuse brain injury on magnetic resonance imaging 
(MRI). His family agreed that further treatment was unlikely 
to lead to meaningful recovery, and he died on hospital day 52 
after care was withdrawn.

DISCUSSION
In regard to anterior mediastinal masses, the most 

common etiologies are taught as the “4 Ts”: thymoma, thyroid, 
teratoma, and “terrible” lymphoma. We describe 
cardiopulmonary arrest in an otherwise healthy young man 
due to an undiagnosed mediastinal mass. Although the patient 
regained spontaneous circulation after his airway was secured 
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by endotracheal intubation, he remained difficult to ventilate 
due to lower airway compression. Mediastinal mass syndrome 
can lead to arrest due to compression or obstruction of critical 
structures, including airway obstruction, as in our patient. 
Circulatory obstruction leading to obstructive shock is 
possible due to massive PE, pericardial effusion causing 
tamponade physiology, direct compression of the heart by the 
mass, and positional SVC syndrome causing sudden decrease 
in cardiac venous return.4 Recognizing central obstruction will 
allow providers to appropriately manage abnormal respiratory 
and circulatory physiology.

In the case of the decompensating ventilated patient, 
providers should first assess for complications arising from 
mechanical ventilation in a stepwise fashion to aid in decision-
making. One popular mnemonic for this approach is “DOPES”: 
Dislodgement/displacement of the ETT or cuff; Obstruction of 
the airway or ETT; Pneumothorax; Equipment failure (of the 
ventilator or tubing); and “Stacking” (referring to auto-PEEP or 
“breath-stacking).”7 In our patient, ventilation was complicated 
by lower airway obstruction. Normal airway peak inspiratory 
pressure values are ideally less than 30 cm H20, but 30-40 is 
considered acceptable. In our patient, PIP was markedly 
elevated indicating high resistance to airflow through the 
tracheobronchial tree, ETT or ventilator tubing which caused 
ventilatory failure, as opposed to elevated PIP and plateau 
pressures, which would have indicated a lung compliance issue. 
High PIP in the setting of normal plateau pressures indicates 

obstruction and several causes of obstructive physiology must 
be evaluated. These include the following: kinked ventilator 
tubing; twisted ETT or ETT partially occluded by blood, mucus, 
etc.; patient biting ETT; bronchospasm/asthma; and trachea or 
large bronchus partial occlusion by mass or mucus plugging. 8

Our patient required advancement of the ETT past the 
obstructed segment, PEEP, and repositioning to maintain 
adequate ventilation. Review of the literature indicates these 
and several other interventions may alleviate central airway 
obstruction. Repositioning the patient from supine to a semi-
recumbent or upright position may both relieve compression of 
the central airway and increase venous return to the right heart, 
increasing preload.5,9 In addition, increasing PEEP has also been 
suggested as a means to artificially stent open the large airways 
and relieve obstruction while awaiting more definitive 
management.10 However, providers must be judicious with 
increasing the PEEP as it may further reduce venous return to 
the heart (especially in patients with SVC compression) and/or 
cause compression of the distal airways secondary to increased 
intrathoracic pressures. 

Passage of a double lumen or wire-reinforced ETT, or 
placement of an endotracheal stent via bronchoscopy, can also be 
performed to relieve airway obstruction. Surgical or radiologic 
removal/debulking of the offending mass may be necessary in the 
subacute phase of care.2, 11,12 If providers are still unable to 
ventilate due to central airway obstruction, they may consider 
extracorporeal life support (ECLS). While some authors have 
argued against ECLS as an intervention given the prolonged time 
necessary to initiate this intervention and unlikely favorable 

Image 1. Supine anteroposterior chest radiograph. Asterisk 
identifies a centrally located opacity that obscures the normal 
mediastinal anatomy including the trachea, pulmonary vasculature 
and aortic contour. Black arrows denote bilateral angiocatheters 
used for decompression of the chest. White arrow identifies the 
tip of the endotracheal tube at the level of the clavicles. The lungs 
appear unremarkable.

Image 2. Axial computed tomography with contrast image 
of the chest. Contrast within the vessels appears white. A 
heterogeneously enhancing mass is seen occupying the anterior 
mediastinum (asterisk). There is significant compression of the 
trachea (black arrow) at the level of the carina, which is smaller 
in diameter than the adjacent orogastric tube (black circle). White 
arrows indicate brachiocephalic, left carotid, and left subclavian 
vessels just superior to their origins from the aortic arch. The 
superior vena cava (which should be in the vicinity of the white 
circle) is conspicuously absent.
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outcomes due to hypoxic brain injury,13 other case reports have 
indicated that patients have survived their initial cardiac arrest to 
receive other potentially lifesaving interventions.4,5,11 It is our 
opinion that providers should consider ECLS in these patients 
and consult their institution’s ECLS specialists if available, 
according to their institutional protocols.  

In addition to airway compression, patients with large 
mediastinal masses are also at high risk of SVC syndrome. The 
literature advocates for obtaining vascular access in the lower 
extremities such as a femoral central line in cases where the 
SVC may be severely stenosed or occluded.3,5,14 In such cases, 
the distribution and effect of IV drugs such as epinephrine or 
induction agents may be slowed secondary to said occlusion 
and limit successful resuscitation, thus making access to the 
inferior vena cava via the lower extremity vasculature a critical 
component of successful resustitation.10 As noted above, raising 
the patient to a semi-recumbent or upright position may relieve 
compression of the SVC by shifting the position of the mass 
relative to the force of gravity. It may also decrease the size of 
the mass by decreasing venous congestion within the mass 
itself. However, patients may require endovascular stenting of 
the SVC if they continue to experience significant symptoms 
due to compression, and for this reason, providers should 
consider consultation with cardiothoracic or vascular surgery 
depending on institutional protocols.15

CONCLUSION 
Cardiac arrest from mediastinal mass syndrome is rare and 

can be difficult to manage. Effective management of airway 
obstruction and adequate ventilation depend on stenting the 
airway to relieve obstruction. In the emergent setting, options 
are limited, and relieving airway obstruction must be 
accomplished with available tools, namely endotracheal 
intubation, patient repositioning, and positive end-expiratory 
pressure. Specialty consultation may be both helpful and 
necessary, and providers should consider ECLS in the patients 
who remain unstable. In patients with high suspicion for SVC 
syndrome providers should also consider obtaining vascular 
access in the lower extremities as well as potential specialist 
consultation for endovascular stenting of the SVC.

Patient consent has been obtained and filed for the publication of 
this case report.
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Introduction: Appendicitis is a common disease, and as we have improved in early diagnosis and 
management of this disease process, late stage complications have become extremely rare, but can 
have indolent presentations.

Case Report: A 37-year-old male with no past medical history presented to the emergency 
department (ED) with vague abdominal pain as well as 12 days of cyclical fever. He had no 
significant findings on laboratory workup with the exception of a mild aspartate transaminase and 
alanine transaminase and relative neutrophilia between outpatient, urgent care, and ultimate ED 
visit. His ED workup included cross-sectional imaging of his abdomen revealing multiple liver 
abscesses and septic thrombophlebitis secondary to ruptured appendicitis.

Conclusion: Liver abscesses and septic thrombophlebitis are an extremely rare complication 
of appendicitis that has only been documented twice previously. [Clin Pract Cases Emerg Med. 
2021;5(1):66–69.]

Keywords: Complicated appendicitis; liver abscess; septic thrombophlebitis.

INTRODUCTION
Appendicitis is a common disease with a lifetime 

incidence of 8.6% of men and 6.4% of women.1 While the 
disease process typically presents with nausea, anorexia and 
right lower quadrant tenderness, if this initial phase is missed 
a host of complications may result, including perforation, 
abscess formation, and peritonitis. We present a case of a 
patient with multiple liver abscesses as well as septic 
thrombophlebitis secondary to ruptured appendicitis. This 
case highlights a rare phenomenon that has not been 
documented since the mid-1900s. The patient responded well 
to antibiotics, interventional radiology (IR)-guided drainage, 
and interval appendectomy.

 
CASE REPORT

A 37-year-old male presented to the emergency 
department (ED) complaining of 12 days of fever with vague 
abdominal pain in an “L” shape from the right upper quadrant 
to the bilateral lower quadrants for which he had already 

Beth Israel Deaconess Medical Center, Department of Emergency Medicine, 
Boston, Massachusetts 

presented to his primary care provider (PCP) and urgent care 
(UC). Additionally, the patient had a headache at the onset of 
the illness. He worked as a personal trainer and had not been 
able to function at his job for about one week due to profound 
fatigue. His fever was cyclical, occurring approximately every 
12 hours and ranging from 101-103.4 degrees Fahrenheit. The 
patient was initially able to control his fevers with 
acetaminophen and ibuprofen, but by the time of his ED 
presentation these therapies failed to achieve effect. He also 
complained of myalgias. The patient had already had a 
workup from the PCP and the UC, which were unremarkable 
with the exception of elevated liver function tests.

At the PCP’s office after three days of fever he had no 
leukocytosis, no guarding on abdominal exam or abdominal 
tenderness, and negative testing for Lyme disease, anaplasma, 
babesia, ehrlichiosis, and influenza. By the time of his UC 
visit, the patient had been having six days of fevers with a 
resolution of his initial headache. He had no rash and no 
guarding on exam, but had diffuse arthralgias. Lab testing 
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What do we already know about this clinical 
entity? 
Appendicitis is common, and frequently identified 
based on a clear constellation of symptoms 
and exam findings. It is rare that sequelae of 
perforated appendicitis are encountered.

What makes this presentation of disease 
reportable? 
Appendicitis is not always associated with the 
classic presentation of right lower quadrant pain, 
and complications of perforated appendicitis may 
in fact be the presenting complaint.

What is the major learning point? 
When patients present with persistent 
symptoms and no findings by prior workups, it 
is important to consider atypical presentations 
of the common pathologies encountered in the 
emergency department.

How might this improve emergency medicine 
practice? 
Highlighting uncommon or atypical 
presentations is a reminder to be cognizant of 
anchoring bias.

revealed no leukocytosis, and a blood smear for parasites was 
sent that would eventually result as negative. The patient did 
have an elevation of his alanine aminotransferase and alkaline 
phosphatase (ALP).

When he presented to the ED, his initial vital signs 
showed a blood pressure of 149/80 millimeters mercury, a 
heart rate of 107 beats per minute, a temperature of 99.2ºF, a 
respiratory rate of 16, and a pulse oximetry reading of 100% 
on room air. Upon history, the patient had cyclical fevers for 
the prior 12 days as well as generalized weakness and 
worsening abdominal discomfort in the right upper quadrant 
and bilateral lower quadrants. On physical exam, he had intact 
strength, sensation, and cranial nerve exams, no signs of 
meningismus, and a non-tender abdomen.

Laboratory values showed a drop in his hemoglobin from 
13.3 to 11.0 milligrams per deciliter (mg/dL) (reference range 
11.2-15.7 mg/dL), a mild leukocytosis of 12,000 K/uL (4.0-10.0 
K/uL) with 84% neutrophils (34-71%) and no bands (0-0.6%), a 
normal chemistry panel, a lactate of 0.9 millimoles per liter 
(mmol/L) (0.5-2 mmol/L), an elevated aspartate 
aminotransferase (AST) of 66 international units per liter (IU/L) 
(0-40 IU/L), an elevated ALP of 275 IU/L (40-130 IU/L), and a 
urinalysis showing no evidence of urinary tract infection.

A chest radiograph was negative for signs of pneumonia, 
after which a computed tomography (CT) of the abdomen and 
pelvis with intravenous (IV) contrast was obtained, which 
showed multiple liver abscesses (Image 1), septic 

thrombophlebitis of the portal system in hepatic segments six 
and eight (Image 2), and evidence of ruptured appendicitis 
(Image 3). The patient was initially started on broad spectrum 
IV antibiotics and within the first 48 hours had IR-guided 
abscess drainage. Abscess cultures grew out as Staphylococcus 
haemolyticus, which was penicillin sensitive. The patient 
ultimately underwent an interval appendectomy.

 
DISCUSSION 

Appendicitis is an extremely common condition affecting 
8.6% of males and 6.7% of females, most commonly between 
ages 10-18 years.1 More than 250,000 appendectomies are 
performed per year in the United States.2 Despite the high 
prevalence of this condition, the complications suffered by our 
patient are extremely uncommon. As of the 1950s, cases of 
septic thrombophlebitis of the portal system occurred in 
approximately 0.4% of cases of appendicitis.3 Cases 
combining liver abscesses and septic thrombophlebitis are 
even rarer, with only case reports dating back to the 1940s and 
one other case documented in 2001.3-5 The 2001 case took six 
weeks to obtain the definitive diagnosis, which led to further 

Image 1. Coronal computed tomography of the abdomen and 
pelvis of 37-year-old male with intermittent fever and vague 
abdominal pain with hepatic abscess (arrows).
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complications of ascites, extensive thrombus formation, and 
spontaneous bacterial peritonitis secondary to Escherichia coli 
and viridans Streptococci. Septic phlebitis and hepatic 
abscesses can have nonspecific clinical findings such as fever, 
mild peritoneal findings, nausea, vomiting, or abdominal 
distention, and often come with normal liver function tests and 
blood cultures.5 We obtained a CT of the abdomen and pelvis 
due to the patient’s ongoing fever of unknown origin and 
persistent complaints of abdominal pain and anorexia, despite 
his benign abdominal exam. The initial expectation was that 
the patient might have had a malignancy such as lymphoma, 
given the B symptoms (ie, fevers, night sweats, and weight 
loss) and lack of a tender abdomen.6 

While limiting unnecessary CT imaging in younger adults 
is important,7 this case shows that CT imaging can have utility 
in abdominal pain in a non-tender abdomen with persistent 
fevers and an otherwise unrevealing workup. Even classic 
right lower quadrant tenderness is only shown to be sensitive 
between 50-94% of the time.8-10 If appropriate imaging is not 
performed, cases of appendicitis can progress to develop 
complications involving multiple organs as well as septic 
thrombi. Once the diagnosis of complicated appendicitis is 
made on cross-sectional imaging, broad spectrum IV 
antibiotics should be started, and IR and surgery should be 
consulted for further management and admission.

CONCLUSION
This case report presents a rare complication of a 

common disease process that can present in a multitude of 

Image 2. Coronal computed tomography of the abdomen and 
pelvis of 37-year-old male with intermittent fever and vague 
abdominal pain with septic thrombophlebitis (arrow).

Image 3. Transverse computed tomography of the abdomen 
and pelvis of 37-year-old male with intermittent fever and vague 
abdominal pain with ruptured appendicitis (arrow).

ways. The patient in question had a broad differential that 
had been worked up previously as an outpatient with non-
specific laboratory findings. His only lab abnormalities were 
AST and ALP elevation and higher-than-normal percentage 
of neutrophils. Upon presentation to the ED, his vital signs 
including tachycardia and persistent fever of unknown origin 
led the clinical team to believe there was underlying 
pathology that needed additional workup despite his overall 
well appearance. While the combination of liver abscesses 
and septic thrombophlebitis is a rare complication of 
appendicitis, this case demonstrates how appendicitis can 
mimic other disease states with non-specific signs and 
symptoms, and diagnosis can be consequently delayed 
leading to downstream complications.

The authors attest that their institution requires neither Institutional 
Review Board approval, nor patient consent for publication of this 
case report. Documentation on file.
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Introduction: The use of peripherally inserted central catheters (PICC) has been integral to the 
advancement of medical care in both in-patient and out-patient arenas.1 However, our knowledge 
of PICC line complications remains incomplete, particularly in regard to venous perforation 
and extraluminal migration. Utilization of displaced catheters harbors lethal complications and 
is an infrequently reported phenomenon, with traumatic etiologies only referenced as possible 
mechanisms; however, to date no formal cases have been reported.5,6 

Case Report: We report a case of a fall associated with extraluminal PICC migration and perforation 
causing mediastinitis and severe sepsis after total parenteral nutrition (TPN) infusion in a 54-year-old 
woman. Our patient required a right-sided PICC for long-term home TPN due to severe malnutrition 
following gastric bypass surgery. During a routine home care visit our patient was found tachypneic, 
hypoxic, and short of breath. Computed topography imaging in the emergency department (ED) 
identified the injury, likely related to the recent fall. The patient experienced a complicated hospital 
course after removal of the PICC. Although rare, PICC line migrations and perforations cause 
serious complications that should be considered by emergency physicians evaluating patients with 
chronic indwelling vascular access. 

Conclusion: Given the efficacy and widespread use of PICC lines, we present this case as a rarely 
reported but life-threatening complication that requires particular attention. Emergency physicians 
should be aware of such PICC line complications when encountering patients with chronic indwelling 
vascular access. [Clin Pract Cases Emerg Med. 2021;5(1):70–74.]

Keywords: Peripherally inserted central catheter; catheter migration; catheter perforation; mediastinitis.

INTRODUCTION
Peripherally inserted central catheters (PICC) have played 

an integral role to the advancement of medical care in both the 
in-patient and out-patient arenas.1 Prolonged therapies that 
traditionally required hospitalization, such as total parenteral 
nutrition (TPN), chemotherapy, and extended courses of 
antibiotics, can now be administered in outpatient facilities or in 
the home setting via PICC lines, providing convenience to 
patients and cost savings both to patients and hospitals. 

Peripherally inserted central catheters are placed with 
ultrasound guidance by a dedicated intravascular team or under 

University of Pittsburgh Medical Center, Hamot, Department of Emergency Medicine, 
Erie, Pennsylvania

fluoroscopy by an interventional radiologist into the large 
vessels of the upper arm: the cephalic, basilic, or brachial veins. 
Optimal tip location is considered to be at the lower one-third of 
the superior vena cava or cavoatrial junction. 

Peripherally inserted central catheters lines are generally 
well tolerated, although complications requiring prompt 
treatment can arise. Commonly cited frequencies of 
complications include deep vein thrombosis (30.6%),2 
phlebitis (4-21%),3 catheter-related infections (3-5.7%),3 and 
late tip migration (1.5%).3 Tip migration, although uncommon, 
has been reported to occur within the first few days or months 
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What do we already know about this clinical 
entity? 
Out-patient use of peripherally inserted 
central catheters (PICC) is increasing due 
to convenience and safety profile but can 
harbor life-threatening complications.

What makes this presentation of disease 
reportable? 
This is the first reported case of venous 
perforation due to traumatic migration of a 
PICC line in an out-patient setting causing 
severe morbidity.

What is the major learning point? 
Emergency physicians should be familiar 
with both the common and rare highly morbid 
complications of PICC lines in patients with 
chronic indwelling vascular access.

How might this improve emergency 
medicine practice? 
Differentials in patients with PICC lines should 
broaden to include mechanical and physiologic 
complications, with lower thresholds for 
advanced imaging and laboratory evaluation.

after insertion3 and is a major risk factor for PICC-related 
venous thrombosis.4 

Venous perforation secondary to tip migration is a rare 
phenomenon that harbors potentially lethal complications. The 
frequency of PICC line perforations as a result of migration is not 
known, as few cases have been reported in the literature.5,7,13,14 
Traumatic PICC line migrations and perforations are a 
particularly unusual entity, and to date there have been no 
reported cases. This report details a ground-level fall as the likely 
cause of PICC line migration and perforation, with resulting 
mediastinitis and severe sepsis.

CASE REPORT
A 54-year-old woman with a right-sided PICC line placed 

in November 2015 presented to the emergency department 
(ED) two months later for evaluation of neck pain and 
hypoxia. She reported a history of Roux-en-Y gastric bypass 
in 2007 and revision in 2011 for recurrent marginal ulcers that 
required long-term TPN through a PICC secondary to severe 
caloric malnutrition. A visiting home health nurse found the 
patient short of breath, and hypoxic with oxygen saturations in 
the 70s percentile on room air. The patient’s daughter reported 
an unwitnessed, ground-level fall three days prior. 

Upon initial ED evaluation, patient vital signs were as 
follows: temperature of 36.4° Celsius, blood pressure of 79/54 
millimeters of mercury, heart rate of 136 beats per minute, 
respiratory rate of 18 breaths per minute, and oxygen 
saturation of 89% on room air requiring two liters of 
supplemental oxygen via nasal cannula. Physical examination 
demonstrated a moderately sized, tender mass to the lower 
right anterolateral neck, just superior to the clavicle with mild 
overlying erythema and tenderness along the right trapezius 
muscle. Radiograph of her chest identified bilateral pleural 
effusions, with suboptimal location of the PICC line along the 
proximal right clavicle, several centimeters from the cavoatrial 
junction (Image 1). 

Computed tomography (CT) of the thorax identified a 
significant amount of gas and fluid collections located in the 
soft tissues of the right side of the neck with extension into the 
mediastinum (Image 2). 

Bilateral pleural effusions were re-demonstrated from 
chest radiograph, and the tip of the patient’s right PICC line 
was found to have perforated the right innominate vein, 
terminating extraluminal in the right upper mediastinum 
(Image 3). A non-occlusive thrombus was also found at the 
confluence of the right innominate vein.

Laboratory work returned remarkable for evidence of 
severe sepsis with a leukopenia of 3.9 white blood cells x 109/
liters (L) (normal range: 4.5 – 11 x 109/L) and a lactic acidosis 
of 4.1 millimoles (mmol)/L (0.5-1 mmol/L) requiring 
aggressive volume resuscitation and broad-spectrum 
antibiotics with piperacillin/ tazobactam. Blood cultures were 
drawn and pending upon admission eventually growing 
Staphylococcus Epidermidis and Staphylococcus Hominis. 

Image 1. Radiograph identifying migrated, right-sided peripherally 
inserted central catheter with tip in proximal right subclavian vein 
(arrow) with bilateral pleural effusions.

The patient did not require vasopressor medications during her 
ED course. She was transferred to the medical intensive care 
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unit for further management of severe sepsis with bacteremia, 
mediastinitis, and pleural effusions.

Following admission, cardiovascular-thoracic surgery 
consult deemed the patient a poor candidate for mediastinal 
debridement given her profound malnutrition and she was treated 
medically with an extended course of vancomycin. The PICC line 
was removed and initial left-sided pleurocentesis was described 
as a yellow, turbid pleural fluid without odor, similar in 
appearance to TPN or tube feeds. The mechanism by which TPN 
extravasation was greater on the left hemithorax than right 
remains unclear. Our patient required serial pleurocenteses during 
the course of a complicated 18-day hospitalization, and she was 
ultimately discharged to a skilled nursing facility with 
gastrostomy tube placement scheduled 12 days later. At the time 
of writing this report, the patient continued to experience extreme 
weight loss and complications from her prior gastric bypasses.

DISCUSSION
Given the breadth of applications and safety profile, PICC 

lines are nearly ubiquitous in patients requiring long-term 
vascular access. Our knowledge of PICC line complications, 
however, remains incomplete, namely, the frequencies, risk 
factors, and mortality associated with tip migration and vessel 
perforation. A search of the literature showed this to be a 
rarely reported phenomenon,5,6 and to date there are limited 
studies detailing the prevalence of migrations or perforations 
in patients with PICC lines.7

Commonly reported PICC line complications include 
blood stream infections, occlusion, and thrombosis with tip 
migration being among the least reported.8 Catheter 
migration has been reported on average 43 days after 
placement6 with a caudal migration of 2.0 centimeters with 
abduction and adduction of the arm.9  Possible mechanisms 
for tip migration include coughing, vomiting, extreme 
physical activity, high-pressure infusions, and high-
frequency ventilation.10  One case report proposed altered 
blood flow from repeated rapid changes in negative 
intrathoracic pressures and central venous pressures as a 
mechanism for tip migration in a patient receiving 
chemotherapy. The patient experienced vigorous coughing 
and vomiting spells likely resulting in forceful diaphragmatic 
contraction, alternating blood flow and subsequent tip 
migration from the superior vena cava to the right internal 
jugular vein.11 Other studies mention vessel perforation as a 
risk with placement of PICCs in the large vessels of the 
upper arm, asserting such complications are possibly 
iatrogenic, and caused during initial insertion or erosion after 
long-term use. 

Proposed risk factors of PICC migration and perforation 
include the PICC line material, orientation, and insertion arm. 
Fernando et al note softer materials such as silicone or 
polyurethane likely allow for greater intravascular movement 
and possible migration but have lower rates of perforations.14 
In contrast, less- compliant polyethylene catheters carry a 
higher risk of perforation. Malorientation of the migrated 
PICC line within the vessel is also considered a major risk 
factor for perforation. PICCs oriented obliquely or 
perpendicularly following migration are more likely to abut 
the vessel wall with changes in body positions and over time 
result in venous perforation.

Some researchers suggest that initial site of insertion may 
have predilections to vessel-specific migrations. For example, 

Image 3. Transverse computed tomography thorax identifying 
peripherally inserted central catheter line perforation of right 
innominate vein, located superiorly and extraluminal in right upper 
mediastinum (arrow) with a large left pleural effusion.

Image 2. Sagittal computed tomography of the thorax 
demonstrating gas and fluid collections in posterior mediastinum 
(arrowhead) with peripherally inserted central catheter tip (arrow) 
terminating extraluminal in superior mediastinum.
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left-sided PICC line placement is an important risk factor for 
azygous migration,12 with an associated 19% complication rate 
for azygous perforation and resulting mediastinal and pleural 
effusions of transfused products.7 Other reported PICC-line 
vessel migrations include brachiocephalic, subclavian, and 
internal jugular veins (IJV), but no associations with initial-
vessel insertions have been made.

Complications of PICC line migrations with perforations 
are not only mechanical but also physiologic in nature and carry 
the potential for high morbidity and mortality. A case report13 of 
an 80-year-old female experiencing immediate neck pain after 
vancomycin infusion through her left-sided PICC line led to a 
large fluid collection with rightward tracheal deviation, as well 
as a perforated left IJV. Despite confirmed optimal placement 11 
days prior, the PICC line migrated and required removal. She 
experienced an uncomplicated hospital course thereafter. 

Another case describes a fatal cardiac arrest after 
potassium-enriched solution was infused into the pericardial 
space via a perforated right-sided PICC, creating a rapidly 
progressive cardiac tamponade.8 A pericardial drain was placed, 
which reversed the patient’s hypotension; however, the authors 
hypothesize the transfused potassium diffused into the 
pericardium creating a local hyperkalemic state and terminal 
ventricular fibrillation.6 This case is particularly important in 
that it exemplifies a fatal physiologic response to appropriate 
transfusions in an inappropriate anatomical location. In our case 
the patient suffered from similar pathology with TPN 
inadvertently delivered into the mediastinum and pleural space, 
creating a nidus for bacterial proliferation and severe sepsis. 

CONCLUSION
As illustrated by previous case reports, there are a 

myriad of proposed mechanisms for and consequences of 
PICC migration and perforations that harbor lethal potential. 
Most reported complications were noted to have occurred 
in-patient, and of iatrogenic causes. Our case report, 
however, details a unique clinical scenario of a ground-level 
fall causing a traumatic PICC line migration and perforation 
of the right innominate vein resulting in mediastinitis. We 
present this case as a life-threatening PICC line complication 
that requires particular attention given its high associated 
mortality, but more importantly the location where the injury 
occurred. In this case, the patient was reported to have fallen 
at home with her evaluation initiated in the ED. Thus, 
emergency physicians need to be aware for the potential of 
such traumatic PICC line complications to facilitate prompt 
recognition and treatment when encountering patients with 
chronic indwelling vascular access.

The authors attest that their institution requires neither Institutional 
Review Board approval, nor patient consent for publication of this 
case report. Documentation on file.
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Introduction: Ring avulsion injuries consist of a characteristic injury pattern resulting from sudden 
intense force pulling on a finger ring. While ring avulsion injury is a known entity in the hand surgery 
literature, there is scant description of the injury pattern in emergency medicine, much less its 
management and transfer implications in the emergency department (ED). 

Case Report: This is a report of a patient presenting to the ED with ring avulsion injury after a 
workplace accident, initially transferred to a tertiary care hospital with general hand surgery, who 
then required a second transfer for consideration of microsurgical revascularization.

Conclusion: In addition to fully assessing the degree of injury, including neurovascular and tendon 
involvement, emergency physicians must recognize cases of severe ring avulsion injuries without 
complete amputation as potential opportunities for microsurgical revascularization. [Clin Pract Cases 
Emerg Med. 2021;5(1):75–78.]

Keywords: Ring avulsion injury; traumatic amputation; microsurgery; revascularization; 
digital replantation.

INTRODUCTION
Ring avulsion injuries comprise a distinctive injury pattern 

that results from a sudden intense force on a ring attached to a 
finger. These injuries range in severity from circumferential 
tissue laceration to complete digital amputation.1 While the 
management of the latter is often clear-cut, treatment and 
disposition of ring avulsion injuries in the absence of complete 
amputation is more complex. As there is a paucity of emergency 
medicine literature with regard to ring avulsion injuries, failure 
of emergency physicians (EP) to recognize severe ring avulsion 
injuries as opportunities for microsurgical revascularization can 
lead to significant long-term morbidity and loss of function.2 In 
this case report, we discuss the presentation, early recognition, 
management, and transfer implications of ring avulsion injuries 
aimed at optimizing long-term functional outcomes. 

CASE REPORT
A 41-year-old-male, left-hand dominant, heavy machine 

operator, presented to a local community emergency 

Boston Medical Center, Department of Emergency Medicine, Boston, Massachusetts
Lahey Hospital and Medical Center, Department of Plastic Surgery, 
Burlington, Massachusetts 
Boston University School of Medicine, Boston, Massachusetts

*
†

‡

department (ED) with an injury to his left ring finger after his 
wedding band was caught in machinery. He sustained a 
circumferential degloving injury to his left fourth digit, just 
distal to the proximal interphalangeal joint (PIP). The patient 
was given intravenous hydromorphone, cefazolin, and tetanus 
prior to transfer to a tertiary care hospital for orthopedic 
evaluation. The case was discussed between the transferring 
and accepting EPs, and disposition was deemed acceptable to 
both parties. 

Upon arrival to the tertiary care hospital ED, 
examination revealed a complicated ring avulsion injury 
with complete tendon and neurovascular disruption with 
exposed intact bone and distal ischemic tissue attached at the 
distal interphalangeal joint (DIP) (Images 1 and 2). The 
wedding band was deformed but still affixed to the distal soft 
tissue. Radiographs showed no signs of fracture. The EP 
contacted in-house orthopedic hand surgery. Having 
recognized the degree of neurovascular compromise and 
potential need for replantation, the EP concurrently initiated 
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What do we already know about this clinical 
entity? 
Ring avulsion injury consists of a 
characteristic injury pattern resulting from 
sudden intense force pulling on a finger ring.

What makes this presentation of disease 
reportable? 
While ring avulsion injury is a known entity 
in the hand surgery literature, there is 
little to no mention of the injury pattern in 
emergency medicine.

What is the major learning point? 
Emergency physicians must recognize cases of 
severe ring avulsion injuries without complete 
amputation as potential opportunities for 
microsurgical revascularization.

How might this improve emergency 
medicine practice? 
Early recognition and transfer to 
microsurgical revascularization capable 
centers can decrease ischemic time of the 
distal digit and improve functional outcomes.

contact with hand surgery at another tertiary care hospital 
with microsurgical revascularization capabilities. 

In a phone discussion between the EP and the in-house 
orthopedic hand surgeon, both parties agreed that further 
management should be guided by responding microsurgical 
revascularization specialists at the neighboring institution. 
After extensive discussion with the outside hand surgeon, 
as well as shared decision-making with the patient and 
family, the decision was made to transfer to a tertiary care 
hospital with microsurgical revascularization capabilities. 
Removal of the ring at this juncture was deemed 
unnecessary given the complete degloving of the soft 
tissues down to bone with complete disruption of 
neurovascular bundles and the clear ischemic nature of the 
distal soft tissues.  

In the ED of the third hospital, the ring was removed after 
digital block to facilitate examination, revealing a central slip 
complete laceration, transection of both radial and ulnar 
neurovascular bundles, and PIP and DIP joint dislocations. 
The distal soft tissues were notably dusky. Given the extensive 
neurovascular, ligamentous, and tendon damage, as well as 
prolonged ischemia of distal soft tissues, there was a high 
likelihood of significant dysfunction even after microsurgical 
revascularization and aggressive rehabilitation. The decision 
was made with the patient and family to proceed with 
amputation, instead of revascularization. 

DISCUSSION
While uncommon, ring avulsion injuries, when they do 

occur, will likely present to the ED as the first point of contact. 
It is crucial that EPs recognize this distinctive injury pattern 
and its implications for transfer, as failure to do so could result 
in delayed care and long-term morbidity. Initial management 
includes hemostasis and analgesia. The EP should ensure that 
tetanus vaccination is up to date and antibiotics are 
administered. Plain films can be obtained once the patient has 
been stabilized but should not delay transfer, if indicated.

A thorough assessment of the extent of damage to the soft 
tissues, tendons, and neurovascular structures is the critical step. 
Detailed examination can be facilitated by performing a digital 
nerve block. Further management is based on the severity and 
classification of injury. One such classification system based on 
circulatory status is the Urbaniak classification (Table). 
Indications to pursue repair is based on the extent of injury and 
individual patient priorities related to aesthetics and functionality.3 
Lower grading class is associated with better outcomes. Class II 
or III injuries with questionable perfusion necessitates emergent 
transfer to a microsurgery-capable hand center.4 

Amputation was previously the gold standard for class III 
ring avulsion injuries. However, microvascular surgery has 

Image 1. Volar view of a severe degloving ring avulsion injury. 
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made revascularization and replantation of higher degree 
injuries possible, resulting in superior functionality outcomes, 
measured as long-term sensibility and range of motion, 
compared to amputation.5 

Discussion of these injuries should ideally be with a hand 
surgeon capable of microsurgical revascularization as soon as 
possible. Depending on injury severity, patient preferences, and 
local institutional resources, prompt transfer to a tertiary or 
quaternary care center with microsurgery capabilities must be 
considered.6 Severe ring avulsion injuries with intact bone should 
essentially be considered a traumatic amputation in terms of 
indications for transfer. When consulting a hand surgeon, it is 
useful to communicate the level of injury and the circulatory 
status of the distal digit. This may be facilitated by use of a 
Doppler probe or pulse oximeter.7 In addition, the EP should 
discuss whether ring removal is indicated prior to transfer as less 
severe injuries may still suffer from distal ischemia due to 
compression by a deformed ring. Factors influencing the decision 
to remove the ring include potential damage to surrounding 
structures during removal, availability of adequate ring cutter at 
referring institution, and possibility of delay in transfer as a result. 

Although other factors are associated with survival rate of 
digital replantation in cases of traumatic amputations (eg, age, 
injury mechanism, amputated finger, length of surgery, 
postoperative complications, and re-intervention requirement),8,9 
preserving the amputated fingers in a specimen bag filled with ice 

and reducing perioperative ischemic time are important elements 
on which EPs can exert some control. While case reports have 
described successful digital replantation for traumatic amputation 
after prolonged periods of warm ischemia,10 ischemic time greater 
than 6-12 hours is considered deleterious and expeditious door-to-
surgery time of less than 180 minutes is associated with better 
outcomes.11 Given that ring avulsion injuries do not result in 
complete amputations, warm ischemia can quickly ensue. Thus, 
prompt transfer must be considered.

It remains unclear in this case whether earlier recognition 
for this characteristic injury pattern and its indications for 
potential microsurgical revascularization would have affected 
the eventual outcome. Nevertheless, better awareness of ring 
avulsion injury and its management could have prevented the 
additional transfer, thus decreasing the ischemic time of the 
distal digit. 

 
CONCLUSION

A thorough evaluation of ring avulsion injuries is critical to 
identify neurovascular and tendon injuries that require 
specialized care. Once this distinct injury pattern is recognized, 
EPs must be aware of the potential need for timely transfer to a 
microsurgery-capable institution rather than a general hand 
surgery center to optimize long-term patient outcomes. 

Patient consent has been obtained and filed for the publication of 
this case report.
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Image 2. Dorsal view of a severe degloving ring avulsion injury.

Table. Urbaniak classification for microvascular management of 
ring avulsion injuries.3

Class Circulation Management
I Adequate Treat bone and soft tissue injury

II Inadequate Repair vessels 

III Complete amputation 
or degloving

Revascularization considered; 
may limit functionality
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Introduction: Unilateral facial weakness is a concerning symptom, particularly in a resources poor 
setting. Distinguishing between peripheral and central causes is critical to the evaluation, treatment, 
and prognosis. 

Case report: An unusual case of recurrent, transient Bell’s palsy occurring during ascent in a 
commercial airplane is presented. 

Conclusion: Emergency physicians should be aware of the possibility of barotrauma to the facial 
nerve (cranial nerve VII) during flights because accurately diagnosing this condition can prevent 
costly aircraft diversion, calm the passenger’s anxiety, and forgo an expensive medical workup. [Clin 
Pract Cases Emerg Med. 2021;5(1):79–81.]

Keywords: Case report; recurrent Bell’s palsy; transient facial nerve palsy; in-flight emergency; altitude.

INTRODUCTION
Unilateral facial paralysis may have a central or peripheral 

etiology. It is important to differentiate between the two 
because the workup, treatment, and prognosis differ. Transient 
facial paralysis from peripheral facial nerve paresis (Bell’s 
palsy) is common, accounting for 60-75% of unilateral facial 
weakness and has an incidence of 20-30 cases per 100,000 
annually.1 It can occur at any age but is most common in the 
fifth decade. Males and females are equally affected as is the 
laterality.2 Most cases of Bell’s palsy resolve completely by 
six months. Bell’s palsy has been associated with diabetes, 
hypertension, pregnancy, Lyme disease, herpes simplex type 1 
infection, sarcoidosis, and with the inactivated intranasal 
influenza vaccine.3 

Bell’s palsy has also been reported to occur from barotrauma, 
most commonly scuba diving. Less commonly, barotrauma has 
also been noted to occur with aviation and ascent to high altitude.4 
Bell’s palsy during aviation was first described in 1967.4 Since 
that time, several case reports have been published, primarily in 
the otolaryngology literature.4-11 Recurrent Bell’s palsy is rare, 
occurring in approximately 7% of cases,12 and has only been 
reported three times during flights,4-6 but these cases were not 
published in the emergency medicine literature. 

University of Massachusetts, Department of Emergency Medicine, Worcester, Massachusetts

CASE REPORT
A 36-year-old Dutch Caucasian male without significant 

past medical history developed a right facial paralysis shortly 
after takeoff during a transatlantic flight that departed from the 
East Coast of the United States. A flight attendant was notified 
and subsequently called for a doctor onboard. The passenger 
was standing in the rear of the aircraft with the flight 
attendant. His physical examination revealed that he was 
anxious, but otherwise in no acute distress. He was not 
diaphoretic. His heart rate and respiratory effort were normal. 
His pupils were equal, round, and reactive to light. He 
exhibited a right facial droop that involved the forehead. His 
cranial nerves were otherwise intact. There was no extremity 
weakness. Cerebellar functions were intact and his gait was 
normal. His speech was normal. Other than the facial droop 
and the anxiety that this caused, the patient had no other 
complaints. He denied having a headache or ear pain.

Interestingly, the passenger stated that he had an identical 
episode shortly after take-off four days prior. The flight was 
diverted back to its originating airport due to concern for a 
stroke. The passenger was taken to a hospital, evaluated for a 
stroke, and admitted overnight for observation. He stated that 
his work-up was completely normal, but he did not recall 
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What do we already know about this clinical 
entity? 
The facial nerve can be sensitive to pressure 
changes such as scuba diving and aviation, 
resulting in Bell’s Palsy.

What makes this presentation of disease 
reportable? 
Only three reports of transient, recurrent 
facial nerve paralysis from aviation 
barotrauma have been published: none in the 
emergency medicine literature.

What is the major learning point? 
Recurrent Bell’s palsy is rare, but can occur 
in individuals susceptible to changes in 
ambient pressure.

How might this improve emergency 
medicine practice? 
Distinguishing a benign facial palsy from 
a more serious etiology in a low resource 
setting, such as during a commercial flight, 
could prevent costly flight diversion and calm 
passenger anxiety.

whether he had been tested for Lyme disease. He was 
medically cleared to fly home to Europe on the date of this 
recurrent episode. 

Based on the passenger’s physical examination that 
included paralysis of the forehead muscles, and further 
reassured by his recent negative work-up for an identical 
episode, it was apparent that his symptoms were due to a 
peripheral nerve etiology rather than a stroke, and the flight 
would be able to continue to its destination as scheduled. 
In-flight medical control was not contacted. Shortly after 
reaching cruising altitude, the passenger’s symptoms resolved. 

DISCUSSION
The anatomy of the facial nerve and the unilateral facial 

paralysis associated with its disruption was first described by Sir 
Charles Bell in 1821.13 The facial nerve has a primarily motor 
function and originates in the pons. It travels a long, circuitous 
route and exits the skull through the internal auditory canal. It 
then traverses the facial canal adjacent to the middle ear. It has 
been suggested that temporal bone dehiscence in the tympanic 
segment of the canal at the oval window can predispose patients 
to barotrauma of the facial nerve.14 

Central pathology (stroke, tumor, multiple sclerosis) vs 
peripheral pathology (Lyme, otitis media, viral, idiopathic) of 
the facial nerve can often be deduced from the physical exam. 
Somewhat counterintuitively, a peripheral lesion presents with 
more extensive facial paralysis that involves the entire 
hemiface. A central lesion will spare the forehead. This can be 
explained by the fact that the muscles of the upper face are 
innervated by the corticobulbar tract bilaterally, whereas the 
muscles of the lower face are innervated only by the 
contralateral motor cortex. There are always exceptions, 
however. Bell’s palsy can occasionally occur bilaterally, and a 
brainstem stroke at the facial nerve nucleus could mimic 
Bell’s palsy.15

While the etiology is unclear, it is possible that the 
passenger described above had a predisposing abnormality 
such as a dehiscence of the temporal bone in the region of the 
facial canal where the facial nerve courses near the middle ear. 
Such an abnormality would subject the nerve to temporary 
ischemia from barotrauma due to the decreased partial 
pressure of oxygen at decreasing atmospheric pressure during 
flight ascent. 

CONCLUSION
Diverting a transatlantic flight can cost upwards of 

100,000 US dollars. The cost of flight diversion is greatly 
variable and depends on the size of the aircraft, the cost of 
dumping fuel, housing and re-booking passengers, and staffing 
of flight crew. It is important to be aware of the potential for a 
benign peripheral facial nerve paralysis from barotrauma 
during flight. Being able to distinguish this from a central 
stroke (that may benefit from immediate medical treatment) 
could prevent costly flight diversion and calm passenger 

anxiety. It would also be helpful for the passenger to 
understand that their facial nerve paralysis may recur on future 
flights and resolve without intervention.

The author attests that their institution requires neither Institutional 
Review Board approval, nor patient consent for publication of this 
case report. Documentation on file.
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Introduction: Emergency department physicians should incorporate point-of-care-ultrasound 
(POCUS) in the assessment of patients presenting with acute scrotal pain for rapid identification of 
the time sensitive urologic emergency, testicular torsion.

Case Report: A 20-year-old otherwise healthy male, with a history of monorchism, presented to the 
emergency department with vague testicular pain. A POCUS was performed, which demonstrated 
attenuated arterial flow of the patient’s single testicle as well as twisting (“whirlpool sign”) of the 
spermatic cord, both highly specific ultrasonographic findings of testicular torsion. 

Conclusion: These findings expedited definitive management resulting in the salvage of the single 
ischemic testicle. [Clin Pract Cases Emerg Med. 2021;5(1):82–84.]

Keywords: Testicular torsion; point-of-care ultrasound; testicular ultrasound.

INTRODUCTION 
Scrotal and testicular complaints comprise at least 0.5% 

of all emergency department (ED) visits. Of the various 
etiologies of testicular discomfort, only testicular torsion is 
seen as a true, time-sensitive urologic emergency.1 Testicular 
torsion occurs when a testicle twists around the spermatic 
cord, resulting in compromised blood flow to the testicle and 
resultant downstream tissue ischemia.1 The extent of testicular 
rotation has also been directly correlated with the time to 
testicular necrosis and, therefore, the probability of salvage.2 
The incidence of testicular torsion is 3.8 in 100,000 males up 
to the age of 18. It often occurs during sleep and in the 
absence of trauma.3 

The congenital absence of one testes, monorchism, is 
considered rare.4 To have monorchism and torsion of the 
single viable testicle is not only extremely uncommon, but 
exceedingly more urgent as necrosis would result in long-term 
sequelae including infertility. With the recent incorporation of 
point-of-care ultrasound (POCUS) as a core competency in 
the emergency medicine training curriculum,5 POCUS has 
now become a standard tool in the emergency physician’s 

Kaiser Permanente San Diego, Department of Emergency Medicine, San Diego, California

repertoire. Additionally, since ultrasound is the ideal imaging 
modality to evaluate the scrotum and its contents,6 emergency 
physicians should include POCUS in the workup for the 
time-sensitive diagnosis of testicular torsion, especially in 
resource-poor settings.

CASE REPORT
A 20-year-old male with a past medical history of 

monorchism presented to the ED with one hour of sudden 
onset, cramping-like, progressively worsening, 10 out of 10 
testicular pain that woke him from sleep. The pain had been 
present for approximately four hours. He denied any trauma, 
dysuria, or concerning sexual history. When questioned on the 
medical history of his single testis, he reported having only 
one testicle from birth, without understanding the etiology or 
ever having been evaluated for it. 

His vital signs upon presentation demonstrated a heart 
rate of 79 beats per minute, systolic blood pressure of 145 
millimeters mercury, respirations of 18 breaths per minute, 
oxygen saturation of 99% on room air, and an oral 
temperature of 97.7° Fahrenheit. Physical exam 
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What do we already know about this clinical 
entity? 
Testicular torsion is a time sensitive emergency. 

What makes this presentation of disease 
reportable? 
The use of point-of-care ultrasound to 
expedite definitive management of torsion 
in a patient with one viable testicle to 
preserve fertility.

What is the major learning point? 
Point-of-care ultrasound can help confirm 
testicular torsion rapidly at the bedside.

How might this improve emergency 
medicine practice? 
Point-of-care ultrasound should be 
utilized in patients who present with 
acute testicular pain to facilitate earlier 
diagnosis, surgical consultation, and 
definitive management.

demonstrated a single, firm, edematous testicle with a 
horizontal lie that was significantly tender to palpation. 
There was also a tender, firm spermatic cord. There was no 
surrounding scrotal edema. His abdomen was soft and 
nontender, and there was no evidence of inguinal hernia. A 
point-of-care ultrasound was performed, which 
demonstrated a heterogenous, single right testicle located 
within a surrounding simple hydrocele (Image 1). The 
testicle had limited, non-pulsatile flow on spectral Doppler 
ultrasound (Image 2). 

The epididymis appeared unremarkable. The spermatic 
cord was identified, and when tracked proximally had an 
abrupt change in its course with a spiral twist in the scrotal 
sac, referred to as the “whirlpool sign” (Image 3). 

Unfortunately, since the patient had a history of 
monorchism there was no contralateral testicle for comparison 
of vascular flow or echotexture. Given the patient’s complaint, 
exam, and sonographic findings, a diagnosis of testicular torsion 
was made. Urology was emergently consulted, and the patient 
was scheduled for immediate surgery. A formal comprehensive 
ultrasound was performed pending the consultant arrival, which 
reiterated findings described in the POCUS. The patient was 
taken to the operating room and had a successful detorsion and 
orchidopexy, and was ultimately discharged home. Outpatient 
follow-up evaluation performed by urology five weeks after 
surgery demonstrated a preserved, single viable testicle.

DISCUSSION 
Ultrasound is the imaging modality of choice for the 

diagnosis of testicular torsion. A definitive sign, as observed 
in this case, is twisting of the spermatic cord, also called the 
“whirlpool sign.”7 The whirlpool sign is a reliable and direct 

sonographic finding that implies torsion of the spermatic 
cord and testis.8 Other ultrasonographic findings include 
absent or attenuated arterial blood flow, testicular edema, 
heterogeneous echotexture, reactive hydrocele, and reactive 
thickening of scrotal skin.9-10 If testicular torsion is suspected 
and bedside manual detorsion is performed to restore flow to 
the affected testicle, repeat ultrasound imaging may 
demonstrate hyperemic flow to the affected testicle.11 

Image 1. Point-of-care ultrasound demonstrating heterogenous 
testicle (solid arrow) with simple hydrocele (dashed arrow).

Image 2. Point-of-care ultrasound demonstrating heterogenous 
testicle (arrow) with limited, attenuated arterial flow on 
spectral Doppler.
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When performing a scrotal ultrasound, the testicle in 
question can be compared to the contralateral testicle. 
Differences in echotexture, testicular size, and vascular flow 
can aid in the diagnosis of testicular torsion. What makes this 
case unusual is the patient’s history of monorchism; thus, the 
ultrasonographic findings could not be compared to a healthy 
testicle. The appearance of the twisted spermatic cord and 
absence of testicular flow as visualized by POCUS made the 
diagnosis of testicular torsion extremely likely even without 
the ability to compare our findings to a contralateral testicle.

CONCLUSION
Point-of-care ultrasound helps emergency physicians 

improve the accuracy of their diagnoses and provides better 
overall patient care. If a patient presents with testicular or 
scrotal pain, using POCUS to examine for attenuated or absent 
vascular flow with the “whirlpool sign” of the spermatic cord 
may aid in confirming the diagnosis of testicular torsion, thus 
preventing delay in care and providing consultants with more 
objective data, especially in resource-poor settings where 
formal imaging may not be readily available.

The authors attest that their institution requires neither Institutional 
Review Board approval, nor patient consent for publication of this 
case report. Documentation on file.

Address for Correspondence: Chad Correa, MD, Kaiser Permanente 
San Diego, Department of Emergency Medicine, 4647 Zion Ave, Ste. 
1116, San Diego, CA 92120. Email: chad.correa@kp.org.

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

Copyright: © 2021 Correa et al. This is an open access article 
distributed in accordance with the terms of the Creative Commons 
Attribution (CC BY 4.0) License. See: http://creativecommons.org/
licenses/by/4.0/

Image 3. Point-of-care ultrasound of the spermatic cord 
demonstrating “whirlpool sign” (arrow) and diminished vascular flow 
on power Doppler ultrasound.
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Introduction: Blunt chest trauma and motor vehicle collisions are common presentations to 
the emergency department (ED). Chest pain in a trauma patient can usually and reasonably be 
attributed to chest wall injury, leading to a potential delay in diagnosis and treatment.

Case Report: In this case report, we present a 52-year-old male who was brought to the ED with 
complaints of chest pain and pressure after a motor vehicle collision. He was subsequently found 
to have both a displaced sternal fracture and simultaneous acute myocardial infarction with 100% 
occlusion of the mid left anterior descending artery without dissection requiring stent placement.

Conclusion: Chest pain after blunt cardiac trauma is a common complaint. While rare, acute 
myocardial infarction must be considered. Most injuries result as direct trauma to the artery causing 
either dissection or acute thrombosis resulting in a myocardial infarction as opposed to acute plaque 
rupture with thrombosis, as seen in this case. [Clin Pract Cases Emerg Med. 2021;5(1):85–88.]

Keywords: STEMI; blunt chest trauma; sternal fracture.

INTRODUCTION
Blunt chest trauma can cause a variety of cardiac injuries. 

Chest pain in a trauma patient can usually and reasonably be 
attributed to chest wall injury, leading to a potential delay in 
diagnosis and treatment. Myocardial infarction from artery 
dissection, thrombosis from trauma, and plaque rupture need to 
be considered in the differential. The incidence of coronary 
artery injury in blunt chest trauma is approximately 2%, with 
most reported cases being coronary artery dissections.1 Blunt 
cardiac injury has been reported as the most overlooked injury 
in patients who die from trauma; therefore, emergency 
providers should maintain a high index of suspicion.2 We report 
on a patient with a displaced sternal fracture and simultaneous 
acute myocardial infarction as a result of blunt chest trauma.

CASE REPORT
A 52-year-old male was brought to the emergency 

department (ED) via emergency medical services (EMS) with 
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complaints of chest pain and pressure after a motor vehicle 
collision. The patient was the restrained driver in a collision 
while traveling at approximately 45 miles per hour when a car 
turned in front of him at an intersection. His airbags deployed; 
he did not lose consciousness and was able to self-extricate 
from the vehicle. After extrication, he started to experience 
substernal chest pressure, which was not present prior to the 
accident. When EMS arrived he was placed in a cervical collar 
and given aspirin, and an electrocardiogram (ECG) was 
obtained (Image 1). He was transported to the ED.

On arrival, a repeat ECG was performed, and the 
emergency physician alerted a cardiac activation given 
concern for an ST-elevation myocardial infarction (STEMI). 
He complained of substernal chest pain and pressure that was 
non-radiating and exacerbated by deep inspiration. Additional 
review of systems was negative.

On examination in the ED, the patient’s temperature was 
36.6° Celsius, heart rate 76 beats per minute, respirations 15 



Clinical Practice and Cases in Emergency Medicine 86 Volume V, no. 1: February 2021

Blunt Chest Trauma Causing Sternal Fracture and STEMI Nasser et al.

CPC-EM Capsule

What do we already know about this clinical 
entity? 
Blunt chest trauma and motor vehicle 
collisions are common presentations in 
the emergency department. Chest pain is a 
common complaint.

What makes this presentation of disease 
reportable? 
We report the simultaneous presentation 
of a displaced sternal fracture and acute 
myocardial infarction in the setting of blunt 
chest trauma.

What is the major learning point? 
Blunt cardiac injury is the most commonly 
overlooked injury in patients who die from 
trauma. Acute myocardial infarction and 
cardiac injury must be considered. 

How might this improve emergency 
medicine practice? 
Suspicion should be high for cardiac 
injury, even in the setting of reproducible 
“musculoskeletal” chest pain.

Image 1. Electrocardiograms obtained at the collision scene (top) showing ST elevations (arrows) in leads V2-V6 and leads II and aVF; 
and on hospital arrival (bottom) showing sinus rhythm with right bundle branch block.

breaths per minute, blood pressure 102/60 millimeters 
mercury, and an oxygen saturation of 97%. He was in no acute 
distress. He had tenderness to palpation over the sternum with 
no evidence of contusion or seatbelt sign on chest or abdomen. 
He had no abnormalities on cardiac, lung, or abdominal 
exams. He had no bony point tenderness of extremities and 
had full range of motion of all extremities.

He had no prior medical history but had not had regular 
medical care in the prior 30 years. He had smoked 1.5 packs 
per day of cigarettes for many years, consumed alcohol on 
social occasions, and denied recreational drug use. He had no 
known drug allergies. He had never had surgery. He denied 
any family history of coronary artery disease and denied any 
personal history of hypertension, hyperlipidemia, or coronary 
artery disease.

Chest radiography demonstrated only mild left lung base 
atelectasis. Point-of-care echocardiography by the cardiology 
service was limited by difficult windows and pain on 
transducer pressure, but demonstrated a relatively preserved 
ejection fraction, no pericardial effusion, and no obvious wall 
motion abnormalities. Initial troponin-I was elevated at 0.045 
nanograms per milliliter (ng/mL) (reference range 0.02-0.04 
ng/mL), and B-type natriuretic peptide was 10 picograms (pg)/
mL (<=99 pg/mL).

While the diagnosis of cardiac contusion was entertained, 
the field ECG could not be ignored. With no contraindications 
to angiography identified, the patient was fully anticoagulated 
and taken emergently for coronary angiography. Coronary 
angiogram demonstration 100% occlusion of the mid left 
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Image 2. Coronary angiography showing 100% occlusion of the 
mid-left anterior descending artery (right) and 70-90% stenosis 
of the right coronary artery (left) in the upper images, and the 
subsequent corresponding angiographic results after stenting in 
the lower images.

Image 3. Chest computed tomography showing a displaced sternal 
fracture (arrow).

Blunt thoracic trauma can cause a multitude of cardiac 
injuries. They range from benign and clinically silent cardiac 
contusion to cardiac wall rupture. Pericardial injuries, valvular 
injuries, and coronary artery injuries are also possible. 
Providers should be wary of attributing ECG changes to 
cardiac contusion alone.

A PubMed search using the terms “STEMI” and “blunt 
chest trauma” revealed fewer than 30 full cases published in 
English in the prior 20 years. The cause of STEMI was 
dissection in 13 patients, acute plaque rupture or thrombosis in 
9 patients, cardiac contusion in 1 patient, and an artery to 
ventricle fistula in 1 patient. Only our case showed ECG 
changes in more than one territory. Coronary artery occlusions 
from trauma are a relatively rare phenomenon with three 
possible mechanisms. Direct impact may cause intimal 
disruption and dissection. Alternatively, impact can cause 
acute intra-arterial thrombosis with or without the involvement 
of acute plaque rupture involvement (ie, thrombosis can occur 
in normal coronary arteries without other evidence of native 
atherosclerotic disease). All three types can result in a STEMI. 

Treatment can include emergency coronary bypass surgery, 
percutaneous stenting, aspirational thrombectomy without 
stenting, or medical management. Invasive angiography is 
necessary for diagnosis and to determine the treatment course. 
These injuries can happen in individuals of any age and with 
any level of intimal plaque.4-9 Because of its anterior location 
and its position lying behind the sternum, the left anterior 
descending artery tends to be the culprit. However, abdominal 
injuries with an upward force can affect the inferior vessels. 
There are at least two reports of circumflex artery involvement, 
but both of those cases also involved the LAD.10,11 The 
mechanism for left circumflex artery injury is unclear. 

CONCLUSION
Chest pain after blunt cardiac trauma is a common 

complaint, and while rare, acute myocardial infarction must be 
entertained. Blunt cardiac injury has been cited as the most 

anterior descending artery (LAD) without dissection (Image 
2). There was also a mid-right coronary artery (RCA) ragged 
70-90% lesion. After intervention on the LAD lesion, the 
patient’s pain subsided. The next day, he complained of chest 
pain on deep inspiration and chest heaviness. He had a staged 
intervention of the RCA the following day. In the interim, he 
was discovered to have a sternal fracture by computed 
tomography (Image 3).

DISCUSSION
The patient’s field ECG showed sinus rhythm, a right 

bundle branch block, and ST-segment elevations in leads 
V2-V6, consistent with acute anterior injury, and leads II and 
aVF consistent with acute inferior injury. The ECG obtained 
in the ED demonstrated sinus rhythm and a right bundle 
branch block. However, the previous ST-segment elevations 
were no longer as profound and there were no developing 
q-waves consistent with the natural progression of ECG 
changes in ST-elevation myocardial infarctions (STEMI). The 
degree of variance between these two ECGs could have been 
simply explained by lead position. The widespread ST 
changes in multiple territories compounded the diagnosis. 
Cardiac contusion can have any ECG findings, including ST 
elevations.3 The case was further complicated by the patient’s 
significant trauma and reproducible chest pain, which could 
have been musculoskeletal. 
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commonly overlooked injury in patients who die from trauma.2 
Most injuries result as a direct trauma to the artery causing either 
dissection or acute thrombosis resulting in a myocardial infarction 
as opposed to acute plaque rupture with thrombosis, as seen in 
this case. Our patient was fortunate to not have injuries that 
would preclude invasive angiography and percutaneous 
intervention. Trauma patients with coexisting injuries may not be 
candidates for fibrinolytic therapy because of the risk of 
hemorrhage. Given the emergent need for coronary angiography, 
emergency providers should maintain a high index of suspicion 
for STEMI in the setting of blunt chest trauma.
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Introduction: Long QT syndrome (LQTS) is an uncommon disorder that can lead to potentially life-
threatening dysrhythmias. LQTS can be genetic, acquired, or both.

Case Report: A 44-year-old female with well-controlled hypertension and asthma presented 
with chest tightness. An initial electrocardiogram yielded a normal corrected QT interval of 423 
milliseconds (ms) (normal <480 ms in females). Albuterol was administered and induced agitation, 
tremulousness, and tachycardia. Follow-up electrocardiograms demonstrated extreme prolongation 
of the corrected QT interval to 633 ms and morphology change of the T wave. Lab values were later 
notable for hypokalemia and hypomagnesemia, attributable to a recently started thiazide diuretic. 
The patient was ultimately diagnosed with congenital LQTS after initial unmasking by albuterol in the 
emergency department.

Conclusion: LQTS can be unmasked or exacerbated by electrolyte abnormalities and QT prolonging 
medications. [Clin Pract Cases Emerg Med. 2021;5(1):89–92.]

Keywords: Long QT syndrome; torsades de pointes.

INTRODUCTION
Long QT syndrome (LQTS) is a rare condition in which 

cardiac myocytes are predisposed to repolarization phase 
abnormalities, which can lead to life-threatening torsades 
de pointes.1 It is one of the leading causes of unexplained 
sudden cardiac death.1 Long QT syndrome can be congenital, 
acquired, or both. 

The prevalence of congenital LQTS is estimated at 
1 in 2000 births.2 This does not account for patients with 
electrocardiographically silent LQTS and those who are 
genotype positive but phenotype negative.2 Thus, the true 
prevalence of the LQTS gene is likely higher. Patients 
may have electrocardiographically silent LQTS, only to be 
unmasked by certain QT prolonging medications, electrolyte 
abnormalities, or sympathetic stimulation.3 Type 1 LQTS, one 
of the most common forms of congenital LQTS, is particularly 
susceptible to sympathetic stimulation.3
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Several classes of medications have been demonstrated 
to lengthen the repolarization phase of cardiac myocytes, 
thus lengthening the QT interval. Medications classically 
known to prolong the QT interval include certain 
antiarrhythmics, calcium antagonists, anti-psychotics, 
antihistamines, macrolide and fluoroquinolone antibiotics, 
certain antifungals, and antiretroviral medications (a 
complete list can be found at crediblemeds.org.).4-6 In 
addition, electrolyte abnormalities can similarly affect 
the repolarization phase. Alterations in serum potassium 
levels are the most likely to alter the QT interval, however 
magnesium, calcium and sodium are contributory as well.4 
Sympathetic stimulation has also been implicated, most 
notably in sudden exposure to cold water, accounting for a 
large proportion of sudden cardiac death occurring during 
swimming.3,7 In fact, during provocative electrophysiology 
testing, epinephrine boluses are sometimes used to directly 
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What do we already know about this clinical 
entity? 
Long QT Syndrome can predispose patients to 
Torsades de Pointes. Certain medications are 
known to further prolong the QT interval.

What makes this presentation of disease 
reportable?
The patient’s underlying Long QT syndrome was 
effectively unmasked in the emergency department 
(ED) in the context of albuterol treatment and 
electrolyte changes from diuretic use.

What is the major learning point?  
Be vigilant of the QT prolonging effects of certain 
medications and electrolyte derangements to 
further prolong the QT interval.  Genetic Long 
QT Syndrome may only be “unmasked” briefly.

How might this improve emergency medicine 
practice?  
Genetic Long QT Syndrome can be identified in 
the ED and potentially life-saving referrals can 
be made.

affect the QT interval due to its sympathomimetic effect.7 

Bradycardia, structural heart diseases, female gender, 
impaired hepatic and renal function, and advanced age are 
also known risk factors.8,9

Due to the above-mentioned risk of sudden death, it is 
crucially important to recognize LQTS and subsequently 
follow an appropriate treatment plan. All patients with any 
significant prolongation of the QT interval, whether transient 
or persistent, should undergo genetic testing to determine 
whether they have an underlying channelopathy.10 If an 
underlying genetic alteration is identified, family members 
should be counseled on the need for further testing and 
evaluation.10 Treatment for patients with acquired QT 
prolongation includes withholding medications with known 
QT prolonging effects and avoiding serum electrolyte 
perturbations. Treatments for patients with congenital 
prolonged QT include the above strategies, observation, 
beta blocker therapy, avoidance of high intensity sports, or 
implantable cardiac defibrillator (ICD) placement.11

CASE REPORT
A 44-year-old female with a history of well-controlled 

asthma and hypertension presented to the emergency department 
(ED) with “chest tightness”, which the patient described as 
inability to take a full breath with occasional pressure-like 
sensation across the precordium. The patient denied exertional 
component, leg swelling, history of coagulopathy, thrombotic risk 
factors, family history for coronary artery disease, cough, fever, 
vomiting, or abdominal pain. One week prior to ED presentation, 
the patient had a routine checkup with her family physician 
and was started on chlorthalidone for her hypertension. She 
was prescribed the following home medications: montelukast, 
fluticasone, chlorthalidone, loratidine, ascorbic acid, ferrous 
sulfate, and albuterol.

The patient’s initial presenting vital signs were the following: 
pulse 82 beats per minute; blood pressure of 123/73 millimeters 
of mercury; respirations 18 per minute; oxygen saturation 100%; 
temperature 98.2 degrees Fahrenheit. On physical exam, breath 
sounds were mildly diminished in all lung fields. A subtle end 
expiratory wheeze was appreciated. There was no accessory 
muscle use or increased respiratory effort. There was no evidence 
of stridor or upper airway swelling. Cardiac auscultation 
demonstrated a regular rate and rhythm with no murmur 
appreciated. The abdomen was soft, nontender and nondistended. 
Pulses were equally present and strong in all four extremities. No 
lower extremity swelling was appreciated. A chest radiograph 
was within normal limits. An initial electrocardiogram (ECG) 
(Image A) demonstrated no acute ischemia or dysrhythmia 
(Bazett QTc 423 milliseconds [ms]).

A troponin was similarly negative after days of symptoms, 
lowering concern for acute coronary syndrome. A trial of 
albuterol was instituted as some of her symptoms were 
considered to be attributable to her otherwise well-controlled 
asthma. Shortly after receiving the nebulized albuterol treatment, 

the patient became tachycardic and very tremulous. A repeat ECG 
was obtained (Image B) and notable for a significantly prolonged 
QT interval (Bazett QTc 633 ms) with distinct morphology 
change of the T wave. Laboratory studies were reviewed and 
notable for hypokalemia of 3.2 milliequivalents per liter (mEq/L) 
(reference range 3.4-5.1 mEq/L) and hypomagnesemia of 1.6 
milligrams per deciliter (milligrams per deciliter [mg]/dL) 
(reference range 1.7-2.2 mg/dL). The albuterol treatment was 
terminated. The patient was immediately treated with 2 grams 
intravenous (IV) magnesium sulfate, 20 mEq IV potassium 
chloride, and 40mEq oral potassium chloride. After one hour, the 
QT interval had shortened (QTc 428 ms) (Image C) but retained 
the T wave morphology change. The patient was observed in the 
ED for several more hours, and discharged home with a next day 
follow-up to have her electrolyte levels reassessed. The patient’s 
chlorthalidone and albuterol were discontinued.

The patient was referred to an electrophysiologist and 
ultimately diagnosed with Type 1 LQTS. The patient’s family 
was referred for genetic counseling. Despite the patient’s 
asthma being a contraindication, after a risk-and-benefit 
conversation she was initiated on low-dose beta blocker therapy 
which was well tolerated. She declined placement of an ICD. 
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The importance of close monitoring of her electrolytes was 
stressed, particularly during situations in which electrolyte loss 
is possible (diarrhea, vomiting, exercise).

DISCUSSION
This case was unique in that it contained elements of 

both genetic and acquired LQTS. Given her normal ECG at 
presentation, this represents a case of electrocardiographically 
silent LQTS. Only after provocation with albuterol did she 
have demonstrable prolonged QT on ECG. In addition, the 
electrolyte abnormalities caused by the chlorthalidone lowered 
the threshold for abnormalities in the repolarization phase. The 
computer-calculated QTc should always be checked with a 
manual QTc. This can be done by using Bazett’s equation. This 
should be repeated with multiple different beats in different leads, 
preferably lead II and V5. After correction the patient’s QT was 
calculated to be 633 ms. See Image 1 for our calculation. 

Patients with congenital LQTS most commonly have 
mutations to the Kv11.1 and Kv7.1 potassium channel 
proteins, responsible for the rapid (IKR) and slow (IKS) delayed 

potassium rectifier currents, respectively.8 These altered IKR 
and IKS currents can lead to excessive local extracellular 
potassium levels and ultimately repolarization abnormalities.12 
Should these gradients worsen, the patient is at risk for 
entering torsades de pointes.

The figure is a schematic demonstrating the action potential 
of a cardiac myocyte.13 As described above, IKR and IKS are 
the most commonly affected currents in congenital LQTS. 
These will directly affect phase three, causing a delay in 
repolarization. On the ECG, this corresponds to the altered T 
wave morphology and subsequently the prolonged QT interval.

Image. Serial electrocardiograms (ECG) demonstrating QT 
prolongation after albuterol use. ECG A demonstrates the 
patient’s baseline with no acute dysrhythmia or ischemia and QTc 
of 423 milliseconds (ms). ECG B demonstrates a QTc interval of 
633 ms and T wave morphology change. ECG C demonstrates 
QTc return to 428ms, with retention of the T wave morphology.

Figure. Cardiac Myocyte Action Potential. Slow delayed rectifier 
potassium current (IKS) and rapid delayed potassium rectifier 
current (IKR) are responsible for efflux of potassium ion during the 
repolarization phase of the cardiac myocyte (Phase 3). Abnormal 
serum potassium levels can further affect repolarization in the context 
of dysfunctional potassium channels.
K+, potassium; Na+, sodium; Cl-, chloride; Ca2+, calcium; IK1, inward 
rectifier potassium current; INa, inward sodium channel; Ito1,2, transient 
outward potassium current; ICa-L, L-type calcium current; IKS, slow 
delayed rectifier potassium current; IKR, rapid delayed potassium 
rectifier current; ms, milliseconds.
*Adapted and modified from Wikimedia Commons with permission.

In addition, generalized sympathetic stimulation can 
prolong the QT interval. In fact, in electrophysiology 
laboratory testing, patients are given epinephrine boluses 
to elicit sympathetic stimulation to unmask LQTS.3 The 
albuterol “challenge” that was administered in the ED 
certainly could have had a similar sympathomimetic effect. 
Indeed, a study by Thottathil et al showed beta-2 agonist use 
by patients with LQTS is a risk factor for cardiac events.14 
Asthmatic patients with LQTS who need beta-2 agonists 
should have electrolyte levels monitored and repleted as 
necessary. When not contraindicated, the provider should 
also consider using a beta blocker as there is decreased risk 
of cardiac events when beta blockers are used.14 
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CONCLUSION
In conclusion, this is a cautionary tale in which a patient 

with an underlying cardiac channelopathy was administered 
a QT prolonging agent in the context of multiple electrolyte 
abnormalities induced by a recently started thiazide diuretic. 
Caution should be exercised in administering patients a 
medication with known QT prolonging effects. It is not 
infrequent that several medications with the potential for QT 
prolongation may be used simultaneously in the ED setting 
(eg, an agitated elderly patient with chronic obstructive 
pulmonary disease found to have pneumonia). In patients 
receiving these medications, consider first obtaining an ECG 
and/or placing the patient on a cardiac monitor.

Patient consent has been obtained and filed for the publication of 
this case report.
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Introduction: Pectoralis major muscle injuries are relatively uncommon and occur secondary to 
weightlifting in nearly 50% of cases. Tendon tears occur almost exclusively in males between 20-
40 years old and are heavily associated with anabolic androgenic steroid use. While magnetic 
resonance imaging is often considered the modality of choice, its availability is often limited in the 
emergency department (ED). In contrast, point-of-care ultrasound (POCUS) is commonly available in 
the ED and can be used to help confirm the diagnosis and hasten disposition. 

Case Report: We report a case of a 28-year-old male competitive weightlifter with a history of chronic 
anabolic steroid use who presented to the ED with acute left shoulder pain after weightlifting. History 
and physical exam were concerning for pectoralis major rupture, and POCUS confirmed the diagnosis.

Conclusion: Prompt evaluation and radiographic confirmation is key in ensuring good 
patient outcomes in pectoralis major tears. Therefore, proficiency of emergency physicians in 
musculoskeletal POCUS as an adjunct to estimate the extent of injury is important for expediting 
disposition and and promptly involving orthopedic surgery evaluation. [Clin Pract Cases Emerg Med. 
2021;5(1):93–96.] 

Keywords: Point-of-care ultrasound; POCUS; pectoralis major injury; pectoralis major rupture; 
case report. 

INTRODUCTION
Injuries of the pectoralis major muscle are relatively 

uncommon, and roughly 50% have been reported after 
weightlifting.1-3 Bench press is a common culprit due to the 
excessive tension put on an eccentrically contracted 
muscle.1-3 Less commonly, injuries occur after direct trauma 
causing forced abduction and external rotation of the upper 
extremity.4 Tendon tears occur almost exclusively in males 
between 20-40 years old and are heavily associated with 
anabolic androgenic steroid use.5,6 Other risk factors for 
major tendon rupture in general include Black race, young 
age, male gender, and sports participation.7 While magnetic 
resonance imaging (MRI) is often considered the modality of 
choice for the evaluation of pectoralis major tears due to its 
ability to differentiate the site, grade, and chronicity, it is 
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expensive, time-consuming, and often unavailable in the 
emergency department (ED) setting.8,9 However, point-of-
care ultrasound (POCUS) can be used in the ED due to its 
low cost and rapid availability to guide evaluation and 
treatment for patients.4

A 28-year-old male competitive weightlifter with a 
history of chronic anabolic androgenic steroid use presented 
to the ED with left shoulder pain. The patient reported 
weightlifting several hours prior, and while performing 
dumbbell flys with 140 pounds in each arm he felt and heard 
a sudden “pop” with immediate loss of strength in his left 
shoulder. The patient endorsed constant pain at the site since 
the injury, which was exacerbated by arm movement. He 
denied any numbness or tingling. On physical exam of the 
left upper extremity, the skin was intact with significant 
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What do we already know about this clinical 
entity? 
Pectoralis major tears are relatively uncommon 
and heavily associated with anabolic steroid use. 
Magnetic resonance imaging, the gold standard 
for diagnosis, is time consuming, expensive, and 
often unavailable for such applications in the 
emergency department.

What makes this presentation of disease 
reportable? 
The confirmation of the diagnosis with point-of-
care ultrasound in the emergency department 
makes this a unique case.

What is the major learning point? 
Point-of-care ultrasound can help to quickly 
confirm the diagnosis of pectoralis major tears and 
make appropriate consultations for follow-up and 
further management.

How might this improve emergency medicine 
practice? 
By making or confirming the diagnosis of a 
pectoralis major tear faster, we can get patients 
appropriate follow-up or specialty consultation 
more efficiently and avoid other, more expensive 
imaging modalities.

bruising in the axilla (Image 1). There was asymmetric loss 
of normal contour of the left pectoralis major, and the left 
nipple was noted to be lower than the right (Image 2). 
Tenderness to palpation was reported across the left pectoral 
region, left axilla, and left anterior deltoid. Additionally, 
there was decreased strength with arm adduction and 
increased pain with internal rotation at the shoulder. Given 
the convincing clinical history and physical exam for 
pectoralis major rupture, POCUS was used for further 
evaluation. On sonography  there were hypoechoic 
disruptions of muscular striations, hematoma formation, and 
pectoralis major muscle retraction noted at the site of injury, 
helping to confirm the pectoralis major rupture (Images 3 
and 4). Radiographs of the left shoulder were performed 
showing no osseous injury. The orthopedic surgery team was 
consulted and scheduled the patient for magnetic resonance 
imaging (MRI) and prompt outpatient follow-up with a 
shoulder subspecialist.

Image 1. Bedside photograph displaying prominent ecchymoses 
(red arrow) over patient’s left axilla. 

Image 2. Photograph displaying asymmetry of patient’s nipple height (horizonal red line) following injury and subtle indentation (red 
arrow) over the lateral left pectoralis. 
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DISCUSSION
The pectoralis major is a complex, fan-shaped muscle 

comprised of a clavicular head, originating from the medial 
half of the clavicle, and a sternocostal head, originating from 
the anterior sternum, costal cartilages of ribs 1-7, and the 
aponeurosis of the external oblique.10 The two heads coalesce 
into a common tendon and insert into the lateral lip of the 
intertubercular sulcus of the humerus.10 Rupture occurs most 
commonly in patients with a history of weightlifting, causing 
disruption of the distal humeral enthesis.1-3 Pectoralis major 
rupture in this patient was strongly suggested by the clinical 
presentation, but the availability of POCUS to confirm our 
suspicion assisted in expediting the disposition. Young 
patients with a history of anabolic steroid use should also be 
evaluated for tendinous disruption due to decreased tensile 
strength of the tendons secondary to steroid-induced dysplasia 
of the collagen fibrils.11

Musculoskeletal POCUS was performed with a high-
frequency 5-10 megahertz linear probe throughout the 
distribution of the pectoralis muscle groups with special 
attention given to the distal portion of the pectoralis major 
muscle. Abduction and external rotation of the left arm were 
used to provide robust images of the distal pectoralis major 
under tension. Healthy pectoralis major muscles should appear 
hyperechoic and fibrillar throughout the clavicular and 
sternoclavicular heads with a uniform and taut tendon attaching 
to the bicipital groove of the humerus.12,13 In this patient, the 
muscle bellies of the pectoralis major were identified with 
obvious disruption of a distal muscle belly present. The 
observation of hypoechoic interruptions of muscular striation 
proximal to the musculotendinous junction, distal hematoma 
formation, and retraction of the distal pectoralis major muscle 
with an intact tendon suggested rupture of the distal pectoralis 
major muscle without major tendinous disruption.14,15

CONCLUSION
Prompt evaluation, radiographic confirmation, and surgical 

intervention is key in ensuring positive outcomes in active 
patients with pectoralis major tears. Therefore, use of POCUS to 
aid in the diagnosis is pertinent when attempting to expedite 
disposition and improve patient care. In this case, POCUS 
evaluation was an effective adjunct in estimating the extent of 
injury and promptly involving orthopedic surgery to begin 
surgical planning with MRI. 

Patient consent has been obtained and filed for the publication of 
this case report.
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Image 3. Point-of-care ultrasound image displaying disruption of 
the distal pectoralis major muscle bellies with vertical interruption 
noted (red circle).

Image 4. Point-of-care ultrasound image displaying hypoechoic 
hematoma formation (red circle) in the distal portion of pectoralis 
major muscle bellies.
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Introduction: Septic malleolar bursitis is a rare cause of ankle pain and swelling. It has been 
described in certain occupational and recreational activities that involve tight-fitting boots, such as 
figure skating. Court-ordered electronic monitoring devices are often worn on the ankle. It is not 
known whether these devices are a risk factor for the development of malleolar bursitis.

Case Report: We describe a 41-year-old male under house arrest with an electronic monitoring 
device on his right ankle who presented to our emergency department with several days of 
progressive pain and swelling over the medial malleolus. Point-of-care ultrasound revealed a thick-
walled cystic structure consistent with medial malleolar bursitis. Bursal aspiration was performed. 
Fluid culture yielded Staphylococcus aureus.

Discussion: Emergency physicians regularly see patients with ankle pain and swelling and must 
consider a comprehensive differential diagnosis. Septic malleolar bursitis is an uncommon but 
important cause of ankle pain and swelling that requires prompt diagnosis and intervention. Point-of-
care ultrasonography may aid in the diagnosis. Additionally, emergency physicians should be aware 
of potential complications related to electronic monitoring devices. [Clin Pract Cases Emerg Med. 
2021;5(1):97–100.] 

Keywords: bursitis; ultrasonography; electronic monitoring device; ankle joint; case report.

INTRODUCTION
Malleolar bursitis is a rare cause of ankle pain and swelling. 

In many cases, it can be attributed to ill-fitting footwear or 
repetitive trauma from occupational or recreational activities 
such as figure skating. It is unknown whether court-ordered 
ankle electronic monitoring devices contribute to the 
development of ankle pathology, including malleolar bursitis. 
We report a case of a 41-year-old male who developed right 
medial ankle pain and swelling while wearing such a device. 
His physical examination was concerning for septic medial 
malleolar bursitis. This was confirmed with point-of-care 
ultrasonography and aspiration and culture of bursal fluid. We 
believe this is the first reported case of malleolar bursitis 
associated with the use of an electronic monitoring device.

Indiana University School of Medicine, Department of Emergency Medicine, 
Indianapolis, Indiana

CASE REPORT
A 41-year-old male with no significant past medical 

history presented to the emergency department (ED) with 
pain, redness, and swelling of his right ankle’s medial aspect 
for five days. He first noticed his symptoms while mowing 
grass. He denied any trauma. At the time of symptom onset, 
he was under home arrest and was wearing an electronic 
monitoring device on his right ankle. He was concerned that 
this device might have been contributing to his symptoms and 
had it moved to his left lower extremity two days before his 
presentation to the ED. Despite this, his pain, redness, and 
swelling continued to worsen. Ibuprofen and heating pads 
improved his pain but did not reduce the swelling. He noted 
that his pain was aggravated by ambulation, but he maintained 
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What do we already know about this clinical 
entity? 
Malleolar bursitis is a well described but 
uncommon cause of acute ankle pain and 
swelling, often associated with occupational 
or recreational activities.

What makes this presentation of disease 
reportable? 
Ankle bursitis associated with the use of an 
electronic monitoring device has not previously 
been described in the medical literature.

What is the major learning point? 
Malleolar bursitis may be associated with 
the use of an electronic monitoring device. 
Ultrasound may assist in diagnosis.

How might this improve emergency 
medicine practice? 
Clinicians should include malleolar bursitis 
in the differential diagnosis of ankle pain and 
swelling in patients wearing an ankle device.

the ability to ambulate independently. He denied associated 
fever or rash. At the time of his presentation to the ED, his 
pain severity was 7-8 on a 1-10 scale. 

On examination, the patient was well appearing. Initial 
vital signs were as follows: temperature 36.8°C (98.2°F); heart 
rate 99 beats per minute; respiratory rate 18 breaths per 
minute; blood pressure 128/82 millimeters mercury; and pulse 
oximetry 96% on room air. Erythema and swelling were noted 
overlying the right medial malleolus (Image 1). The area was 
tender and fluctuant. There was no evidence of trauma to the 
skin. No crepitus or drainage was present. Distal sensation and 
pulses were intact, and his ankle had a full range of motion. 

Plain radiographs demonstrated marked soft tissue 
swelling around the ankle joint, most prominent at the medial 
malleolus. A point-of-care ultrasound was performed, which 
revealed a 3 centimeter x 1 centimeter thick-walled cystic 
mass containing fluid of mixed echogenicity, consistent with 
bursitis (Image 2). 

Aspiration of the bursa was performed with an 18-gauge 
needle, and 3 milliliters of cloudy yellow fluid was removed 
and sent for culture. No additional studies were obtained. The 
patient noted decreased pain after the procedure. A presumptive 
diagnosis of septic medial malleolar bursitis was made, and the 
patient was discharged with a 10-day course of trimethoprim-
sulfamethoxazole. He did not receive antibiotics in the ED.

Gram stain of the aspirated fluid was negative, but culture 
grew Staphylococcus aureus. On telephone follow-up one 
week later, the patient noted significant symptomatic 

improvement. Unfortunately, he had not begun taking his 
antibiotics. He was encouraged to do so. The patient was lost 
to further follow-up. 

DISCUSSION
Bursae are fluid-containing, extra-articular closed sacs 

that provide cushioning and relieve friction between skeletal 
and soft tissue structures, including bone-tendon, bone-skin, 
and tendon-ligament interfaces. Bursae may be classified as 
deep or superficial. Deep bursae (eg, subacromial, iliopsoas, 
and retrocalcaneal) form during embryonic development. 
Superficial bursae reside in the subcutaneous tissue and tend 
to develop after birth. Examples include the olecranon and 
prepatellar bursae. Adventitious superficial bursae are 
acquired bursae that develop in response to repeated trauma, 
pressure, or friction.1,2 They lack a proper synovial lining and 
are variably present. Two such adventitious bursae may be 
found in the ankle: the medial and lateral malleolar bursae. 
They reside in the subcutaneous tissues overlying the bony 
prominences of the medial and lateral malleoli, allowing the 
overlying skin to glide more easily.3-6 

Bursitis is the inflammation of a bursa characterized by 
bursa wall thickening and excess bursal fluid accumulation, 
producing localized pain and swelling. It may be septic or 

Image 1. Localized swelling and erythema over the medial 
malleolus (arrow).
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aseptic. Bursitis in some anatomic locations is associated with 
various occupational and recreational activities, giving rise to 
numerous descriptive terms such as “carpet layer’s knee” 
(prepatellar bursitis) and “student’s elbow” (olecranon bursitis).2 

Aseptic bursitis is commonly caused by repetitive trauma, 
compression, or shear forces. Still, it may also be caused by 
crystal deposition or underlying autoimmune disorders such as 
rheumatoid arthritis or systemic lupus erythematosus. 

Septic bursitis occurs when a bursa becomes inoculated 
with bacteria. This most commonly results from direct 
penetration of skin flora in the setting of local cutaneous 
trauma or from the direct spread of an overlying skin 
infection. Hematogenous spread of infection to bursa has been 
described but is not common.1,2 Given the pathogenesis of 
local inoculation with skin bacteria, it is not surprising that 
septic bursitis usually occurs in superficial bursae. Patients 
present with localized pain, swelling, erythema, and warmth. 
The presence of fever is inconsistent.2,7 

Clinical features may be unreliable in distinguishing 
septic from aseptic bursitis; definitive diagnosis is 
established by culture of bursal aspirate. S aureus is the 
causative agent in approximately 80% of cases.1,2,7 
Streptococci are the second most common cause. Bursa 
infections with various other bacterial species, including 
Gram-negative bacilli and anaerobes, have been described 
but are rare. The treatment of septic bursitis is variable, and 
there are no well-established guidelines.1 Treatment typically 
includes a combination of oral or parenteral antibiotics and 
needle aspiration or incisional drainage, depending upon 
disease severity and patient risk factors. 

Ultrasound can be useful in establishing the diagnosis of 
bursitis, as demonstrated by our case. Normal bursae are 
challenging to visualize with ultrasound and are often invisible. 

In bursitis, the bursa appears as a cystic structure with a thickened 
hyperechoic wall. The fluid within the bursa may be anechoic, or 
it may demonstrate mixed echogenicity in the setting of a 
complex or bloody bursal effusion.8 The use of ED point-of-care 
ultrasonography for bursitis has been described, but its 
performance and utility have not been well characterized.9-11

There are approximately 150 bursae in the human body, 
but the vast majority of bursitis cases encountered by the 
emergency physician occur in only two: the olecranon or 
prepatellar bursae.2,4 Bursitis of the malleolar bursae, as 
described in our case, is relatively uncommon but deserves 
inclusion in the differential diagnosis of ankle pain and 
swelling. Like bursitis in other anatomic locations, malleolar 
bursitis may be septic or aseptic and is often caused by local 
microtrauma, shear forces, and compression. Lateral malleolar 
bursitis has been described in patients who sit cross-legged for 
prolonged periods of time, including children, tailors, and coal 
miners working in low-seam underground mine 
environments.3,6,11,12 An association with ill-fitting shoes has 
also been reported.12 

Medial malleolar bursitis has been described in figure 
skaters and attributed to excessive contact pressure and shear 
forces that occur between the medial malleolus and snuggly 
fitting skater’s boots while the skater is performing 
mechanical movements that include jumping, twisting, and 
changes in direction.4,13 Aseptic malleolar bursitis often 
responds well to conservative therapy, including modification 
of inciting factors such as footwear or activity. Aspiration of 
the bursa and injection of steroids may be considered.4 
Surgical bursectomy has been employed for recalcitrant cases. 
Septic malleolar bursitis is treated with drainage and anti-
staphylococcal antibiotics in a manner similar to septic bursitis 
in other anatomic locations. Surgical intervention may be 
necessary in some cases.4,5,13 

We report a patient with medial malleolar bursitis who had 
no apparent occupational or recreational risk factor and no 
underlying medical conditions. He reported having a court-
ordered ankle electronic monitoring device on his ankle prior to 
developing symptoms. To our knowledge, no case of malleolar 
bursitis in a patient with an electronic monitoring device has 
been reported in the medical literature. An exhaustive search of 
the literature failed to reveal any reports of adverse medical 
effects of ankle electronic monitoring devices; however, there 
have been recent reports of lower extremity skin irritation and 
infection on advocacy websites and in the lay press.14,15 
Although it is impossible to definitively establish causation, it is 
conceivable that such a device may have produced shear or 
pressure forces on the medial malleolus and microtrauma to the 
overlying skin provoking the development of septic medial 
malleolar bursitis in our patient.

CONCLUSION
Emergency physicians regularly see patients with ankle 

pain and swelling and must consider a broad differential 

Image 2. Ultrasound demonstrating a thick-walled (plus signs) 
bursa containing complex fluid (asterisk), which overlies the 
medial malleolus (arrow).
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diagnosis. Septic malleolar bursitis is an uncommon but 
important cause of ankle pain and swelling that requires 
prompt diagnosis and intervention. Point-of-care 
ultrasonography may aid in the diagnosis. Additionally, 
emergency physicians should be aware of potential 
complications related to electronic monitoring devices.
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Introduction: Hyperhemolysis syndrome (HHS) is a rare complication of repeat blood transfusions 
in sickle cell disease (SCD). This can occur acutely or have a delayed presentation and often goes 
unrecognized in the emergency department (ED) due to its rapid progression and similarity to acute 
chest syndrome and other common complications of SCD. 

Case Report: We present a case of a 20-year-old male with SCD who presented to the ED with pain 
and tenderness in his lower extremities one day after discharge for a crisis. Unbeknownst to the ED 
team, during his admission he had received a blood transfusion. On presentation he was noted to have 
hyperkalemia, hyperbilirubinemia, anemia, and uncontrolled pain, and was admitted for sickle cell pain 
crisis. Over the next 36 hours, his hemoglobin dropped precipitously from 8.9 grams per deciliter (g/dL) 
to 4.2 g/dL (reference range: 11.5-14.5 g/dL), reticulocyte count from 11.7 % to 3.8% (0.4-2.2%), and 
platelets from 318,000 per cubic centimeter (K/cm3) to 65 K/cm3 (140-350 K/cm3). He also developed 
a fever, hypoxia, transaminitis, a deteriorating mental status, and severe lactic acidosis. Hematology 
was consulted and he was treated with methylprednisolone, intravenous immunoglobulin, two units of 
antigen-matched red blood cells, fresh frozen plasma, and cryoprecipitate. He was transferred to an 
outside hospital for exchange transfusion and remained hospitalized for 26 days with acute liver failure, 
bone marrow necrosis, and a fever of unknown origin. 

Conclusion: Because of the untoward outcomes associated with delay in HHS diagnosis and the 
need for early initiation of steroids, it is important for emergency providers to screen patients with 
hemoglobinopathies for recent transfusion at ED presentation. Asking the simple question about 
when a patient’s last transfusion occurred can lead an emergency physician to include HHS in the 
differential and work-up of patients with sickle cell disease complications. [Clin Pract Cases Emerg 
Med. 2021;5(1):101–104.]

Keywords: Hyperhemolysis; Sickle Cell Disease; disseminated intravascular coagulation.

INTRODUCTION
Sickle cell disease (SCD) is a common genetic 

hemoglobinopathy that has a wide variety of clinical 
manifestations due to the propensity of deoxygenated 
hemoglobin to polymerize.1,2 Sickle hemoglobin (HbS) is 
one of the variants in this hemoglobinopathy that can lead to 
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hemolytic anemia and vaso-occlusion causing ischemic organ 
damage, pain crises, stroke, infection, and organ failure.1,2 
Acute vaso-occlusive episodes are generally treated with 
hydration, antibiotics, pain relief, and, when indicated, red 
blood cell transfusions.1-4 Multiple transfusions increase the 
risk of alloimmunization whereby host antibodies recognize 
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What do we already know about this clinical 
entity? 
Hyperhemolysis syndrome (HHS) is a rare 
complication of repeat blood transfusions in 
sickle cell disease (SCD).

What makes this presentation of disease 
reportable?
Lack of information about a prior transfusion 
in a young male with SCD who presented with 
declining mental status and fever led to delayed 
diagnosis of HHS. 

What is the major learning point?  
Given the outcomes associated with delay in 
diagnosis and the need for early initiation of 
steroids, patients with hemoglobinopathies must 
be screened for recent transfusion.

How might this improve emergency medicine 
practice?  
Asking a patient when their last transfusion 
occurred can lead the provider to include 
HHS in the differential and work-up of 
patients with SCD complications.

foreign surface antigens on transfused red blood cells and 
cause hemolysis.3,4 

Hyperhemolysis syndrome (HHS), is a rare hemolytic 
transfusion reaction characterized by a lower hemoglobin (Hb) 
than pre-transfusion, fever and pain, decreased reticulocyte 
count, hyperbilirubinemia, raised lactate dehydrogenase, 
and hemoglobinuria generally occurring within two weeks 
of last transfusion.3,4 The cause of the precipitous drop in Hb 
remains a debate. King et al proposed the bystander hemolysis 
mechanism in 1997 followed in 2004 by Petz and Garratty 
who described any immune hemolysis of cells that are 
negative for the antigen against which the relevant antibody 
is directed.5,6 The other theory, also first described by Petz 
et al, suggested a transfusion-induced reticulocytopenia and 
suppression of erythropoiesis.7 Complement-mediated lysis 
and macrophage activation may be a possible mechanism: All 
these processes are immune-mediated. 

The treatment for HHS typically involves 
immunosuppression with steroids (namely methylprednisolone) 
as well as intravenous immunoglobulin (IVIG). Hyperhemolysis 
syndrome is generally divided into an acute and a delayed 
form based upon its development within seven days vs after 
seven days of transfusion, respectively. Patients presenting with 
acute chest syndrome (ACS), aplastic crises, or vaso-occlusive 
symptoms of SCD may also experience hemoglobinuria, 
pain, fever, and anemia, making the appropriate diagnosis 
challenging.8,9 Rapid diagnosis of HHS is essential as delay in 
diagnosis can lead to death.10 

CASE REPORT 
A 20-year-old male with a history of SCD with multiple 

priapism attacks, ACS, functional asplenia, and sleep apnea 
presented to the ED with pain and tenderness bilaterally in his 
lower posterior legs and hips. He had been discharged one day 
prior from a stay in the hospital for a sickle cell crisis, involving 
priapism, fever, and generalized pain. Although it was not 
noted in his intake history, he had received partial exchange 
transfusion of two units of packed red blood cells (PRBC) 
four days prior. At the time of arrival, the patient denied any 
chest pain, shortness of breath, nausea, vomiting, abdominal 
pain, or genitourinary or gastrointestinal dysfunction including 
priapism. He reported one episode of a fever at home. Upon 
examination, there was tenderness to the patient’s bilateral 
thighs and scleral icterus. Labs revealed a Hb of 8.9 grams 
per deciliter (g/dL) (reference range: 11.5-14.5 g/dL), white 
blood count (WBC) of 16.7 thousand per centimeter cubed 
(K/cm3) (4.0-10.0 K/cm3), a reticulocyte count of 11.7 (0.4-
2.2%), potassium of 5.4 millimoles per liter (mmol)/L) (3.5-5.1 
mmol/L), bilirubin of 14.5 milligrams (mg)/dL (0.2-1.0 mg/
dL). The patient was admitted for a sickle cell crisis and treated 
with hydration and analgesics. Of note, historically, the patient’s 
bilirubin had previously been 6.8 mg/dL (0.2-1.0mg/dL). 

The next day, he developed fever (102.6° Fahrenheit), 
tachycardia, hypoxia, and diminishing mental status. Labs 

revealed Hb of 6.0 g/dL (11.5-14.5 g/dL), a decrease in platelets 
from 318 to 154K/cm3 (140-350 K/cm3), and an increasing 
WBC count of 17.9K/cm3 (4.0-10.0 K/cm3). Hematology/
oncology was consulted, and the patient was transferred to 
the intensive care unit out of concern for a delayed hemolytic 
transfusion reaction. Labs drawn later that night showed a 
hemoglobin level of 4.2 g/dL (11.5-14.5 g/dL), a reticulocyte 
count of 3.8 (0.4-2.2%), a platelet count of 65 K/cm3 (140-
350 K/cm3), and schistocytes on peripheral blood smear. The 
direct antiglobulin test and antibody screen were negative. A 
disseminated intravascular coagulation (DIC) panel had been 
ordered due to worsening condition, which showed fibrinogen 
of less than166 mg/dL (180-500mg/dL) and D-dimer greater 
than 20 micrograms per milliliter (ug/mL) (less than 0.50ug/
ml), prothrombin time of 28.9 seconds (s) (12.0-14.6s), 
international normalized ratio of 2.8, and partial thromboplastin 
time of 74.8s (21.6-35.6s). 

Due to continued rapid deterioration and concern for 
HHS he was started on methylprednisolone and IVIG. 
Additionally, he was given two units fresh frozen plasma, 
10 units cryoprecipitate (due to possible DIC), and 1 unit 
of PRBC. He was given IVIG (a dose of 0.5 mg/kg) due to 
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rising levels of plasma creatinine and concern for renal injury. 
The patient needed increasing oxygen by nasal cannula. The 
differential included HHS, thrombotic thrombocytopenic 
purpura (TTP) and ACS. Urgent plasmapheresis for possible 
TTP was attempted but was stopped due to equipment failure. 
The patient was transferred to an outside hospital for exchange 
transfusion, where he remained hospitalized with multiorgan 
failure and persistent fever. Extensive autoimmune and 
infectious disease workup was done and found to be negative. 
Despite severe anemia he was not transfused due to the 
diagnosis of HHS, and he eventually improved after 40 days.

DISCUSSION
Part of the diagnostic challenge of identifying HHS 

in SCD is that symptoms are largely similar to those of 
the general vaso-occlusive crises that patients with SCD 
experience.3-4,8-9 The common symptoms of hemoglobinuria, 
fever, pain, jaundice and the complications of ACS and liver 
damage were seen in our patient, and do not differ greatly 
from his presenting symptoms for previous hospitalizations 
and are not uncommon for a patient with an underlying 
disease of chronic hemolysis.8,9 While decreased reticulocyte 
count and nadir hemoglobin – lower than presenting values, 
hyperbilirubinemia, and lactic acidosis are important 
diagnostic components of hyperhemolysis syndrome,3,4 they 
were not seen until the day after admission and coincided with 
a dramatic decline in the patient’s condition. Additionally, 
his declining mental status, fever, renal impairment, 
thrombocytopenia, and microangiopathic hemolytic anemia 
were initially thought to be from an infectious etiology or 
TTP.11 Although uncommon, TTP has been reported in patients 
with SCD.12,13 

 The key for an emergency physician to successfully 
make this diagnosis is timing. Per Shah et al, 86.9% of 
adults and 93.2% of children experience three or less vaso-
occlusive crises each year, and moderate-to- severe vaco-
occlusive crises often require blood transfusion and hospital 
admission for several days or longer.14 Patients with acute or 
delayed HHS present within 7-14 days of a blood transfusion. 
Therefore, an emergency physician should have a high index 
of suspicion for HHS when a sickle cell patient presents with 
severe anemia within two weeks of a transfusion. While it is 
a rare event, with hyperhemolysis reportedly complicating 
only 3% of transfusions given to patients with SCD,15 asking 
about recent blood transfusions is paramount when trying to 
differentiate HHS from ACS and these questions should be 
included when emergency physicians care for patients with 
SCD. Even though transfusions may not have been indicated 
in their prior care, for those who have had a recent transfusion, 
communicating with the admission team and hemoncologist 
the possibility of HHS allows potentially for earlier, more 
definitive care and the case evolves in that direction. Our case 
highlights the importance of screening for recent transfusions 
in patients with hemoglobinopathies. The subtle differences 

between HHS and vaso-occlusive crisis in SCD were not 
readily identifiable until the patient’s condition had markedly 
declined. 

CONCLUSION
Earlier identification of recent transfusions allows for the 

appropriate treatment (steroids) for HHS to be initiated. While 
HHS is rare, it is important for emergency clinicians to screen 
for prior transfusions in patients with SCD to consider HHS as 
a diagnosis in these cases.
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Introduction: Infective myositis is an acute, self-limited condition, rarely occurring in children with 
recent viral infections. The condition is often overlooked by emergency physicians when endeavoring 
to exclude other diagnoses included in the differential. Diagnosis of the condition can be difficult 
when based purely on clinical presentation because it shares symptoms with much more concerning 
neurological illnesses. A few simple laboratory tests are indicated to reach the correct diagnosis. 

Case Report: The following case report describes a three-year-old female diagnosed with a recent 
upper respiratory tract infection presenting to the emergency department with complaints of fatigue and 
inability to walk. She was diagnosed with an influenza-like illness three days prior by her pediatrician, 
the symptoms of which had mostly resolved by the time of presentation.

Conclusion: Muscle weakness and abnormal, uncoordinated gait with an acute upper respiratory tract 
infection in a child may be cause for concern, prompting unnecessary work-up. Emergency physicians 
should be aware of the signs and symptoms of influenza-associated infective myositis in children, 
especially during influenza season. [Clin Pract Cases Emerg Med. 2021;5(1):105–108.]

Keywords: Infective myositis; influenza A; upper respiratory tract infection; pediatrics; case report.

INTRODUCTION
Infective myositis is an acute, self-limiting condition that 

occurs in children with a history of recent viral infection; while 
there are reports in those with influenza A, it is a significantly 
more frequent complication in children with influenza B 
infections.1,2 This condition affects males more often than 
females (about 2:1).2 Characteristic clinical and laboratory 
features of infective myositis include reluctance or refusal to 
walk, with intense pain in the lower extremities (most notably 
swelling and tenderness in the gastrocnemius or soleus muscles) 
causing abnormal gait, elevated serum creatine kinase (CK) 
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levels, and positive viral studies.3 Normal or decreased white 
blood cell and platelet counts are indicative of an immune 
response to the recent viral infection,3 which is most commonly 
diagnosed as an upper respiratory tract infection.1 

A complication in diagnosing infective myositis is its onset, 
which begins in the early convalescent phase of illness, about 
three days after the onset of fever and respiratory symptoms.1 
Despite its generally good prognosis,2 myositis is a commonly 
missed diagnosis. Early consideration and diagnosis of 
myositis may help prevent an extensive diagnostic work-up 
and unnecessary, costly laboratory testing or neuroimaging. We 
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What do we already know about this clinical 
entity? 
Infective myositis is an acute, self-limited 
condition, rarely occurring in children with 
recent viral infections.

What makes this presentation of disease 
reportable?
The condition is often overlooked by emergency 
physicians when trying to exclude other diagnoses 
included in the differential.

What is the major learning point?  
Emergency physicians should be aware of the 
signs and symptoms of influenza-associated 
infective myositis in children, especially during 
influenza season.

How might this improve emergency medicine 
practice?  
Early consideration and diagnosis of myositis 
may help prevent an extensive diagnostic 
work-up and unnecessary, costly lab testing or 
neuroimaging. 

describe a case of a three-year-old female with infective myositis 
due to influenza A. 

  
CASE REPORT 

A three-year-old female with a past medical history of 
asthma presented to the emergency department (ED) with 
fatigue and generalized body aches. The patient complained 
that her “legs were tired,” and her mother stated that she 
was unable to walk and could only crawl since waking that 
morning. She had been diagnosed with an influenza-like 
illness three days prior by her pediatrician, the symptoms of 
which had mostly resolved by the time of presentation except 
for cough and rhinorrhea. She had been afebrile for 36 hours 
prior to ED presentation.  

Vital signs included the following: blood pressure 108/89 
millimeters of mercury, temperature 37.6˚Celsius, respirations 
22 breaths per minute, and oxygen saturation on room air 
of 99%. Physical examination was remarkable for cervical 
lymphadenopathy and abnormal coordination and gait. 
Specifically, the child was alert with mentation appropriate for 
age, and she had no pupil abnormalities and no slurring of speech. 
The remainder of her neurological exam (including reflexes) was 
normal and without focal deficit. The patient had a wide-based, 
shuffling gait, and while she slightly favored her right leg and hip 
she had no restricted range of motion of the hips or knees and had 
no pain in the joints to movement or palpation.

Laboratory serum chemistries were significant for 
elevated CK levels (319 units per liter (U/L) [normal <201 
U/L]) indicating myositis; creatinine 0.34 milligrams per 
deciliter (mg/dL) (0.39-0.55 mg/dL); alkaline phosphatase 
128 U/L (156-369 U/L); and aspartate aminotransferase 65 
U/L (26-55 U/L). Trace amounts of protein were found in 
her urine. Rapid strep A test was negative. Comprehensive 
respiratory pathogen profile polymerase chain reaction 
detected influenza A-matrix and influenza A-H3. Complete 
blood count results showed decreased white blood cell count 
(3.1 thousand per centimeters cubed [K/cm3]  [6.0-17.0 K/
cm3]) consistent with a viral infection. This patient had not 
been vaccinated for that year’s strain of influenza.

The patient was admitted from the ED for observation 
overnight and given intravenous fluids, oseltamivir, and 
ketorolac to treat the flu and pain and inflammation, 
respectively. Infective myositis of the bilateral lower 
extremities was determined as the principal problem. By the 
next morning, she was able to walk without significant pain, 
showed no signs of ataxia, remained afebrile, and tolerated 
oral medications. The patient was discharged home 27 hours 
after initial presentation and instructed to continue ibuprofen 
every six hours for the next one to two days. 

DISCUSSION
Given that most cases of infective myositis are in males 

with influenza B, this case of a young female with infective 
myositis due to influenza A is less common.2 To avoid 

potential neurological damage, physicians quickly assessed 
her condition for the best outcome. Upon admission, the initial 
concern was for cerebellar ataxia with flu-like symptoms 
due to difficulty walking, muscle weakness, and abnormal 
coordination. In general, it can be difficult to distinguish 
between pain from muscle inflammation, muscle weakness, 
and uncoordinated ambulation in young children due to their 
lack of cooperation and developmental stage.3 In a child with 
myositis, the gait can be nonspecific; it sometimes mimics 
ataxia but can also appear as “toe-walking” due to pain and 
resistance to flexing and extending at the ankle.3 

Children with myositis do not need the extensive work-
up that children with ataxia sometimes need. Because 
the patient demonstrated normal reflexes, had no speech 
abnormalities, headaches, seizures, or altered mental status, 
and had no history of trauma, toxic ingestion, or a previous 
ataxic episode, diagnoses such as acute cerebellitis, stroke, 
peripheral neuropathy, and metabolic disorders were able to 
be excluded.4 Imaging and radiology studies were deemed 
unnecessary in this case, but may be indicated for longer 
duration of ataxic symptoms or if the patient’s history suggests 
possibility of intracranial pathology.5
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The most significant historical detail in this case was the 
patient’s recent upper respiratory tract infection.  Viral studies 
were ordered to determine the underlying cause of infection. 
Influenza A is known to be associated with infective myositis 
as well as conditions such as Guillain-Barré syndrome 
(GBS), rhabdomyolysis, and acute, post-infectious cerebellar 
ataxia.1,6,7 Guillain-Barré syndrome is a post-infectious 
disorder that may cause ataxia. Patients generally experience 
bilateral, symmetric lower extremity weakness, often with 
the presence of sensory symptoms, and pain that can present 
as a refusal to walk in a young, non-verbal child.6 Absent or 
decreased deep-tendon reflexes is a principal feature of GBS, 
and cerebrospinal fluid protein levels are often elevated as 
determined by lumbar puncture (LP).6 Since these clinical 
defining criteria were not present, we ruled out GBS in 
our case and a LP was not performed. Had we not been as 
confident in the clinical exam, an LP could have been done to 
look for cytoalbuminologic dissociation. 

Rhabdomyolysis is a rare complication of myositis, 
possibly leading to renal failure or compartment syndrome. 
Influenza A and B, parainfluenza, coxsackievirus infection, 
Epstein-Barr virus, herpes simplex, adenovirus, and 
cytomegalovirus have been associated with rhabdomyolysis.8 

Influenza A is more common in cases of rhabdomyolysis than 
influenza B, and more often occurs in young females than 
young males – the opposite of common characteristics found 
with infective myositis.1,2

Acute post-infectious cerebellar ataxia accounts for about 
30-50% of acute ataxia cases in children7 and is the most 
common cause of acute ataxia in the post-varicella vaccination 
era.9 It should be highly considered in the differential diagnosis 
of a child with gait abnormalities. Acute post-infectious 
cerebellar ataxia can qualify as a neurologic emergency due to 
rapid onset of symptoms in otherwise healthy individuals with 
normal mental status.10 In contrast to our patient, clinically 
the presentation may include slurring of speech, abnormal 
coordination in balance, or uncoordinated motions of the 
hands or feet. It is often the result of an autoimmune-mediated 
inflammatory response, triggered by an infection.11 

Varicella zoster virus was the most commonly reported 
etiology prior to widespread vaccination in children;12 
overall varicella incidence decreased by 84.6% from the 
implementation of one-dose to two-dose recommendation.13 
According to the 2017 National Immunization Survey, an 
overwhelming majority of children aged 19-35 months 
received one or more doses of the varicella vaccine (91.0%).14 
Enterovirus, Epstein-Barr virus, hepatitis A, herpes simplex, 
influenza, measles, mumps, and parvovirus B19 have been 
associated with acute ataxia following acute infection4,12; 
therefore, one of these viruses is more likely to be related to a 
child’s post-infectious ataxic symptoms than varicella. 

With the recent uptick of enterovirus D68 outbreaks 
in children over the past 10 years,15 physicians may be 
specifically aware of enterovirus-associated cases of infective 

myositis in addition to influenza. Additionally, a consideration 
is acute flaccid myelitis, which can also present with normal 
mentation and isolated limb weakness and gait abnormalities. 
Yet more often than not, it is influenza A or B that is 
responsible for myositis and its clinical manifestations of an 
antalgic gait and muscle weakness/fatigue. Treatment with 
oseltamivir may be necessary for influenza symptoms, but the 
symptoms of myositis typically resolve within a few days with 
hydration and supportive care. 

Based on the severity of the pediatric patient’s presenting 
symptoms, emergency physicians should consider a wide 
array of etiologies with a child presenting with inability or 
refusal to walk, including infection, trauma, intoxication, 
accidental ingestion, and hereditary and neurological 
disorders.3 Emergency physicians should be aware of the 
signs and symptoms of infective myositis due to influenza in 
order to prevent any unnecessary testing and aid in making an 
accurate clinical judgment.

CONCLUSION
A case of muscle weakness and abnormal gait in the 

setting of an acute upper respiratory tract infection in a child 
may be cause for concern of a serious neurological diagnosis 
and prompt unnecessary work-up. Performing a thorough 
neurological exam and the findings of myositis, especially 
in the right season, can help streamline the appropriate 
differential and aid in patient care.
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case report. Documentation on file.

Address for Correspondence: Marna Rayl Greenberg, DO, MPH, 
University of South Florida Morsani College of Medicine 
Lehigh Valley Health Network, Department of Emergency and 
Hospital Medicine, 2545 Schoenersville Road, Bethlehem, PA 
18017. Email: Marna.Greenberg@lvhn.org.

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

Copyright: © 2021 Crowley et al. This is an open access article 
distributed in accordance with the terms of the Creative Commons 
Attribution (CC BY 4.0) License. See: http://creativecommons.org/
licenses/by/4.0/

REFERENCES
1. Hu JJ, Kao CL, Lee PI, et al. Clinical features of influenza A and B 

in children and association with myositis. J Microbiol Immunol Infect. 

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


Clinical Practice and Cases in Emergency Medicine 108 Volume V, no. 1: February 2021

Determining the Etiology of Infective Myositis in a Child Crowley et al.

2004;37(2):95-8.
2. Szenborn L, Toczek-Kubicka K, Zaryczański J, et al. Benign acute 

childhood myositis during influenza B outbreak. Adv Exp Med Biol. 
2018;1039:29-34.

3. Magee H and Goldman RD. Viral myositis in children. Can Fam 
Physician. 2017;63(5):365-368.

4. Fogel BL. Childhood cerebellar ataxia. J Child Neurol. 
2012;27(9):1138-45.

5. Rudloe T, Prabhu SP, Gorman MP, et al. The yield of neuroimaging in 
children presenting to the emergency department with acute ataxia in 
the post-varicella vaccine era. J Child Neurol. 2015;30(10):1333-9. 

6. Van Doorn PA, Ruts L, Jacobs BC. Clinical features, pathogenesis, 
and treatment of Guillain-Barré syndrome. Lancet Neurol. 
2008;7(10):939-50. 

7. Rossi A, Martinetti C, Morana G, et al. Neuroimaging of infectious 
and inflammatory diseases of the pediatric cerebellum and brainstem. 
Neuroimaging Clin N Am. 2016;26(3):471-87.

8. Nauss MD, Schmidt EL, Pancioli AM. Viral myositis leading to 
rhabdomyolysis: a case report and literature review. Am J Emerg 
Med. 2009;27(3):372.e5-6. 

9. Thakkar K, Maricich SM, Alper G. Acute ataxia in childhood: 11-year 
experience at a major pediatric neurology referral center. J Child 
Neurol. 2016;31(9):1156-60. 

10. Pedroso JL, Vale TC, Braga-Neto P, et al. Acute cerebellar ataxia: 
differential diagnosis and clinical approach. Arq Neuropsiquiatr. 
2019;77(3):184-93. 

11. Naselli A, Pala G, Cresta F, et al. Acute post-infectious cerebellar 
ataxia due to co-infection of human herpesvirus-6 and adenovirus 
mimicking myositis. Ital J Pediatr. 2014;40:98.

12. Ryan MM and Engle EC. Acute ataxia in childhood. J Child Neurol. 
2003;18(5):309-16. 

13. Lopez AS, Zhang J, Marin M. Epidemiology of varicella during the 
2-dose varicella vaccination program — United States, 2005–2014. 
MMWR Morb Mortal Wkly Rep. 2016;65(34):902–5. 

14. Hill HA, Elam-Evans LD, Yankey D, et al. Vaccination coverage 
among children aged 19-35 months - United States, 2016. MMWR 
Morb Mortal Wkly Rep. 2017;66(43):1171-7.

15. Uprety P, Curtis D, Elkan M, et al. Association of enterovirus D68 
with acute flaccid myelitis, Philadelphia, Pennsylvania, USA, 2009-
2018. Emerg Infect Dis. 2019;25(9):1676-1682.



Volume V, no. 1: February 2021 109 Clinical Practice and Cases in Emergency Medicine

Case report
 

A Case Report of Pediatric Ovarian Torsion: 
The Importance of Diagnostic Laparoscopy

 

Alana Corre, BA*°
Shebani Dandekar, MS*°
Christopher Lau, MD†

Leonard Ranasinghe, PhD, MD*

Section Editor: Melanie Heniff, MD
Submission history: Submitted October 18, 2020; Revision received December 23, 2020; Accepted December 31, 2020
Electronically published January 26, 2021
Full text available through open access at http://escholarship.org/uc/uciem_cpcem   
DOI: 10.5811/cpcem.2020.12.50319

Introduction: Pediatric ovarian torsion is a relatively rare occurrence with chances of significant 
morbidity and possible mortality if not treated emergently.  

Case Report: In this report, we review a case of pediatric ovarian torsion in a nine-year-old that was 
difficult to diagnose on initial presentation to the hospital due to various factors, which inevitably led to 
delayed resolution.  

Conclusion: We discuss the diagnosis of pediatric ovarian torsion including risk factors, symptoms, 
imaging modalities, and surgical diagnostics. To improve diagnosis and shorten time to treatment, this 
case supports the use of laparoscopy for diagnosis of ovarian torsion if indicated by clinical suspicion 
and supplemental imaging studies.  [Clin Pract Cases Emerg Med. 2021;5(1):109–112.]

Keywords: Case report; pediatric; ovarian torsion.

INTRODUCTION
Pediatric ovarian torsion can be challenging to diagnose. 

We present a case of ovarian torsion (OT) in a nine-year-old 
premenarchal female with delayed diagnosis and treatment. 
We discuss the varied presentations, diagnostics, and imaging 
modalities used to assess pediatric patients with suspected 
OT. To improve OT diagnosis and time to treatment, our case 
supports the use of diagnostic laparoscopy if prompted by 
clinical suspicion and other studies.

CASE PRESENTATION
A nine-year-old premenarchal female presented to the 

emergency department (ED) for intermittent, right lower 
quadrant abdominal pain that began two days prior. An 
abdominal and pelvic computed tomography (CT) with 
intravenous contrast showed a “7 x 7.5 [centimeter (cm)] right 
ovarian hypoenhancing structure with multiple peripheral and 
internal follicle-like structures highly suspicious for swollen 
ovary secondary to ovarian torsion.” A pelvic ultrasound 
completed after the CT showed right adnexal enlargement and 

California Northstate University College of Medicine, Elk Grove, California
Kaiser Permanente, Department of Emergency Medicine, Modesto, California
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*
†

°

“no evidence of ovarian torsion”; thus, no further work-up or 
consultations were pursued and the patient was discharged and 
instructed to follow up with her primary care physician (PCP) 
the next day. 

At the appointment with her PCP, the patient was still in 
significant pain and was referred to the ED again, this time at 
a different hospital. At her second ED visit, the patient was 
nauseous without vomiting, and reported no fevers or chills. 
Her physical examination showed minimal diffuse abdominal 
tenderness worse in the right lower quadrant and moderate 
McBurney’s point tenderness with guarding. Labs revealed 
a white blood cell count within reference range, but the 
differential showed a high neutrophil count. A repeat ultrasound 
showed an “8.7 [x 1.3 x 6.1] cm heterogenous, mass-like 
structure containing small cystic foci and lack of blood flow” on 
her right ovary and a small amount of free fluid (Image).

A gynecologist was consulted and the patient was 
admitted and sent for an emergent diagnostic laparoscopy, 
during which OT was identified and corrected. The patient 
also required an ovarian cystectomy and partial right ovarian 
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What do we already know about this clinical 
entity? 
Pediatric ovarian torsion is rare, difficult to 
diagnose, and can lead to significant morbidity 
and possible mortality if not identified and 
treated emergently.

What makes this presentation of disease 
reportable?
Initial diagnostic imaging was doubted and 
definitive treatment was delayed, highlighting the 
challenges in diagnosing this condition.

What is the major learning point?  
To improve diagnosis and shorten time to 
treatment, laparoscopy is useful for diagnosis of 
ovarian torsion if indicated by clinical suspicion 
and supplemental imaging.

How might this improve emergency medicine 
practice?  
Emergency clinicians will be better prepared to 
diagnose, stabilize, and obtain emergent surgical 
consultation on pediatric patients presenting with 
ovarian torsion.

oophorectomy. Postoperatively, the patient recovered well 
and had no known complications or recurrence of disease as 
documented by her PCP and had not returned to the ED for 
any similar complaints in the following year. Since a partial 
oophorectomy was required, the long-term effects remain to 
be seen as the patient progresses into her childbearing years.

DISCUSSION
The adnexa of the uterus, which consists of the ovaries, 

fallopian tubes, and supporting ligaments, can undergo torsion 
or twisting. In OT specifically, the ovary twists on its axis, 
causing occlusion of ovarian vessels, which can lead to ischemia 
and necrosis of the ovary, possibly causing infertility or death. 
Pediatric OT is rare with an incidence of 4.9 in 100,000 females 
ages one to 20 years-old.1  Although rare, pediatric OT is a 
clinical emergency requiring immediate diagnosis and treatment. 
However, the difficulty in diagnosing pediatric OT often leads to 
delayed treatment in youth. The risk factors for OT include the 
presence of an ovarian mass or lesion, having an enlarged ovary, 
being of reproductive age, pregnancy, ovulation induction, prior 
OT, tubal ligation, and polycystic ovarian syndrome. Up to 95% 
of patients found to have OT had an ovarian mass, making this 
the primary risk factor.2 

Ovarian volume can also be measured to assess for risk of 
OT. Using the equation, length × width × height × 0.523 for 
measurement of the ellipsoid ovary, premenarchal girls two 
to 13 years of age have been found to have a mean ovarian 
volume of 0.7 to 4.2 cm3.3,4 Ovaries with a volume larger than 

6.0 to 8.0 cm3 in premenarchal girls should raise suspicion 
for torsion.5 Our patient’s 7.0 x 7.5 cm cystic, swollen ovary 
revealed on her initial CT posed a major risk for OT and 
should have prompted immediate admission and treatment. 
The initial follow-up ultrasound detected a smaller 5.4 x 4.9 
x 5.0 cm ovary. Although the ultrasound results showed no 
evidence of torsion, the ultrasound did confirm an enlarged 
right ovary with a volume of 69 cm3 placing the patient at 
increased risk for developing OT. Patients with normal ovaries 
(ovaries without a mass and not enlarged) are also at risk for 
developing torsion, particularly individuals in the pediatric 
population. In patients younger than 15 years-old, 50% of 
those who present with OT have normal ovaries.6 In addition 
to recognizing OT risk factors and the risk of OT in pediatric 
patients with normal ovaries, other indicators such as clinical 
symptoms should be assessed.

Pediatric OT can have a multitude of presentations. In 
a literature review of pediatric OT, most patients presented 
with peripheral leukocytosis, lower quadrant abdominal 
pain without radiation, and vomiting.7 Another study found 
that vomiting, short duration of abdominal pain (less than 
six hours), and a high C-reactive protein level have a high 

Image. a) Sagittal view of the patient’s left ovary on transabdominal 
pelvic ultrasound, measuring 4.4 x 2.4 x 2.0 centimeters (cm), 
indicating a slightly enlarged but otherwise normal ovary (white 
arrow); b) sagittal view of the patient’s right ovary with measurements 
of 8.7 x 1.3 x 6.1 cm, demonstrating an abnormally enlarged ovary 
(white arrow) with a heterogenous mass (black arrow); c) sagittal 
view of the patient’s left ovary with normal color flow Doppler (white 
arrow); d) sagittal view of the patient’s right ovary demonstrating lack 
of blood flow on color flow Doppler.
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predictive value when diagnosing OT.8 Clinical presentation 
of OT in the premenarchal population has been found to be 
different than the postmenarchal population. In a retrospective 
study including 41 premenarchal and over 200 postmenarchal 
patients, those who were premenarchal were more likely 
to present with restlessness, fever, and a palpable pelvic 
mass.9 The most common presentation among both groups was 
abdominal pain, although diffuse pain was more common in 
premenarchal while lower abdominal pain was more common in 
postmenarchal patients. 

Even between premenarchal and postmenarchal populations, 
there are differences in triage and time to surgery for OT cases. 
For premenarchal patients (median age nine years old), the time 
from onset of symptoms to admission for OT was 28.5 hours 
on average, as compared to only seven hours for postmenarchal 
patients (median age 27 years-old).9 The time from admission 
to initiation of the surgical procedure in the operating room was 
9.5 hours in the premenarchal group versus 4.6 hours in the 
postmenarchal group. Theories for these findings postulated 
in the study include that providers often do not consider OT 
as a possible diagnosis in the premenarchal population and 
providers have reservations about operating on premenarchal 
patients. However, the exact reasons for these differences were 
unknown due to limitations of the study. 

In our case, the patient also presented at her second ED 
visit with diffuse abdominal tenderness increased in the right 
lower quadrant and nausea without vomiting. Our patient’s CT 
at the prior hospital was done about 26 hours before she was 
admitted to the operating room for a diagnostic laparoscopy, 
which thereby reinforces the difficulty of assessing for OT in 
premenarchal patients. In addition to symptoms, lab findings 
can also help to further elucidate the diagnosis and thus reduce 
time to surgery.

The patient had a normal leukocyte count for her age on 
initial presentation. However, her neutrophil to lymphocyte 
ratio (NLR) was high at 5.64 with neutrophils at 79% and 
lymphocytes at 14%. Many recent studies have found NLR to 
have diagnostic and prognostic value when assessing patients 
for OT. One study found that an NLR greater than 2.44 was the 
best predictor of OT when compared to other complete blood 
count values, such as red cell distribution width and platelet 
distribution width.10 This study also observed that NLR was 
higher in patients with ovarian necrosis as opposed to those 
without necrosis. The increased neutrophils and decreased 
lymphocytes are believed to be the result of ischemia in OT 
causing a cortisol stress response that leads to neutrophilia and 
lymphopenia.10 Based on these studies, our patient’s NLR could 
have been another factor pointing to her diagnosis of OT and 
the high likelihood of ovarian necrosis present.

Clinical suspicion for OT requires emergent work-up with 
imaging. Generally, ultrasound is considered the first-line tool 
for diagnosis. Ultrasound has been shown to be 92% sensitive 
and 96% specific in detecting adnexal torsion.11 Ultrasound 
is useful for diagnosis in that it can indicate size of the ovary, 

echogenicity, free pelvic fluid, ovarian lesions, and Doppler 
flow. A coiled or twisted vascular pedicle seen on ultrasound, 
called whirlpool sign, is highly specific for torsion.12 One 
caveat is that spontaneous ovarian detorsion may occur and 
can result in intermittent or self-resolving symptoms as well as 
negative imaging. 

In a case study of spontaneous detorsion in a 10-year-
old female, the patient had intermittent abdominal pain and a 
negative ultrasound and so she was subsequently discharged.13 
In our case, the patient may have similarly had a negative 
ultrasound due to spontaneous ovarian detorsion. Computed 
tomography can also detect OT and, if it indicates OT, is 
considered an acceptable diagnostic tool when completed 
prior to ultrasound. Computed tomography can detect the size 
of the ovary, twisting of the pedicle, distended pedicle, ovarian 
lesion, edema, free fluid, and hemorrhagic infarction and 
necrosis. In our case, the patient had an initial CT that showed 
a cystic ovary of 7.0 x 7.5 cm with possible OT. However, 
the patient had a negative follow-up ultrasound with regard to 
organ perfusion. 

 Physicians might conduct a confirmatory ultrasound for 
diagnosis even after finding or suspecting OT on CT; yet CT 
has been found to be just as sensitive and specific for detecting 
torsion.14 One study of 20 cases of OT demonstrated that 
there was no significant difference in identifying torsion from 
CT compared to ultrasound images.14 This indicates that if 
torsion is found on CT, treatment should be initiated without 
completion of a confirmatory ultrasound. However, if the CT 
is negative for OT but OT is clinically suspected, ultrasound 
should be pursued. Despite the use of CT and ultrasound for 
diagnosis, a diagnostic laparoscopy is the ultimate standard for 
diagnosis and confirmation of OT via direct visualization.

According to the American College of Obstetricians and 
Gynecologists (ACOG) clinical guidelines for adolescents 
with adnexal torsion, including but not limited to ovarian 
torsion, “There are no clinical or imaging criteria sufficient to 
confirm the diagnosis of adnexal torsion. If adnexal torsion is 
suspected, timely intervention with diagnostic laparoscopy is 
indicated to preserve ovarian function and future fertility.”15 
Additionally, ACOG continues by stating that adnexal 
torsion is in fact a diagnosis made by surgery, and that if 
a laparoscopy is negative for torsion in an adolescent or 
pediatric patient, this is acceptable given preserving ovarian 
function and fertility outweighs the risks of surgery.         

CONCLUSION
Pediatric ovarian torsion is an emergency that can 

present in multiple ways and thus can be difficult to diagnose. 
Clinical suspicion of OT should drive diagnostic laparoscopy. 
Imaging can be supplemental but should not be used to rule 
out pediatric OT in the setting of high clinical suspicion. With 
pediatric patients, there is more at stake given the risk of 
infertility. The benefit of early diagnostic laparoscopy should 
outweigh the risk of negative surgical findings.
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Introduction: Acute inflammatory demyelinating polyneuropathy (AIDP) is characterized by 
progressive, mild sensory symptoms and progressive areflexic weakness. It typically follows a 
gastrointestinal or respiratory infection but has rarely been described after acute viral hepatitis. 

Case Report: This is the case of a 59-year-old male who presented to the emergency department 
after acutely developing progressive neurologic symptoms following a hospitalization for acute 
hepatitis A. Cerebrospinal fluid analysis revealed albuminocytologic dissociation, and cervical spine 
magnetic resonance imaging revealed nerve root enhancement. 

Discussion: The patient was diagnosed with AIDP, which is the most common subtype of Guillain-
Barré syndrome in the United States and Europe. There have been few previously reported cases of 
AIDP following acute hepatitis A infection. [Clin Pract Cases Emerg Med. 2021;5(1):113–116.]

Keywords: Hepatitis A; acute inflammatory demyelinating polyneuropathy; Guillain-Barré syndrome.

INTRODUCTION 
Approximately 6700 cases of hepatitis due to hepatitis A 

virus (HAV) occurred in the United States (US) in 2017. 
Typically, hepatitis due to HAV is self-limiting, resolves 
spontaneously, requires only supportive care, and has a very low 
mortality rate. Rarely, there are extrahepatic complications of 
the disease. We report one such complication.

 Acute inflammatory demyelinating polyneuropathy 
(AIDP), the most common variant of Guillain-Barré syndrome 
(GBS), is an autoimmune condition classically characterized 
by loss of reflexes, ascending weakness, cranial nerve 
involvement, and subtle sensory changes. In the US, 3000-
6000 persons are diagnosed annually. Symptoms typically 
follow an upper respiratory or gastrointestinal infection in the 
preceding 1-6 weeks.1 Admission to an intensive care setting 
is typical, as these patients can develop precipitous ascending 
weakness, respiratory failure (20% of AIDP patients), and 
autonomic dysfunction.1 Early recognition of AIDP and 
appropriate disposition and treatment are key to improve 
outcomes and avoid complications. Thus, it is important for 

University of Illinois College of Medicine – Peoria, Department of Emergency Medicine, 
Peoria, Illinois
OSF Saint Francis Medical Center, Department of Emergency Medicine, Peoria, Illinois

the emergency clinician to develop a broad list of differential 
diagnoses when patients present with neurologic complaints 
and physical findings. This is a case of AIDP that followed an 
acute hepatitis A infection. 

CASE REPORT
A 59-year-old male presented to the emergency 

department (ED) with a two-day history of weakness, 
numbness, and tingling bilaterally in the hands, feet, and legs. 
Five days earlier he had been discharged from the hospital 
after a three-day admission due to acute HAV hepatitis. 
Hepatitis A was diagnosed at that time with a serologic acute 
hepatitis panel that revealed hepatitis A immunoglobulin M 
antibody. He denied vision changes, difficulty with speech or 
swallowing, dizziness, difficulty breathing, headaches, or 
bowel and bladder complaints. Gait was wide-based and 
mildly ataxic. A non-contrast head computed tomographic 
(CT)  was obtained and was normal. 

Lumbar puncture was performed by the neurology 
service. The cerebrospinal fluid (CSF) protein was found to be 
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What do we already know about this clinical 
entity? 
Acute inflammatory demyelinating 
polyneuropathy (AIDP), an autoimmune 
disease with weakness and sensory changes, 
commonly follows a variety of infections.

What makes this presentation of disease 
reportable? 
Although associated with respiratory and 
gastrointestinal infections, AIDP is not 
commonly reported to follow hepatitis due to 
hepatitis A virus.

What is the major learning point? 
The differential diagnosis of patients with 
a recent history of hepatitis A infection and 
complaints of weakness and/or sensory 
changes should include AIDP. 

How might this improve emergency 
medicine practice? 
Early recognition and management of AIDP 
is essential to guide appropriate emergency 
department disposition, avoid complications, 
and improve patient outcomes.

elevated at 68.8 milligrams per deciliter (mg/dL) (reference 
range 12-60 mg/dL). Two nucleated cells and three red blood 
cells were found in tube one from the lumbar puncture. Lyme 
antibody, West Nile virus antibody, Gram stain, and CSF 
cultures were all found to be negative. Lead levels were below 
reference range and immunoglobulin A levels within normal 
limits. The patient was empirically started on intravenous 
immunoglobulin, (IVIG), for treatment of AIDP. During his 
hospital admission, he developed objective weakness in 
bilateral upper and lower extremities, ascending loss of 
reflexes, and decreased vibratory sense and a positive 
Babinski sign in the left lower extremity (Tables 1, 2). Due to 
this observed asymmetry, magnetic resonance imaging (MRI) 
was performed to evaluate for myelitis. MRI revealed 
enhancement of the first through seventh cervical spine nerve 
roots, which may be seen with AIDP (Image), and no evidence 
of myelitis. Prior to discharge, the patient also developed 
decreased vibratory sense in his right lower extremity without 
a positive Babinski sign. He was discharged after receiving 
five days of IVIG. He never developed respiratory symptoms, 
and his negative inspiratory force testing remained within 
normal limits throughout the hospital stay. Four days after 
discharge, when the patient was seen in the neurology clinic, 
he required the use of a wheelchair for mobility. However, 
approximately two weeks later he no longer used the 
wheelchair, as his strength was returning, and he was working 
with physical therapy. At follow-up approximately five months 
post-discharge, the patient’s gait had nearly returned to 
baseline. He did endorse mild continued fingertip paresthesias, 
but those symptoms were slowly improving. 

DISCUSSION
Acute inflammatory demyelinating polyneuropathy has 

been associated with a variety of preceding etiologies, 
including viral and bacterial infections, severe acute 
respiratory syndrome coronavirus 2 infection,9 vaccinations, 
and malignancy.1 Campylobacter jejuni, human 
immunodeficiency virus, and Epstein-Barr virus are 
commonly identified illnesses that precipitate AIDP. Hepatitis 
is rarely reported as a preceding infection. Hepatitis A, similar 

to other infections preceding AIDP, is thought to cause a 
dysregulated immune response against myelin, a result of 
cross-reactivity and molecular mimicry.7 There have also been 
reported cases of hepatitis A preceding other variants of GBS, 
including acute motor axonal neuropathy, in which the 
patients suffer from isolated ascending motor symptoms.3,7,8

The neurology service was initially skeptical of the AIDP 
diagnosis, given recent acute hepatitis A infection and few 
previously reported cases of antecedent hepatitis A infections. 
Although our patient did not have nerve conduction testing, it 
is not essential in making the AIDP diagnosis, which can be 
made based on the clinical course of the illness and laboratory 
findings. Our patient’s clinical presentation and laboratory 
findings were consistent with AIDP and met level 2 of 
diagnostic certainty by Brighton criteria.4 The patient had 
bilateral limb weakness, along with decreased and absent deep 
tendon reflexes in the weakened limbs. He also experienced a 
monophasic pattern of symptoms that – by chart review  – 
nadired within 28 days of onset. There was an absence of 
better alternative diagnosis to explain the patient’s progressive 
ascending symptoms.

Table 1. Cranial nerve and sensory examination findings during 
hospital stay of patient with 2-day history of weakness and bilateral 
numbness and recent history of acute hepatitis A infection.

Cranial nerves Sensory exam
ED presentation Fully intact Fully intact
Day 2 Fully intact Decreased VS left LE
Day 3 Fully intact Decreased VS left LE
Day 4 Fully intact Decreased VS b/l LE

Day 5 Fully intact Decreased VS b/l LE
ED, emergency department; VS, vibratory sensation; LE, lower 
extremity; b/l, bilateral.
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The total CSF white blood cell count of less than 50 and 
elevated CSF protein, known as albuminocytologic 
dissociation, was also consistent with AIDP. MRI is usually 
not used in the diagnosis of AIDP, but rather to exclude other 
diagnoses such as transverse myelitis and acute flaccid 

myelitis. This patient did have MRI findings of spinal root 
enhancement, which has been previously reported in GBS.2 
During his hospital course, the patient had paroxysms of 
tachycardia and hypertension, likely related to the 
dysautonomia, which is a common clinical feature associated 
with GBS.6 

The patient began showing signs of improvement 
approximately four weeks after the initial onset of symptoms, 
which is also consistent with the majority of cases of AIDP.5 
Of note, at the time of the patient’s initial admission for 
treatment of acute HAV hepatitis, he had been taking 
amoxicillin-clavulanate for five days to treat sinusitis. After 
discussion with the patient, his symptoms did not seem to be 
consistent with sinusitis. Instead, the generalized malaise, joint 
pains, chills, and nausea he had complained of and which had 
led to the antibiotic prescription, were likely related to his 
HAV infection.  

CONCLUSION
This patient had a convincing diagnosis of acute 

inflammatory demyelinating polyneuropathy, even in the 
absence of electrophysiologic testing. Many different 
antecedent illnesses may lead to AIDP. In this case, it appears 
viral hepatitis A was the cause. Although there are few 
reported cases of AIDP following acute viral hepatitis A 
infection, it is worthy of consideration when evaluating ED 
patients with neurologic complaints.

The authors attest that their institution requires neither Institutional 
Review Board approval, nor patient consent for publication of this 
case report. Documentation on file.

UE Strength LE Strength UE DTR LE DTR
ED presentation Fully intact Fully intact Brachioradialis: 1/4 b/l Patellar: trace b/l 

Ankle jerk: 0/4 b/l
Day 2 Fully intact Hip Flexors: 4/5 b/l 

Quadriceps: 4/5 b/l 
Hamstrings: 4/5 b/l

Triceps: 1/4 b/l Patellar: 0/4 b/l 
Ankle jerk: 0/4 b/l

Day 3 Biceps: 4/5 right 
Triceps: 4/5 right

Hip Flexors: 4/5 b/l 
Quadriceps: 4/5 b/l 
Hamstrings: 4/5 b/l

Biceps: 1/4 b/l 
Brachioradialis: 1/4 b/l 
Triceps: 0/4 b/l

Patellar: 0/4 b/l 
Ankle jerk: 0/4 b/l 
Upgoing left Babinski 
Absent right plantar response

Day 4 Biceps: 4/5 right 
Triceps: 4/5 right 
Grip: 4/5 b/l

Hip Flexors: 4/5 b/l 
Quadriceps: 4/5 b/l 
Hamstrings: 4/5 b/l

Biceps: 1/4 b/l 
Brachioradialis: 0/4 b/l 
Triceps: 0/4 b/l

Patellar: 0/4 b/l 
Ankle jerk: 0/4 b/l 
Upgoing left Babinski 
Absent right plantar response

Day 5 Biceps: 4/5 right 
Triceps: 4/5 right 
Grip: 4/5 b/l

Hip Flexors: 4/5 b/l 
Quadriceps: 4/5 b/l 
Hamstrings: 4/5 b/l

Biceps: 1/4 b/l 
Brachioradialis: 0/4 b/l 
Triceps: 0/4 b/l

Patellar: 0/4 b/l 
Ankle jerk: 0/4 b/l

Table 2. Strength and deep tendon reflex examination findings during hospital stay. 

ED, emergency department; UE, upper extremity; LE, lower extremity; DTR, deep tendon reflex; b/l, bilateral.

Image. Magnetic resonance imaging of the cervical spine with 
and without contrast revealed enhancement of the cervical spine 
nerve roots (arrows), which may be seen in acute inflammatory 
demyelinating polyneuropathy. 
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Introduction: The serratus anterior plane block (SAPB) has been shown to effectively treat pain 
following breast surgery, thoracotomies, and rib fractures. We present the first reported case of a 
bilateral ultrasound-guided SAPB in a multimodal analgesic regimen after an acute large, thoracic,  
deep partial-thickness burn. 

Case Report: A 72-year-old male presented in severe pain two days after sustaining a deep partial- 
thickness burn to his anterior chest wall after his shirt caught on fire while cooking. The area of 
injury was on bilateral chest walls, and the patient was consented for bilateral SAPBs at the level 
of the third thoracic ribs (T3). With ultrasound guidance, a mixture of ropivacaine and lidocaine with 
epinephrine was injected into the fascial plane overlying bilateral serratus muscles at T3. The patient 
reported complete resolution of pain for approximately 15 hours and required minimal additional 
intravenous analgesia. 

Conclusion: The ultrasound-guided SAPB may be an excellent addition to the multimodal analgesic 
regimen in superficial and partial-thickness burns of the anterior chest wall. [Clin Pract Cases Emerg 
Med. 2021;5(1):117–120.]

Keywords: ultrasound; serratus anterior plane block; nerve block; burn; pain management.

INTRODUCTION
Chest wall burns are relatively common, and often do 

not require specialized treatment at a burn center.1 In cases of 
non-circumferential injuries of the chest that do not require 
surgical intervention, the most common medical management 
priorities include volume resuscitation and optimal pain 
management. Mainstays of pain regimens include nonsteroidal 
anti-inflammatory drugs (NSAIDs), acetaminophen, opioids 
and ketamine, with ultrasound-guided regional anesthesia 
uncommonly employed in the non-operative setting.2

The ultrasound-guided serratus anterior plane block 
(SAPB), first described by Blanco et al in 2013, is an 
effective method of achieving analgesia of the hemithorax 
from the second thoracic (T2) to ninth thoracic (T9) 
dermatomes.3 Approximately 25-30 milliliters (mL) of 

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

anesthetic is injected into the fascial plane either superficial 
or deep to the serratus anterior (SA) muscle. This targets 
lateral cutaneous branches of the thoracic intercostal nerves 
that reside in these fascial planes. SAPBs have been used to 
reduce pain following breast surgeries, major lung resection, 
and cardioverter defibrillator insertion.4-7 More recently, 
the SAPB is being used in the emergency department (ED) 
to treat severe pain from rib fractures, herpes zoster, and 
tube thoracostomy placement.8, 9 This technique can be 
easily and safely performed at the bedside and offers another 
option in the multimodal strategy for pain control in a variety 
of thoracic injuries. We present the first case of bilateral 
ultrasound-guided SAPBs incorporated into a multimodal 
acute pain regimen in a case of large thoracic partial-thickness 
burn in the ED. 
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What do we already know about this clinical 
entity? 
Serratus anterior plane blocks (SAPB) 
effectively treat pain following breast surgery, 
thoracotomies, and rib fractures.

What makes this presentation of disease 
reportable?
This is the first description of an ultrasound-
guided SAPB performed in the emergency 
department (ED) for the management of pain 
from an extensive partial-thickness thoracic burn.

What is the major learning point?  
Ultrasound-guided SAPBs can provide safe and 
rapid analgesia for patients with superficial and 
partial-thickness chest wall burns in the ED.

How might this improve emergency medicine 
practice?  
Ultrasound-guided SAPBs can facilitate chest 
wall burn treatments such as dressing changes 
and wound debridement while reducing reliance 
on opioid medications.

CASE REPORT
A 72-year-old male with diabetic polyneuropathy presented 

to the ED with a chief complaint of chest pain two days after 
sustaining a flame burn while cooking. His vital signs were 
stable and his physical exam revealed a deep partial-thickness 
burn over the majority of his right pectoralis extending across 
midline to the left sternal border (Image 1). The patient reported 
severe thoracic pain (10/10) unrelieved with oral therapy 
consisting of NSAIDs and acetaminophen at home.

After obtaining informed consent, bilateral SABPs were 
performed in the manner described by Blanco et al.3 The 
anesthetic dose was calculated based on the patient’s weight 
of 66 kilograms (kg) and recommended maximum dose of 
3 milligrams (mg)/kg ropivacaine. This yielded a maximum 
of 20 milliliters (mL) of 1% ropivacaine (10mg/mL) total 
for both SABPs, or 10 mL per side. An additional 5 mL of 
1% lidocaine with epinephrine was added to each SABP 
to prolong the effect of the block and reduce the systemic 
absorption of ropivacaine.10 

The patient was positioned in the left lateral decubitus 
position with right arm overhead for the right-sided block. A 
high-frequency 10-5 megahertz linear transducer was used 
to locate the third rib in cross section in the mid-axillary line. 
Superficial to the rib lies the SA, which is deep to the latissimus 
dorsi (LD) (Figure). The targeted lateral cutaneous branches of 
the intercostal nerves at thoracic vertebral levels three to nine 
(T3–T9), are located in the fascial plane separating the SA and 
LD muscles. Anesthetic spreads in the fascial plane above and 
below the level of injection to the lateral cutaneous branches 
of the thoracic intercostal nerves. Although anesthetic will 
affect dermatomes above and below the site of injection, it is 

Image 1. Partial-thickness burn of the anterior chest wall in the 
patient prior to receiving bilateral serratus anterior plane blocks 
for pain.

Figure. Anatomical landmarks in the serratus anterior plane block. 
Above the rib lies the serratus anterior (SA), which is deep to the 
latissimus dorsi (LD). The targeted lateral cutaneous branches of 
the thoracic intercostal nerves (third to ninth thoracic vertebral level, 
or T3–T9, arrows), are in the fascial plane separating the SA and 
LD muscles.

necessary to adjust the injection site based on the dermatome 
level. We recommend injecting just above the superior level 
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of injury, targeting the level above the dermatome in case of 
miscounting the ribs. In this patient, whose burns were located 
in the T2-T5 dermatomes, we injected at the T2 dermatome 
above the third rib at the mid-axillary line.

After sterilizing and anesthetizing the skin, an in-plane 
technique was used to inject the 15-mL mixture of ropivacaine 
and lidocaine with epinephrine between SA and LD muscles 
(Image 2) following hydrodissection with 10 mL of normal 
saline. The same process was repeated on the patient’s left side. 
The injected ropivacaine and lidocaine spreads along the fascial 
plane above and below the site of injection, a process facilitated 
by hydrodissection with 10mL of normal saline before and 
after anesthetic administration. Thus, it is not necessary repeat 
injections at each thoracic vertebral level to achieve analgesia 
across the chest wall.

Five minutes after the initial injection, the patient reported 
significant analgesia over his right chest, and 20 minutes 
after the termination of the procedure he was able to sleep 
comfortably. The patient reported no discomfort during the 
injection process and experienced no side effects. A local 
burn center recommended admission for treatment with silver 
sulfadiazine and fluid resuscitation; when the patient was 
interviewed on hospital day two, he reported the SABP took 
approximately 20-30 minutes to take full effect and lasted for 
an estimated 15-18 hours. He ultimately required two doses 
of 2 mg intravenous morphine at approximately 30 hours and 
35 hours after his SABP. His only other medications were 

Image 2. An in-plane technique is used to inject the mixture 
of anesthetic (in this case, ropivacaine and lidocaine with 
epinephrine) between serratus anterior and latissimus dorsi 
muscles. Hydrodissection with 10 milliliters of normal saline prior 
to injecting anesthetic can assist with visualization of the fascial 
plane (white dots). The rib and pleura lie beneath the serratus 
anterior muscle (white arrows). Photo obtained with consent for 
demonstration purposes.

acetaminophen 500 mg orally every six hours, ibuprofen 600 
mg orally every six hours, and home medications gabapentin 
and trazodone. The patient was discharged in stable condition 
on hospital day two. 

DISCUSSION
The SAPB, originally used to control pain following 

breast surgery, is now becoming increasingly popular 
among emergency physicians to control pain from thoracic 
injuries in the ED.3,8 Although the majority of cases in the 
literature describe the use of the SAPB to relieve pain from 
rib fractures, other authors have demonstrated its utility in 
reducing pain from herpes zoster and tube thoracostomy 
placement.8,9 To our knowledge, this is the first description of 
an ultrasound-guided SAPB used for the management of pain 
from an extensive partial-thickness thorax burn in the ED.

Burns are a leading cause of accidental injury, many 
of which will not require management at a burn center. 
Aggressive pain control is necessary in the treatment of 
these injuries. A multimodal regimen including opioids and 
ketamine is often required to achieve adequate analgesia for 
large burns. However, opioids carry risks and side effects of 
respiratory depression, nausea/vomiting, constipation, and 
addiction; and ketamine may cause dizziness, dysphoria, 
and altered mental status.11,12 As demonstrated by this 
case, we believe regional anesthesia is a valuable tool in a 
multimodal pain control regiment for burn patients in the 
ED. Peripheral nerve blocks have been effectively used for 
analgesia in patients undergoing wound debridement and 
dressing changes at burn centers.13 A single-injection SAPB 
can provide approximately 12 hours or more of pain relief to 
the anterolateral hemithorax without affecting motor function, 
and may be an ideal option for pain relief prior to dressing 
changes, wound debridement, or rehabilitation exercises in 
patients with chest wall burns.  

With regard to anesthetic choice, ropivacaine was 
selected for its long duration of anesthesia and good safety 
profile. When compared to lidocaine, ropivacaine has a 
slightly longer mean onset time but provides a much longer 
mean duration of anesthesia (21.5 hours for ropivacaine 
compared to 2.4 hours for lidocaine in digital blocks).14 
Although bupivacaine has a similar mean duration of 
anesthesia as ropivacaine, ropivacaine has fewer motor 
effects and a better safety profile (including being safe to use 
in pregnancy).15-17

We recognize that the ultrasound-guided SAPB may not 
be ideal for burns posterior to the mid-axillary line. We have 
noted minimal success of this planar block in patients with 
posterior rib fractures and are unclear of the efficacy of this 
block for these injuries. We also recognize that clinicians 
performing high-volume SAPB blocks should be aware of 
maximal anesthetic dosing to prevent administering a toxic 
dose. The patient’s weight should be measured and a dosing 
calculator should be used to ensure safety.
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CONCLUSION
Ultrasound-guided serratus anterior plane blocks can 

potentially provide a safe and rapid method of analgesia 
for patients with superficial and partial-thickness chest wall 
burns in the ED. They may be easily performed at the bedside 
with minimal risk of affecting respiration, mental status, or 
motor function. As such, they may be a valuable addition to a 
multimodal pain regimen used in the evaluation and treatment 
of chest wall burns, and may facilitate treatments such as 
dressing changes and wound debridement while reducing 
reliance on opioid medications.

The authors attest that their institution requires neither Institutional 
Review Board approval, nor patient consent for publication of this 
case report. Documentation on file.
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Case Presentation: We present the case of a young male with high clinical suspicion of a penile 
fracture found to have dorsal vein rupture by emergency department point-of-care ultrasound. This 
false form of penile fracture was subsequently confirmed intraoperatively.

Discussion: Penile fracture is a rare clinical entity that may be separated into true vs false penile 
fracture, with only true fracture requiring surgery. The images submitted here add to the sparse 
literature evidence that point-of-care ultrasound can be used to differentiate between these two 
clinical entities. Additionally, this case report highlights an opportunity for further research into and 
application of point-of-care ultrasound to the evaluation of suspected penile fractures. [Clin Pract 
Cases Emerg Med. 2021;5(1):121–122.]

Keywords: Penile fracture; emergency ultrasound.

CASE PRESENTATION
A 26-year-old man presented to the emergency department 

with penile pain and bruising after accidental trauma during 
intercourse one hour prior to arrival. He reported immediate pain 
and bruising with detumescence within minutes. Exam was 
revealing for eggplant deformity of the penis with soft dorsal 
ecchymosis and mass felt extending into the scrotum (Image 1).

DISCUSSION
Dorsal Vein Rupture: This patient’s ultrasound images 

showed hematoma external to Buck’s fascia and intact tunica 
albuginea, suggestive of dorsal penile vessel injury (Images 2 and 
3). This is a type of false penile fracture and requires only 
conservative treatment.1 True penile fracture, with disruption of 
the tunica albuginea, can be exceptionally difficult to distinguish 
from false penile fracture, has a worse prognosis, and requires 
emergency surgery.1 Along with history and physical exam, 
point-of-care ultrasound can help differentiate these entities.2 
Delay of presentation greater than 24 hours of penile fracture has 
been linked to an increased rate of postoperative complications; 
so expeditious diagnosis is important to help reduce the time to 

Madigan Army Medical Center, Department of Emergency Medicine, 
Tacoma, Washington

Image 1. Patient’s penis with eggplant deformity (arrow) at 
presentation to the emergency department.

intervention.3 Ultrasound can be an inexpensive, non-invasive, 
and often readily available means of investigation that may be 
performed at initial presentation without delay to surgery.4 False 
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What do we already know about this 
clinical entity? 
Penile fracture is a rare clinical entity 
encountered following trauma to the erect 
penis and is typically managed surgically.

What is the major impact of the image(s)?
This image increases awareness of false 
penile fracture and the utility of ultrasound 
in evaluation for possible penile fracture.

How might this improve emergency 
medicine practice?  
Increased use of point-of-care ultrasound 
may allow for improved accuracy in 
differentiating between true and false penile 
fracture and reduce the need for surgery.

penile fracture is exceptionally rare, and is considered 
exceptionally difficult to distinguish from true penile fracture, 
often leading to surgery.5 Further research is necessary to help 
delineate the role of ultrasound in separating false from true 
penile fracture.

Surgical exploration confirmed a dorsal vein rupture with 
subsequent drainage of a large hematoma involving the dorsal 
vein and dartos layer dorsally. There were no acute complications. 
On follow-up the patient reported recovery of sexual function 
without curvature, but with mild residual pain to the incision site 
at six-week postoperative follow-up.

Patient consent has been obtained and filed for the publication of 
this case report.

Image 2. Intact tunica albuginea (white arrow) and likely ruptured 
vein with surrounding hematoma (black arrow).

Image 3. Intact tunica albuginea (white arrow) and likely ruptured 
dorsal vein with surrounding hematoma (black arrow).
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Case Presentation: A 50-year-old male with a history of multiple sclerosis with dizziness and 
nystagmus presented to the emergency department. On physical exam, nystagmus was noted. 
Computed tomography of the head without contrast was obtained showing a low density in the left 
frontal lobe. During admission, magnetic resonance imaging (MRI) findings were consistent with 
Balò’s concentric sclerosis. 

Discussion: Balò’s concentric sclerosis is a rare, inflammatory demyelinating disease, often 
considered to be an infrequent variant of multiple sclerosis with alternating rings of healthy myelin 
and demyelination leading to pathognomonic findings of concentric lamella on T2 or contrast-
enhanced T1 MRI imaging. [Clin Pract Cases Emerg Med. 2021;5(1):123–124.]

Keywords: Balò’s; sclerosis; nystagmus.
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CASE PRESENTATION
A 50-year-old White male with a history of multiple 

sclerosis  presented to the emergency department with fatigue, 
lightheadedness, and dizziness, exacerbated with sitting 
upright and worsening over the prior one to two days. He 
stated his last flare was approximately two years prior, and 
presented with aphasia as his primary symptom. On physical 
exam, the patient had non-fatigable horizontal bidirectional 
nystagmus with no other abnormalities noted. Non-contrast 
computed tomography of the head showed an indeterminate 
13- millimeter low density in the left frontal lobe (Image 1). 

DISCUSSION
Balò’s concentric sclerosis (BCS) is a rare 

inflammatory demyelinating disease, often considered 
to be an infrequent variant of multiple sclerosis. Initially 
termed leuko-encephalitis periaxialis concentrica due 
to its pathognomonic MRI findings, BCS was originally 
considered a rapidly progressive encephalopathy that was 
universally fatal1,3; however, it has recently been associated 
with spontaneous remission.1 Balò’s concentric sclerosis 
typically affects young adults with a mean age of 37 at 
diagnosis,1 and is most commonly noted in Asian and 

Image 1. Computed tomography of the head without contrast 
in a 50-year-old male with dizziness. Black arrows identify an 
indeterminate 13-millimeter low density lesion in the left frontal lobe, 
further delineated by magnetic resonance imaging (Image 2).

Filipino populations.3 Lesions are most commonly found 
in the cerebrum and cerebellum.2 Alternating rings of 
healthy myelin and demyelination lead to the unique and 
pathognomonic MRI findings of a whorled appearance 
of concentric lamella on T2 or contrast-enhanced T1 
imaging (Image 2).4 The clinical presentation of BCS 
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What do we already know about this clinical 
entity? 
Dizziness is a common presenting complaint in the 
emergency department. Balò’s concentric sclerosis 
(BCS) is unlikely to be included in the differential 
for dizziness with nystagmus.

What is the major impact of the image(s)?
The presented images will broaden the differential 
diagnosis in patients with intracerebral lesions on 
computed tomography.

How might this improve emergency medicine 
practice?  
Consideration of BCS in the differential could lead 
to a neurology rather than neurosurgical referral, 
allowing earlier diagnosis and treatment.

is heterogenous, with symptoms often indicative of a 
mass-like lesion depending on lesion location. Treatment 
options range from high-dose intravenous steroids to 
immunosuppressive agents.5 Our patient was admitted and 
treated conservatively with intravenous fluids, meclizine, 
and promethazine. He was discharged on hospital day two 
without complications, and was referred for outpatient 
vestibular rehabilitation evaluation. 

The authors attest that their institution requires neither Institutional 
Review Board approval, nor patient consent for publication of this 
case report. Documentation on file.

Image 2. Magnetic resonance image of the head with contrast (T2 
image) in a 50-year-old male with dizziness. White arrows identify 
a heterogeneous lesion in the left frontal centrum semiovale 
consistent with Balò’s concentric sclerosis.
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Case Presentation: A 16-month-old boy presented with a temperature of 99°Fahrenheit (F) (down 
from 102°F at home after antipyretics), grunting, and tachypnea. On examination, he was tachycardic, 
tachypneic, and ill-appearing with abdominal distention and diffuse tenderness. A plain film abdominal 
radiograph showed moderate free air, and emergent laparoscopy revealed perforated Meckel’s 
diverticulitis with peritonitis.

Discussion: Although tachypnea and grunting in preverbal or nonverbal patients are often 
considered to be signs of respiratory illness, these findings may reflect intra-abdominal emergencies. 
Perforated Meckel’s diverticulitis is an important differential consideration in patients with 
pneumoperitoneum. [Clin Pract Cases Emerg Med. 2021;5(1):125–126.]

Keywords: pneumoperitoneum; grunting; pediatric abdominal emergencies.

CASE PRESENTATION
A 16-month-old healthy boy presented to the emergency 

department with a temperature of 99°Fahrenheit (F) (down from 
102°F at home after antipyretics), tachypnea, and grunting. 
Physical examination demonstrated an ill-appearing child with 
tachycardia and tachypnea, clear lung fields, and a distended, 
tender abdomen. Plain film abdominal radiography showed 
mildly prominent, gas-filled loops of small bowel and moderate 
free air (Image). 

The patient received piperacillin-tazobactam and was 
transferred to the operating room for exploratory laparoscopy, 
which revealed an acutely inflamed and bleeding Meckel’s 
diverticulum with a well-circumscribed perforation. Uneventful 
diverticulectomy was performed, and the patient was discharged 
from the hospital five days later after a full recovery.

DISCUSSION 
Although tachypnea and grunting in a preverbal or 

nonverbal patient may be signs of respiratory illness, 
abdominal emergencies may present with similar findings.1 In 
such cases, these respiratory phenomena may be physiologic 
responses to pain or acidemia or may reflect the presence of 
mechanical thoracoabdominal competition. When an 
abdominal emergency is suspected in the setting of a 
respiratory complaint, plain films of the abdomen can provide 

Boston Children’s Hospital, Department of Pediatrics, Boston, Massachusetts
Boston Children’s Hospital, Division of Emergency Medicine, Boston, Massachusetts 

a rapid assessment for pneumoperitoneum. In this scenario, 
left lateral decubitus films may be particularly helpful in 
toxic-appearing young children, in whom obtaining upright 
radiographs may be logistically challenging.

Meckel’s diverticulum occurs in the mid-to-distal ileum as a 
remnant of the fetal omphalomesenteric duct. Although present in 
approximately 2% of the general population, it causes symptoms 
in less than 10% of cases.2,3 Symptomatic cases, which occur 

Image. Plain film abdominal radiographs. Panel A (left lateral 
decubitus view) and Panel B (upright anteroposterior view) 
showing free air under the diaphragm (arrows) with dilated loops 
of bowel (stars).
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What do we already know about this 
clinical entity? 
Tachypnea and grunting are often 
considered signs of respiratory illness, but 
intra-abdominal emergencies may present 
with similar findings.

What is the major impact of the 
image(s)?
These images provide an example of an 
intra-abdominal emergency presenting with 
primarily respiratory symptoms and signs.

How might this improve emergency 
medicine practice?  
These images emphasize the importance of 
considering alternative causes of respiratory 
symptoms and signs, particularly in 
nonverbal or preverbal patients.

more commonly in children than in adults, most often present 
with painless bleeding from heterotopic gastric tissue.4 However, 
Meckel’s diverticulum may cause small bowel obstruction by (1) 
acting as a lead point for intussusception; (2) inverting into the 
bowel lumen; or (3) adhering to adjacent structures to cause a 
volvulus.5 Similarly, Meckel’s diverticulitis may cause acute 
abdominal pain that mimics appendicitis and can subsequently 
perforate to cause peritonitis. Accordingly, Meckel’s diverticulum 
is an important differential consideration in the acute surgical 
abdomen, particularly in pediatric patients.

The authors attest that their institution requires neither Institutional 
Review Board approval, nor patient consent for publication of this 
case report. Documentation on file.

Address for Correspondence: Daniel Shapiro, MD, Boston 
Children’s Hospital, Department of Emergency Medicine, 300 
Longwood Avenue, BCH3066, Boston, MA 02115. Email: daniel.
shapiro@childrens.harvard.edu.

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

Copyright: © 2021 Shapiro et al. This is an open access article 
distributed in accordance with the terms of the Creative Commons 
Attribution (CC BY 4.0) License. See: http://creativecommons.org/
licenses/by/4.0/

REFERENCES
1. Rothrock SG, Skeoch G, Rush JJ, et al. Clinical features 

of misdiagnosed appendicitis in children. Ann Emerg Med. 
1991;20(1):45-50. 

2. Cullen JJ, Kelly KA, Moir CR, et al. Surgical management of Meckel’s 
diverticulum. An epidemiologic, population-based study. Ann Surg. 
1994;220(4):564-8.

3. Sagar J, Kumar V, Shah DK. Meckel’s diverticulum: a systematic 
review [published correction appears in J R Soc Med. 
2007;100(2):69]. J R Soc Med. 2006;99(10):501-5. 

4. Huang CC, Lai MW, Hwang FM, et al. Diverse presentations in 
pediatric Meckel’s diverticulum: a review of 100 cases. Pediatr 
Neonatol. 2014;55(5):369-75.

5. St-Vil D, Brandt ML, Panic S, et al. Meckel’s diverticulum in children: 
a 20-year review. J Pediatr Surg. 1991;26(11):1289-92.

mailto:daniel.shapiro@childrens.harvard.edu
mailto:daniel.shapiro@childrens.harvard.edu
mailto:daniel.shapiro@childrens.harvard.edu
mailto:daniel.shapiro@childrens.harvard.edu


Volume V, no. 1: February 2021 127 Clinical Practice and Cases in Emergency Medicine

images in emergenCy mediCine
 

Abdominal Pain in the Elderly Patient: Point-of-care 
Ultrasound Diagnosis of Small Bowel Obstruction 

 
Ahmad Hussein, MD
Alexander Arena, MD
Connie Yu, MD
Angela Cirilli, MD
Ellen Kurkowski, DO

Section Editor: Rick A. McPheeters, DO
Submission history: Submitted September 25, 2020; Revision received November 12, 2020; Accepted November 23, 2020
Electronically published January 22, 2021
Full text available through open access at http://escholarship.org/uc/uciem_cpcem   
DOI: 10.5811/cpcem.2020.11.50029

Case Presentation: A 67-year-old female presented to the emergency department (ED) complaining 
of generalized abdominal pain, nausea, and vomiting. Point-of-care ultrasound (POCUS) demonstrated 
dilated bowel loops measuring up to 4.1 centimeters and localized free fluid, consistent with a small 
bowel obstruction (SBO). A nasogastric tube was placed without complications. The patient was 
admitted to the hospital and conservatively managed with an uncomplicated course. 

Discussion: In elderly patients with abdominal pain, POCUS is an excellent initial imaging modality 
to assist emergency physicians in rapid and accurate diagnosis of a variety of pathologies to expedite 
management. Point-of-care ultrasound can be used to rule out and evaluate for conditions encountered 
in emergency medicine, including acute cholecystitis, renal colic, abdominal aortic aneurysm, and 
intraperitoneal free fluid. As demonstrated in our case presentation, POCUS had an integral role in the 
early diagnosis and management of a SBO. [Clin Pract Cases Emerg Med. 2021;5(1):127–128.] 

Keywords: Abdominal pain; small bowel obstruction; point-of-care ultrasound.

CASE PRESENTATION
A 67-year-old female with a history of hypertension, 

diabetes, and exploratory laparotomy presented with 
abdominal pain for one day associated with nausea, 
nonbloody-nonbilious emesis, and normal bowel 
movements. Abdominal exam revealed a soft, nondistended 
abdomen with a laparotomy scar and both periumbilical 
and right lower quadrant tenderness. Point-of-care 
ultrasound of the abdomen was performed with no acute 
abnormalities of the gallbladder or kidneys. The “lawn 
mower” method, scanning systematically across all 
abdominal quadrants in a horizontal or vertical fashion, 
demonstrated dilated, small bowel loops containing air and 
fluid measuring up to 4.1 centimeters (cm) (Image 1) with 
localized free fluid (Image 2). Computed tomography (CT) 
of the abdomen confirmed the diagnosis. Following 
nasogastric tube placement, the patient was admitted with 
an uncomplicated hospitalization course.

St. John’s Riverside Hospital, Department of Emergency Medicine, Yonkers, New York

DISCUSSION 
Small bowel obstruction (SBO) is a common emergency 

department diagnosis estimated to comprise 2% of all patients 
with abdominal pain, resulting in 300,000 hospitalizations per 
year with etiologies including adhesions, neoplasms, hernias, 
and Crohn’s disease.1,2 Expeditious diagnosis of SBO can 
prevent potential complications, including bowel ischemia, 
necrosis, and perforation.1,2 Studies suggest that point-of-care 
ultrasound is highly accurate in diagnosing SBO with 
sensitivity and specificity of 92% and 94-96%, respectively, 
compared  to CT imaging.1,3  The most sensitive sonographic 
findings include dilated bowel loops and abnormal 
peristalsis.1,3,4,5 Fluid-filled small bowel loops measuring 
greater than 2.5 cm is highly indicative of SBO.4,5  Abnormal 
peristalsis is manifested by “to-and-fro” or swirling of 
intraluminal bowel contents.4,5  More specific sonographic 
signs include bowel wall edema if plicae circulares project 
into the bowel lumen (“keyboard sign”); free fluid between 
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What do we already know about this clinical 
entity? 
Small bowel obstruction (SBO) is a common 
presenting diagnosis in the Emergency 
Department (ED) that requires prompt evaluation 
and intervention.

What is the major impact of the image(s)?
Point-of-care ultrasound (POCUS) has emerged 
as a useful, rapid and noninvasive screening tool 
in the early diagnosis and management of SBO in 
the ED

How might this improve emergency medicine 
practice?  
Early diagnosis of SBO in the ED allows for 
improved patient care by initiating the appropriate 
intervention as well as surgical evaluation.

adjacent bowel loops; and the identification of a transition 
point.4,5  Point-of-care ultrasound is a useful screening tool in 
the early diagnosis and management of SBO in emergency 
medicine, where evolving literature has shown reasonable 
diagnostic accuracy with time and cost-saving implications.  

Video. Point-of-care ultrasound demonstrating “to-and-fro” swirling 
of bowel intraluminal contents signifying abnormal peristalsis 
consistent with small bowel obstruction.

The authors attest that their institution requires neither Institutional 
Review Board approval, nor patient consent for publication of this 
case report. Documentation on file.

Image 1. Point-of-care ultrasound demonstrating long-axis 
view of dilated, fluid-filled loops of bowel (*) measuring 4.1 
centimeters from outer bowel wall to outer wall, consistent with 
small bowel obstruction.

Image 2. Point-of-care ultrasound demonstrating short-axis view 
of dilated loops of bowel (*) with localized surrounding free fluid 
(white arrow) consistent with small bowel obstruction.
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Case Presentation: A 35-year-old woman presented to the emergency department with severe right 
inguinal pain. Her medical history was non-contributory and there was no known trauma or injury to 
the region. Amid concern for an incarcerated inguinal hernia, a computed tomography was obtained 
revealing a linear foreign body (FB) lateral to the femoral vessels. The FB was removed without 
complication at bedside and found to be a beading needle likely occultly lodged three days prior. 

Discussion: Occult inguinal FBs are rare but can lead to deep venous thrombosis or pulmonary 
embolism if in or near vessels. By nature of being occult, an absence of ingestion, insertion, or 
penetrative history should not preclude consideration of a FB etiology. Computed tomography imaging 
is crucial in determining the urgency of, and approach to, inguinal foreign body removal.  [Clin Pract 
Cases Emerg Med. 2021;5(1):129–130.]

Keywords: Occult foreign body; inguinal pain.

CASE PRESENTATION
A 35-year-old woman presented to the emergency 

department with severe right inguinal pain that began while 
pushing a grocery cart. Physical examination revealed 
tenderness and fullness in the right inguinal crease without 
erythema, warmth, or skin trauma. Amid concern for an 
incarcerated inguinal hernia, a computed tomography (CT) 
was obtained (Image 1). 

The CT demonstrated a linear 3.8-centimeter (cm) foreign 
body (FB) extending from the skin into the right iliopsoas 
muscle (Image 1) without gas or fluid along its length and 
without vessel involvement. Upon re-interview and re-
examination, the patient did not report any preceding history 
that would explain this finding and there was no visible point 
of entry on her skin (Image 2). 

The CT imaging confirmed this FB to be lateral to the 
femoral vessels in a location amenable to bedside removal in 
the ED. The skin was incised, and a 4-cm metallic FB was 
removed (Image 3). 

University of Washington School of Medicine, Seattle, Washington
University of Washington School of Medicine, Department of Radiology, 
Seattle, Washington
University of Washington School of Medicine, Department of Emergency 
Medicine, Seattle, Washington

*
†

‡

Image 1. Computed tomography axial image demonstrating 
a radiopaque linear foreign body (arrow) passing through the 
iliopsoas muscle without gas or fluid along its path, resting 
adjacent to right anterior acetabular wall.

Upon removal, the patient identified the FB as a beading 
needle and presumed that it had become lodged three days 
prior when she had fallen asleep adjacent to her beading 
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What do we already know about this clinical 
entity? 
Foreign body (FB) injuries are typically apparent 
from clinical history and have exam findings 
compatible with tissue injury and inflammation.

What is the major impact of the image(s)?
These images demonstrate that a FB can be 
present without any corresponding history or 
external exam findings, with the potential for 
serious downstream sequelae.

How might this improve emergency medicine 
practice?  
Although rare, occult FBs must be considered 
by emergency providers as a source of pain 
despite an absence of clinical history.

Image 2. Pre-procedure image of right inguinal region 
demonstrating no clear puncture site for the foreign body 
visualized on computed tomography imaging.

Image 3. Intra-procedure image demonstrating removal of 
4-centimeter beading needle.

materials. Following the FB removal, the incision was closed, 
and the patient was discharged without complication. 

DISCUSSION
Occult FBs are rare, although needles are common 

culprits due to their ease of entering tissue with minimal 
pain and inflammation.1 Inguinal needle FBs are uncommon 
but can generally be grouped into those associated with 
intravenous drug use,2 acupuncture needle retention,3 and 
accidental/inexplicable cases.4,5 Deep venous thrombosis may 
be the initial clinical manifestation of occult inguinal FBs 
in or near vessels.5 As illustrated by this case and others,4,5 
FBs remain an important consideration even without known 
history of ingestion, insertion, or penetrative injury. Computed 
tomography imaging is crucial in determining the urgency of, 
and approach to, inguinal FB removal.

Patient consent has been obtained and filed for the publication of 
this image in emergency medicine.
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Case Presentation: A 62-year-old male presented to the emergency department with altered mental 
status and fever. Computed tomography of the head showed enlargement of the left lateral ventricle. 
Magnetic resonance imaging demonstrated debris and purulence in the ventricle along with edema 
and transependymal flow of cerebrospinal fluid surrounding both ventricles. 

Discussion: The patient was diagnosed with ventriculitis. Ventriculitis is an uncommon but 
serious disease. Early recognition and treatment are essential.  [Clin Pract Cases Emerg Med. 
2021;5(1):131–133.]

Keywords: confusion; magnetic resonance imaging.

CASE PRESENTATION
A 62-year-old male with no significant past medical 

history presented to the emergency department with altered 
mental status for one day. Temperature was 103.3° degrees 
Fahrenheit, and remaining vital signs were within normal 
limits. He was alert to person and place only and was not 
responding appropriately to most questions or commands. 
Cranial nerves were intact, and upper and lower extremity 
strength was grossly normal and symmetrical. He resisted 
flexion of his neck. The patient was empirically started on 
vancomycin, ampicillin, ceftriaxone, and dexamethasone. 
Computed tomography (CT) of the head and magnetic 
resonance imaging (MRI) were performed (Images 1 and 2).

Lumbar puncture obtained cerebrospinal fluid (CSF) with 
7628 nucleated cells per microliter (mL) (reference range: 0-5 
cells/mL); 83% neutrophils (0-3%); glucose of 4 milligrams 
per deciliter (mg/dL) (45-75 mg/dL); and protein of 68 mg/dL 
(15-45 mg/dL).

DISCUSSION
Ventriculitis is an inflammation of the ependymal lining 

of the cerebral ventricles, usually secondary to infection 

*

†

Staten Island University Hospital, Department of Emergency Medicine, Staten Island, 
New York 
Staten Island University Hospital, Department of Radiology, Staten Island, New York 

Image 1. Axial computed tomography of the head with intravenous 
contrast showing mild enlargement of the left lateral ventricle (arrow).
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What do we already know about this 
clinical entity? 
Ventriculitis is an inflammation of 
the ependymal lining of the cerebral 
ventricles, usually secondary to infection 
or trauma. 

What is the major impact of the image(s)?
The diagnosis of ventriculitis is both 
interesting and rare. Early recognition 
and treatment are essential in treating 
this serious disease.

How might this improve emergency 
medicine practice?  
Maintaining this disease process in the 
differential diagnosis lessens the potential 
for significant morbidity and mortality. 
Early recognition is essential.

or trauma. Ventriculitis has no accepted diagnostic criteria. 
Meningitis, cerebral abscess with intraventricular rupture, 
ventricular catheters and shunts, neurosurgical complications, 
intrathecal chemotherapy, and trauma are potential causes.1 
However, malignancy should also be considered in the 
differential diagnosis. Neisseria meningitidis and skin flora 
are the common causative agents.1-3 Gram-positive bacteria 
are most common in infections involving ventricular 
implants such as shunts. Gram-negative bacteria are a 
consideration in postoperative neurosurgical ventriculitis. 
Ventriculitis secondary to ventricular catheters and shunt 
infection has an incidence of 10% and varies depending on 
insertion technique and management. Ventriculitis secondary 
to meningitis is more commonly seen in infants and 
immunocompromised individuals.1

Symptoms classically include fever and meningismus. 
Investigations for ventriculitis include CSF sampling and 
imaging. Cerebrospinal fluid sampling and neuroimaging 
are vital in making the diagnosis. Cerebral spinal fluid 
protein greater than 50 mg/dL, glucose less than 25 
mg/dL, pleocytosis with greater than 10 cells/mL, and 
greater than 50% polymorphonuclear neutrophils are 
suggestive of ventriculitis. Cultures may be negative, 
despite active infection. The Infectious Diseases Society 
of America recommends MRI as the modality of choice.3 
Characteristic MRI findings include intraventricular debris 
and pus, abnormal periventricular and subependymal 
signal intensity, and enhancement of the ventricular 
lining. Non-contrast CT most frequently demonstrates 
dependent, hyperdense layering material, particularly in 
the occipital horns of the lateral ventricles. Hydrocephalus 

Image 2. A) Axial magnetic resonance imaging (MRI) (fluid-
attenuated inversion recovery sequence) showing mild 
enlargement of the left lateral ventricle, with debris and purulence 
in the ventricle (white arrow). Mild edema and transependymal 
flow of cerebrospinal fluid surrounding both ventricles are 
present (black arrow). B) Axial MRI without contrast showing 
enhancement of the left ventricle (white arrows).

and periventricular low density may also be present. With 
contrast CT, enhancement of the ependymal lining of the 
ventricles may be seen.

The mainstay of treatment is intravenous antibiotics 
and removing any devices for catheter-related infection. 
Initially, empirical therapy is used based on the patient’s 
age and etiology. For catheter-related ventriculitis, this is 
generally vancomycin and an anti-pseudomonal beta-lactam. 
Purulent material due to ventriculitis may result in occlusion 
of the CSF pathways, causing obstructive or multiloculated 
hydrocephalus. Mortality rates vary from 10-75%, but 
quality studies evaluating prognosis are lacking.4

Our patient was admitted to the medical ward for 
sepsis and ventriculitis. Both neurology and infectious 
disease consults were obtained. On the second day of 
hospitalization the patient became obtunded and underwent 
endotracheal intubation for airway protection. He was 
subsequently upgraded to the intensive care unit. The 
patient continued to deteriorate despite optimal care and 
expired on hospital day five.

The authors attest that their institution requires neither Institutional 
Review Board approval, nor patient consent for publication of this 
image in emergency medicine. Documentation on file.

https://radiopaedia.org/articles/lateral-ventricle-1?lang=us
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