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A 77-year-old male who presented to the emergency department with generalized weakness and
worsening chronic dysphagiawas diagnosedwith pneumonia. Shortly after receiving vascular access for
his treatment, he had a rapid change in his mental status and neurological examination. [Clin Pract
Cases Emerg Med. 2024;8(3)182–188.]

Keywords: air embolism; stroke; CPC.

CASE PRESENTATION (DR. PINER)
A 77-year-old male presented to the emergency

department (ED) for generalized weakness as well as
worsening chronic dysphagia. He was accompanied by his
wife, who assisted in providing the history. His past medical
history included diabetes, hypothyroidism, a thyroid goiter,
right internal jugular (IJ) thrombus for which he was taking
anticoagulation, and cirrhosis. His surgical history was
significant for remote bilateral percutaneous nephrostomy
tube placement, years prior. Three weeks preceding this
hospital visit, he had been admitted and discharged from the
same hospital after receiving a thoracentesis with drainage of
a simple transudative pleural effusion. This incompletely
relieved his hypoxia, and hewas discharged on three liters per
minute (L/min) of oxygen via nasal cannula.

Since returning home, the patient thought his breathing
had slightly improved, but he had difficulty completing his
daily activities. He had a poor appetite and when he did eat,
he experienced dysphagia from his goiter, which he felt was
getting worse. He reported general malaise and chills. He did
not feel short of breath on exertion, as he had during his last
hospitalization, and he was not experiencing any chest
discomfort. He denied any nausea, vomiting, constipation,
diarrhea, dysuria, or urinary changes. He was able to
ambulate but had difficulty doing so due to his weakness.

The patient was recovering from alcohol use disorder and
denied having any alcoholic drinks in multiple years. He had
a remote, five pack-year tobacco history but did not smoke
any longer. He denied any use of illicit drugs. His wife

oversaw his medications, which had not changed since his
hospital discharge. He took metoprolol, spironolactone,
levothyroxine, and apixaban. He had no known
drug allergies.

The patient’s vital signs revealed an oral temperature of
100.4° Fahrenheit (38° Celsius), heart rate of 90 beats per
minute, a blood pressure of 90/40 millimeters of mercury
(mmHg), a respiratory rate of 15 breaths per minute, and his
oxygen saturation was 94% on 3 L/min via nasal cannula. He
weighed 64 kilograms (142 pounds) and was 170 centimeters
tall (5 feet 7 inches) with a body mass index of 22.1.

On physical examination, the patient was alert and
oriented to person, place, time, and events. He was able to
speak in full sentences without dyspnea. He did not appear in
acute distress. He had evidence of a large goiter and denied
tenderness or the sensation of it expanding or changing. His
breath sounds were diminished at the right lower base with
scattered rhonchi and an occasional cough. His heart sounds
were regular without murmurs, rubs, or gallops. His
abdomen was large, protuberant, and had a soft fluid wave
that could be appreciated. It was not increased in size per his
wife. There was no guarding or tenderness. He had trace
pedal edema without lateralizing swelling. He moved all
extremities without localizing weakness. Although he
reported weakness, his strength was 5/5 symmetrically in his
upper and lower extremities. His cranial nerves (CN) II–XII
were intact. His Glasgow Coma Scale (GCS) score was
15/15 – Eye 4, Verbal 5, Motor 6. His pupils were equal,
round, and reactive to light. He was not ambulated in the
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room but had been seen earlier moving from a hospital
wheelchair to the stretcher with assistance. There was no skin
rash or joint swelling.

Initial laboratory results are shown in Table. An
electrocardiogram (ECG)was performed and showed a sinus
rhythm without ectopy or ST-segment changes and was
unchanged from his previous hospitalization. Chest
radiography (CXR) was obtained, shown in Image 1. The
radiologist’s interpretation was “[p]atchy opacity in the right
lower lobe suggestive of pneumonia in the correct clinical
setting. Goiter redemonstrated when compared to previous.
Normal cardiac findings.” A point-of-care ultrasound
(POCUS) of the heart showed no pericardial effusion, no
suggestion of right ventricle strain, no volume overload, and
a normal left ventricle.

Before treatment for pneumonia could be started, the
nurse alerted the physician to the loss of vascular access.
There were no reliable peripheral veins seen via ultrasound;
so, central access was obtained in the left IJ vein via
ultrasound guidance while the patient was in a semi-reclined
position. The wire was confirmed in the vein and removed.
The physician instilled a bolus of agitated normal saline,
confirming the central access was in the venous system by

Population Health Research Capsule

What do we already know about this
clinical entity?
Air embolism is a rare but potentially life-
threatening complication of various
procedures, including central line placement.

What makes this presentation of
disease reportable?
This patient experienced a cerebral air
embolism but did not have a patent foramen
ovale, and the air embolism remained within
the venous system.

What is the major learning point?
Although rare, clinicians should consider air
embolism for a patient who has an unexpected
decline in their condition shortly after an
intravascular procedure.

How might this improve emergency
medicine practice?
This case discusses treatment of this serious
condition, including bedside treatment and
hyperbaric oxygen therapy.

Table. Initial laboratory results of a 77-year-old man with a rapid
change in mental status.

Test name Patient value Reference range

Complete blood count

Hemoglobin 10.4 11.9–15.7 g/dL

Hematocrit 32.3 35.0–45.0%

White blood count 18.2 4.5–11 K/mcL

Platelet 187 153–367 K/mcL

Neutrophils 72.5 42.6–74.5%

Lymphocytes 10.3 20.8–50.5%

Monocytes 16.2 2.0–10.3%

Eosinophils 0.2 0.9–2.9%

Complete metabolic panel

Sodium 132 136–145 mmol/L

Potassium 4.0 3.5–5.1 mmol/L

Chloride 102 98–107 mmol/L

Bicarbonate 24 21–30 mmol/L

Glucose 147 70–99 mg/dL

Blood urea nitrogen 21 7–17 mg/dL

Creatinine 0.74 0.52–1.04 mg/dL

Calcium 7.8 8.6–10.2 mg/dL

Magnesium 1.5 1.6–2.6 mg/dL

Phosphorus 2.9 2.5–4.5 mg/dL

Total protein 5.2 6.3–8.2 g/dL

Total bilirubin 1 0.3–1.2 mg/dL

Aspartate aminotransferase 46 14–36 units/L

Alanine aminotransferase 21 0–34 units/L

Alkaline phosphatase 82 38–126 units/L

Coagulation

Protime 15.9 12.1–15.0
seconds

International normalized
ratio

1.3 0.8–1.1

Partial thromboplastin time 45 25–38 seconds

Fibrinogen 280 200–400 mg/dL

Thyroid

Thyroid stimulating
hormone

0.01 0.4–4 mIU/L

Free Thyroxine 6.6 0.8–1.8 ng/dL

Additional tests

Lactate 1.7 0.5–2.2 mmol/L

Ammonia 9 9–30 mcmol/L

Troponin I 0.02 <0.06 ng/mL

dL, deciliter; g, grams; K, thousands; mcL, microliter; mcmol,
micromole; mg, milligram; mIU, milli-international units; mmol,
millimole; ng, nanogram; L, liter.
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visualizing turbulent flow in the right atrium with POCUS.
The line was sutured and dressed.

Fifteenminutes later, the physician was called to the room
as the patient’s oxygen requirement increased and he was less
responsive. Repeat physical examination revealed new
tachycardia with a mean arterial pressure of 59 mm Hg. The
patient’s respiratory rate was 20, and his oxygen saturation
remained 94% on 15 L/min via a non-rebreather mask.
Repeat POCUS showed unchanged cardiac function and no
evidence of pneumothorax. The patient was unable to follow
commands, his eyes opened only to pain, and he muttered
incomprehensible words. He was noted to withdraw to pain
on the right arm and leg, the left arm was flaccid, and the left
leg was flexed. His new GCS was 8/15 – Eye 2, Verbal 2,
Motor 4. His left eye was midline, but his right eye was noted
to deviate laterally and inferiorly.

The patient was intubated, and a confirmatory CXR
demonstrated interval changes of a new left IJ central line
catheter and an endotracheal tube that both appeared
adequately positioned as seen in Image 2.

A test was performed, and a diagnosis was made.

CASE DISCUSSION (DR. LOVEGROVE)
This is a case of an elderly gentleman who acutely

decompensated in the ED after initially presenting due to
worsening weakness and dysphagia. When there is a patient
who acutely decompensates in the ED, as this patient did, it is
important to consider whether this was the result of the

patient’s natural disease course, something that happened in
the ED (iatrogenic), or even a little bit of both.

The patient’s initial complaint is worsening dysphagia as
well as weakness. He has an extensive medical history that
includes diabetes, hypothyroidism, goiter, right IJ thrombus,
and anticoagulant use. His physical exam is notable for
multiple abnormalities including fever, hypotension,
abnormal breath sounds in his right lung, and ascites. It is
also important to point out that his neurologic exam is
normal, including full strength in all extremities.

Looking over the labs and imaging, I do not believe they
provide a significant amount of new information but could be
used to remove some differentials. The patient’s chemistry
had some slight abnormalities but nothing unexpected given
his comorbidities. His coagulation studies were consistent
with someone with cirrhosis. There were some abnormalities
in his thyroid function panel, but I do not think they explain
his acute change. We also do not know the timing of his
levothyroxine dose, and his thyroid stimulating hormone
indicates that he has likely been taking it. The etiology of
hematuria is unclear, but his urine is otherwise without any
sign of infection. His complete blood count does show
leukocytosis as well as mild anemia. Lastly, his CXR is
subtle, but an opacity in the right midlung, as interpreted by
radiology, would be consistent with his abnormal
breath sounds.

Based off the history, physical exam, and diagnostic
studies, the patient’s initial presentation was concerning for

Image 1. Initial chest radiograph showing an opacity in the right
midlung (black arrow) in a 77-year-oldman before he experienced
a rapid change in mental status.

Image 2. Repeat chest radiograph of a 77-year-old man after a
rapid change in mental status showing the placement of an
endotracheal tube (black arrows) and left internal jugular central
line (white arrows).
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sepsis, potentially from pneumonia associated with
aspiration or due to spontaneous bacterial peritonitis (SBP).
However, I do not believe these issues alone would
necessarily progress to cause such an abrupt change inmental
status and neurologic function. Was his dysphagia being
caused simply bymass effect of his goiter, or was it something
else? Could there be another underlying etiology that was
exacerbated by the patient’s septic state?

Once he decompensated, his exam changed, and the
differential expanded. He now had a GCS of 8 with gaze
deviation of his right eye “down and out” to the right, but his
left pupil is midline. He also had a flaccid left arm and his left
leg remained flexed. His right arm and leg withdrew to pain. I
considered the following differentials, grouped by category,
based off his initial presentation and chief complaint as well
as the events of his ED visit, as it is unclear whether they
are related.

Autoimmune: For a potential autoimmune cause, I did
consider potentially undiagnosed myasthenia gravis (MG).
He had a known history of goiter and thyroid disease, which
does have an association with developing MG. Patients with
MG can present with asymmetric muscle weakness that
commonly involves the extraocular muscles. Asymmetric
presentations can mimic a stroke. Perhaps his worsening
dysphagia and weakness were being caused by MG,
and he rapidly deteriorated in the ED due to his sepsis.
He may have had unrecognized respiratory muscle
compromise and may have become hypercapnic, causing his
altered mental status. This is unlikely since he had no
evidence of any weakness on his initial exam, but it could
not readily be ruled out by the results I was given, so I kept it
on the differential.

Infectious: As we discussed earlier, it is possible that he
has pneumonia or SBP; however, I do not think they would
cause these focal neurologic abnormalities. His blood
pressure is on the lower end, potentially due to sepsis, but I do
not believe he would have suffered a watershed infarct
causing these specific abnormalities. Similarly, I considered
meningitis or encephalitis due to his fever and altered mental
status, but again I do not think they explain his rapid
deterioration and focal deficits. He also did not complain of
any neck pain or headache prior to his decompensation.

Cardiac: Arrythmia is always a potential cause of acute
decompensation. I would have loved to have seen a repeat
ECG or rhythm strip at the time of decompensation, but
there was no mention of him being particularly tachycardic
or bradycardic with his repeat vitals, so I feel this is unlikely.
I considered the possibility of acute heart failure or cardiac
tamponade causing hypotension and subsequent poor
cerebral perfusion and altered mental status, but the point-
of-care echocardiogram remained essentially normal.

Pulmonary: I considered pneumothorax as a
complication of central line placement as a cause of the
acute respiratory decompensation; however, this was not

seen on CXR after placement, and it should not cause focal
neurologic deficits.

Endocrine/metabolic: Hypoglycemia and hyponatremia
can both cause acute altered mental status; however, the
patient’s labs showed no evidence of hyponatremia or
hypoglycemia, and the treatments he received in the ED
should not have caused them.Uremia and hyperammonemia
were ruled out in his chemistry panel. I considered thyroid
storm due to his fever and elevated free T4; however, this
patient’s T4 is presumably coming from his levothyroxine.
Without acute changes to his regimen or suspected overdose
of his medications, I felt this was unlikely.

Toxicological:There is no history of abnormal exposures.
He was started on antibiotics, as well as norepinephrine.
Some antibiotics, such as cefepime, can produce neurologic
abnormalities such as seizures, but it would be unlikely to
occur this rapidly after initial administration. He also
presumably received lidocaine as part of his central line
placement. Lidocaine toxicity can cause alteredmental status
and seizure. Often, when administered as part of central line
placement, about 5–10 milliliters (mL) of 1% lidocaine is
used, and precautions are taken to avoid vascular
injection. This dosage should not be high enough to cause
acute lidocaine toxicity.

Hematologic: I did consider thrombotic
thrombocytopenic purpura (TTP) as a potential cause.
Infection can prompt the development of TTP and could
potentially explain the patient’s neurologic deficits
hematuria and proteinuria. However, I eliminated this from
the differential as he had only mild anemia and no significant
thrombocytopenia or evidence of renal failure.

Neurologic: The patient’s acute abnormalities that
developed in the EDwere primarily neurologic, whichmeans
this is the organ system I considered the most heavily. The
new physical exam is interesting because classically in a
hemispheric stroke there is conjugate gaze deviation, with
both eyes looking toward the lesion. In seizure, the conjugate
gaze deviation is classically away from the lesion. The
disconjugate gaze, as well as the left arm weakness involving
the opposite side as the gaze deviation, led me away from a
large hemispheric ischemic or hemorrhagic stroke. While
considering diagnoses that could cause unilateral gaze
deviation, I again considered muscular weakness being
caused by a disorder at the neuromuscular junction, such as
MG; however, I also considered ischemic or compressive
lesions to CN III. Cavernous sinus thrombosis has been
known to cause isolated cranial nerve palsies, including CN
III, IV, V, and VI. This patient did have a history of
thrombosis with a previous IJ thrombus, but he was currently
taking an anticoagulant and had not been complaining
of headache.

The patient’s symptoms were fairly consistent with a
stroke in the midbrain and Weber syndrome, which is
described as having an ipsilateral CN III palsy with
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contralateral hemiplegia. However, those patients generally
have a relatively normal mental status, whereas our patient
had a GCS of 8. It could be possible that he had multiple
areas of infarct or disease that are making it difficult to
pinpoint the exact location of his lesion or lesions.

After considering these differentials and the results that
were available, I ultimately narrowed the differential down
to three final diagnoses. An undiagnosed neuromuscular
junction disorder, such as MG, would potentially explain his
multiple deficits and incorporate his original chief complaint.
My last two differentials are similar in that they are both
iatrogenic and related to his central line placement involving
different types of emboli. He decompensated shortly after the
placement of the line; so, a potential iatrogenic cause needed
heavy consideration.

He had a known history of prior right IJ thrombus; so,
perhaps a central line was placed through a new,
undiagnosed left-sided IJ thrombus and caused a shower of
embolic thrombi. However, for this to have caused a stroke
instead of a pulmonary embolism, he would have also needed
to have a patent foramen ovale to allow shunting to the
arterial circulation. If the clinician used ultrasound during
the placement of the central line and the patient has been
taking his anticoagulation, hopefully placement through a
thrombus would have been avoided. This right-to-left
cardiac shunting could also have been detected during the
bolus of agitated saline visualized for line confirmation on
point-of-care echocardiogram, and there was no mention
of this.

For my final differential, I considered air embolism.
A shower of air emboli to the midbrain, as well as multiple
other areas of the brain, could explain his focal neurologic
deficits as well as his suppressed mental status. This is a rare
but possible complication of central line placement, and
retrograde venous flow of air is possible due to buoyancy if
the patient is upright. It was noted that the patient was semi-
reclined during placement, rather than in the preferable
Trendelenburg position, which can be protective against air
embolus. Like a thrombus, air emboli could also be
transmitted to the arterial circulation if this patient had an
undiagnosed patent foramen ovale.

Ultimately, I did not choose undiagnosed MG since his
initial strength testing was completely normal. With the
patient already taking anticoagulation, a new thrombus is
less likely; so, I opted to choose air embolism as my final
diagnosis as it makes the most sense with the timing after
central line placement and the multiple different neurologic
deficits. My test of choice from the ED would be computed
tomography (CT) of the head.

CASE OUTCOME (DR. PINER)
The patient underwent an emergent CT of the head

(Image 3) due to the change in mental status. The radiology
impression of the CT revealed “extensive venous gas, which

may indicate gas emboluswith possible evolving infarction in
the right parietal region. No hemorrhage or shift. Further
evaluation with magnetic resonance imaging [MRI] may be
useful. Large goiter.” Immediately the team assessed the
patient’s central venous catheter and found an uncapped line.
After the air was withdrawn from the line, the line was
capped. The patient was transferred to the intensive care unit
at our hospital for further management and a hyperbaric
medicine consultation. He underwent a hyperbaric oxygen
therapy treatment with resolution of the gas on the repeat CT
head. A follow-up MRI revealed multifocal infarcts in
multiple vascular territories.

In the following days, the patient’s mental status
unfortunately never improved. Palliative care discussions
with the patient’s family indicated that he would not want to
have any further artificial prolongation of life without any
meaningful neurologic functioning, and the team
transitioned his care to comfort measures only. He was
transferred to hospice care and died surrounded by
his family.

RESIDENT DISCUSSION (DR. PINER)
Air embolism represents a rare phenomenon when air

enters either arterial or venous circulation with subsequent
obstruction of the vasculature, preventing distal blood flow.
The condition requires that there be a direct connection
between the vasculature and the gas source. This can be due
to vascular trauma prompting gas entry or direct entry from
placement of an intravascular catheter. Many of the cases of
air embolism involve a preventable iatrogenic process,
prompting the Centers for Medicare and Medicaid Services
at one point to classify it as a “never event” along with other
preventable conditions such as falls, retained surgical objects,
and incompatible blood transfusion.1

Image 3.Computed tomography of the brain of a 77-year-oldman
after a rapid change in mental status showing extensive venous
gas (white arrows) in the right parieto-occipital region.
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The rate of air embolism following a central line
manipulation (insertion, drug delivery, or removal) is
estimated to be between 0.3–2%.2 Considering how
commonplace central access insertion is, this could involve a
significant level of morbidity andmortality. However, not all
cases of air embolism are as dramatic or symptomatic as in
this case. Most air emboli will be asymptomatic and
unrecognized, as their volume and rate of accumulation may
be miniscule. The lethal dose depends on location of the
obstruction, volume, and rate of administration, but lethal
doses range between 3–5 milliliters (mL) per kilogram or
about 200–300 mL in adults.3

Other etiologies of air embolisms involve blast injuries,
barotrauma, and direct vascular trauma. Surgery has been
associated with air embolism, particularly neurosurgery,
where the incidence of air embolism has been reported to be
higher when the patient was undergoing an open craniotomy
in a seated or semi-seated position.4

The key for air embolism is prevention. This is particularly
important to remember when obtaining vascular access,
manipulating existing catheters, or other high-risk surgical
procedures. High-risk vascular access involves large-bore
catheters, emergent placement, access site above the level of
the heart, and pressure-infused fluids (eg, arterial line or
rapid infusion machine). Care can be taken to properly
position patients when placing catheters and placing the
vascular access point at or above the level of the heart. Lines
should be immediately capped or clamped to prevent direct
air entry. Although debated, asking your patient to exhale
during removal may prevent negative intrathoracic pressure,
which enhances venous return and can pull air in if there is an
entry portal. Additionally, pressure should be held after the
catheter is removed in all cases.5

Prompt recognition is crucial for treatment. Diagnosis
should be made rapidly by first having a high index of
suspicion and then followed by treatment. The location in the
arterial or venous system, amount of gas, and the organ
affected will dictate the management, as well as the signs and
symptoms guiding the workup.

If the air embolism occurs in the pulmonary system, it
could be expected to behave like a thrombotic pulmonary
embolism. However, if there is a connection between the
venous/arterial side, as in the context of a patent foramen
ovale, then venous gas could traverse and cause symptoms of
arterial ischemia. Our patient had cerebral venous gas,
likely as a result of retrograde flow with the patient in an
upright position.

APOCUS can be performed to look for a gas bubble in the
right ventricle as well as alternative explanations for the
change in a patient’s hemodynamics (for example,
pneumothorax or pericardial tamponade). Transesophageal
echocardiogram (TEE) is more sensitive for detection;
however, there is limited access to this method, and it may be
more applicable in the operating room. Some high-risk

procedures use a TEE intraoperatively to proactively
monitor for such events. Diagnostic measures should be
ordered based on the site of the suspected embolism. These
may commonly include a troponin, ECG, lactate, or renal
function. Imaging will help confirm the diagnosis; CT
angiography is the most likely diagnostic modality, although
air can sometimes be seen on plain films.

If an air embolism is suspected, the site of air entry should
be covered if open, pressure held, and any offending actions
(line insertion, insufflation, pressure infusion) should be
stopped. The next step involves positioning the patient to
trap gas in the venous system and prevent it from causing
complete cardiovascular collapse in the form of an air trap.
The patient should be placed in the left lateral decubitus
position in the Trendelenburg position (head down). This is
called the Durant maneuver. This allows for blood to still
pass into the pulmonary artery while displacing and
hopefully trapping the air bubble away from the right
ventricular outflow tract. It also prevents right-to-left
traversing of the gas bubble.5

Treatment involves supportive care of the organ affected.
Supplemental oxygen should be applied via a non-rebreather
mask. If an air embolism is suspected and there is a central
catheter in the superior vena cava, then one can attempt to
aspirate blood from the distal tip in hopes of suctioning the
air embolism.

If these measures fail to alleviate the cardiovascular
collapse, then venous-arterial extracorporeal membrane
oxygenation could provide rescue therapy as a bridge to
definitive care. Interestingly though, this procedure itself
has a high risk of causing an air embolism if there is any
air in the catheters when they are hooked to the circuit.
The gold standard involves hyperbaric oxygenation
therapy with earlier treatment preferred; however, cases
have been successfully treated after 24 hours of symptoms,
as the availability of dive resources may vary widely
among institutions and involve prolonged and
careful transport.6

FINAL DIAGNOSIS
Cerebral air embolism secondary to central

line complication.

KEY TEACHING POINTS
• Rapid changes in a patient’s clinical stability may be

related to progression of the known presenting disease
or a new process entirely.

• Central venous catheter placement is not a benign
procedure, and given its frequent use, care should be
taken to avoid complications.

• Cerebral air embolism is caused by air entry directly
into the vascular space, which may present as a change
in a patient’s neurological examination.
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• Prevention is key for air embolisms; however, if
one occurs then oxygen, Durant maneuver, and
hyperbaric therapy are the cornerstones of therapy.
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Introduction: The use of telemedicine and ultrasound is emerging and novel in the field of community
paramedicine. However, there is a paucity of data supporting its use and even less evidence that shows a
morbidity and mortality benefit. This case highlights a unique way to diagnose a common medical
emergency, which can lead to a good outcome.

Case Report: We describe the use of lung point-of-care ultrasound by a trained community paramedic
that led to the identification of a pneumothorax in an 86-year-old male at a scheduled home visit. The
images were interpreted over telehealth in real-time by an emergency physician, and the patient was
transported to the emergency department where the diagnosis was confirmed by chest radiography. He
underwent chest tube placement and was discharged five days later after returning to his baseline.

Conclusion: Despite minimal data to support or refute the use of paramedic tele-ultrasound, this case
highlights a unique opportunity to expand the use of telemedicine and ultrasound in community
paramedicine to improve patient outcomes. [Clin Pract Cases Emerg Med. 2024;8(3)189–193.]

Keywords: telehealth; case report; community paramedicine; pneumothorax; point-of-care ultrasound.

INTRODUCTION
With the emergence of telemedicine and ultrasound use

combined with community paramedicine, health systems are
finding novel ways to diagnose and treat both common and
unusual diseases. However, evidence is still sparse regarding
the use of telehealth and ultrasound by paramedics. This case
report highlights a novel use of ultrasound by a community
tele-paramedic program (CTP) to diagnose a pneumothorax
in the prehospital setting and refer the patient to emergency
care, leading to a good outcome.

A pneumothorax occurs when air accumulates between
the parietal and visceral pleura inside the chest wall, causing
the lung parenchyma to collapse.1 It can be either traumatic
or atraumatic and is further classified as simple, tension, or
open. Atraumatic pneumothorax is either primary, occurring

without an inciting event, or secondary as in the setting of
pulmonary disease.1,2 Traumatic pneumothorax is seen in
20% of blunt chest trauma, and up to 40% of penetrating
trauma.2 Patients can be asymptomatic or present with
shortness of breath, chest pain, tachycardia, decreased breath
sounds, jugular venous distention, hypotension, cyanosis,
and cardiac arrest.1

While computed tomography (CT) remains the gold
standard of diagnosis (despite some debate), the diagnosis
can also bemadewith ultrasound or with chest radiography.3

Ultrasound has a 94% sensitivity and up to a 100% specificity
depending on the operator.2 Ultrasound findings include a
loss of lung sliding in B-mode and the presence of a “barcode
sign” on M-mode, signifying the loss of pleural movement.2

Chest radiography and CT findings include space between
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the pleura and chest wall.3 The differential diagnosis often
includes cardiac tamponade, aortic dissection, rib fracture,
acute coronary syndrome, pulmonary embolism, and
pneumonia.1 Management depends on the severity of
pneumothorax and can include the following: needle
decompression, finger thoracostomy, pigtail thoracostomy,
and large-bore tube thoracostomy.

The uniqueness of this case revolves around the method of
diagnosis. The case patient was enrolled in a CTP program,
which is part of a large, urban academic emergency
department. Patients are jointly evaluated by community
paramedics (CP) on scene as well as by an emergency
physician (EP) over video conference. These paramedics
underwent a one-hour long training session in lung point-of-
care-ultrasound (POCUS) using the Butterfly iQ (Butterfly
Network, Burlington, MA) connected to a mobile device.
Images were obtained by the CP crew using the “lung” preset
of the device, with the probe marker pointing superiorly, and
interpreted in real-time by the EP over the telehealth
platform. While some studies have reported the feasibility of
teaching emergency medical services (EMS) professionals
how to obtain and read POCUS images, there is a paucity of
data regarding the regular use of POCUS in the prehospital
setting and even fewer involving live image interpretation by
an EP.7

CASE REPORT
This case highlights an 86-year-old male who was being

followed closely by the CTP program of an urban, academic
hospital-based EMS system. His medical history included
Parkinson disease, stroke, peripheral neuropathy, atrial
fibrillation status-post multiple ablations, direct-current
cardioversion, and implantation of a Watchman device,
sick sinus syndrome status-post automatic implantable
cardioverter defibrillator placement, congestive heart failure,
chronic obstructive pulmonary disease (COPD), and
frequent falls requiring multiple hospitalizations. He
presented at a routine home visit complaining of left rib pain
and shortness of breath after a fall two days prior. Of note,
a month before this visit he had been hospitalized for a fall
and declined the recommended subacute rehabilitation
placement. The only home care services he received
at the time were weekly CTP visits.

During his initial evaluation by paramedics he denied
other complaints. Initial vitals were pulse 65 beats per
minute, blood pressure 122/77 millimeters of mercury, pulse
oximetry 100% on room air, temperature 36.6° Celsius, and
respirations 19 breaths per minute. His physical exam was
significant for lethargy, although he was easily arousable to
voice; left-sided chest wall tenderness to palpation; bruising;
crepitus; decreased left breath sounds; and bilateral lower
extremity pitting edema. Paramedics obtained bilateral
anterior views of the lung (Image 1a), and images were
interpreted in real-time by the physician via a video

telehealth platform. The EP noted the absence of lung sliding
in the left inferior lung field (Image 1b).

The patient was placed on 100% oxygen via non-
rebreather mask and transported to a local emergency
department (ED). Upon arrival at the ED he denied new
complaints, and his vitals and physical exam were not
significantly changed. His electrocardiogram (ECG) showed
an atrial sensed paced rhythm consistent with prior ECGs.
He had a chest radiograph (CXR) showing left fifth and sixth
rib fractures with a moderate circumferential pneumothorax
(Images 2 and 3).

He additionally had non-contrast CTs of the head and
cervical spine showing interval resolution of prior subdural
and subarachnoid hemorrhages without any acute findings.
Serum complete blood count, chemistry panel, cardiac
biomarkers, and coagulation profile were unremarkable. He
was continued on 100% oxygen via a non-rebreather mask.
Tube thoracostomy placement in the EDwas deferred due to
the patient’s clinical stability, presence of bilateral pleural
effusions, and absence of a safe window to place a chest tube
on ultrasound. The patient was admitted to the surgical
service. On hospital day one, a repeat CXR showed an
unchanged pneumothorax. He underwent an interventional
radiology CT-guided pigtail thoracostomy placement.

Population Health Research Capsule

What do we already know about this
clinical entity?
Computed tomography is generally
considered the gold standard for diagnosis
of a pneumothorax.

What makes this presentation of
disease reportable?
Using real-time video, an emergency
physician diagnosed a pneumothorax by
interpreting ultrasound images obtained by
the paramedic on scene.

What is the major learning point?
The clinician’s telehealth consult with the
paramedic on scene demonstrates a novel
solution to diagnosing conditions where time
to diagnosis affects outcomes.

How might this improve emergency
medicine practice?
Emergency physicians will be able to diagnose
and treat patients earlier, potentially leading
to improved patient outcomes.
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On hospital day three, the chest tube was clamped and
subsequently removed. He was recommended for subacute
rehabilitation; however, both the patient and family
declined. He was discharged home on hospital day five with

continued weekly follow up with the CTP program, visiting
nurses, and home physical therapy.

The patient was seen with family by his primary care
physician three days after hospital discharge. Home safety

Image 1. (A) Example of a community tele-paramedic visit with video conference and screen sharing using mobile ultrasound. The patient is
seen at the top, and the emergency physician is seen on the bottom screen. (B) The case patient’s b-mode lung point-of-care ultrasound,
showing accentuated a-lines, loss of b-lines, and in real-time video without lung sliding (not pictured here).

Image 2. Chest radiograph with arrows pointing to left-sided moderate circumferential pneumothorax. There is a loss of symmetry, a visible
lung border, and loss of lung marking superior to the lung border.
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concerns were addressed, fall prevention teaching was given,
and the patient chose a “do not resuscitate/do not intubate”
status. He continues to be followed by the CTP program on a
weekly basis, and unfortunately has had a subsequent
admission for congestive heart failure exacerbation and two
ED visits for falls.

DISCUSSION
Although pneumothorax is not a rare condition and EPs

are quite familiar with the diagnosis and treatment, clinicians
must be aware of the increasing presence of virtual care
and mobile integrated healthcare (MIH). The novelty
surrounding this case lies in how the diagnosis was made.
The paramedics are part of an EMS division under the
department of emergency medicine at a large, urban,
academic medical center. They are specially trained as CPs
providing scheduled home visits to patients primarily with
heart failure. Their role has expanded to include post-ED or
post-hospital discharge follow-ups for conditions such as
COPD and falls.

While there are national EMS standards on CP training,
there are few to no standards regarding the training of EMS
professionals in the use of POCUS.5 A scoping review
regarding educational standards revealed less than 20
review articles, with a consensus showing little-to-no

standardization and no consideration for level of training.
However, some studies have shown that after a training
program paramedics can accurately acquire and interpret
lung POCUS for pneumothorax or tension pneumothorax
with similar accuracy to EPs.6,7 It should be noted that most
of these studies had assessments of simulated patients or
patients with a known pneumothorax rather undifferentiated
prehospital patients. The results of small pilot studies have
suggested that prehospital POCUSperformed by paramedics
and interpreted via telehealth platform using cellular data
has “good” to “very good” quality and that remote lung
POCUS is feasible, although further research on reliability
and clinical outcomes is needed.8,9

There is a paucity of quality data showing that immediate
interpretation of lung POCUS leads to more rapid diagnosis,
intervention, and better patient outcomes despite the
potential of lung POCUS to positively impact immediate
care. In this case we describe a unique method of diagnosis
and rapid treatment leading to a positive patient outcome,
which may have otherwise been missed leading to clinical
decline, significant morbidity or even death if left untreated.
This case highlights an opportunity for both EPs and EMS
professionals to expand their scope of practice within the
prehospital setting. The use of real-time interpretation by an
EP over telemedicine (as compared to paramedic-only
interpretation or asynchronous store and forward) affords
the opportunity to guide image acquisition for less-
experienced ultrasonographers and in cases of difficult
patient windows, while providing additional clinical context
to the EP reading the images. Overall, this has the potential
to effectively triage patients to appropriate dispositions
starting from very early on in their care.10

One limitation is the small body of literature evaluating
whether early lung POCUS read by an EP improves clinical
outcomes. This case report highlights the need for further
implementation studies to better understand the risks and
benefits of POCUS in the remote management of patient
populations living with chronic illness such as heart failure
and COPDwhere rapid evaluation and differentiation of the
many causes of dyspnea at the patient’s side can be valuable
for determining the most appropriate treatment and level
of care.

With the case report we also sought to increase EP
awareness of the possibility of prehospital use of POCUS. A
needs assessment at our institution suggests that while EPs
involved in the remote management of medically complex
patients through MIH programs believe remote lung
ultrasound is valuable, most were not aware it was available,
safe, or effective. However, the data referred to above
suggests that with the right training, paramedics are able to
obtain ultrasound images. As emergency medicine expands
to involve mobile integrated healthcare and virtual care, we
believe EPs can expect to see that patient assessments by
paramedics include POCUS images to interpret.

Image 3. Magnified view of the chest radiograph demonstrating
fractures of ribs five and six (arrows).
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CONCLUSION
This case of community tele-paramedicine use of lung

POCUS read by an EP as a pneumothorax shows both the
diagnostic diversity of pneumothorax and the feasibility of
EMS professionals using POCUS to advance patient care. It
is important to recognize a pneumothorax and treat it early
to prevent progression to tension physiology. By partnering
with EMS, we may be able to identify this diagnosis and
initiate emergent treatment early on. Emergency physicians
should be aware of the growing prevalence of prehospital
ultrasound and its utility in the diagnosis of common
lung pathology.
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Introduction: Renal artery aneurysm rupture is a rare but morbid diagnosis, often requiring emergency
surgery and nephrectomy. Clinical presentation can mimic more common pathology in non-pregnant
women such as ruptured ovarian cyst.

Case Report: We present a case of a woman with a prior history of ovarian cyst presenting with a
ruptured renal artery aneurysm. Prompt computed tomography (CT) imaging revealed a left renal artery
aneurysm rupture with hemoperitoneum and renal infarct. She underwent emergency laparotomy and
nephrectomy and was ultimately discharged in good condition.

Conclusion:While ovarian cyst rupture is the most common cause of spontaneous hemoperitoneum in
non-pregnant women of childbearing age, renal artery aneurysm rupture should be considered and
prompt CT imaging obtained, particularly in cases of hemodynamic instability, to ensure prompt
treatment. [Clin Pract Cases Emerg Med. 2024;8(3)194–196.]

Keywords: case report; aneurysm; renal; rupture.

INTRODUCTION
Renal artery aneurysm (RAA) is a rare diagnosis,

estimated to occur in 0.09% of the general population.5

Rupture is a rare but morbid complication, often requiring
emergent surgery and nephrectomy. In contrast, ovarian cyst
rupture is the most common cause of spontaneous
hemoperitoneum in non-pregnant women of reproductive
age and is usually managed conservatively in the absence of
hemodynamic compromise or associated torsion.1,2 We
report a case of spontaneous ruptured RAA as a dangerous
mimic of ovarian cyst rupture.

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

ovarian cysts was brought in by emergency medical services
(EMS) to our emergency department (ED) for acute onset of
atraumatic left lower quadrant pain. Her symptoms started
abruptly while at work, which she stated felt like symptoms

one year prior when she was found to have ovarian cysts and
likely an ovarian cyst rupture. She endorsed lightheadedness,
but she denied any shortness of breath, chest pain, cough,
fevers, chills, or changes in urination.

Per EMS report, she acutely became pale and somnolent,
associated with bradycardia to the 40s. In the ED she was
hypotensive to 84/48 millimeters of mercury, with heart rate
84 beats per minute, oxygen saturation 100% on room air,
and she was afebrile. Physical examination revealed pallor,
somnolence, cool extremities, and a peritoneal abdomen.
Focused assessment with sonography in trauma examination
was positive for free fluid in the left upper quadrant.
Pregnancy test was negative. Initial labs were notable for
lactate 4.59 millimoles per liter (mmol/L) (reference range
0.50–1.60 mmol/L). Initial hemoglobin was 10 grams per
deciliter (g/dL) (12.6–17.0 g/dL); hematocrit 30.5%
(37.2–47.9%); platelets 317,000 per milliliter (mL)
(156,000–325,000/mL); and white blood cell count
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15,000/mL (3,120–8,440/mL). Coagulation factors
were normal. Chemistry panel was notable for sodium
130 mmol/L (137–145 mmol/L); potassium 3.3 mmol/L
(3.5–5.1 mmol/L); bicarbonate 21 mmol/L (19–27 mmol/L);
blood urea nitrogen 18 milligrams (mg)/dL (7–26 mg/dL);
and creatinine 1.0 mg/dL (0.70–1.30 mg/dL). Emergency
physicians activated a massive transfusion protocol and
paged the obstetrics and gynecology service due to concern
for hemorrhagic ruptured ovarian cyst vs ovarian torsion.

Emergent computed tomography of the abdomen and
pelvis revealed a large left retroperitoneal and peritoneal
hematoma secondary to left RAA rupture, as well as concern
for developing splenic infarcts in the left lower renal pole
(Image). The patient was taken emergently to the operating
room (OR) for exploratory laparotomy within two hours of
ED arrival. She underwent suprarenal cross-clamping with
repair of the left renal artery and ligation of renal vessels. She
returned to the OR two days later for left nephrectomy and
abdominal closure. She was extubated and transferred to the
floor. She was discharged home two days later in
good condition.

DISCUSSION
Although the incidence of RAA is rare, ranging from

0.01–0.09% of the population, this case report illustrates the
importance of timely diagnosis.3,4 Contemporary rupture
rates are estimated at approximately 3%.5 They are most
commonly found in women >60 years with risk factors
including hypertension, fibrodysplasia, and connective tissue
disorders causing arterial medial wall degeneration. Patients
notably lack traditional cardiovascular risk factors such as
cigarette use and diabetes.6,7 Aneurysms are usually
asymptomatic and found incidentally on screening imaging,
although patients can present with symptoms such as
hypertension, flank pain, hematuria, and abdominal pain.5

As the presentation of a ruptured RAA can be identical to
the more common ruptured ovarian cyst, consideration of
rare serious surgical pathology should be maintained for
patients with acute abdominal pain and free fluid on exam.
Bradycardia in the setting of hemoperitoneum is a well
described phenomenon particularly in ruptured ectopic
pregnancy and can indicate hemorrhagic shock, both of
which were considerations in the case reported here.8,9 Other
emergent complications of RAA include thrombosis,
embolism, and obstructive uropathy.

For non-ruptured RAA, surgical or endovascular
intervention is recommended for aneurysms with a diameter
exceeding two centimeters, patients with uncontrolled
symptoms (ie. pain or refractory hypertension), or in women
of childbearing age (as there are higher rates of rupture and
mortality in pregnancy and puerperium than in the general
population).3,6 These guidelines remain somewhat
controversial given the increased incidence of aneurysms
uncovered by widespread use of imaging combined with a
knowledge gap of the natural progression of disease.2,4

Endovascular intervention through stenting or
angioembolization is a safe and effective alternative to open
repair, with studies suggesting a trend toward shorter

Population Health Research Capsule

What do we already know about this clinical
entity?
Renal artery aneurysm (RAA) rupture is a
rare but morbid diagnosis that can lead to
emergency surgery and nephrectomy.

What makes this presentation of disease
reportable?
We report a case of spontaneous ruptured
RAA presenting as a dangerous mimic of
ovarian cyst rupture, a more common
pathology in non-pregnant women.

What is the major learning point?
Emergency physicians should maintain an index
of suspicion for emergent vascular pathology in
non-pregnant women of childbearing age with
spontaneous hemoperitoneum.

How might this improve emergency medicine
practice?
Maintaining an index of suspicion for rare
disease processes such as RAA rupture will
ensure prompt recognition and treatment in
the ED.

Image. Cross-sectional image of abdominal computed tomography
showing hematoma with extravasation of contrast (arrow) as a result
of ruptured left renal artery aneurysm.
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hospital stays and fewer complications.10 In cases of
hemodynamic compromise, exploratory laparotomy and
nephrectomy are often indicated.2,3,4

CONCLUSION
This is a case of spontaneous rupture of a left renal artery

aneurysm as a dangerous mimic of ovarian cyst rupture.
While ovarian cyst rupture remains the most common cause
of spontaneous hemoperitoneum in non-pregnant women of
childbearing age, RAA should be considered with
confirmation via computed tomography, particularly in
cases of hemodynamic instability to ensure prompt treatment
of a disease with potentially high morbidity and mortality.

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: Capnocytophaga ochracea is found in the human oral microbiome and is a rare cause of
antibiotic-resistant, opportunistic septicemia in immunocompromised hosts. The zoonotic transmission
of C ochracea from canines to humans has not yet been reported in the literature. Cohabitation with
people is associated with oral colonization in dogs and may be a reservoir for Capnocytophaga
infections, which have a decreased susceptibility to first-line antibiotics commonly used to treat
animal exposures.

Case Report: This is the case of a 70-year-old male with a remote history of lymphoma status post
splenectomy, in remission, who presented with stigmata ofCapnocytophaga septicemia after a dog bite,
which included purpura fulminans on physical examination. Initial broad-spectrum coverage with
cefepime failed to slow the progression into multiorgan failure. A Capnocytophaga strain with extended
resistance was suspected. Antibiotics were transitioned tomeropenem, and the patient eventually made
a good recovery. Blood cultures isolated C ochracea.

Conclusion: Capnocytophaga infections should be suspected in patients with severe sepsis and
purpura fulminans after a canine exposure. Canine petsmay be a reservoir forCapnocytophaga species
with increased antibiotic resistances, such as C ochracea, which trace their origins to the human oral
microbiome. A thorough medical history is essential to identify risk factors such as asplenia and active
immune compromise that are associated with infections from antibiotic-resistant strains and worse
outcomes. For Capnocytophaga infections that fail initial therapies, cephalosporins should be
avoided because of high resistance rates, and the use of carbapenems may be favored over
combination beta-lactam/beta-lactamase inhibitors in select clinical scenarios. [Clin Pract Cases Emerg
Med. 2024;8(3)197–201.]

Keywords: capnocytophaga; antibiotic resistance; dog bite; purpura fulminans; immunocompromise;
extended-spectrum β-lactamases; ESBL.

INTRODUCTION
Capnocytophaga is a genus of encapsulated, Gram-

negative rods that resides in the commensal mammalian flora
as facultative anaerobes. Native to the canine oral
microbiome, C canimorsus is well known to cause infections
in humans through canine exposures such as bites, licks, and

scratches. Other species of Capnocytophaga such as
C ochracea, C sputigena, and C gingivalis are native to the
human oral microbiome and often found in association with
gingivitis.1 Bacteremia from these human oral
Capnocytophaga (HOC) species disproportionally affects
severely immunocompromised patients and is associated
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with poor outcomes. A retrospective study published in 2021
by Chesdachai et al found that the six-month mortality of
patients with HOC bacteremia was higher than those with
C canimorsus bacteremia, 36.4% vs 6.2%, respectively.2

Potentiated by a compromised immune system, the
pathogenesis of HOC bacteremia likely involves self-seeding
from the oral cavity into the systemic circulation. While the
majority of C canimorsus infections are associated with
known animal exposures (up to 77%), the zoonotic
transmission of HOC species such as C ochracea has not yet
been reported in the literature.2 Interestingly, C ochracea
along with other human oral microbes are found in the
mouths of dogs that cohabitate with people.3,4 Such pets may
be a reservoir of potentially pathogenic bacteria that do not
yet have a track record for causing zoonotic infections.

The poor outcomes associated with C ochracea and other
HOC infections are multifactorial and include the degree of
host immune suppression, the presence of underlying
diseases such as hematologic malignancy, and increased
antibiotic resistance. Unlike C canimorsus, which is almost
universally susceptible to narrow-spectrum antibiotics (eg,
penicillin), C ochracea and other HOC species are often
resistant to commonly used broad-spectrum antibiotics for
polymicrobial animal exposures. Up to 70% of HOC isolates
produce beta-lactamases, which confer resistance to first-
generation cephalosporins (100% resistant), amoxicillin
(86%), and third-generation cephalosporins (63%).5–7

Although Capnocytophaga species are typically sensitive
to combination beta-lactam/beta-lactamase inhibitors in
vitro, treating critically ill, bacteremic patients with
antibiotics such as amoxicillin-clavulanate or piperacillin-
tazobactam may result in poor outcomes. A noninferiority
trial published in 2019 randomized 378 patients with Gram-
negative bacteremia demonstrating extended spectrum beta-
lactamase activity (ESBL), defined as resistance to
ceftriaxone, to either treatment with piperacillin-tazobactam
ormeropenem.Despite having confirmed in vitro susceptibly
to both antibiotics, patients treated with piperacillin-
tazobactam (12.3%) had increased 30-day mortality when
compared to meropenem (3.7%).8

Herein we describe the first reported case to our
knowledge of human oral-associated Capnocytophaga
bacteremia transmitted from an animal. The patient
described in this case developed severe C ochracea
septicemia with purpura fulminans after a dog bite and
eventually had a good outcome after treatment
with meropenem.

CASE REPORT
A 70-year-old male with a history of Stage III diffuse large

B-cell lymphoma status post chemotherapy and splenectomy
20 years prior, currently in remission, presented to a large
community emergency department with generalized
weakness and altered mental status three days after he

sustained a bite to his left thumb from a pet dog. The dog was
fully vaccinated and had not been demonstrating abnormal
behaviors leading up to the incident. On arrival the patient
appeared acutely ill. Vitals signs were notable for a heart rate
of 108 beats per minute, blood pressure of 78/43 millimeters
of mercury, tachypnea at a rate of 38 breaths per minute, and
a temperature of 36.3° Celsius. Examination of the ulnar
aspect of the left thumb revealed two faint, punctate bite
marks that later became dusky and locally necrotic
(Image 1). Dark purple, non-blanching macules were seen in
all extremities consistent with purpura fulminans and highly
suggestive of Capnocytophaga septicemia (Image 2).

The initial lactic acid was 15.0 millimoles per liter
(mmol/L) (reference range: 0.5–1.5 mmol/L), and the white
blood cell count reached a peak of 90.0 × 109 cells/L (4.5 –

11.0 × 109 cells/L). Given the severity of the patient’s illness,
vancomycin and cefepime were initiated empirically. Despite
broad spectrum antibiotics and the resuscitation of septic
shock with crystalloid fluids, glucocorticoid therapy, and
escalating vasoactive medications, the patient deteriorated
into multiorgan failure. Within the first day of admission the
patient was intubated, placed on mechanical ventilation,
initiated on renal replacement therapy, developed
coagulopathy, and required intravenous inotropic support.

Population Health Research Capsule

What do we already know about this
clinical entity?
Human oral bacteria are often resistant to
conventional antibiotics. Cohabitation is
associated with the oral colonization of these
bacteria in dogs.

What makes this presentation of
disease reportable?
This is the first reported case of a human oral
Capnocytophaga species causing sepsis after
zoonotic transmission via a dog bite.

What is the major learning point?
Pet bites may transmit antibiotic-resistant
bacteria that originate from the human oral
microbiome. The use of carbapenems should
be considered when initial therapies fail.

How might this improve emergency
medicine practice?
Clinicians should recognize the changing
nature of infectious diseases and understand
the role of extended spectrum antimicrobials.
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Echocardiogram demonstrated severe global hypokinesis of
the left ventricle with a newly depressed ejection fraction of
20–25% consistent with acute septic cardiomyopathy.

Encapsulated Capnocytophaga infection remained
highest on the differential given the patient’s history of
asplenia, recent canine exposure, and purpura fulminans on
physical examination. However, the lack of response to
cefepime raised concerns for the presence of a resistant
Capnocytophaga species, potentially with extended
spectrum activity. The patient’s treatment regimen was
transitioned to meropenem one gram every eight hours on
which he began to demonstrate clinical improvement.

Capnocytophaga are fastidious, slow-growing bacteria,
and our suspicion for this organismwas communicated to the
microbiology laboratory to increase culture yields.
Additional growth media were used, and the specimens were

observed for a longer duration. Gram-negative bacilli were
found in the aerobic bottles after five days, and C ochracea
finally speciated after 11 days. The speciation was confirmed
by both biochemical methods, using RapID ANA II
(Thermo Fisher Scientific Inc, Waltham, MA) and mass
spectrometry matrix-assisted laser desorption/ionization
(Bruker Corporation, Billerica, MA). Susceptibilities studies
were unfortunately not performed given difficulty of
culturing the organism.

After a gradual recovery, the patient was transferred out
of the intensive care unit nine days after admission and
discharged back home on day 18 with visiting rehabilitation
services as well as the remainder of a four-week total course
of meropenem. At discharge, he was ambulatory and had a
recovered left ventricular ejection fraction of 50–55%. Other
sequelae included multiple toe amputations for vasopressor
and coagulopathy-associated gangrene as well as post-
debridement contractures of the left hand.Despite his critical
illness and prolonged hospitalization, the patient made a
remarkable recovery. His goal was to eventually return to
work full time.

DISCUSSION
Although more commonly thought of as a commensal

organism in the oral microbiota, HOC species such as
C ochracea are a rare cause of severe, opportunistic
bacteremia in patients with risk factors for active immune
suppression. A case series published in 2001 reported that of
28 cancer patients with neutropenic fevers related to HOC
bacteremia, 25 (89%) had an active hematologic malignancy
and half had moderate to severe mucositis.9 Identified in
one third of cases, C ochracea was the most commonly
isolated species. A more recent review published in 2021
found that all 22 patients with HOC bacteremia had at least
one risk factor for active immunocompromise, most
commonly immunosuppressive medications (72%),
hematopoietic stem cell transplantation (54%), and
hematologic malignancy (40%).2

The patient described in this case underwent
chemotherapy and splenectomy for a lymphoma 20 years
prior and had been in remission since. Without signs of an
active malignancy, his primary risk factor for
Capnocytophaga sepsis was likely asplenia. In terms of
infectious source, the patient exhibited no signs of mucositis
and was bitten only three days prior to presentation, which is
within the one to seven day incubation period of
Capnocytophaga infections.10

The speciation of C ochracea instead of C canimorsus
from the dog bite was unanticipated. In a retrospective
review ofCapnocytophaga bacteremia, animal exposure was
confirmed in 68.8% of C canimorsus infections while no
patients with infections from other Capnocytophaga species
had reported exposures.2 Capnocytophaga ochracea is not
thought to be native to the canine oral microbiome; however,

Image 1. Left hand with purpura and local necrosis (arrows) as
well as petechiae (asterisk).

Image 2. Pupura fulminans (arrows) of the left and right lower
extremities, respectively.
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several HOC species have been identified in the oral
microbiomes of pets.3 Cohabitation and close contact may
facilitate the transmission of microorganisms from humans
to pet animals. Similar to how the human oral and gut
microbiome is often transmitted from mothers to their
children, there may be transmission of human oral microbes
to pet dogs and cats.4,11,12 The potential of pets as reservoirs
for HOC species, timing of symptoms following inoculation,
and absence of strong risk factors for spontaneous
opportunistic bacteremia make the case for zoonosis as the
source of our patient’s C ochracea sepsis.

The antimicrobial susceptibility of C ochracea and other
HOC infections differs from that of C canimorsus.
Capnocytophaga canimorsus strains rarely produce beta-
lactamases and are largely susceptible to common antibiotics
used in the management of polymicrobial animal exposures
(ie, amoxicillin-clavulanate, clindamycin, third-generation
cephalosporins). Up to 70% of HOC isolates produce beta-
lactamases, andmore than 60%of those are resistant to third-
generation cephalosporins.7 Additionally, there are reports
of multidrug resistant strains of C ochracea, C sputigena,
and C gingivalis that are resistant to fourth-generation
cephalosporins (eg, cefepime).13,14 These findings are
concerning for extended-spectrum β-lactamases (ESBL)
activity among HOC species.

Combination antibiotics (ie, amoxicillin-clavulanate or
piperacillin-tazobactam) may appear to be reasonable
alternatives based on in vitro susceptibilities; however, the
treatment of ESBL Gram-negative bacteremia with
piperacillin-tazobactam rather than meropenem is
associated with decreased survival.8 Increased bacterial
density within infected tissue can alter local
pharmacokinetics through the well-described “inoculum
effect” where sensitivity to piperacillin-tazobactam can
decrease from95%at in vitro bacterial concentrations to 58%
at in vivo concentrations.15 This effect is limited in
carbapenems and appears to be mediated by the
downregulation of target proteins, synergistic enzymatic
degradation, and biofilm production.

A limitation of our case is the lack of susceptibility data;
however, the prevalence of later-generation cephalosporin
resistance amongC ochracea strains and the patient’s lack of
clinical improvement with cefepime raised our suspicion for
the presence of extended spectrum resistances. In our case,
treatment with meropenem ultimately led to a
good outcome.

CONCLUSION
Capnocytophaga bacteremia should be suspected in

patients with severe sepsis and purpura fulminans after a
canine exposure. Resistant infections should be considered in
patients who do not respond to initial therapies. Patients with
asplenia and active immunocompromise are at highest risk.
In such cases, cephalosporins should be avoided because of

high resistance rates, and the use of carbapenems may be
favored over combination beta-lactam/beta-lactamase
inhibitors in select clinical scenarios. Canine pets may be a
reservoir for Capnocytophaga species with increased
resistances, such as C ochracea, which trace their origins to
the human oral microbiome.

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: Acute mountain sickness, high-altitude pulmonary edema (HAPE), and high-altitude
cerebral edema (HACE) are a spectrum of high-altitude conditions, with HACE being the most life-
threatening. Most cases develop at altitudes of greater than 4,000meters (~13,000 feet) above sea level
and after one to five days.

Case Report: A previously healthy 46-year-old female presented to the emergency department with
ataxia, altered mental status, and vomiting that developed after rapidly ascending to ~2,400 meters
(~7,800 feet) above sea level. She was treated for HACE and HAPE with resolution of her symptoms
within 24 hours.

Conclusion: High-altitude pulmonary edema and HACE can develop rapidly and at moderate altitudes.
Expeditious recognition and treatment is imperative to avoid life-threatening complications. [Clin Pract
Cases Emerg Med. 2024;8(3)202–205.]

Keywords: acute mountain sickness; high altitude pulmonary edema; high altitude cerebral edema;
case report; computed tomography.

INTRODUCTION
High-altitude conditions involve a spectrum of diseases

including acute mountain sickness (AMS), high-altitude
pulmonary edema (HAPE), and high-altitude cerebral
edema (HACE).1–3 Acute mountain sickness manifests with
non-specific symptoms, most commonly headache, nausea,
and fatigue. It usually develops 2–12 hours after initial
arrival at high elevation.1 High-altitude pulmonary edema
can present with exertional dyspnea, chest tightness, cough,
and decreased exercise capacity.4 High-altitude cerebral
edema generally presents with varying levels of confusion,
ataxia, altered mental status, and vomiting, with ataxia
present in up to 60% of reported cases.1,4,5 Early HACEmay
manifest as social withdrawal and drowsiness.4 High-altitude
cerebral edema represents the least common form of high-
altitude illness; however, it is the most important to diagnose
and treat as the condition can rapidly progress to coma
secondary to brain herniation and death in as
few as 12 hours.1,6

The reported prevalence of HACE between 4,200–5,000
meters (m) (~13,800 to ~16,400 feet [ft]) above sea level is
0.5–1%.3,4 When HACE does present, it is thought to occur
within 1–5 days of an ascent greater than 2,500–3,000 m
(8,200–9,800 ft) above sea level, and it is rarely seen at
altitudes lower than 2,500 m (8,200 ft) above sea level or
within the first 24 hours of arrival.4 The most important
factors in the development of symptoms are the rate of ascent
and period of acclimatization.1 This case highlights a patient
who developed symptoms ofHACE andHAPEwithin hours
of rapidly ascending to ~2,400 m (~7,800 ft) above sea level,
which only few cases have previously demonstrated.

CASE REPORT
A 46-year-old female with no past medical history and

taking no medications presented to the emergency
department (ED) via emergency medical services (EMS) for
acute altered mental status that developed while hiking on
Mount San Jacinto in Southern California. The patient had
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traveled from the coastal region of Southern California
(~20 m [~60 ft] above sea level) to Palm Springs, CA,
(~150 m [~490 ft]) above sea level with a wilderness group.
After ascending via the Palm Springs Aerial Tramway over a
10–12 minute period and arriving at the base camp station
(~2,400 m [~7,800 ft] above sea level), the patient began
complaining of worsening malaise, nausea, chest tightness,
and headache. Her symptoms worsened while hiking a short
distance to a campsite (~2,800 m [~9,200 ft]). Shortly after
arriving, the patient began vomiting, which prompted the
team leader to descend on the tram with the patient and call
EMS.During descent, the patient becamemore confused and
ataxic, requiring assistance with ambulation. On EMS
arrival at the base of the tram, the patient was markedly
altered and agitated.

In the ED, vitals were blood pressure 132/86millimeters of
mercury, heart rate 84 beats per minute, respirations 21
breaths per minute, and oxygen saturation 100% on 2 liters
nasal cannula. On physical exam, the patient was noted to be
tachypneic, mumbling incomprehensible sounds, only
opening eyes to voice, and withdrawing to pain. She was not
answering questions or following commands. She was
intermittently combative and fighting to get out of bed. Her
Glasgow Coma Score was 10 (eyes-3, voice-2, motor-5).
There was no evidence of trauma.

Workup in the ED included electrocardiogram, complete
blood count, metabolic panel, urinalysis, drug screen,
ethanol level, acetaminophen level, salicylate level,
coagulation studies, quantitative human chorionic
gonadotropin, chest radiograph (CXR), and computed
tomography (CT) of the head. The only lab abnormalities
were in the metabolic panel, with a sodium of 128
milliequivalents per liter (mEq/L) (reference range:
135–145 mEq/L), potassium of 3.1 mEq/L (3.5–5.0 mEq/L),
carbon dioxide of 18 millimoles (mmol)/L (20–32 mmol/L),
and elevated anion gap at 22 mEq/L (7–13 mEq/L). Ethanol,
acetaminophen, salicylate, and urine drug screen were
negative. The CXR (Image) showed diffuse pulmonary
vascular congestion. She remained quite agitated in the ED,
requiring 3milligrams (mg) of lorazepam intravenously (IV).
The head CT interpretation was limited due to patient
motion because of agitation, although no acute intracranial
abnormality was seen.

Without another obvious cause of her hypoxia and altered
mental status, HACE/HAPE treatment was started in the
ED. She was given 250 mg acetazolamide IV and 8 mg
dexamethasone IV. The patient was admitted to the hospital
for observation, with neurology and nephrology specialist
consultation for altered mental status and minor electrolyte
abnormalities. Her symptoms completely resolved the
following day, and her lab values normalized. Her mild
hyponatremia of 128mmol/L was not thought to be the main
driving factor behind her symptoms. At the time of discharge
she had nomemory of descent, EMS transport, or her time in

CPC-EM Capsule

What do we already know about this
clinical entity?
Most cases of high altitude cerebral edema
(HACE) and high altitude pulmonary edema
(HAPE) occur at greater than >4000 m
(~13000 ft) above sea level.

What makes this presentation of
disease reportable?
This case highlights a patient who developed
symptoms of HACE and HAPE within hours
of rapidly ascending to ~2400 m (~7800 ft)
above sea level.

What is the major learning point?
HAPE and HACE can occur more
rapidly and at lower elevations than
previously thought.

How might this improve emergency
medicine practice?
Given the high mortality rate in delayed
diagnosis of HAPE and HACE, it is
imperative to keep a high index of suspicion
when susceptible individuals present.

Image. One view anterior-posterior chest radiograph obtained
due to patient’s complaint of chest tightness during ascent to high
altitude and tachypnea on presentation. Pulmonary vascular
congestion is seen throughout. There is no evidence of
pneumothorax, cardiomegaly, or consolidation.
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the ED. Once awake, she denied any previous drug or
alcohol use.

DISCUSSION
In the progression of high-altitude disease, AMS generally

develops first.5 Symptoms are usually seen after 2–12 hours
and reach maximum intensity at 18–24 hours at altitudes
greater than 2,500 m (~8,200 ft) above sea level.1,4,7 High-
altitude cerebral edema and HAPE are rare, and usually
occur at higher altitudes (>4,000 m [>13,000 ft]) after a
longer period of time (1–5 days).4 Progression of AMS to
HACE is thought to result from disruption of the blood brain
barrier, intracellular edema and, possibly, venous outflow
obstruction.2,5 Hypoxia leads to cerebral vasodilation and
increased capillary pressure, eventually leading to fluid shifts
into cells and cerebral edema.2,5 Hypoxia and cerebral
vasodilation is thought to cause the initial headaches and
lethargy seen in AMS, and alert patients can rapidly
deteriorate to coma (within 12 hours), although this is rare
and usually occurs at extreme altitudes.2,5,8 In HAPE,
pulmonary artery pressures increase from hypoxic
pulmonary vasoconstriction, causing capillary hypertension
and fluid shifts.4,5 Of patients withHAPE, 15%will also have
HACE, and HACE has been reported at altitudes as low as
2,500 m (~8,200 ft) above sea level in patients who have
concomitant HAPE.1,7,9

Risk factors for increased susceptibility for high-altitude
illnesses include female gender, younger age, and a history of
migraines.3 In the case described above, the patient presented
with classic symptoms of both HACE (ataxia, altered mental
status, vomiting) and HAPE (chest tightness, hypoxia,
tachypnea). It is possible that our patient’s gender potentially
contributed to her rapid progression. At 46 years of age, she
was on the cusp of the defined age risk of AMS, which may
have also played a part. The patient had no reported history
of migraines. History of AMS has also been cited as a risk
factor for recurrent episodes; however, she had no reported
history of AMS.3

Our patient’s initial head CT, although limited secondary
to motion artifact, did not reveal any obvious edema. When
findings are present, CT of the head can show diffuse low
density in the entire cerebrum, white matter signal
attenuation with flat gyri and effaced sulci, and small
ventricles.5,8,10 Magnetic resonance imaging (MRI) findings
can include edema in the genu and splenium of the corpus
callosum and the subcortical white matter.1,5 Microbleeds
have also been seen in the cerebral white matter tracts of
HACE survivors, which were not seen in patients with AMS
or HAPE only.1,7,11 Cerebral white matter cytotoxic edema
on brain MRI is more consistently seen after 22 hours of
symptom onset.1 Hackett in 1998 detailed nine patients with
HACE, all of whom recovered with treatment. Four patients
who were defined as “moderately ill” had normalMRIs.11 In
a recent study conducted by Long et al, the brain CT and

MRI from 30 patients diagnosed with HACE were reviewed
from January 2012–August 2022. Findings revealed a 100%
sensitivity and 100% specificity of MRI diagnosis, and a
23.3% sensitivity and 100% specificity of CT diagnosis.12

Unfortunately, brain MRI was not done on our patient
during hospitalization. Given the broad potential findings on
CT head with its poor sensitivity, if clinical suspicion is high
enough treatment should not be delayed due to negative CT
head imaging.

High-altitude pulmonary edema can manifest as patchy
lung infiltrates on CXR, which are usually unevenly
distributed.4,5,13 As in HACE, CXR findings resolve as
clinical features improve.13While our patient’s CXR showed
pulmonary edema consistent with HAPE, the distribution
was more even than what is classically seen. Lower
respiratory tract infections before travel are a risk factor that
may account for HAPE at low altitudes.4 Viruses could alter
the permeability of the alveolar-capillary barrier and lower
the pressure required for formation of edema.4 To our
knowledge, the patient had no known viral symptoms
before ascent. The case also occurred before the 2019
coronavirus pandemic.

Once there is suspicion for a high-altitude condition of any
degree, the most important treatment is descent. This is
especially true in individuals with HACE due to the cerebral
edema and risk of brain herniation.2,12 Wilderness Medical
Society Guidelines recommend that rather than treating
patients based on altitude only, treatment should be based on
symptoms.9 Symptoms usually resolve after descent of
300–1,000m (~980–3,200 ft) above sea level.9 Interestingly, our
patient’s condition worsened with descent. Once descended or
if descent is not an option, low-flowoxygen can be appliedwith
an oxygen saturation goal of greater than 90% for patients with
suspected HAPE. The use of dexamethasone in the treatment
of AMS and HACE is widely accepted, with a recommended
dose of 8 mg (intramuscularly, IV, or orally), followed by 4mg
every six hours until symptoms resolve.2,5,9 Dexamethasone
mayhelpwithHAPE, although this is unclear.9 There is limited
data on the use of acetazolamide as a treatment for AMS or
HACE. However, current literature recommends
consideration of its use in AMS.12 For HAPE, acetazolamide
may cause hypotension, especially if there is concomitant
dehydration, which can worsen dyspnea.9 Loop diuretics
should be avoided in HACE due to associated dehydration.5,9

CONCLUSION
Acute mountain sickness, HAPE, and HACE are a

spectrum of conditions under the umbrella of high-altitude
illnesses. While rarely seen, and generally only at very high
elevations (>4,000 m [>13,000 ft] above sea level), HAPE
and HACE can occur more rapidly and at lower elevations
than previously thought. Given the high mortality rate in
delayed diagnosis of HAPE and HACE, it is imperative that
physicians keep a high index of suspicion when potentially
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susceptible individuals present. Once high-altitude sickness is
diagnosed, prompt treatment is crucial to avoid life-
threatening 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: Acute confusional migraine (ACM) is a rare variant of migraine that is benign and self-
resolving but difficult to diagnose. Without known causative pathophysiology and a lack of recognition in
the International Classification of Headache Disorders (ICHD-3), ACM offers a puzzling clinical
presentation. There currently is no standardized treatment for ACM, but with a growing anecdotal
dataset there is the opportunity to formally recognize and establish protocols to improve patient care
and outcomes.

Case Report: A 14-year-old female presented to the emergency department (ED) with acute onset of
confusion, vision changes, right-sided weakness, and dysarthria one hour prior to arrival. A stroke
workup at the initial ED offered no pertinent findings. The patient was transferred to a pediatric specialty
ED where all symptoms, aside from numbness and a mild headache, resolved during transfer. After
administration of a migraine cocktail at the pediatric specialty ED, all remaining symptoms completely
resolved. The patient was discharged home from the ED the same evening with outpatient follow-up.

Conclusion:This case presents the difficulty of diagnosing and treatingACMprior to its self-resolution. It
highlights the need for formal recognition of the condition by the ICHD-3. In doing so, greater recognition
will promote more research, awareness, and establishment of a standardized treatment for ACM. [Clin
Pract Cases Emerg Med. 2024;8(3)206–210.]

Keywords: pediatric; migraine; confusion; stroke; case report.

INTRODUCTION
Acute confusional migraine (ACM) afflicts all ages, with a

predominance in children, and involves a suite of symptoms,
including confusion, aphasia, and hemiplegia.1 With no
known causative pathophysiology and a lack of recognition
in the International Classification of Headache Disorders
(ICHD-3) as a migraine variant, knowledge of this
disorder is limited among clinicians, making ACM an
exclusionary diagnosis.1 The clinical presentation of ACM
offers a broad range of differential diagnoses, making it
difficult to diagnose patients in the absence of an individual
or family history of migraines.2 Together, these aspects have
likely led to underdiagnosis of ACM and a lack of
standardized treatment.1,2

We present the case of a 14-year-old female who presented
to the emergency department (ED) with an acute onset of
confusion, vision changes, right-sided weakness, and

dysarthria, which began one hour prior to arrival. Her
symptoms were preceded by an incident of minor head
trauma that occurred the day prior. Both the rarity of ACM
and the discussion regarding ACM-associated head trauma
make this case a unique account of the disorder.

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

altered mental status. Per the mother, an hour prior to ED
arrival, the patient had an acute onset of confusion with
vision changes, followed by dysarthria and right-sided upper
extremity weakness and numbness. It was discovered that the
patient had suffered a minor head trauma from a backward
fall the day prior without loss of consciousness or vomiting.
She was not evaluated for her head trauma prior to the
current visit. The patient had a history of intermittent
headaches (not formally diagnosed) and a family history of
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one episode of transient global amnesia in her mother. There
was no other reported medical history or any prior
psychiatric history. Upon presentation to the ED, the patient
was not oriented to self and could not follow commands.
Physical examination (PE) was completed with the patient
responding “I don’t know” to most questions and commands
aside fromher name, amild right pronator drift, and inability
to follow additional commands, thereby limiting her
examination. All other PE findings were unremarkable,
including any signs of external trauma.

A National Institute of Health Stroke Scale (NIHSS) was
calculated to be 6, and a code stroke was called. Deficits
included level of consciousness, in that she only answered one
question correctly (1) and performed neither task for level of
consciousness commands correctly (2). Her motor function
was hindered with right arm drift, with the limb holding 90
(or 45) degrees, but drifting down before the full 10 seconds,
but not hitting the bed or support (1). Her final deficit was
severe aphasia (2), with all communication through
fragmented expression, which required a great need for
inference, questioning, and guessing by the listener.
The range of information that could be exchanged was
limited; listener carried the burden of communication.
Examiner could not identify materials provided from
patient response.

Both a computed tomography (CT) (Image 1) and CT
angiogram (CTA) (Image 2) of the brain were completed. No
pertinent findings were yielded from the CTA; however, the
non-contrast CT was read by neuroradiology as having a
possible punctate focus of hemorrhage, which prompted
further emergent imaging. This punctate focus was not
appreciated by our team. A stat magnetic resonance imaging
(MRI) of the brain was performed without significant
findings (Image 3). Laboratory evaluation, including a
complete blood count, comprehensive metabolic panel,

pregnancy test, urine toxicology, and serum drug screen,
were completed with no remarkable findings.

During the initial ED visit, the patient’s clinical status
remained unchanged aside from an episode where she

Population Health Research Capsule

What do we already know about this
clinical entity?
Acute confusional migraine (ACM) can be
treated with traditional migraine medications
but may present with worrying symptoms,
including significant neurological deficits.

What makes this presentation of
disease reportable?
Acute confusional migraine is an under-
reported stroke mimic that may present to the
emergency department and should, therefore,
be considered.

What is the major learning point?
Clinicians should be aware of ACM,
particularly in children, to have a broader
differential for those presenting with
stroke-like symptoms.

How might this improve emergency
medicine practice?
Through increased awareness of ACM,
emergency physicians may be able to avoid
unnecessary radiation and lab testing.

Image 1.Normal non-contrast computed tomography of the brain.

Image 2. Normal computed tomography angiography at the level
of the circle of Willis.
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became somnolent, desaturating to 75%with goodwaveform
and improving to 99% upon arousal. She appeared to be
complaining of a headache and had one episode of vomiting;
therefore, 1000 milligrams (mg) of acetaminophen and 4 mg
of ondansetron were administered intravenously.
Thrombolytics, such as tissue plasminogen activator or
tenecteplase, were not administered throughout patient care,
as neither have been studied in pediatric patients.3

Interfacility transport to a specialty pediatric hospital for
pediatric neurology consultation and medical admission was
arranged at that time.

During transport, all symptoms resolved aside from a
headache and mild numbness of the right arm. Upon arrival
at the pediatric ED, the patient was able to speak in complete
sentences, and her NIHSS improved to 0. The patient was
given a migraine cocktail of 25 mg ketorolac, 1000 milliliters
normal saline, and 7 mg prochlorperazine intravenously.
Following administration, the patient stated improvement in
headache, thus concluding her symptoms, which in total
lasted approximately 6.5 hours. Following a formal pediatric
neurology consult, the working diagnosis was ACM. The
patient was considered stable and was subsequently
discharged that evening with an anticipated outpatient
pediatric neurology appointment in one to two weeks.

DISCUSSION
The diagnostic and treatment route chosen for this patient

highlights the difficulty of clinical presentation to
differentiate from other serious diagnoses, including cerebral
infarction, intracranial hemorrhage, nonconvulsive status
epilepticus, and encephalitis, among others.1 Ischemic
pediatric strokes have an incidence rate of 1.2–13/100,000,
making them exceedingly rare.4 However, with a 10%
mortality rate and the critical consequence of neurological
impairment in development, pediatric strokes are a serious
medical emergency.4

Aside from astute history-taking, one of the few
promising diagnostic tests to diagnose ACM is an
electroencephalogram (EEG). In previous studies, EEG has
shown slowing in 49 of 50 patients during the onset of
symptoms through the retrospective study of patients with
confusional migraines; therefore, we recommend the use of
EEG in these patients, if capable.1 Beyond an EEG, no other
diagnostic modality offers an indication for ACM until the
benign resolution of symptoms, a characteristic of ACM
known since the cases first recorded by Gascon and Barlow.5

Therefore, without any significant patient or family
history beyond her mother’s transient global amnesia
episode, or the capability of performing a spot EEG, a CT
without contrast, CTA, andMRI were completed to rule out
serious disease.

Prior to the onset of the patient’s ACM, the patient noted
a fall backward in which she hit her head without loss of
consciousness or vomiting. Although the pathophysiology
has not been confirmed, literature review has shown that the
onset of ACM is preceded by mild head trauma in 37% of
patients.1 Some proposed mechanisms for ACM via mild
head trauma include isolated cerebral edema and cortical
spreading depression (CSD), inducing a temporary state of
brainstem dysfunction.6,7 In these instances of mild, trauma-
induced ACM, the typical time from traumatic injury to
onset of ACM is seconds to approximately four hours,
putting our patient’s fall well outside the typical timeframe
of onset.1

While considering the CSDmechanism, in a retrospective
study of 143 migraine patients 72.2% of those suffering
migraines with aura reported deficits in higher brain
function.7 With research demonstrating an association of
migraine auras with CSD, it is plausible that the higher
function deficits seen in cases of ACM are caused by
CSD, thereby allowing ACM to be seen as a complex form
of aura.8 However, with formal recognition and a
standardized treatment for ACM lacking within the
ICHD-3, the discussion now is whether ACM should
have its own distinction.

Through retroactive studies it has been shown that of
2,509 diagnosed patients within a neuropediatric ward, 2.7%
of the migraine diagnoses qualified as ACM.9 Without the
specific classification criteria to diagnose these patients,
diagnostic uncertainty can prevail, leading to misdiagnosis
and underdiagnosis, especially amongst adults with a new
diagnosis of migraine.10 Similarly, with the use of techniques
such as CT, pediatric patients are put at a higher risk of
malignancy following exposure to ionizing radiation.11 The
use of CT highlights how diagnostic tools can potentially be
hazardous, in addition to delaying diagnosis and treatment.
Should a patient have a pertinent history for ACM, excessive
diagnostics should be avoided, a viewpoint that has been held
since ACM’s identification in the 1970s and well into the
21st century.12,13

Image 3. Normal magnetic resonance imaging of the brain.
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Should ACM earn classification within the ICHD-3,
further formal research would likely occur to seek out a
standardized treatment for episodes. To date, due to its
rarity, knowledge of ACM is primarily limited to case
reports, meaning standardized treatment has yet to be
determined. Although, considering ACM as a migraine
variant, case studies have shown success with traditional
migraine treatment with sodium valproic acid.14 In this case,
most symptoms self-resolved; however, the administration of
a migraine cocktail including ketorolac, normal saline, and
prochlorperazine did show improvement in the patient’s
residual symptoms, supporting that traditional migraine
treatments are effective for ACM.

It should be noted that although there is not enough
research on ACM in particular, migraines are often
associated with a variety of comorbidities, ranging from
psychiatric disorders to epilepsy, as well as different means of
cardiovascular compromise. For this reason, it is important
to recognize as it may limit patient care options, and with
future research could offer greater insight into the
mechanism by which ACM arises.15

With the aforementioned in mind, it is important to
consider the clinical approach for ACM. With a pediatric
patient presenting with altered mental status, one must begin
to rule out the broad spectrum of differential diagnoses. A
complete set of vital signs, including rectal temperature (as
appropriate) and blood glucose should be obtained.
Thorough history-taking should be performed from the
patient and/or any bystanders, to include relevant medical,
surgical, psychiatric, and familial history. Care must be
taken to also obtain potential ingestions, including those that
are accidental, such as medications, drugs (edibles),
environmental (carbon monoxide, chemical, cleaning
products), etc. A thorough physical exam should elicit any
signs of trauma, a complete neurologic exam, evaluation of
the cardiac and respiratory systems, and a skin examination.
The approach to laboratory testing should include the
following, if relevant: complete blood cell count; complete
metabolic panel; urinalysis; urine and serum toxicology
studies; thyroid function tests; and cerebrospinal fluid
testing. If concern exists for intracranial pathology,
neuroimaging should not be delayed and a spot EEG can be
performed, if available.

To pursue a route of treatment for a patient with suspected
ACM, traditional migraine medications have shown
promise. Treatment options may include the following:
sodium valproic acid, prochlorperazine with or without
diphenhydramine, metoclopramide, dihydroergotamine,
triptans, ketorolac, steroids, or normal saline. Patients with
ACMwill classically see full resolution of symptoms without
any lasting consequences after receiving treatment. Even
with complete resolution, patients may be admitted for
formal EEG monitoring or discharged with close outpatient
neurology follow-up.

CONCLUSION
Acute confusional migraines are a rare variant of

migraine that primarily afflicts children. Lack of awareness
of the disease, however, poses risks for delayed diagnosis,
delayed treatment, and excessive diagnostic tests in
pediatric patients. This case contributes to the growing
collection of ACM episodes that continues to validate
the argument for recognition of ACM by the ICHD-3.
Clinically, ACM poses a challenge to diagnose;
therefore, without a pertinent patient or family history,
further diagnostics should be carried out to rule out serious
disease. With cases of ACM, although the episodic
symptoms are severe, physicians should find solace in
knowing they are benign and self-resolving, and that
traditional migraine treatments show promise in reducing
or resolving symptoms.
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Review Board approval, nor patient consent for publication of this
case report. Documentation on file.
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Introduction: Acute hematogenous osteomyelitis may have significant morbidity and mortality if
undiagnosed. Because it is uncommon in developed countries and has variable presentations, the
patient may undergo several healthcare visits prior to diagnosis.

Case Report: We report the case of a 9-year-old male who presented with hip and knee pain with
associated fevers and was found to have osteomyelitis and intraosseous abscess in the diaphysis of the
right femur. He had multiple emergency department and outpatient visits before the ultimate diagnosis
was made. He was treated with irrigation and debridement in addition to intravenous antibiotics.

Conclusion: Pediatric acute hematogenous osteomyelitis can have subtle presentations, and this case
illustrates some of the difficulties in making the diagnosis. This condition should be considered in the
workup of a child with undifferentiated fever, pain, or decrease in mobility. [Clin Pract Cases EmergMed.
2024;8(3)211–214.]

Keywords: osteomyelitis; intraosseous abscess; pediatric; case report.

INTRODUCTION
Acute hematogenous osteomyelitis is caused by bacteria

proliferating within the bone. It occurs from hematogenous
spread, where episodes of bacteremia combinewith turbulent
flow at the metaphyseal arteriolar-venous sinusoid transition
to allow local invasion. These episodes occur more
commonly during childhood, as the immature bone is less
capable of containing infection. Most cases involve children
younger than five years of age.1 Local trauma contributes to
risk of hematogenous infection, presumed to be secondary to
microvascular bleeding and stasis. After age one, male
children are much more likely to sustain minor trauma than
female children, which may explain why osteomyelitis
disproportionately affectsmales.2 Other causes include direct
inoculation from a procedure or trauma such as intraosseous
access or spread from surrounding tissues.

In older patients, the bones are thicker and the periostea
is denser; so osteomyelitis is more likely to cause formation
of an intraosseous abscess. Infections are predominantly
caused by Staphylococcus aureus, with about one third

being methicillin resistant.3 Patients with sickle
hemoglobinopathies are at specific risk for infection from
salmonella.4 Patients can have a variety of presentations
including fevers, irritability, decreased extremity function,
point tenderness, swelling, and warmth. Because S aureus
has variable growth and the inoculum may be small, the
clinical course may be indolent and patients may present
without fever or with only low-grade fever. Risk factors
include sickle cell disease or any immunocompromised state,
sepsis, minor trauma, and indwelling vascular catheters.5

CASE REPORT
A nine-year-old male with history of Hashimoto

thyroiditis and Raynaud disease presented to the
emergency department (ED) for intermittent right hip and
knee pain, daily fevers, and difficulty with ambulation for 16
days. He had no prior history of injury to the leg or of
intraosseous access. He had initially presented to a different
ED on day 10 of illness where he had a normal hip
radiograph and labs. The patient was evaluated for
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autoimmune and tick-borne illnesses.Hewas then referred to
an infectious disease specialist whom he saw on day 16. The
patient was ultimately sent to our ED for further evaluation
and imaging.

Vital signs were notable for a temperature of 37.9°Celsius
orally and heart rate of 155 beats per minute. On physical
exam, the patient had no tenderness to palpation of the right
lower extremity, normal range of motion of all joints, and
was able to ambulate and jump without pain. No swelling of
the hip or overlying skin changes were noted. The patient’s
laboratory testing was notable for C-reactive protein (CRP)
elevated at 16.82 milligrams per deciliter (mg/dL) (reference
range 0.3–1.0 mg/dL), erythrocyte sedimentation rate (ESR)
above assay limits at greater than 100 millimeters per hour
(mm/hr) (l0–15 mm/hr in males, 0–20 mm/hr in females), but
no leukocytosis. Radiographs of his right hip, right knee, and
right femur were unremarkable (Image 1).

The patient was admitted for further evaluation and found
to have continued intermittent fevers and right lower
extremity pain. On Day 17, he had magnetic resonance
imaging (MRI) of the right lower extremity with and without
contrast, which revealed right femoral osteomyelitis with
underlying intraosseous abscess (Image 2). He was taken to
the operating room for a right femur reaming and irrigation
with debridement. Blood and tissue cultures grew methicillin
susceptible S aureus, and workup was notable for an
echocardiogram without evidence of vegetation and
abdominal ultrasound without evidence of an intra-
abdominal source of infection. He received intravenous

cefazolin for 30 days and was then transitioned to two weeks
of oral antibiotics, starting with doxycycline, which was then
changed to oral levofloxacin due to side effects. His
inflammatory markers were trended throughout therapy
until they normalized. Patient had resolution of his
symptoms and was able to ambulate without abnormality.

DISCUSSION
Acute hematogenous osteomyelitis is uncommon, with an

estimated incidence of eight per 100,000 children per year.3

Diagnosis can be subtle, and patients often present with pain
that is not well localized and without signs of local infection.
Patients typically present within one week of onset, but
diagnosis can require multiple visits, as occurred with
our case.6

A systemic review of the literature by Darnell et al found
that presenting symptoms were most commonly pain
(81.1%), localized signs or symptoms of infection, such as
warmth, point tenderness, or swelling (70%), fever (61.7%),
reduced range of motion (50.3%), and reduced weight-
bearing (49.3%). The most common laboratory
abnormalities were elevated inflammatory markers (ESR
91%, CRP 80.5%), with or without leukocytosis (35.9%).
They also found that initial imaging was limited with

Population Health Research Capsule

What do we already know about this
clinical entity?
Acute hematogenous osteomyelitis is well
characterized in the literature with regard to
the physiology, epidemiology, presentation,
and management.

What makes this presentation of
disease reportable?
Aside from the reported history, this pediatric
patient had a clinically benign presentation of
this uncommon disease process.

What is the major learning point?
Consider diagnosis of acute hematogenous
osteomyelitis in patients with localized pain
and recurrent fever, even if the physical exam
is underwhelming.

How might this improve emergency
medicine practice?
Clinicians should consider this diagnosis
more frequently and consider more
intensive evaluation.

Image 1. Radiograph of the right femur upon emergency
department presentation with no acute abnormalities.
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sensitivity of radiograph 16-20%, computed tomography
(CT) 67%, ultrasound 55%, while other imaging modalities
had significantly better sensitivity with bone scan 53–100%
and MRI 80–100%. The decision to perform MRI with
contrast in children is controversial as there is no evidence
that contrast improves sensitivity or specificity of detection.7

BecauseMRI requires deep sedation or general anesthesia in
young children, children with concerning clinical or lab
findings are usually hospitalized for close monitoring and/or
treatment pending MRI imaging.

In a systematic review examining intraosseous abscess
(termed Brodie abscess) by Van der Naald et al, 407
patients were examined. Of these, the median time to
diagnosis from initial complaint was 12 weeks with primary
presenting complaints of pain (98%) and swelling (53%).
Patients typically had full resolution of symptoms; however,
two of the included patients (0.5%) had lasting sequelae from
bony destruction: limb shortening, and vertebral body
collapse complicated by neurologic deficits.3

This case demonstrates the difficulties in evaluating for
this condition.While the patient’s history was concerning for
possible infection, upon presentation to the ED he did not
have any localizing exam findings to suggest underlying
infection and had no identifiable risk factors for development
of this condition. This case was uniquely difficult as well
given that the abscesses were localized to the diaphysis of the
bone, whereas lesions are typically located in the metaphysis
or epiphysis. Further complicating the diagnosis was the
patient’s history of autoimmune conditions, namely
Hashimoto thyroiditis and Raynaud syndrome, which
suggested a possible autoimmune etiology of his symptoms.
There is no established relationship between the development

of osteomyelitis and these conditions. The differential
for this presentation is extensive and includes tick-borne
illnesses, autoimmune conditions, musculoskeletal injuries,
and infection.

CONCLUSION
Acute hematogenous osteomyelitis can have serious

consequences if undiagnosed, including sepsis and bony
destruction. Not all patients will have identifiable risk factors
and presentations may be subtle. Many patients will lack
focal tenderness or swelling on exam, and the diagnosis
should be considered in patients who have recurrent fevers or
complain of localized pain.

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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Image 2. Magnetic resonance imaging of the right femur with contrast demonstrating lesions in the proximal (left) and mid (right) femoral
diaphysis (arrows).
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Introduction: Wünderlich syndrome (WS) refers to subcapsular, perirenal, or pararenal hemorrhage
due to non-traumatic and iatrogenic conditions. Neoplasms, vascular disease, renal etiology, and
anticoagulant use are underlying risk factors.

Case Report: We describe a case of WS in a 79-year-old male who was undergoing hemodialysis,
which resulted in hemorrhagic shock requiring multiple transfusions and embolization by
interventional radiology.

Conclusion:Most commonly, patients present with flank pain; a computed tomography with contrast of
the abdomen is essential for diagnosis. Surgical intervention is considered in hemodynamically unstable
patients. Conservative therapy and intravenous resuscitations with blood products are considered a
priority in hemodynamically stable patients. [Clin Pract Cases Emerg Med. 2024;8(3)215–218.]

Keywords: Wünderlich syndrome; hemorrhagic shock; renal emergency; case report; dialysis.

INTRODUCTION
Wünderlich syndrome (WS) is a rare but life-threatening

condition defined as acute-onset, spontaneous, non-
traumatic renal hemorrhage into the subcapsular, perirenal,
or pararenal spaces. Fewer than 300 documented cases have
been reported between 1974–2016. It is characterized by the
Lenk triad: acute flank pain, flank mass, and hypovolemic
shock.1 However, the clinical manifestations can be varied
and nonspecific. Presence of all three components of the triad
is uncommon, occurring in only 20% of cases. Abdominal
and flank pain are the most frequent symptoms, occurring in
67% of patients, followed by hematuria (40%) and
hemorrhagic shock (26.5%).2

Approximately 60–65% of cases are related to renal
neoplasms, with angiomyolipoma leading benign neoplasm
causes and renal cell carcinoma the main cause of malignant
neoplasms. The overall prevalence of WS as a complication
of renal cell carcinoma occurs in only 0.3–1.4% of cases,
whereas it is estimated to occur in 13–100% of cases of renal
angiomyolipoma.3 Other causes include tuberous sclerosis,

vascular lesions (eg, polyarteritis nodosa), arteriovenous
malformations, renal artery aneurysms, ruptured renal cysts,
renal calculi, and coagulopathy.4 Wünderlich syndrome is
often associated with hypertension (33–50%) and
atherosclerosis (80–87%).3Wünderlich syndrome has a slight
male preponderance with an average age of 46.8 years, with
most cases occurring between 30–60 years.2

Traditionally, the management has ranged from
symptomatic care and observation to partial or complete
nephrectomy. Currently, the treatment of choice includes
stabilization and transcatheter arterial embolization (TAE),
but this depends on the severity of presentation or underlying
cause of WS. Surgical treatment or curative nephrotomy is
preferred in patients with diagnosed renal malignancy, in
cases of hemodynamic instability, and/or failed TAE.4,5

We present the case of a 79-year-old male who presented
with a spontaneous left renal subcapsular hematoma and an
active perinephric hemorrhage that occurred during
hemodialysis, leading to hemorrhagic shock requiring
multiple blood transfusions and arterial embolization.
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CASE REPORT
A 79-year-old male presented to the emergency

department with 30 minutes of acute and worsening
abdominal pain that occurred suddenly during the first hour
of his scheduled hemodialysis. He described the pain as
sharp, cramping, stabbing, constant, and diffuse but worse in
the left upper quadrant and flank and associated with acute
abdominal distention. He denied any recent trauma, chest
pain, shortness of breath, paresthesias, nausea, vomiting, or
urinary complaints.

His past medical history included end-stage renal disease
(on hemodialysis), type 2 diabetes mellitus, chronic
obstructive pulmonary disease, hypertension,
hyperlipidemia, and hypothyroidism. On chart review it was
noted that therewas a history of left renal cyst, lastmeasuring
6.8 centimeters (cm) × 5.5 cm × 5.3 cm four years prior to
presentation found incidentally on computed tomography
(CT). Follow-up renal ultrasound was ordered but never
obtained. The patient’s chronic kidney disease was related to
his diabetes and poorly controlled hypertension that required
treatment with four antihypertensive medications. His
surgical history included two unspecified hernia repairs,
bilateral knee replacements, loop recorder placement,
and small bowel resection due to small bowel obstruction
15 years previously. His social history included daily alcohol
use, and he was a non-smoker who lived with family and
was retired.

Initial vital signs revealed slight hypotension with blood
pressure of 98/42 millimeters of mercury; otherwise, vitals
were within normal limits. The patient had been awake and
alert, in obvious distress due to pain, and having difficulty
sitting still. Abdominal exam was notable for being obese
with rigidity, distention, diffuse tenderness, guarding, and
without appreciable bowel sounds, rebound tenderness, or
ecchymosis. The remainder of his exam was unremarkable.

A point-of-care ultrasound (POCUS) revealed a grossly
positive focused assessment with sonography for trauma
(FAST) in Morrison’s pouch and splenorenal recess, with
limited subxiphoid and suprapubic views. He was treated
with fentanyl intravenously and bolused with normal saline.
The CT angiogram of the abdomen and pelvis was notable
for an 18-cm left renal subcapsular hematoma and
hemorrhage in the left perinephric space with active contrast
blush coming from the left renal segmental and interlobar
branches (Images 1 and 2). There were also multiple sclerotic
lesions of the thoracic and lumbar spine indicating possible
metastasis. Pertinent lab values included white blood
cell count of 14.6 × 103/microliter (μL) (reference range
4.3–12.0 × 103/μL), with 83% neutrophils (5–13%),
hemoglobin 7.8 grams per deciliter (g/dL) (13.4–17.4 g/dL),
hematocrit 24.1% (40–54%), platelets 271 × 103/μL
(150–440 × 103/μL), international normalized ratio 1.09
(0.83–111), partial thromboplastin time 29.3 seconds
(21.5–31.9 seconds), prothrombin time 12.7 seconds

Population Health Research Capsule

What do we already know about this
clinical entity?
In patients with risk factors, Wünderlich
syndrome (WS) may present as the Lenk
triad: acute flank pain, flank mass, and
hypovolemic shock due to renal hemorrhage.

What makes this presentation of
disease reportable?
Fewer than 300 reported cases of WS have
been reported between 1974–2016. It has
never been reported in patients actively
undergoing hemodialysis.

What is the major learning point?
Presentation varies from vague to life-
threatening. Prompt computed tomography
will aid in diagnosis; treatment ranges from
supportive to surgical management.

How might this improve emergency
medicine practice?
This rare presentation of WS highlights the
importance of a wide differential in those
presenting with the Lenk triad.

Image 1. Axial view of computed tomography angiogram of the
abdomen showing large left renal hematoma with contrast blush
(arrow) suggestive of active bleeding.
mm, millimeter.

Clinical Practice and Cases in Emergency Medicine Volume 8, No. 3: August 2024216

WS Causing Massive Hemorrhage During Hemodialysis Bluhm et al.



(10–13 seconds), point-of-care lactic acid 2.4 millimoles per
liter (mmol/L) (0.0–2.0 mmol/L), glucose 204 milligrams per
deciliter (mg/dL) (60–110 mg/dL), blood urea nitrogen
47 mg/dL (8–25 mg/dL), and creatinine 7.13 mg/dL
(0.5–1.12 mg/dL).

While awaiting interventional radiology for renal
embolization, the patient clinically deteriorated requiring
emergent central line placement and two units of uncross-
matched blood administered by pressure infuser and warmer
for hypotension and active bleeding. During embolization,
multiple branches of the left kidney including upper pole,
mid-pole and lower pole subsegmental arteries, as well as
interlobular and arcuate arteries at all three junctures, were
selected and embolized with good angiographic result and no
evidence of extravasation at the termination of the
procedure. The patient was then admitted to the surgical
intensive care unit for monitoring. He maintained stable
blood pressures and was discharged home after four nights in
the hospital.

After discharge, he was sent for hematology and oncology
referral and positron emission tomography due to incidental
findings on his CT during the current admission. However,
the patient returned three days after discharge with
hypoglycemia, severe anemia, and active upper
gastrointestinal bleed. He underwent an
esophagogastroduodenoscopy and exploratory laparotomy
but ultimately died due to complications of the
gastrointestinal bleed within three days of his subsequent
admission. There was no further oncological
workup performed.

DISCUSSION
Wünderlich syndrome is a rare condition, but its

occurrence in a dialyzed patient is extremely rare with only a
handful of other reports in the literature.5,6 Wünderlich
syndrome occurring during hemodialysis has never
previously been reported. Our case is an uncommon example
of WS as it occurred in a patient with end-stage renal disease
during dialysis without a known history of malignancy that
resulted in significant hemodynamic instability requiring
emergent transfusion, embolization, and intensive care
admission. Computed tomography with contrast or CT
angiogram are the diagnostic tests of choice,7 but POCUS is
useful in identifying intra-abdominal fluid, which may
be hemorrhage.

Although the images in this report do not demonstrate
fluid around the liver, POCUS exam swiftly revealed a more
diffuse, intra-abdominal hemorrhage as demonstrated by the
positive FAST exam, indicating that the blood had escaped
the retroperitoneal perinephric Gerota fascia into the
peritoneal cavity.Unfortunately, wewere not able to save the
ultrasound images. The use of ultrasound, while not novel,
did substantially reduce the time taken from commencing
care to definitive treatment. Treatment is based on the
patient’s condition, but stabilization and transcatheter
arterial embolization are standard of care for WS causing
hemorrhagic shock.8,9

Our patient had several risk factors that may have
contributed to the development of WS. He had a history of
hypertension, renal cysts, diabetic nephropathy, and
atherosclerosis. Additionally, he had a daily aspirin regimen,
which might have exacerbated his outcome. A previous case
of bleeding into a simple renal cyst causing hemorrhagic
shock without other risk factors known to WS has been
reported.8 Hemorrhage in our patient was located in the
kidney, which had the background of renal cysts, suggesting
non-malignant kidneymasses as a nidus for hemorrhage that
is consistent with literature review.

Furthermore, it is possible that he had an undiagnosed
metastatic cancer as evidenced by lesions noted incidentally
on CT. Further workup was unobtainable due to clinical
deterioration. The relative risk of renal cell carcinoma in
hemodialysis patients was found to be 13.3 to 29-fold higher
than in normal subjects, and hemodialysis patients have a
risk of 2.3–3.3% of developing renal cell carcinoma.6 An
autopsy was not performed; therefore, biopsy of the lesion
was not obtained.

The patient was on daily aspirin but otherwise was not
receiving anticoagulation. His subsequent admission also
revealed massive bleeding; so, it is possible there was some
underlying hematological component that was causing or
contributing to his bleeding diathesis. Daily alcohol use also
may be a risk factor for WS or the severity of presentation.
However, urologists have documented that uremic patients
have a bleeding tendency associated with platelet

Image 2.Coronal view of computed tomography angiogram of the
abdomen and pelvis showing large left renal subcapsular
hematoma and hemorrhage.
mm, millimeter.
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dysfunction10 because platelets in uremic patients have a
reduced aggregating response to adenosine diphosphate,
epinephrine, and collagen.11 Hemodialysis patients,
therefore, are more likely to have more severe bleeding, and
treatment should include consideration of one or a
combination of the following: cryoprecipitate, desmopressin,
and conjugated estrogens.12

Due to our patient’s sudden presentation during
hemodialysis, we considered whether hemodialysis may have
been a risk factor causing enough shifts in pressure to lead to
spontaneous atraumatic renal hemorrhage. Very few cases of
WS occur in hemodialysis patients; therefore, this subset of
patients with WS risk factors has a higher likelihood of
developing WS, particularly if they present with elements of
the Lenk triad.

CONCLUSION
Wünderlich syndrome is a rare but important differential

to consider in atraumatic flank and abdominal pain. Mild
presentations can easily be misdiagnosed as back pain,
urolithiasis, or renal infections; so, keeping this process in
one’s differential, especially in patients with risk factors, is
important in obtaining the diagnosis. Point-of-care
ultrasound, CT, and CT angiogram are paramount in
identifying intraperitoneal free fluid and active hemorrhage.
Although several cases ofWS have been effectively managed
conservatively, patients such as ours can suffer from
hemorrhagic shock resulting from the syndrome.

Patient consent has been obtained and filed for the publication of this
case report.
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Introduction: Pit viper envenomation may cause coagulopathy. The coagulopathy has been treated
with crotalidae polyvalent immune fragment antigen-binding (Fab) ovine antivenom for the last few
decades in the United States and usually corrects the acute coagulopathy within hours. Days after
receiving Fab, coagulopathymay recur in approximately half of the patients. Another divalent antivenom,
crotalidae immune F(ab’)2 (equine)–F(ab’)2–was approved by the US Food and Drug Administration for
the treatment of pit viper envenomation. F(ab’)2 is composed of two linked antigen-binding fragments of
immunoglobulin G. Several studies have demonstrated that F(ab’)2 is less likely to be associated with
recurrence. There is no reported case of F(ab’)2-associated late coagulopathy in very young patients.We
report the first case of recurrence associated with F(ab’)2 use in a preschool-age child.

Case Report: A preschool-age male developed leg swelling and hypofibrinogenemia after rattlesnake
envenomation. F(ab’)2 was administered to stabilize the leg edema and to correct the
hypofibrinogenemia. The patient improved clinically and was discharged on hospital day five. Seven
days after the rattlesnake envenomation, he returned to the emergency department as instructed.
Laboratory data revealed recurrent hypofibrinogenemia.

Conclusion: There are two antivenoms available in the US to treat crotalid envenomation, Fab and
F(ab’)2. F(ab’)2 is less likely to be associated with recurrent coagulopathy in comparison to Fab. We
report the first case of recurrence associated with F(ab’)2 in a preschool-age child. It is important that the
emergency physician be aware of potential F(ab’)2-associated recurrent coagulopathy. Adult and
pediatric patients may need to follow up to be evaluated for hypofibrinogenemia and/or
thrombocytopenia after receiving F(ab’)2. [Clin Pract Cases Emerg Med. 2024;8(3)219–221.]

Keywords: pediatric; case report; recurrence; F(ab’)2.

INTRODUCTION
Pit viper (Crotalinae) envenomation in North America

may cause coagulopathy, which manifests as
hypofibrinogenemia and thrombocytopenia.1 The
coagulopathy has been treated with crotalidae polyvalent
immune Fab (ovine) (Fab) for the last few decades in the
United States.2 While Fab corrects the initial coagulopathy
within hours, days after initial Fab administration,
coagulopathy may recur.1,3,4,5 Recurrent coagulopathy may
be due to rapid clearance of Fab, which has an effective half

life of less than 12 hours.1 Approximately half of the patients
who received Fab develop recurrent hypofibrinogenemia or
thrombocytopenia.1 The concern with recurrence
phenomenon is increased risk of bleeding.1,3,4

Another antivenom, crotalidae immune F(ab’)2
(equine)–F(ab’)2–was approved by the US Food and Drug
Administration (FDA) in 2015 for the treatment of North
American pit viper envenomation.6 F(ab’)2 is composed of
two linked fragment antigen-binding regions with a longer
half-life than Fab.7 Several studies have demonstrated that
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F(ab’)2 is less likely to be associated with recurrence.7,8,9

Previous reported cases of F(ab’)2-associated recurrence
were noted in adults and children >10 years old. We report
the first case of recurrent coagulopathy associated with
F(ab’)2 in a preschool-age child.

CASE REPORT
A preschool-age male presented to an outside emergency

department (ED) after rattlesnake envenomation to his leg.
F(ab’)2 10 vials were given at the outside hospital prior to
transfer to a pediatric ED. Vital signs revealed temperature
98.1o Fahrenheit, blood pressure 105/64 millimeters of
mercury, heart rate 108 beats per minute, respiratory rate 18
breaths per minute, and oxygen saturation 97%. Physical
exam demonstrated left leg edema with ecchymosis. The
initial fibrinogen was 178 milligrams per deciliter (mg/dL)
(reference range 200–393 mg/dL). The patient developed
worsening leg swelling.He receivedF(ab’)2 10 vials in the ED
and was admitted to the pediatric intensive care unit (PICU).
An additional 28 vials of F(ab’)2 were given in the PICU
(48 vials in total). His leg edema and ecchymosis stabilized.
No other source of bleeding was noted. His fibrinogen and
platelet level remained within normal range during the
admission. The patient was discharged on day five.

He returned to the ED seven days after envenomation.
The ED evaluation revealed fibrinogen of 147mg/dL.
Subsequent ED visit three days later revealed fibrinogen
improved to 162 mg/dL. The Table includes his fibrinogen
trend after rattlesnake envenomation. His leg edema and
ecchymosis improved. No thrombocytopenia was noted
during admission or follow-up.

DISCUSSION
Approximately 5,000 snake envenomations are reported to

poison control centers each year in the US.10 The majority of
these snake envenomations are secondary to rattlesnake
envenomation.11 Crotalinae envenomation is predominately
associated with local tissue effect and hematologic effects.
Hematologic effects are treated with antivenom. Over the last
fewdecades,Fabhas been theprimary treatment forCrotalinae
envenomation in theUS.2 The platelet level and fibrinogen level
typically improve within hours of antivenom administration. In
approximately half of the patients the platelet and/or fibrinogen
levels drop again a few days after initial Fab administration.1

Patients are instructed to follow up with a primary care
physician or return to the ED to recheck their platelet and
fibrinogen levels a few days after initial Fab administration.

Patients who develop recurrence require close follow-up
with frequent measurement of platelet and fibrinogen levels.
Severe thrombocytopenia or hypofibrinogenemia have been
associated with increased risk of bleeding.4,5,6 Another
antivenom F(ab’)2 was approved by the FDA in 2015.6

F(ab’)2 is larger in size in comparison to the Fab fragment
and is thought to have a slower renal clearance and longer
half-life. The benefit of F(ab’)2 over Fab is that F(ab’)2 is less
likely to result in recurrence due to longer half-life.

Now there are two competing antivenoms. F(ab’)2
appears to have a lower risk of recurrent coagulopathy in
multiple studies. A randomized-controlled trial by Bush et al
that compared Fab and F(ab’)2 revealed that F(ab’)2 is less
likely to be associated with recurrence phenomenon. While
29.7% of patients in the Fab group developed recurrence,
10.3% patients in the F(ab’)2 group developed recurrence.

Population Health Research Capsule

What do we already know about this
clinical entity?
Recurrent coagulopathy occurs commonly in
patients who receive Fab. Recurrence is less
common in patients who received crotalidae
immune F(ab’)2 (equine)–F(ab’)2.

What makes this presentation of
disease reportable?
Until now there has been no reported case
of recurrence in very young patients who
received F(ab’)2. Our patient developed
hypofibrinogenemia one week after
initial treatment.

What is the major learning point?
Recurrence of hypofibrinogenemia may occur
in patients of all ages who receive F(ab’)2
after rattlesnake envenomation.

How might this improve emergency
medicine practice?
Emergency physicians who administer F
(ab’)2 to patients after rattlesnake
envenomation should recommend close
follow-up in a week.

Table. Fibrinogen trend between day one and day 10 after rattlesnake envenomation.

Day after rattlesnake envenomation 1 2 3 4 7 10

Fibrinogen level milligrams per deciliter (reference range 200–393) 176 396 283 297 147 162
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The platelet counts and fibrinogen levels were lower in the
Fab group than those in the F(ab’)2 group. All six patients
who developed recurrence after receiving F(ab’)2 lived in
inland Southern California. One possibility is that
rattlesnake envenomation in inland Southern California is
more likely to be associated with late coagulopathy.
Furthermore, the study byBush included 29.3%of patients in
the F(ab’)2 group who were younger than 10 years old. None
of the children <10 years developed recurrence.7

A study by Mascarenas et al also reported no late
coagulopathy associated with F(ab’)2. Mascarenas
compared 37 patients, 11 in the F(ab’)2 group and 26 in the
Fab group. The rate of coagulopathy was 0% in the F(ab’)2
group and 29% in the Fab group.8 A study by Boyer et al
demonstrated that more patients who received Fab
developed thrombocytopenia and hypofibrinogenemia in
comparison to patients who received F(ab’)2. Of the six
patients who received F(ab’)2, one patient developed
thrombocytopenia and zero patients had a low fibrinogen
level (<150 mg/dL).9 These studies demonstrated that
recurrence is less likely in patients who received F(ab’)2.
However, there is still a non-zero risk for recurrent
coagulopathy, as illustrated by this case. To date, there has
been no reported case of recurrence associated with F(ab’)2
use in children <10. We report the first case of F(ab’)2-
associated recurrence in a preschool-age child without
known pre-existing hematopathologic condition.

Limitations of our report include risk of extrapolation
from a single case as well as the fact that the fibrinogen
concentration did not reach a level that would suggest a high
risk of bleeding.12 A larger dataset would be required to
establish whether laboratory surveillance is mandatory after
discharge for children receiving F(ab’)2 antivenom.

CONCLUSION
The antivenom crotalidae immune F(ab’)2 (equine) is less

likely than Fab to result in recurrence or severe bleeding
associated with late coagulopathy. The benefit of F(ab’)2 is
lower bleeding risk and potentially less frequent follow-up for
laboratory testing. While F(ab’)2-associated late
coagulopathy is infrequent, it does occur. Adult and pediatric
patients may still require follow-up for detection of recurrent
thrombocytopenia and coagulopathy after receiving F(ab’)2.

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: Jean C.Y. Lo, MD, Loma Linda
University Medical Center, Department of Emergency Medicine,
11234 Anderson St., Loma Linda, CA 92354. Email: clo@llu.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: © 2024 Lo 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. Boyer LV, Seifert SA, Clark RF, et al. Recurrent and persistent

coagulopathy following pit viper envenomation. Arch Intern Med.

1999;159(7):706–10.

2. GotoC and FengS.Crotalidae polyvalent immune fab for the treatment of

pediatric crotaline envenomation. Ped Emerg Care. 2009;25(4):273–9.

3. Bogdan GM, Dart RC, Falbo SC, et al. Recurrent coagulopathy after

antivenom treatment of crotalid snakebite. South Med J.

2000;93(6):562–6.

4. Bailey AM, Justice S, Davis GA, et al. Delayed hematologic toxicity

following rattlesnake envenomation unresponsive to crotalidae

polyvalent antivenom. Am J Emerg Med. 2017;35(7):1038.

5. Kitchens C and Eskin T. Fatality in a case of envenomation by Crotalus

adamanteus initially successfully treated with polyvalent ovine

antivenom followed by recurrence of defibrinogenation syndrome. J

Med Toxicol. 2008;4(3):180–3.

6. Wilson BZ, Larsen J, Smelski G, et al. Use of Crotalidae equine immune

F(ab’)2 antivenom for treatment of an Agkistrodon envenomation. Clin

Toxicol (Phila). 2021;59(11):1023–6.

7. Bush SP, Ruha AM, Seifert SA, et al. Comparison of F(ab’)2 versus Fab

antivenom for pit viper envenomation: a prospective, blinded,

multicenter, randomized clinical trial. Clin Toxicol (Phila).

2015;53(1):37–45.

8. Mascarenas DN, Fullerton L, Smolinske S, et al. Comparison of F(ab’)2

and Fab antivenoms in rattlesnake envenomation: first year’s post-

marketing experience with F(ab’)2 in New Mexico. Toxicon.

2020;186:42–45.

9. Boyer LV, Chase PB, Degan JA, et al. Subacute coagulopathy in a

randomized, comparative trial of Fab and F(ab’)2 antivenoms. Toxicon.

2013;74:101–8.

10. Green S, Folt J, Wyatt K, et al. Epidemiology of fatal snakebites in the

United States 1989–2018. Am J Emerg Med. 2021;45:309–16.

11. Ruha AM, Kleinschimidt KC, Greene S, et al. The epidemiology, clinical

course, andmanagement of snakebites in theNorthAmerican snakebite

registry. J Med Toxicol. 2017;13(4):309–20.

12. Faraoni D,Willems A, Savan V, et al. Plasma fibrinogen concentration is

correlated with postoperative blood loss in children undergoing

cardiac surgery. a retrospective review. Eur J Anaesthesiol.

2014;31(6):317–26.

Volume 8, No. 3: August 2024 Clinical Practice and Cases in Emergency Medicine221

Lo et al. F(ab’)2-associated Recurrence in a Child

mailto:clo@llu.edu
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


A Case Report of Delayed Opioid Toxidrome After
Administration of Naloxone

Maiya Cowan, MD*†

Prasanna Kumar, MD*†

Jenny McManus, MD, MPH*†

Sean Bilodeau, DO*†

Andrew Beck, MD, MS†

*Brown University, Providence, Rhode Island
†Lifespan/Rhode Island Hospital, Department of Emergency Medicine, Providence,
Rhode Island

Section Editor: Steven Walsh, MD
Submission history: Submitted December 13, 2023; Revision received February 20, 2024; Accepted March 8, 2024
Electronically published May 29, 2024
Full text available through open access at http://escholarship.org/uc/uciem_cpcem
DOI: 10.5811/cpcem.6622

Introduction: Opioid use is an epidemic that plagues the United States. Patients frequently present to
the emergency department (ED) after opioid toxicity, which can lead to respiratory failure, apnea, and
death. Although there is an effective antidote, naloxone, the current guidelines surrounding post-
naloxone administration monitoring are loosely defined.

Case Report:We present a case in which an individual was administered naloxone after an intentional
opioid overdose andwasmonitored for four hours, as is standard in our institution. He remained in theED
for additional workup following this observation period and subsequently experienced signs of severe
respiratory depression, requiring bag-valve-mask ventilation, naloxone, and admission. Had he been
discharged, as is typical after a four-hour observation period, the consequences could have been fatal.
We present multiple theories as to why his opioid toxidrome may have presented in a delayed manner,
including ingestion of fentanyl analogues and variability in metabolization of both opioids and naloxone.
We also explore alternative overdose antidote products approved by the US Food and Drug
Administration, which may impact post overdose care.

Conclusion: This case suggests that the correct amount of time to monitor patients after naloxone
administration may be longer than originally thought. Our aim in this article was to further the discussion
regarding the most appropriate observation period in cases of opioid toxicity. [Clin Pract Cases Emerg
Med. 2024;8(3)222–225.]

Keywords: naloxone; opioid; overdose; fentanyl; case report.

INTRODUCTION
The opioid epidemic remains a serious public health crisis

in the United States (US). Opioid overdoses account for a
large proportion of emergency department (ED) visits
nationwide and are the number one cause of death in
individuals between 25–64 years of age.1,2 In 2021, 80,411
deaths involving opioid overdose were reported in theUS, an
increase from 68,630 the year prior.3 Naloxone is a
competitive mu opioid receptor antagonist used to reverse
the central and peripheral effects of opioid toxicity.2

Currently, there is no consensus regarding the duration of
observation after naloxone administration. Various studies
have cited between 1–4 hours as sufficient to prevent adverse
events such as recurrence of respiratory depression,
providing the patient has normal vital signs and
mentation.4,5 However, some authors recommend even
longer observation periods.6 This report highlights a case of
delayed opioid toxidrome after naloxone administration
despite an observation period of four hours, shedding light
on potential pitfalls with current practice.
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CASE REPORT
A 30-year-old male with past medical history of

polysubstance use disorder and asthma presented to the ED
following an intentional intranasal opioid overdose with
illicitly purchased fentanyl. He was found unresponsive, and
an ambulance was called. En route, he received a total of six
milligrams (mg) of intranasal (IN) naloxone and 0.4 mg
intravenous (IV) naloxone to reverse the apneic state. This
was his first time using fentanyl, and he denied any known
co-ingestion. He did not take any daily medications or have
any allergies.

Initial vital signs were as follows: heart rate 116 beats per
minute; blood pressure 184/118 millimeters of mercury;
temperature 97° Fahrenheit, and oxygen saturation of
94–100% on two liters of oxygen. On exam, the patient was
mildly somnolent but arousable, nodding off during the
interview with a Glasgow Coma Scale (GCS) of 15. His
pupils were pinpoint. Thought content included active
suicidal ideation (SI) with a plan. He demonstrated no signs
of trauma. Urine drug screen, an immunoassay, was positive
only for fentanyl, cannabinoids, and cocaine. This was later
confirmed with an extended drug panel, which was also
negative for the following: methadone, benzodiazepines,
buprenorphine, amphetamines, oxycodone, opiates, and
phencyclidine. Acetaminophen, ethanol, toxic alcohol, and
salicylate levels were not detected. No other lab
abnormalities were present.

The patient was given one liter of normal saline and placed
on telemetry with constant observation. After four hours, the
patient was medically stable as he was awake, alert, and
cooperative with aGCS of 15. At this point, he demonstrated
no signs of respiratory depression, pupillary abnormality, or
mental status change. He remained in the ED for psychiatric
evaluation in the setting of active SI. During this time, he was
under constant in-person observation and handcuffed to his
stretcher (arrested on scene). Approximately 5.5 hours after
initial naloxone administration, the patient became apneic
and unresponsive. He was ventilated via bag-valve-mask and
given two mg of IN naloxone with prompt clinical response.
He was started on an IV naloxone infusion at 0.4 mg/hour
and admitted to the intensive care unit.

He was on the infusion for approximately two hours when
it was discontinued. Approximately three hours after
cessation of the infusion, he had another episode of apnea.
An IV naloxone infusion was reinitiated with a 0.2 mg IV
bolus, again with appropriate clinical response. He was
successfully weaned off IV naloxone later that night. He was
discharged to a correctional facility with psychiatric follow-
up two days later.

DISCUSSION
Deaths from opioid overdose have more than tripled over

the last decade.3 As ED visits for opioid-related overdoses
continue to rise, it is paramount to have standardized

treatment protocols in place. Intranasal naloxone has gained
momentum in the prehospital and community settings, even
becoming available over the counter in 2023. Despite its
widespread use, there continues to be disagreement over
the most appropriate observation period to prevent
adverse events.

The elimination half-life of IV naloxone ranges from
20–90 minutes, whereas that of many opioids can be
substantially longer.5 For example, pharmaceutical fentanyl
has a half-life of approximately 3.6 hours; and although
human studies are lacking, some animal studies suggest that
carfentanil can have a half-life of up to 7.7 hours.7,8,9 As a
result, various time periods have been suggested as the most
appropriate for observation after treatment with naloxone to
prevent recurrence of toxicity. There are studies that cite one
hour as safe and others that recommend observation periods
of up to four hours.4,5,10 The patient was observed for four
hours in keeping with institutional policy and subsequently
recrudesced, which could have proven fatal.

There are many hypotheses as to why this patient
presented atypically after opioid intoxication: variability in
naloxone metabolism, ingestion of fentanyl analogues, and
variability in opioid metabolism. The elimination of

Population Health Research Capsule

What do we already know about this
clinical entity?
The opioid epidemic is a significant cause
of morbidity and mortality in the United
States. Naloxone is a readily available
antidote that is clinically effective.

What makes this presentation of
disease reportable?
The patient suffered from opioid toxicity well
after the established observation period for
naloxone use at our institution ended.

What is the major learning point?
There may not be a universal observation
period for opioid toxicity in the emergency
department, as individuals may metabolize
naloxone and opioids differently.

How might this improve emergency
medicine practice?
This case may encourage clinicians to
consider a longer observation period or
maintain a higher threshold for discharging a
patient after an opioid overdose.
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naloxone follows first order kinetics.11 Consequently, after
four to five half-lives, 93.75–97% of the drug is eliminated,
allowing for negligible remaining effect. Based on the well
documented half-life range of 20–90 minutes, the rate of
elimination among two people on either end of the spectrum
can be approximately 4.5 times faster or slower.5 This is a
substantial difference. Based on this range, if our patient
were a fast metabolizer of naloxone, he likely would have
required repeat doses within the observation period.
However, if he were a slow metabolizer, he may have had
enough naloxone to pass a four-hour observation period but
would experience rebound toxicity once it wore off. There is
scarce data reviewing this specific topic.

One recent study suggests a prolonged observation period
between 6–12 hours in chronic opioid users or those who
have ingested methadone, buprenorphine, or other long-
acting opioids. Additionally, once 5 mg or more of IV
naloxone is administered, admission is recommended.6 The
rationale is that this increased dose may reflect the potency
and half-life of the opioid ingested. Our case may be another
data point to support the notion that there may be a role for
dose-dependent observation periods after naloxone
administration. This may be hard to quantify as dosing is
based on clinical response and may overestimate the
minimum amount of naloxone required for adequate
reversal. In addition, this would require a method of
standardization when current observation periods already
vary greatly from facility to facility.5,10

Another explanation is that the patient unintentionally
ingested a long-acting opioid, such as a fentanyl analogue.
Fentanyl analogues and novel synthetic opioids have
infiltrated the unregulated illicit drug market.7 Data
regarding pharmacokinetic and pharmacodynamic
properties of fentanyl analogues/novel synthetic opioids is
scarce, and much of the data come from animal studies. One
example, carfentanil, has permeated throughout the illicit
drug market and may be associated with increasing
overdoses in the US.7 One small cohort study of human
subjects that analyzed postoperative pain found that fentanyl
is 50–100 timesmore potent thanmorphine, while carfentanil
is 10,000 times more potent than morphine.7 This is
significant because potency, affinity for mu opioid receptors,
and ease of dissociation can influence how much naloxone is
needed to reverse opioid toxicity.8 Most relevant to this case,
the half-lives of these compounds vary greatly and would
have significant implications for the duration of monitoring.

The half-life of pharmaceutical fentanyl is 219 minutes
(~3.6 hours), and animal data suggests that the half-life of
carfentanil is 7.7 hours.7,9,12 Given that the half-life of
naloxone is 20–90 minutes, these compounds can be present
for much longer than the reversal agent, resulting in
recurrence of toxicity and need for longer monitoring times.
To illustrate, one case series highlights 18 patients who
experienced exaggerated opioid toxicity after testing positive

for fentanyl on a limited drug screen. Seventeen of these
patients required naloxone boluses, with four requiring
prolonged infusions (26–39 hours). Furthermore, one patient
experienced recurrent toxicity eight hours after naloxone
discontinutation,10 similar to the patient presented in this
case report. This sheds light on the need for more data
regarding fentanyl and its analogues and potentially
increasing the time for observation after fentanyl
ingestions specifically.

Consideration was also given to the possibility that he had
self-administered fentanyl in the ED. However, this was
unlikely as he always had a staff member present due to SI
and was in handcuffs. Another explanation for delayed
opioid toxidrome could be variable metabolization of the
drug. Fentanyl is primarily metabolized by cytochrome P450
3A4 (CYP450 3A4) in the liver and, to a lesser extent,
duodenal microsomes and renally.13 Fentanyl is eliminated
through conversion to inactive, nontoxic metabolites.7 As
with any enzyme, metabolic function may be subject to
variability among individuals with respect to expression and
drug interactions. For example, patients with hepatic
impairment will likely have decreased clearance of these
medications. Additionally, drugs that compete with fentanyl
can result in unforeseen interactions. To illustrate,
benzodiazepines are also metabolized by CYP450 3A4, and
co-ingestion could result in delayed conversion of fentanyl
into inactive metabolites.13 As a result, if metabolism of the
opioid was slower than that of naloxone then this patient
could have experienced rebound toxicity once naloxone
effects had diminished or waned. However, this patient
specifically did not have any laboratory evidence of hepatic
impairment or benzodiazepine co-ingestion.

While naloxone is the standard of care for opioid overdose
reversal, other emerging products in the pharmaceutical
sector may address breakthrough presentations similar to
this case. For instance, in 2023 the US Food and Drug
Administration approved nalmefene as an intranasal
alternative to naloxone. While nalmefene and naloxone are
both opioid antagonists, the benefit of nalmefene is that its
half-life is considerably longer than naloxone at 11.4 hours.14

More studies are needed to compare its efficacy and side-
effect profile to naloxone. However, it may serve as a
potential alternative for opioid overdoses.

CONCLUSION
This discussion highlights a case of delayed opioid

toxidrome more than four hours after naloxone
administration. The mechanism of these findings is unclear
but may involve ingestion of fentanyl analogues or inter-
individual variability in metabolization of opioids or
naloxone. While data is limited on this phenomenon,
this case highlights the need for more controlled
studies on appropriate duration for monitoring after
naloxone administration.
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Introduction: Recognizing testicular torsion is extremely important in patients presenting to the
emergency department (ED) with acute scrotal pain. Traditional manual detorsion techniques are
frequently employed by emergency physicians but are not always successful. Delays in detorsion
increase the risk of testicular infarction and infertility, and the need for orchiectomy. Novel techniques
such as the testicular traction technique have been described as a potential solution for difficult-to-
detorse testicles.

Case Report:Our case report describes a 20-year-old male with no significant past medical history who
presented to a rural EDwith acute, atraumatic testicular pain secondary to testicular torsionwith an intact
cremasteric reflex. After confirming the diagnosis using Doppler ultrasound, manual detorsion using the
traditional “open book” technique was attempted and unsuccessful. The patient was subsequently
successfully detorsed using the novel testicular traction technique.

Conclusion: The testicular traction technique is a safe, rapid, and effective primary or adjunctive
technique inmanual testicular detorsion. Given the time-sensitive nature of testicular torsions, adjunctive
techniques play a crucial role in managing challenging detorsions, particularly in resource-limited rural
settings with limited access to urologic services. Although it is commonly thought that the cremasteric
reflex is absent in testicular torsions, it may be present in rare circumstances, and its presence should not
be an absolute in ruling out torsion. [Clin Pract Cases Emerg Med. 2024;8(3)226–230.]

Keywords: case report; testicular torsion; manual detorsion; technique; cremasteric reflex.

INTRODUCTION
Scrotal complaints comprise at least 0.5%of all emergency

department (ED) visits.1 Among the differential diagnoses,
testicular torsion is one of the most serious and is considered
a surgical emergency. The annual incidence of testicular
torsion is estimated to be 3.8 per 100,000 for males <18 years
of age, and rates of orchiectomy were found to be as high as
42% in these boys.2,3 Given that the complications of
testicular torsion include testicular infarction and infertility,
quickly diagnosing and treating it is imperative.3,4

In the ED, manual detorsion is a safe, rapid, noninvasive
treatment that should be attempted to reverse ischemia and
provide rapid pain relief.4 Since up to 95% of testicular
torsions are due to internal rotation, the detorsion technique

often requires external rotation of the testicle as if one was
“opening a book.”5 For a suspected torsion of the left testicle,
the physician should place his or her right thumb and index
finger on the testicle and rotate 180 degrees from medial to
lateral (or clockwise).4 The procedure may be repeated several
times since torsion can involve rotations of 180–720 degrees.4

The success rate of manual detorsion in the literature varies; it
can be as high as 76–95% when performed by urologists, but
other studies found the success rate more variable.6–8 Given
the variable success rate of the “open book” technique, it is
important to have an adjunctive technique if it fails or urologic
intervention is not immediately available.

The testicular traction technique was first described in
2022 by Mellick et al9; it involves grasping the testicle with
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one or both hands and pulling inferiorly to stretch the
spermatic cord to its maximum length. From there, manual
detorsion of the testicle is performed by externally rotating
the testicle using the “open book” technique until the
spermatic cord feels normal. We describe a successful
detorsion using the testicular traction technique after
conventional methods failed.

CASE REPORT
A 20-year-old White male with no known medical

conditions presented to a rural ED with complaints of
atraumatic and continuous pain to the left testicle and
inguinal region that worsened with movement. The pain
developed after a day of work involving frequent heavy
lifting. During his shower at home approximately five hours
prior to presentation, he noticed the left testicular pain was
more pronounced with associated bulging and tenderness in
the left scrotal region. He denied any associated symptoms
such as nausea and vomiting. He had no history of torsion,
undescended testicles, testicular malignancy, or surgery to
the testicle or abdominal region.

On physical exam, the patient appeared pale, nervous, and
apprehensive of movement. Vital signs were within normal
limits. Genitourinary examination revealed a high-riding
and hard testicle that was diffusely tender to palpation. There
were no masses in the inguinal region, and no testicular
erythema, swelling, visible masses, or penile discharge. A
hard, knot-like mass was palpated on the superior pole of the
left testicle along the spermatic cord, suspicious for a torsed
spermatic cord. Unexpectedly, the cremasteric reflex was
present. The sonographer who performed the ultrasound
approximately six hours after symptom onset noted minimal
blood flow to the left testicle (Image 1). The on-call
radiologist quickly confirmed the diagnosis of testicular

torsion. The radiology report also noted a tangled,
heterogenous mass superior to the testicle that was consistent
with the torsed spermatic cord palpable on physical exam
(Image 1). There was no notable enlargement or changes in
echotexture that were concerning for an infarction
or necrosis.

Population Health Research Capsule

What do we already know about this
clinical entity?
The testicular traction technique was first
described in 2022 as an adjunctive manual
detorsion technique for testicular torsions.

What makes this presentation of
disease reportable?
A patient with a testicular torsion and an
intact cremasteric reflex was detorsed using
the testicular traction technique.

What is the major learning point?
This is a safe, noninvasive treatment that
provides rapid pain relief. Absence of the
cremasteric reflex may not always be a
reliable sign of testicular torsion.

How might this improve emergency
medicine practice?
The testicular traction technique is an
effective primary or adjunctive technique
for difficult-to-detorse testicles.

Image 1. Arterial and venous flow in the left testicle and epididymis under Doppler ultrasound. Note the lack of flow in both the left testicle
(yellow arrow) (A) and left epididymis (orange arrow) (B). There was a heterogenous mass (orange arrow) superior to the left testis without
blood flow, consistent with tangled vasculature (B). A discussion with the radiologist determined that the spectral waveform was artifact and
not venous flow (A).
TRANS, transverse view; SAG, sagittal view.
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The patient was prepped for manual detorsion in a
standing position approximately six hours after the onset of
symptoms.We attempted the “open book” technique several
times in both directions without successful detorsion.
Subsequently, the testicular traction technique (Figure) was
performed by first grasping and applying inferior traction to
the left testicle, while correcting the side-lying angle to amore
natural vertical angle of the testicle.

The tension reduced the palpable lump of anticipated
spermatic cord at the superior pole. While maintaining
traction and lengthening the spermatic cord, the left testicle
was manually rotated clockwise by ~90°. At this point, the
testicle spontaneously detorsed by at least 1–2 turns. It was
challenging to determine the precise number of rotations, as
the testicle rapidly rotated within the scrotum. However, the
physician could feel the testicular anatomy during this

movement. Resolution was apparent by both visible and
physical exams immediately following the procedure. The
patient reported instant relief of pain. A repeat Doppler
ultrasound was performed, which confirmed the detorsion
and restoration of normal blood flow with no evidence of
infarct or necrosis (Image 2). Based on resolution of
symptoms and blood flow, the on-call urologist determined
that the patient could follow up in an outpatient setting
urgently for elective orchiopexy procedure. Follow-up
information was not available.

DISCUSSION
This case reports describes a 20-year-old man with a

testicular torsion and intact cremasteric reflex that was
successfully detorsed with the testicular traction technique.
The spermatic cord is highly mobile and stretches and

Figure. The testicular traction technique. (A) The torsed left testicle is identified. Typical symptoms include a high-riding, hard, inflamed, and
tender testicle as depicted here. A twisted spermatic cord may also be palpated superior to the testicle. (B) Traction is applied to the affected
testicle until the spermatic cord is maximally lengthened. In our case, the side-lying angle of the torsed testicle was corrected to a more
natural, vertical angle. (C) With the spermatic cord lengthened, the testicle is rotated externally while maintaining traction. Most testicular
torsions are medially twisted; therefore, clockwise rotation should be attempted for the left testicle and counterclockwise rotation for the right
testicle. The physician should visualize and palpate for any flipping or spinning of the testicle throughout the maneuver. (D) Successful
detorsion is often represented by immediate resolution of pain. Repeat Doppler ultrasound should be performed to confirm restoration of
blood flow to the affected testicle.

Image 2.Repeat Doppler ultrasound of the left testicle aftermanual detorsion. (A) Sagittal view of the left testicle showing restored arterial and
venous flow (yellow arrows). (B) Sagittal view of the spermatic cord and epididymis with resolution of the heterogenousmass and restoration
of blood flow (green arrows), consistent with successful detorsion.
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retracts under normal physiologic responses. As a result, the
traction maneuver in the testicular traction technique should
be physiologically and anatomically tolerated.9 This
technique is particularly useful when torsion has been
prolonged and the spermatic cord becomes edematous,
increased in volume, and partially trappedmaking extraction
from the inguinal canal necessary.9 The proposedmechanism
of the technique is analogous to stretching a tangled phone
cord to allow for partial unraveling prior to applying a
rotational force. Scheier and Levy in 2023 described a similar
phenomenon where each traction attempt returned transient
and pulsatile blood flow to the testicle despite the manual
detorsion failing.10

Our case was consistent with what was described in the
first case series reporting use of this technique.9 The traction
technique in our case was employed as an adjunct maneuver,
which removed the resistance felt during the initial detorsion
attempt using standard methods. While the stretching of the
spermatic cord did not directly lead to unraveling of the
torsion, spontaneous unraveling did occur after gentle
external rotation of the testicle. We hypothesize that the
additional downward force of gravity in the standing
position may have contributed to the spontaneous detorsion.
However, the technique could be performed in a supine
position as described in the previous case series.

The most important determinants of an early salvage rate
of testes are the time from symptom onset to detorsion and
the degree of spermatic cord twisting.11 The sensitive time
frame of testicular salvage in testicular torsion cases further
emphasizes the importance of timely diagnoses and manual
detorsion. In rural hospitals like ours, subspeciality services
such as urology are not immediately available, and transfer
to tertiary care centers may prolong testicular ischemia if not
successfully detorsed in the ED. The cremasteric reflex is
often thought to be absent in 100% of patients with testicular
torsion. Unexpectedly, the cremaster reflex was present in
our case, which is similar to what was reported in other case
reports.12 The cremasteric reflex may be a useful sign, but its
reliability in diagnosing or excluding testicular torsion has
been challenged in recent years.13

Regardless, a scrotal ultrasound should be immediately
performed on any patient who presents with acute
atraumatic scrotal pain, and manual detorsion should be
attempted in a timely fashion. The rates of orchiectomy
following testicular torsion vary in the literature;
nonetheless, they are significantly higher in patients who
were not successfullymanually detorsed.14Manual detorsion
in the ED can buy precious time that is vital for successful
surgical salvage and may sometimes even convert an
emergent urologic surgery into an urgent but elective one.6

The time window for survival and successful salvage of a
torsed testicle had been commonly thought to be 6–8 hours or
less.15 Delays past this time window may lead to
orchiectomy, which is associated with reduced fertility and

medico-legal litigation. Some physicians even forgo manual
detorsion beyond this point. In a systematic review by
Mellick et al that included 2,116 patients with testicular
torsion, they found that testicular survival was significantly
beyond the original 6–8 hour time frame: 90.4% survival
when detorsed within the first 12 hours, 54% from 13–24
hours, and 18.1% when after 24 hours. Successful detorsion
may still be achieved past the commonly accepted window,
but the decision to attemptmanual detorsion should bemade
on a case-by-case basis.

CONCLUSION
The absence of the cremasteric reflex may not always be a

telltale sign in identifying patients with an acute scrotum, and
ultrasound should be performed whenever testicular torsion is
suspected. It is commonly thought that testicles are
unsalvageable past the 6–8 hour time window; however, there
is literature that supports longer survivability. Physicians
should not forgo manual detorsion solely based on the
duration of torsion. The testicular traction technique is a
rapid, easy-to-perform, and safe maneuver that can be used as
a primary or adjunctive treatment for detorsion in any setting.
Despite limited patient cases, the novel testicular technique
shows promise as a solution for difficult-to-reduce testicles.
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Introduction: Osteomyelitis can occur at various osseous locations and commonly presents in the
emergency department (ED). The incidence of osteomyelitis is 21.8 cases per 100,000 persons
annually.1 Hematogenous osteomyelitis typically occurs in the vertebrae; however, it may seldomly
occur in the manubrium. Hematogenous osteomyelitis can be seen in patients with complicated thoracic
surgery, radiation, fracture, diabetes, immunosuppression, steroid therapy, and malnutrition.2 Because
signs and symptoms of osteomyelitis may be nonspecific, clinicians must have high suspicion based on
history and physical. Workup should include identifying the source, imaging, and surgical cultures.

Case Report: A 60-year-old male with hypertension and diabetes presented with atraumatic right
shoulder and chest pain. The patient presented twice to theED for clavicle pain five days prior. Computed
tomography (CT) of the chest detected osseous infection of the manubrium and upper sternum, right
clavicle, and mediastinal phlegmon. A CT of the abdomen and pelvis revealed osteomyelitis and discitis
of the 12th thoracic and first lumbar vertebral body with gas at the psoas muscle, as well as sigmoid
diverticulitis with colovesicular fistula. The patient was started on broad spectrum antibiotics and 1,500
milliliters of lactated Ringer’s in the ED. After evaluation by cardiothoracic surgery, the patient was taken
to the operating room for neck exploration, incision/drainage, manubriectomy, and right sternoclavicular
joint resection. Surgical, blood, urine, and respiratory cultures grew Klebsiella pneumoniae. After a
34-day hospital course, the patient was discharged on two weeks of oral levofloxacin and follow-up
appointments with cardiothoracic surgery and infectious disease. The patient had good prognosis
and recovery.

Conclusion: Hematogenous osteomyelitis to the manubrium is rare and may present with only chest
pain. It is important to consider other sources that seed in the manubrium and imaging to evaluate
multisite infection. Treatment should include intravenous antibiotics and/or surgical intervention for
debridement with washout or manubriectomy. [Clin Pract Cases Emerg Med. 2024;8(3)231–234.]

Keywords: hematogenous osteomyelitis; sternal osteomyelitis; discitis; colovesicular fistula;
Klebsiella pneumoniae; case report.

INTRODUCTION
Osteomyelitis is defined as infection and inflammation of

bone with multiple types that require different interventions
and management. Osteomyelitis develops by three
mechanisms: bacteremia leading to hematogenous spread to

the bone; contiguous spread from adjacent soft tissue to the
bone; or direct inoculation into the bone.3 The rarest type of
osteomyelitis is that of hematogenous spread.4 The most
common location of osteomyelitis is the vertebrae.
Additionally, osteomyelitis of the manubrium (outside of
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thoracic surgery- related complications) is even more
uncommonwith very few case reports published; it can either
lead to or be a result of hematogenous seeding.5 Typically,
these patients will have multiple risk factors such as diabetes
or immunodeficiency that predispose them to infection.
Treatments vary from intravenous (IV) antibiotics alone to
the addition of surgery. This case of manubrium
osteomyelitis is unique in that it was the result of
hematogenous spread; a manubriectomy was necessary in
addition to long-term IV and oral antibiotics.

CASE REPORT
A 60-year-old male with a past medical history significant

for hypertension and diabetes mellitus presented to the
emergency department (ED) with right-sided shoulder and
chest pain. The patient initially presented five days prior with
complaints of a three-day history of right clavicle pain. There
was no reported direct trauma, but the patient noticed the
pain started after he was catching boxes at work. A chest
radiograph and dedicated right clavicle radiograph was
ordered at the time, and both imaging resulted as normal.
The patient was then discharged and diagnosed with a
musculoskeletal strain. Five days later, the patient presented
to the same ED, now with associated chest pain, fevers, and
shortness of breath. Between the two presentations, the
patient was seen at another facility, where computed
tomography (CT) revealed osteomyelitis of the
sternoclavicular joint and manubrium. According to the
patient, the CT also mentioned colonic fistula and because
that facility did not have a cardiothoracic specialist available,
transfer arrangements were attempted but were unsuccessful.
Therefore, the patient decided to leave against medical
advice and present to the ED directly. The patient denied
any IV drug use, tobacco use, or history of
autoimmune disorders.

Initial vital signs were the following: temperature 99.3°
Fahrenheit, pulse 120 beats per minute, blood pressure
120/70millimeters ofmercury, respiratory rate 24 breaths per
minute, and oxygen saturation 97% on room air. On physical
exam, the patient was ill-appearing. There was right clavicle
and right-sided chest wall tenderness but no appreciation for
crepitus or mass. His cardiopulmonary exam revealed
tachycardia. There were no heart murmurs, and lung sounds
were clear bilaterally. Laboratory values revealed a white
blood count of 7.41 109 per liter (reference range 4.8–11.4 109

per liter), a blood sugar level of 352 milligrams per deciliter
(mg/dL) (70–140 mg/dL), and an elevated lactate level of 3.5
millimoles per liter (mMol/L) (0.5–2.0 mMol/L).
Additionally, there was an elevated sedimentation rate of 84
millimeters per hour (mm/hr) (0–20 mm/hr), an elevated
C-reactive protein level of 22.3 mg/dL (0.0–0.8 mg/dL), and
an elevated procalcitonin level of 12.90 micrograms per liter
(μg/L) (0.0–0.15 μg/L). A CT of the chest revealed an osseous
infection of the manubrium, upper sternum, and right

clavicle with an associated mediastinal phlegmon and soft
tissue gas extending to the neck and right pectoralis major
muscle (Image 1). A CT of the abdomen and pelvis revealed
osteomyelitis and discitis of the 12th thoracic and first lumbar
vertebral body with associated gas in the psoas muscle body
at that level (Image 2). Additionally, sigmoid diverticulitis
with colovesicular fistula was noted on the CT abdomen and
pelvis (Image 3), mentioned by the patient as a notable
finding at the outside hospital.

Differential diagnosis for this patient included septic
shock secondary to Klebsiella pneumoniae bacteremia, with
hematogenous spread to the manubrium and first lumbar
vertebral body. The source was suspected to be from the
sigmoid diverticulitis with a colovesicular fistula. Alternative
differential diagnoses could include necrotizing fasciitis given
the presence of gas in the nearby psoas and pectoral muscle,
pulmonary embolism, or endocarditis based on fever and
chest pain.

The patient was started on broad spectrum antibiotics
(piperacillin-tazobactam, vancomycin, and clindamycin)
and given a 1,500 milliliter (mL) lactated Ringer’s bolus
while in the ED for presumed sepsis. The patient then became
hypotensive and was started on a norepinephrine drip with
additional crystalloid fluids given. Cardiothoracic surgery

Population Health Research Capsule

What do we already know about this
clinical entity?
Hematogenous osteomyelitis is a rare form of
osteomyelitis that occurs when bacteria
spreads to the bone through the bloodstream.

What makes this presentation of
disease reportable?
We report a rare location of the
hematogenous spread to the manubrium with
an even more uncommon treatment course.

What is the major learning point?
This case teaches the importance of an
extensive workup to identify the primary
source of hematogenous osteomyelitis when
found in rare locations.

How might this improve emergency
medicine practice?
Emergency physicians should be aware of
hematogenous osteomyelitis and how
extensive workup will aid in evaluating this
disease process.
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was consulted for chest findings.Neurosurgerywas consulted
for the spine findings, and colorectal surgerywas consulted to
address the fistula. After being evaluated by cardiothoracic
surgery, the patient was immediately taken to the operating
room (OR) from the ED for amanubriectomy and for source

control. In the OR, the surgeons performed a neck
exploration, an incision and drainage, amanubriectomy, and
a resection of the right sternoclavicular joint. The patient was
then admitted to the surgical intensive care unit after being
intubated, and he continued to require vasopressors.
Surgical, blood, urine and respiratory cultures grew
K pneumoniae, which was presumed to be the source of
infection. On day six, the patient was found to have
additional septic emboli onCT head. A lumbar puncture was
performed on day eight; however, cerebrospinal fluid
cultures grew no bacteria. The patient was eventually
extubated, weaned off vasopressors, and managed on the
medical/surgical floor on day 11.

During his hospital stay on the surgical floor, the patient
completed a six-week course of intravenous (IV) antibiotics
and was switched to oral antibiotics. On hospital day 30,
the patient underwent additional surgery for a right
sternocleidomastoid muscle flap, debridement of the
sternoclavicular joint, and closure of the neck wound.
After a 34-day hospital course, the patient was discharged
on oral levofloxacin for an additional two weeks with
follow-up with cardiothoracic surgery and infectious
disease specialists.

DISCUSSION
Few case reports have been published regarding primary

sternal osteomyelitis, with the thought that most stem from
hematogenous spread.4,5 This again is supported by our
patient’s presentation, where there were multiple sites of
infection including vertebral osteomyelitis, extensive neck
and psoas muscle abscesses, and septic emboli infarcts.

Image 1. A sagittal view of computed tomography of the chest,
revealing osseous infection of manubrium with surrounding gas
(arrow) extending into the neck.

Image 2. A sagittal bone view of computed tomography of the
abdomen and pelvis revealing gas within the twelfth thoracic and
first lumbar vertebral body (circle) suspicious for osteomyelitis.

Image 3.A sagittal view of computed tomography of the abdomen
and pelvis demonstrating sigmoid diverticulitis with a
colovesicular fistula (circle, arrows).
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In hematogenous osteomyelitis, bacteria in the blood flowing
through the vasculature in the bone can adhere to it. Bacteria
may cause inflammatory changes, breaking down the bony
cortex and periosteum, which can cause further invasion of
the bacteria and necrosis of the bone.6 Typically, risk factors
for hematogenous osteomyelitis include endocarditis, IV
drug use, sickle cell disease, hemodialysis, orthopedic
hardware, and intravascular devices.7 However, this patient
did not present with any known risk factors. The patient’s
history of diabetes mellitus may have been a risk factor for
contiguous spread from diabetic ulcers into the adjacent
bone. Additionally, the patient presented with only chest
pain with no chest mass as seen in other case reports of
sternum osteomyelitis.5,8,9,10

Furthermore, when taking a closer look at the pathogen
isolated in this case, K pneumoniae was found both in the
vertebrae and the manubrium surgical cultures.
K pneumoniae is a typical anaerobic organism of the
gastrointestinal (GI) tract. One study showed it to cause
severe bacterial infections where there was a correlation with
increased morbidity seen in patients with GI fistulas.11

Similarly, with this case it is assumed that the fistula may
have caused hematogenous spread of the infection, thus
causing the multiple sites of osteomyelitis. Treatment for
hematogenous osteomyelitis is normally IV antibiotics
alone.4 However, for this case a manubriectomy was
performed for source control due to the patient’s septic
shock. Typically, surgical treatment for sternum
osteomyelitis has included surgical debridement, surgical
washout, and even hyperbaric oxygen therapy.5,12 In
addition to surgery, this patient did receive a prolonged
course of IV and oral antibiotics.

CONCLUSION
Hematogenous osteomyelitis to the manubrium is rare

and may present with only chest pain. Workup includes
obtaining inflammatory markers, as well as CT imaging of
the chest. Additionally, it is important to consider other
sources that may have seeded the manubrium, such as
in this patient with colovesicular fistula, and to obtain
additional imaging/workup to evaluate for multiple sites of
infection. Once the diagnosis is made, treatment at minimum
should include IV antibiotics but may require surgical
intervention such as debridement with washout or
even a manubriectomy.
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case report. Documentation on file.

Address for Correspondence: Sharmin Kalam, MD, Loma Linda
University Medical Center, Department of Emergency Medicine,
11234 Anderson St., Room A890A, Loma Linda, California 92354.
Email: Skalam@llu.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: © 2024 Wong 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. Kremers HM, Nwojo ME, Ransom JE, et al. Trends in the epidemiology

of osteomyelitis: a population-based study, 1969 to 2009. J Bone Joint

Surg Am. 2015;97(10):837–45.

2. Gill GS and Pulcini M. Maxillary osteomyelitis in a patient with

pansinusitis and recently diagnosed focal segmental

glomerulosclerosis. Cureus. 2019;11(8):e5347.

3. KolinskyDC and Liang SY.Musculoskeletal infections in the emergency

department. Emerg Med Clin North Am. 2018;36(4):751–66.

4. Lew DP and Waldvogel FA. Osteomyelitis. Lancet.

2004;364(9431):369–79.

5. Platt MA and Ziegler K. Primary sternal osteomyelitis with bacteremia

and distal seeding. J Emerg Med. 2012;43(2):e93–5.

6. Schmitt SK. Osteomyelitis. Infect Dis Clin North Am. 2017;31(2):325–38.

7. Renz N, Haupenthal J, Schuetz MA, et al. Hematogenous vertebral

osteomyelitis associated with intravascular device-associated

infections - a retrospective cohort study. Diagn Microbiol Infect Dis.

2017;88(1):75–81.

8. Carnevale A, Righi R, Maniscalco P, et al. Primary septic arthritis of the

manubriosternal joint in an immunocompetent young patient: a case

report. Radiol Case Rep. 2017;12(4):682–5.

9. DiNardo AR, Schmidt D, Mitchell A, et al. First description of oral

Cryptococcus neoformans causing osteomyelitis of the mandible,

manubrium and third rib with associated soft tissue abscesses in an

immunocompetent host. Clin Microbiol Case Rep. 2015;1(3):017.

10. Rodríguez Lorenzo P, Fernández Martínez B, Pérez Alba M, et al.

Primary sternal osteomyelitis. Arch Argent Pediatr.

2023;121(5):e202201449.

11. Li J, Ren J, Wang W, et al. Risk factors and clinical outcomes of

hypervirulent Klebsiella pneumoniae induced bloodstream infections.

Eur J Clin Microbiol Infect Dis. 2018;37(4):679–89.

12. de Nadai TR, Daniel RF, de Nadai MN, et al. Hyperbaric oxygen therapy

for primary sternal osteomyelitis: a case report. J Med Case Rep.

2013;7:167.

Clinical Practice and Cases in Emergency Medicine Volume 8, No. 3: August 2024234

Hematogenous Osteomyelitis of the Manubrium Wong et al.

mailto:Skalam@llu.edu
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


Ultrasound-guided Supraclavicular Brachial Plexus Block for
Therapeutic Management of Postoperative Compressive

Brachial Plexus Neuropathy: A Case Report
Daniela Usuga, MS*
Sofia Portuondo, MD†

David Farcy, MD‡

Michael Shalaby, MD‡

*Florida International University, Herbert Wertheim College of Medicine, Miami, Florida
†Mount Sinai Medical Center Miami Beach, Department of Emergency Medicine,
Miami Beach, Florida

‡Florida International University, Herbert Wertheim College of Medicine,
Department of Emergency Medicine and Critical Care, Miami, Florida

Section Editor: Shadi Lahham, MD
Submission history: Submitted November 30, 2023; Revision received February 27, 2024; Accepted March 11, 2024
Electronically published June 14, 2024
Full text available through open access at http://escholarship.org/uc/uciem_cpcem
DOI: 10.5811/cpcem.6600

Introduction:Compressive neuropathy of the brachial plexus is a common issue following laparoscopic
and robotic surgeries.

Case Report: A 71-year-old male, post-lumbar spinal surgery, presented with excruciating right upper
extremity pain and paresthesias. A supraclavicular brachial plexus (SBP) block with bupivacaine
provided significant pain relief, lasting 36 hours. Subsequent physical therapy led to gradual pain and
weakness improvement in compressive neuropathy.

Discussion: The SBP block, facilitated by ultrasound guidance, is a safe procedure with few serious
complications. It proves beneficial for managing postoperative compressive neuropathy, allowing
patients to break pain cycles and participate in rehabilitation.

Conclusion: The SBP block is an effective addition to the management of postoperative compressive
neuropathy, given its ease, safety, and potency. Although regional anesthesia provides only temporary
relief, patients can experience a break in debilitating pain cycles associated with compressive
neuropathy. [Clin Pract Cases Emerg Med. 2024;8(3)235–238.]

Keywords: Supraclavicular Brachial Block; ultrasound; compressive neuropathy; brachial plexus.

INTRODUCTION
The brachial plexus arises from the spinal nerve roots of

fifth cervical to first thoracic and supplies sensory and motor
innervation to the upper limb and shoulder girdle.
Compressive neuropathy, also known as entrapment
neuropathy, occurs from the compression of a nerve and can
result in temporary or permanent weakness and pain, which
can be debilitating.1 The brachial plexus is located in the
posterior triangle in the neck and passes proximally between
the scalene muscle and distally between the first rib and
clavicle.2 With increased utilization of laparoscopic and
robotic surgery, there has been an increased incidence of

brachial plexus neuropathy,3 especially given the prolonged
time that the patient spends in the Trendelenberg position.2–4

Previously published case reports and case series have
reported brachial plexus neuropathy following prolonged
spinal surgery.5–7 Spinal surgeries in which the patient is in
the prone position with their arms abducted at an angle
greater than 90° have been demonstrated to have
significantly increased incidence of postoperative brachial
plexus injury.6 Such cases have also been replicated in animal
studies, in which interrupted blood flow to or prolonged
stretching of the brachial plexus results in intraneural
capillary rupture and hematoma formation.4
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Parsonage-Turner syndrome, also known as idiopathic
brachial plexopathy or neuralgic amyotrophy, is a rare
condition characterized by a diverse range of symptoms.8 It
typically manifests with sudden onset shoulder pain on one
side, followed by progressive neurological issues such as
motor weakness, dysesthesias, and numbness. While the
exact cause of the syndrome is not well understood, it has
been observed in various clinical scenarios, including
postoperative compressive, postinfectious, post-traumatic,
and post-vaccination settings.8

CASE REPORT
Our patient was a 71-year-old man who had a fourth

lumbar to fifth lumbar posterior lumbar interbody fusion
with third lumber to fifth lumbar posterolateral
decompression and fusion one month before presentation.
He presented to our emergency department (ED) with a chief
complaint of painful paresthesias of the entire right upper
extremity. After remaining on his right lateral decubitus for
an extended period intraoperatively, the patient
subsequently developed painful paresthesias in the right
shoulder and right arm. He had seen a neurologist in the
clinic, who prescribed gabapentin 300 milligrams (mg) three
times daily and methocarbamol 750 mg three times daily for
compressive neuropathy. However, the patient had achieved
minimal analgesia with this regimen, and he rated his pain as
a 10/10 upon presentation to the ED. The patient’s physical
exam showed intact strength and reflexes in upper extremities
bilaterally. However, he had decreased sensation to sharp
touch over the entire upper extremity compared to the left.

The patient consented to a supraclavicular brachial plexus
(SBP) block, which was performed with 15 milliliters (mL)
bupivacaine 0.5% with epinephrine. He tolerated the
procedure well and was pain-free when discharged. At
follow-up via phone call one week later he stated that he’d
had 36 hours of pain relief from the brachial plexus block.
Since the procedure, the patient has been in physical therapy
and his pain from his compressive neuropathy has been
slowly improving.

DISCUSSION
An ultrasound (US)-guided SBP block involves instilling

anesthetic within the nerve sheath to anesthetize the upper,
middle, and lower trunks of the brachial plexus. The SBP can
typically be visualized by placing a short linear US probe
within the supraclavicular fossa, the space immediately
posterior to the middle to medial clavicle (Image). In this
view, the subclavian artery is viewed medial to the SBP, the
first rib caudal, and the pleura deep to the first rib (Figure).

With an in-plane needle technique, the physician uses a
shallow needle approach from lateral to medial to guide the
needle toward the SBP. Once the needle is clearly visualized
within the SBP sheath, the physician slowly injects aliquots of
5 mL of anesthetic at a time, making sure to aspirate prior to

any injection. Furthermore, injecting at the “corner pocket”
(Figure) closest to the subclavian artery helps to guarantee
complete anesthesia of the inferior trunk of the brachial
plexus.9 The SBP is very superficial, typically 1–2 centimeters
deep in the skin; thus, a 22-gauge, non-spinal needle can
usually be used for this procedure. The Miller weight-based
local anesthetic dosing should be used to calculate the ideal
anesthetic dosage based on ideal body weight.10 However,
15–20 mL of local anesthetic is usually adequate for
anesthesia of the upper limb. The first rib serves as a
backstop, should the physician accidentally overshoot the
SBP, to avoid causing a pneumothorax.10 Besides
pneumothorax, other complications of the SBP include
axonal damage, hemidiaphragmatic paralysis, and
subclavian artery puncture.10

The use of US to perform a SBP block, as opposed to the
landmark-based technique, significantly reduces the
likelihood of pneumothorax and neuronal injury, as reported
in previous studies.11,12 Additionally, should the performing
physician maintain proper needle control throughout the
procedure, the pleura and subclavian artery remain
comfortably outside the needle’s trajectory to the SBP.9

By anesthetizing all trunks of the brachial plexus, the

Population Health Research Capsule

What do we already know about this
clinical entity?
Brachial plexus compression is a common
post-operative complication, exacerbated by
prolonged procedures such as robotic
surgeries in the Trendelenberg position.

What makes this presentation of
disease reportable?
We report successful treatment of post-
operative brachial plexus neuropathy with
ultrasound-guided supraclavicular brachial
plexus (SBP) block.

What is the major learning point?
Ultrasound-guided SBP block offers
significant pain relief for post-operative
compressive neuropathy, breaking pain cycles
until outpatient management is feasible.

How might this improve emergency
medicine practice?
Ultrasound-guided SBP block is a safe,
effective option to break pain cycles, enabling
therapy and enhancing post-operative
compressive neuropathy management.
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SBP block provides reliable anesthesia of most of the upper
extremity, including the shoulder, but sparing the upper
medial arm (which is innervated by the second thoracic
spinal nerve).13,14,15

The brachial plexus has increased vulnerability to injury
due to its superficial location in the neck and to patient
positioning during certain prolonged surgical procedures.
While our patient had not yet received a formal diagnosis of
Parsonage-Turner Syndrome by his neurologist, his
symptomswere consistentwith the disease.Although chronic
pain resulting from compressive neuropathy often fluctuates
in intensity, our patient experienced excruciating pain, which
caused him to present to the ED that day. While regional
anesthesia does not provide a permanent solution, it can
afford a substantial amount of relief in the short term and
break pain cycles.

Subsequently, our patient was able to resume his physical
therapy without revisiting the ED due to pain. For patients
grappling with similar debilitating pain caused by
compressive neuropathy, regional anesthesia can be a safe
and effective option. Furthermore, per the American Society
of Regional Anesthesia, post-surgical compressive
neuropathy is not a contraindication to treatment with
regional anesthesia.16 The SBP block is feasible for
emergency physicians to perform at the bedside, and the use
of US significantly reduces complications.6,16–19

CONCLUSION
Considering the ease, safety, and potency of the SBP

block, emergency physicians should include the SBP block in
the multimodal approach to the management of
postoperative compressive neuropathy. While pain from
compressive neuropathy is chronic, it also waxes and wanes
and at times can become debilitating. Thus, regional
anesthesia in general can provide significant relief for
patients experiencing similar pain.

Video. Performance of an ultrasound-guided supraclavicular
brachial plexus block.
SA, subclavian artery; BP, brachial plexus; NS, needle shaft.

Patient consent has been obtained and filed for the publication of this
case report.
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Figure. Graphic demonstrating the supraclavicular brachial plexus
(yellow), subclavian artery medial (red), first rib deep (beige), and
pleura (pink). The needle shaft makes a shallow angle towards the
brachial plexus. The blue asterisk represents the “corner pocket.”

Image. Ultrasound probe placement in the supraclavicular
fossa to identify and anesthetize the supraclavicular brachial
plexus. The needle is shown before introduction from a lateral to
medial approach (shown here on a model patient).
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Introduction: Neurogenic pulmonary edema is a rare and potentially life-threatening condition that can
present as severe pulmonary edema after significant neurologic insults. This is the first documented
instance that shows a plausible causal link between cannabis consumption, psychogenic polydipsia, and
the subsequent development of neurogenic pulmonary edema associated with status epilepticus
secondary to acute hyponatremia.

Case Report: We report a case of a 34-year-old female who presented to the emergency department
altered and postictal after a witnessed new-onset seizure. She developed significant respiratory distress
that required intubation. Her sodium was 121 millimoles per liter (mmol/L), from 137 mmol/L 36 hours
prior on routine outpatient labs. Further history revealed excessive water ingestion after eating a
cannabis edible prior to the seizure.

Conclusion: This case highlights the importance of recognizing neurogenic pulmonary edema in
connection with psychogenic polydipsia, severe hyponatremia, and status epilepticus subsequent to
cannabis consumption. [Clin Pract Cases Emerg Med. 2024;8(3)239–242.]

Keywords: neurogenic pulmonary edema; hyponatremia; primary polydipsia; cannabis intoxication;
case report.

INTRODUCTION
Neurogenic pulmonary edema (NPE) is a rare and

potentially life-threatening condition that can occur as a
complication of neurologic insults such as seizures, traumatic
brain injury, and intracranial hemorrhage.1 It is believed to
result from a sudden increase in sympathetic tone leading to
increased pulmonary capillary hydrostatic pressure and
increased pulmonary vascular permeability.2,3 Neurogenic
pulmonary edema is often associated with significant
morbidity and mortality, and early recognition and
management are crucial for favorable outcomes. In this case
report, we illustrate a plausible causal link between cannabis
consumption, psychogenic polydipsia, and the subsequent
development of NPE associated with status epilepticus
secondary to acute hyponatremia.

CASE REPORT
A 34-year-old female with a medical history of well-

controlled HIV, depression, and anxiety presented to the
emergency department (ED) with new-onset seizures.
According to her partner, she had consumed an edible
cannabis cookie earlier in the day and then drank
approximately eight 16.9-ounce bottles of water over the
course of one hour in response to her severe thirst.
Emergency medical services were called because she had a
witnessed, generalized tonic-clonic seizure that lasted
approximately five minutes. Prehospital vital signs
were notable for peripheral oxygen saturation (SpO2)
of 69% on room air and a fingerstick glucose of
254 milligrams per deciliter (mg/dL) (normal range
70–99 mg/dL).
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On arrival to the ED, the patient’s heart rate was 104 beats
per minute, blood pressure 117/71 millimeters of mercury
(mmHg), respiratory rate of 39 breaths perminute, and SpO2

69% on room air. A non-rebreather mask was placed with
improvement of SpO2 to 90%. She was combative and
altered, unable to follow commands to not remove the non-
rebreather mask, and demanding water from ED staff. Due
to excessive agitation, 50 mg of intravenous (IV) ketamine
was given to the patient to allow us to obtain an emergent
computed tomography (CT) head without contrast, CT
angiogram head and neck, and CT chest without contrast.
Following CT imaging, she had another seizure and her
SpO2 in the low 80% range despite non-rebreather mask.
In the setting of her refractory hypoxia, alteredmental status,
and seizures, the decision was made to intubate. We used a
delayed sequence intubation to preoxygenate the patient by
first administering 100 mg of IV ketamine. This improved
SpO2 to 96%. Then we proceeded with paralysis with 100 mg
of rocuronium and intubated successfully without episodes
of hypoxia. Post-intubation, we administered propofol at a
rate of 20 micrograms (mcg)/kg/minute.

Laboratory evaluation of the patient revealed marked
hyponatremia of 121 millimoles per liter (mmol/L),
compared to her baseline level of 137 mmol/L obtained
36 hours prior during a routine outpatient visit (normal range
135–146 mmol/L). Two ampules (100 mL) of 8.4% sodium
bicarbonate were administered to the patient for acute
symptomatic hyponatremia. Acetaminophen, salicylate, and
ethanol levels were all negative. A urine toxicology screen
was positive for cannabis, and an expanded urine toxicology
panel was sent to an external laboratory. Emergent CT
imaging showed normal findings on non-contrast head and
angiography of the head and neck, and a CT perfusion study
demonstrated no signs of acute infarction. The non-contrast
CT chest revealed multifocal airspace and diffuse bilateral
ground-glass opacities, with no evidence of effusion
or pneumothorax.

Arterial blood gas analysis revealed the following results
after intubation: pH 7.20 (normal range 7.35–7.45), partial
pressure of carbon dioxide (PaCO2) 59 mmHg (35 to 45 mm
Hg), partial pressure of oxygen (PaO2) 83 mm Hg (normal
range 80–100 mm Hg), and bicarbonate 23 mmol/L (22–26
mmol/L). The patient’s ventilation status necessitated high
levels of positive end-expiratory pressure (PEEP) and
fraction of inspired oxygen (FiO2), 16 centimeters H2O and
100%, respectively. She was admitted to the intensive care
unit for acute hyponatremia and hypoxemic respiratory
failure. After receiving two ampules of sodium bicarbonate
in the ED, her sodium levels increased from an initial level of
121 mmol/L to 123 mmol/L after four hours. Subsequently,
she was administered two doses of 100 mL of 3% saline,
resulting in a repeat sodium level of 131 mmol/L after
13 hours from initial sodium level. Finally, her sodium
reached 135 mmol/L after 29 hours from initial level.

Her expanded drug toxicology panel that was sent to an
outside laboratory reported that her urine was positive for
>500 mcg/mL 11-nor-9-carboxy-tetrahydrocannabinol (the
psychoactive compound found in cannabis) and negative for
3,4-methylenedioxymethamphetamine (MDMA),
amphetamines, barbiturates, benzodiazepine, cocaine,
methadone, opiates, phencyclidine, and propoxyphene.

The patient’s ventilatory requirements were weaned to
FiO2 40%, PEEP 10 cm H2O, with pH 7.35, PaCO2 37 mm
Hg, and PaO2 155 mm Hg, and she was extubated to four
liters nasal cannula14 hours after intubation and transferred
to the general medical floors on hospital day three.

An echocardiogram performed showed normal cardiac
parameters with an ejection fraction of 71% and normal
valvular structures. An electrocardiogram showed sinus
rhythm, short PR interval, narrow QRS, and normal QTc.
Telemetry was without evidence of any ventricular
arrhythmias. Follow-up chest radiographs (CXR) showed
resolving pulmonary edema.

Intravenous ceftriaxone and azithromycin were
continued for her hospital course. The patient was afebrile,
had no leukocytosis, and reported no respiratory issues

Population Health Research Capsule

What do we already know about this
clinical entity?
Neurogenic pulmonary edema (NPE) is a
rare, life-threatening complication arising
from neurological insults such as seizures and
intracranial hemorrhage.

What makes this presentation of
disease reportable?
This report highlights a novel case of
psychogenic polydipsia from cannabis use
leading to NPE with status epilepticus due
to hyponatremia.

What is the major learning point?
Cannabis use may lead to psychogenic
polydipsia, symptomatic hyponatremia, and
potentially induce neurologic sequelae
including seizures and NPE.

How might this improve emergency
medicine practice?
Patterns of increasing cannabis use in the
United States show the need to consider lesser
known complications in patients with
cannabis-related ED visits.
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post-extubation. The infectious workup also included a
sputum culture with normal flora, negative urinary legionella
and pneumococcal antigens, negative blood cultures, and
negative urine cultures. Additionally, a CD4 level drawn two
days prior to admission was 752 cells per microliter, HIV
viral load was undetectable, and a respiratory pathogen
panel, including testing for respiratory syncytial virus,
influenza virus, and SARS-CoV-2, was negative. The
patient underwent 24-hour video electroencephalogram
monitoring, which revealed no seizure activity and she
returned to normal neurological status by hospital day one
after sodium correction.

On social work evaluation, she was adherent to hermental
healthcare treatment regimen, regularly attended therapy,
and used escitalopram for depression and anxiety. She had
no documented psychiatric hospitalizations, suicidal or
homicidal ideation, or hallucinations in the prior year.
She was discharged to home on hospital day six. She
reported no acute concerns at her subsequent primary
care and nephrology follow-up visits, seven and
22 days later, respectively.

DISCUSSION
This case shows the development of NPE from severe

acute hyponatremia caused by psychogenic polydipsia
related to cannabis use. To our knowledge, this specific acute
complication of cannabis has not been extensively reported.
Preliminary data has shown the association between chronic
cannabis use and hyponatremia. In rat models, chronic
marijuana administration reduced serum sodium in rats over
a 12-week period, likely via inhibitor effects on sodium
channels.4 Another study used spectrophotometry to
estimate serum sodium levels in a sample of regular
marijuana smokers and non-marijuana smoking controls
and found significantly decreased mean sodium levels of
119± 26 mmol/L compared to mean sodium levels of
140± 6 mmol/L.5 Taken together, this evidence indicates
marijuana can disrupt sodium balance, which emergency
physicians should recognize as an important possible
complication of cannabis use.

Any acute central nervous system event that abruptly
triggers a sympathetic discharge can potentially trigger NPE.
Multiple references link status epilepticus to noncardiogenic
pulmonary edema, emphasizing the relevance of considering
NPE in the context of seizure-related complications. For
instance, one report described a stronger association between
seizures lasting greater than 200 seconds and the
development of pulmonary edema on CXR.6

Proposed criteria for the diagnosis of NPE include the
following: bilateral opacities, PaO2/FiO2 ratio <200; no
evidence of left arterial hypertension, presence of neurologic
injury, and absence of other causes of acute respiratory distress
syndrome.7 Our patient, who presentedwith first-time seizures,
had bilateral opacities and met criteria for severe acute

respiratory distress syndrome (ARDS)with a PaO2/FiO2 of 83.
The echocardiogram findings, including normal left ventricular
size, wall thickness, global systolic function, absence of
hypertrophy, and no signs of impaired diastolic function or left
atrial enlargement, collectively suggested no evidence of left
arterial hypertension in the patient.

Intriguingly, Ayus-Arieff syndrome is a condition
characterized by hyponatremia-induced cerebral edema
leading to the development of pulmonary edema and has
been documented in case reports, particularly in contexts
involving MDMA use and in marathon runners.8,9 No
reports currently link it to cannabis consumption. The
syndrome became a significant consideration for our patient,
who experienced new-onset seizures in the context of acute
hyponatremia, attributable to polydipsia secondary to
cannabis intoxication. Subsequently, she required intubation
due to acute hypoxemic respiratory failure associated with
ARDS. Notably, a thorough workup revealed normal
cardiological and infectious parameters with a rapid return
to clinical baseline following correction of sodium.

Effective management of hyponatremia requires a
tailored approach based on underlying causes and severity.
Hyponatremia stems from diverse causes, including severe
renal failure, excessive water intake, hypovolemic factors
such as gastrointestinal losses or diuretics, euvolemic
conditions such as adrenal insufficiency and syndrome of
inappropriate antidiuretic hormone (SIADH), and
edematous states such as heart failure or cirrhosis. Patients
with acute hyponatremia exhibit serum sodium levels below
135 mmol/L within 48 hours, while chronic hyponatremia
develops over more than 48 hours or is assumed in the
absence of a known baseline. The management of
hyponatremia is critically influenced by its chronicity and
severity. Immediate concerns in symptomatic hyponatremia
involve seizures, cerebral edema, and brain herniation. In
chronic cases, the risk lies in the potential for rapid
correction. Although osmotic demyelination is rare if the
initial sodium level exceeds 120 mmol/L, it becomes a
concern with a high rate of sodium rise, typically surpassing
8 mmol/L in a 24-hour period.10

The patient’s acute hyponatremia appeared to be linked to
psychogenic polydipsia given the historical context, likely
due to excessive water intake in the setting of cannabis
intoxication. Given her history of depression and anxiety, an
alternative diagnosis could be SIADH, which is known to be
associated with antidepressants.11 This syndrome tends to
have a more insidious onset, making this diagnosis less likely
as her sodium was within normal range the day prior
to hospitalization.

In terms of management, patients who develop severe
symptoms such as seizures or coma, should be treated
promptly and aggressively with hypertonic 3% saline. Of
note, multiple studies confirm that 3% saline is safe to
administer through a peripheral line.12–14 Therefore,
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attempting central access is unnecessary and should not delay
treatment. Depending on the ED, 3% saline may require the
pharmacy to prepare, which will further delay treatment. In
those circumstances, ampules of sodium bicarbonate are a
resourceful alternative for the treatment of severe
hyponatremia. For example, one ampule of sodium
bicarbonate has the same osmolarity of 5.8% saline,
essentially twice the osmolarity of 3% saline.15 Therefore,
50 mL of sodium bicarbonate, or one ampule, is roughly
equivalent to 100 mL of 3% saline. For our patient, we
administered 100 mL, or two ampules, of sodium
bicarbonate because it was themost rapidmethod to treat her
severe hyponatremia. This increased her sodium to 123
mmol/L, which was within our goal.

CONCLUSION
This case underscores the rare occurrence of neurogenic

pulmonary edema linked to psychogenic polydipsia, severe
hyponatremia, and status epilepticus following cannabis
consumption. The significance of this potential association
with cannabis is heightened against the backdrop of the
escalating consumption, decriminalization, and legalization
trends observed in the United States. This not only
underscores the clinical complexity of the case but also
emphasizes the urgent need for thorough investigation and
awareness as cannabis usage patterns evolve.
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Introduction: Spontaneous intracranial hypotension (SIH) is an uncommon and frequently
misdiagnosed condition characterized by a lower-than-normal volume of cerebrospinal fluid (CSF)
caused by leakage of CSF through the dural membrane. The primary manifestation of SIH is an
orthostatic headache, which is frequently accompanied by nausea and vomiting. Patients with
connective tissue disorders are at increased risk for spontaneous CSF leaks due to the structural
weakness of their dural membranes.

Case Report: An 18-year-old woman with no reported past medical history presented to the emergency
department with 10 days of a bifrontal headache that was orthostatic in nature with associated nausea
and vomiting. She was noted to have several marfanoid features on physical examination. Spontaneous
intracranial hypotension was ultimately diagnosed and treated successfully with an epidural blood patch.
Subsequent genetic testing revealed a diagnosis of Marfan syndrome.

Conclusion: Spontaneous intracranial hypotension is an uncommon cause of headache. Individuals
with connective tissue disorders such as Marfan syndrome are at increased risk for SIH. Knowledge of
the relationship between these two conditions allows for amore rapid diagnosis of SIH. [Clin Pract Cases
Emerg Med. 2024;8(3)243–245.]

Keywords: spontaneous intracranial hypotension; Marfan syndrome; meningeal diverticulum; spinal
cerebrospinal fluid leak; case report.

INTRODUCTION
First described in 1938, spontaneous intracranial

hypotension (SIH) is a condition characterized by a lower-
than-normal volume of cerebrospinal fluid (CSF) caused by
leakage ofCSF through the duralmembrane.1,2 Patients with
connective tissue disorders are at increased risk for
spontaneous CSF leaks due to the structural weakness of
their dural membranes.3 The primarymanifestation of SIH is
an orthostatic headache thatmay be accompanied by nausea,
tinnitus, and photophobia.4 We report the case of a young
woman with previously undiagnosed Marfan syndrome who
presented with SIH.

CASE REPORT
An 18-year-old woman presented to the

emergency department (ED) complaining of a bifrontal
headache present for 10 days. The headache was
of insidious onset and was significantly worse in the upright
position, better when supine. She reported nausea
with the headache and one episode of vomiting two days
earlier. On physical examination, she had several
marfanoid features including a tall, slender build with
disproportionately long arms, legs, and fingers.
She was afebrile and had a normal
neurologic examination.
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Computed tomography of her brain showed no significant
abnormalities andmagnetic resonance imaging (MRI) of the
brain with venogram was ordered because of concern for
possible dural venous sinus thrombosis. The MRI showed
dural thickening and increased dural enhancement
suggestive of intracranial hypotension. The patient was
admitted to the hospital, and MRI of the cervical, thoracic,
and lumbar spine performed the next day showed no
extradural fluid collections to suggest a CSF leak. She had
modest improvement of her headache after an epidural blood
patch and was discharged on hospital day three.

The patient returned to the ED five days later complaining
of a return of the headache. A second MRI of the spine was
performed that showed a meningeal diverticulum arising
from the left first and second thoracic level with an adjacent
pleural effusion concerning for a possible ruptured nerve root
sleeve diverticulum (Image). She received a second epidural
blood patch with complete, longstanding relief of the
headache. Subsequent outpatient genetic testing revealed a
pathogenic variant of the FBN1 gene consistent with a
diagnosis of Marfan syndrome.

DISCUSSION
Spontaneous intracranial hypotension is distinguished

from other causes of CSF leaks of known cause such as
spinal surgery, craniospinal trauma, and, most commonly,
lumbar puncture or spinal anesthesia. Spontaneous
intracranial hypotension is an uncommon cause of
headache in the ED, with an estimated annual incidence of
5/100,000 individuals—half the incidence of subarachnoid
hemorrhage.5 Women are diagnosed with SIH more frequently than men, with a female-male ratio of

approximately 2:1.6 Spontaneous intracranial hypotension
is often initially misdiagnosed, with 94% of patients
receiving an incorrect initial diagnosis in one study.7 The
headache caused by SIH is believed to be the result of
downward displacement of the brain due to loss of CSF
buoyancy, resulting in traction on pain-sensitive fibers in
the dura mater.3,6 The orthostatic headache caused by SIH
is typically described as diffuse, occipital, or frontal.4 Other
associated symptoms are often present (Table 1).4

Population Health Research Capsule

What do we already know about this
clinical entity?
Spontaneous intracranial hypotension (SIH)
is caused by leakage of cerebrospinal fluid
through the dural membrane, which can be
weakened by connective tissue disorders.

What makes this presentation of
disease reportable?
A woman who presented with an orthostatic
headache was ultimately diagnosed with SIH.
Genetic testing later revealed a diagnosis of
Marfan syndrome.

What is the major learning point?
Individuals with connective tissue disorders
such as Marfan syndrome are at increased
risk for spontaneous cerebrospinal fluid leaks
resulting in SIH.

How might this improve emergency
medicine practice?
Knowledge of the predilection of patients with
connective tissue disorders for SIH may assist
clinicians in the diagnosis of similar cases.

Image. Magnetic resonance imaging (coronal view) showing a
meningeal diverticulum at the first and second thoracic level (arrow).

Table 1. Symptoms associated with the headache of spontaneous
intracranial hypotension.

Symptom Estimated proportions

Nausea/vomiting 54%

Neck pain/stiffness 43%

Hearing disturbances 28%

Dizziness 27%

Tinnitus 20%

Vertigo 17%

Photophobia 11%
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The location of the CSF leak with SIH is often not
determined since spinal CSF leaks generally do not cause
local symptoms.6 Extradural spinal CSF collections are
found in approximately half of all patients with SIH.2 The
majority of identified spinal CSF leaks occur at the thoracic
or cervicothoracic spine level.8 Spinal CSF leaks occur via
three main mechanisms: meningeal diverticula; ventral dural
tears; and CSF-venous fistulas, with diverticula being most
common.9 Patients with genetic connective tissue disorders
such asMarfan syndrome, Ehlers-Danlos syndrome Type II,
and autosomal dominant polycystic kidney disease are at
higher risk for spontaneous CSF leaks due to the structural
weakness of their dural membranes.3,10 One prospective
study found that up to two-thirds of patients with
spontaneous spinal CSF leaks had some evidence of a
connective tissue disorder.10

Diagnostic criteria for SIH have been proposed
(Table 2).2,11 Brain MRI with contrast is the most sensitive
imaging study for diagnosing SIH.4,9 Smooth, generalized
dural enhancement is the feature most commonly seen,
present in 73% of patients with SIH.2,4 Many cases of SIH
resolve spontaneously with no specific treatment required.12

Initial conservative treatments of bed rest, oral hydration,
and caffeine are effective in approximately 25% of patients.4

Epidural blood patching is the most commonly performed
intervention for spinal CSF leaks, with estimates of efficacy
ranging from 36–90%.9

CONCLUSION
Spontaneous intracranial hypotension is an uncommon

cause of headache and is frequently misdiagnosed.
Individuals with Marfan syndrome and other connective
tissue disorders are at increased risk for SIH due to the
structural weakness of their dural membranes predisposing
to spontaneous CSF leaks. Knowledge of the relationship
between these associated conditions allows for more rapid
diagnosis of SIH.

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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Table 2. Diagnostic criteria for spontaneous
intracranial hypotension.

1. Any headache attributed to low CSF pressure or CSF
leakage that meets criterion 3 below.

2. Either or both of the following:
a. Low CSF pressure (<60 mm H2O CSF)
b. Evidence of CSF leakage on imaging

3. Headache that developed in temporal relation to the low CSF
pressure or CSF leakage, or that leads to its discovery.

4. Absence of a procedure or trauma known to be able to cause
CSF leakage.

5. Headache not better accounted for by another diagnosis.

CSF, cerebrospinal fluid; mm H2O, millimeters of water.
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Introduction: Atrial fibrillation (AF) is the most common cardiac arrhythmia, occurring primarily in
individuals with known risk factors such as advanced age, heart failure, and coronary artery disease.
Cannabis use produces several cardiovascular changes resulting in proarrhythmic effects on the heart.

Case Report:A 38-year-old womanwith no significant past medical history presented to the emergency
department (ED) complaining of palpitations with associated shortness of breath occurring after smoking
marijuana. She was found to be in AF. Evaluation in the ED and during hospitalization found no cardiac
or metabolic conditions that predisposed to AF. The AF resolved within three hours of onset
without intervention.

Conclusion: Cannabis use should be considered as a possible etiology of new-onset AF,
especially in relatively young patients with no other predisposing risk factors. [Clin Pract Cases Emerg
Med. 2024;8(3)246–249.]

Keywords: atrial fibrillation; marijuana-induced atrial fibrillation; marijuana-induced arrhythmia;
cannabis-induced arrhythmia; case report.

INTRODUCTION
Atrial fibrillation (AF) is the most common cardiac

arrhythmia, occurring in 1–3% of the general population and
in up to 17% of individuals>80 years in age.1 Themajority of
AF cases occur in patients with known risk factors such as
advanced age, heart failure, and coronary artery disease.1We
report a case of paroxysmal AF in a 38-year-old woman with
no associated risk factors after smoking marijuana.

CASE REPORT
A 38-year-old woman with a history of obesity presented

to the emergency department (ED) complaining of
palpitations with associated shortness of breath, dizziness,
and chest discomfort. The symptoms had begun abruptly
approximately one hour earlier while she was a patient in a
nearby dental clinic. She admitted to recreational marijuana
use and reported she had smoked marijuana just prior to her
dental appointment to alleviate her related anxiety.

On physical examination, she had a pulse of 93 beats per
minute with an irregular rhythm, and her blood pressure was
123/90 millimeters of mercury. Her lungs were clear to
auscultation. An electrocardiogram revealed an irregular
rhythm with a narrow QRS complex and an absence of P
waves, consistent with AF (Image). No ischemic changes
were present.

Laboratory testing in the ED was remarkable for a
minimally elevated serum high-sensitivity troponin I level of
15 nanograms per liter (ng/L) (reference range: 0–15 ng/L)
and a serum thyroid stimulating hormone level in the normal
range. Approximately 90 minutes after ED arrival, the
patient spontaneously converted to a normal sinus rhythm.
She was admitted to the hospital for evaluation of new-
onset AF.

The patient remained in a sinus rhythm while in the
hospital. Serial serum high-sensitivity troponin I levels were
not indicative of myocardial damage. Her serummagnesium
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level was found to be just below the normal range at 1.7
milligrams per deciliter (mg/dL) (1.8–2.4 mg/dL). Her urine
toxicological screening was positive only for cannabinoids.
Her transthoracic echo revealed no structural abnormalities
of the heart and normal left ventricular function. The patient
was discharged home on hospital day two on no new
medications as her AF was felt to be paroxysmal in nature.

DISCUSSION
Cannabis is the most widely used illicit drug in the United

States (US).2 The percentage ofUS adults that usemarijuana
has more than doubled since 2001, and cannabis in various
forms for recreational or medicinal use is now legal in 46
states.3,4 The potency of cannabis has also increased
significantly in the past 20 years in the US.5 As of 2021,
approximately 75% of US adults believed cannabis use was
as safe or safer than tobacco use.6

Paroxysmal AF following marijuana use was first
reported in 2000.7 Since then, several similar cases have been
described, often in young people with structurally normal
hearts and no other risk factors for AF.8 It is possible that AF
after marijuana use is under-reported because patients are
reluctant to seekmedical care while under the influence of the
drug due to legal concerns. Also, palpitations suggestive of
AF experienced by users may be interpreted as simply an
expected cardiovascular effect of cannabis use. Atrial
fibrillation following use of synthetic cannabinoids has also
been described.9

Various cardiac arrhythmias have been reported with
marijuana use, with AF and ventricular fibrillation the most
common (Table).10–12 The mechanisms by which marijuana
induces cardiac arrhythmias is unknown, although several

Image. The patient’s electrocardiogram showing atrial fibrillation.

CPC-EM Capsule

What do we already know about this
clinical entity?
Atrial fibrillation (AF) occurs primarily in
individuals with known risk factors.
Marijuana use has several proarrhythmic
effects on the heart.

What is the major impact of the image(s)?
A patient with no risk factors for AF presented
to the ED with paroxysmal AF after smoking
marijuana. No other cause of her AF was
identified after hospital admission.

How might this improve emergency
medicine practice?
Use of cannabis should be considered as a
possible etiology of new-onset AF, especially
in patients with no other predisposing factors.
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mechanisms have been proposed (Figure).8–10 Autonomic
dysfunction begins within minutes after smoking marijuana,
causing a biphasic and dose-dependent effect. Sympathetic
stimulation is predominant at lower doses, leading to
tachycardia and enhanced cardiac automaticity. At higher
doses, parasympathetic activation leads to bradycardia and
hypotension.8,13 Cannabis may also induce coronary
vasospasm and have a detrimental effect on the coronary
microcirculation, leading to myocardial ischemia.8,10 All of
these cardiovascular changes result in proarrhythmic effects
on the heart.

The incidence of AF related to marijuana use is difficult to
estimate, although the prevalence of cannabis use disorder
among patients admitted for AF is increasing, with the
greatest increase in percentage prevalence among younger
patients.14 Atrial fibrillation related to marijuana use at this
point seems to be a transient and relatively benign
phenomena, leading some authors to compare it to “holiday
heart” occurring with ethanol use.15 Screening for cannabis
use by history or laboratory testing should be considered in
patients with new-onset AF, especially in those otherwise
young and healthy.

CONCLUSION
Atrial fibrillation associated with marijuana use has been

increasingly described in the past 20 years. The exact
mechanism by which marijuana induces AF is unknown.
This phenomenon is typically transient and relatively benign
in patients that are otherwise young and healthy. Cannabis
use should be considered as a possible etiology of new onset
AF, especially in young patients with no other predisposing
risk factors.

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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Table. Cardiac arrhythmias reported with marijuana use.

Supraventricular arrhythmias Ventricular arrhythmias

Atrial fibrillation Ventricular tachycardia

Atrial flutter Ventricular fibrillation

Ectopic atrial tachycardia Asystole

Supraventricular tachycardia

Junctional rhythm

Sinus bradycardia

Sinus arrest

First degree AV block

Second degree AV block

Third degree AV block

AV, atrioventricular.
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Introduction: ST-elevation myocardial infarction (STEMI) can be caused by underlying coronary artery
vasospasm (CAV) with or without associated atherosclerotic disease. Coronary artery vasospasm is a
rare but potentially devastating manifestation of eosinophilic granulomatosis with polyangiitis (EGPA).

Case Report: We describe a 54-year-old male with a known history of EGPA and coronary artery
disease presenting to the emergency department with chest pain and an inferior STEMI on
electrocardiogram. He was ultimately taken for coronary angiography and found to have a discrete
vasospastic lesion in the right coronary artery that was treated with intra-coronary nitroglycerin and
calcium channel blockers. He was continued on immunosuppressant agents (prednisone and
mepolizumab) for management of EGPA and followed up with outpatient cardiology and rheumatology
for vasospastic angina.

Conclusion: This case highlights a rare cause of STEMI, discusses the nuances in treatment of STEMI
due to CAV, and provides background on pathophysiology and treatment of EGPA. [Clin Pract Cases
Emerg Med. 2024;8(3)250–253.]

Keywords: case report; STEMI; coronary artery vasospasm; eosinophilic granulomatosis
with polyangiitis.

INTRODUCTION
The most common cause of ST-elevation myocardial

infarction (STEMI) is acute plaque rupture associated with
atherosclerotic disease. However, about 5–25% of cases are
caused by a non-atherosclerotic event, such as coronary
artery vasospasm (CAV).1 Differentiating STEMI due to
atherosclerosis vs CAV is challenging and often requires
coronary angiography for definitive diagnosis.1 Although
rare, CAV has been associated with vasculitis seen in
rheumatologic and systemic inflammatory conditions.2,3

Eosinophilic granulomatosis with polyangiitis (EGPA)
(formerly Churg-Strauss syndrome) is a rare, small- and
medium-vessel vasculitis.4 Coronary artery vasospasm is a
potentially devastating complication of EGPA. We report a

unique case of an inferior STEMI secondary to CAV
associated with underlying EGPA.

CASE REPORT
A 54-year-old male presented to the emergency

department (ED) with acute-onset, severe left-sided chest
pain and diaphoresis.He had taken 81milligrams aspirin and
sublingual nitroglycerin prior to presentation, which did not
alleviate his symptoms. Past medical history was notable for
hypertension, hyperlipidemia, coronary artery disease
(CAD), and EGPA. He had four prior right coronary artery
(RCA) stents, with the most recent at an outside hospital one
month prior. He also reported several months of anginal
chest pain thought to be secondary to coronary vasospasm.
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Initial vital signs included blood pressure 148/99
millimeters of mercury (mm Hg), heart rate 69 beats per
minute (bpm), respiratory rate 26 breaths per minute,
temperature 36.7° Celsius, and pulse oximetry 98% on room
air. On exam he was diaphoretic and uncomfortable
appearing with mild tachypnea, but his cardiopulmonary
exam was otherwise normal. Initial electrocardiogram
(ECG) (Image 1) showed a normal sinus rhythm with ST-
segment changes concerning for inferior STEMI. The patient
was treated with aspirin, morphine, and sublingual
nitroglycerin, and a code STEMI was activated.
Interval ECG obtained 15 minutes later demonstrated no
significant change.

The patient was taken for coronary angiography, which
revealed a high-grade stenosis of the distal RCA due to a
discrete 99% vasospastic lesion (Figure). Intracoronary
nitroglycerin was administered, ultimately resulting in
resolution of the stenosis. His previous stents were patent
without restenosis, and there was no significant
atherosclerotic disease. Following catheterization, the
patient was started on a nitroglycerin drip and diltiazem. A
post-catheterization ECG (Image 2) showed evidence of
recent inferior infarct. He was discharged two days later on
dual antiplatelet therapy, diltiazem, isosorbide mononitrate,
L-arginine, prednisone, and mepolizumab therapy.

DISCUSSION
Anginal chest pain secondary to CAV occurs when one or

more coronary arteries constrict, leading to occlusion of the
affected vessel(s). This can evolve into acute myocardial

Population Health Research Capsule

What do we already know about this
clinic entity?
ST-elevation myocardial infarction
(STEMI) is caused by acute plaque rupture
with atherosclerotic disease. A small subset is
caused by non-atherosclerotic events,
including coronary artery vasospasm.

What makes this presentation of
disease reportable?
This is a rare underlying cause of a relatively
common and “can’t miss” diagnosis of
STEMI in the ED.

What is the major learning point?
Coronary artery vasospasm (CAV) is
associated with underlying vasculitis and can
cause STEMI. Management should
include vasodilators.

How might this improve emergency
medicine practice?
Rare causes of STEMI, including CAV and
its risk factors (eg, vasculitis), should be kept
on differentials so that early intervention can
be implemented.

Image 1. Initial electrocardiogram demonstrating a normal sinus rhythm with ST elevations in leads II, III, and aVF as well as reciprocal mild
ST depressions in leads I and aVL raising concern for inferior ST-elevation myocardial infarction.
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infarction (MI), as seen in this case.1,5 Risk factors for CAV
include female gender, Japanese or Korean lineage,
emotional stress, tobacco use, sympathomimetic drugs, and
systemic inflammatory conditions (vasculitis).6,7

Eosinophilic granulomatosis with polyangiitis is a rare
vasculitis thought to be caused by anti-neutrophil cytoplasmic
antibody-induced endothelial damage and multisystem
eosinophilic infiltration.8,9 Typical presenting features include
adult-onset asthma, rhinosinusitis, and constitutional

symptoms. However, involvement of end organs may be seen,
leading to renal dysfunction, gastrointestinal symptoms, skin,
and/or cardiac manifestations.4,10 Cardiac involvement in
EGPA typically manifests as cardiomyopathy,
myopericarditis, and/or dysrhythmia.11 Coronary artery
vasospasm and MI are rarely reported. Although
pathogenesis is not fully understood, it is postulated that
eosinophilic inflammation induces hypercontraction of
coronary smooth muscle through activation of mast cells and
release of vasoactive substances.12,13

The presentation and initial treatment of acute vasospastic
angina is the same irrespective of the underlying cause of the
vasospasm. During the acute presentation of CAV,
symptoms are nearly identical to atherosclerotic etiologies of
acute coronary syndromes, including chest pain, diaphoresis,
and dyspnea. Subtle differences exist, including that CAV
often presents at rest, especially during rapid eye
movement (REM) sleep and in the early morning.5,14

Electrocardiogram findings are variable and can range from
normal to ST-elevations meeting
STEMI criteria.1

Differentiating between atherosclerotic plaque rupture and
CAV as etiology of STEMI can be challenging. However,
definitive treatment differs and, therefore, physicians should
be attentive in considering CAV, particularly in patients with
underlying risk factors.1 Coronary artery vasospasm may be
suggested if on repeat ECG there is resolution or improvement
of ST changes following administration of fast-acting nitrate.
However, definitive diagnosis requires coronary angiography,
especially if the diagnosis is unclear, or if symptoms persist.5

Emergency physicians should initiate rapid involvement of

Image 2. Electrocardiogram on day of discharge (post-catheterization) demonstrating a normal sinus rhythm with evidence of inferior infarct
with Q waves in leads II, III, aVF and new T-wave inversions in leads III and aVF. There is resolution of previously seen ST elevations
and depressions.

Figure. Reconstructed drawing of coronary artery anatomy
demonstrating the location of the distal right coronary artery
99% stenosis.
RCA, right coronary artery.
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interventional cardiology colleagues, while simultaneously
starting vasodilatory treatment in patients with STEMI and
suspected CAV.

Mainstay therapy of CAV is centered around vasodilation
of the coronary vasculature. Non-dihydropyridine calcium
channel blockers (CCB) and nitrates are the
pharmacotherapies of choice.1,14 Additionally, lifestyle
changes, treatment of underlying conditions, and
optimization of cardiovascular risk, are indicated.

Primary treatment of EGPA is corticosteroids, along with
other immunosuppressive agents.15 Treatment of vasospastic
angina in EGPA is less established and dependent on acuity of
presentation. Case reports in cardiology literature highlight
treatment with systemic and intracoronary nitroglycerin and
calcium channel blockers, as utilized in this case.2,3

This patient had known EGPA with a recent history of
anginal chest pain that raised suspicion for vasospastic
angina. However, he also had risk factors for, and previously
diagnosed, CAD with a recent stent placement, which raised
concern for plaque rupture or stent thrombosis. Therefore,
the patient underwent coronary angiography, which allowed
for definitive diagnosis and treatment. Upon discharge, the
patient was continued on nitroglycerin, CCB, and dual-
antiplatelet therapy. Additionally, treatment with
prednisone and mepolizumab (interleukin-5 inhibitor) were
continued to address the underlying EGPA in hopes of
preventing recurrent vasospastic angina.

CONCLUSION
Coronary artery vasospasm is a rare but potentially

devastating manifestation of EGPA. Acute STEMI can be
caused by CAV, which is primarily treated medically with
nitrates and calcium channel blockers, as opposed to
coronary stent placement frequently used to treat STEMI
due to underlying atherosclerotic disease. Emergency
physicians should maintain suspicion for CAV in patients
with underlying risk factors, including in those with EGPA,
in the appropriate clinical context. Initiation and referral for
treatment of EGPA is also key for prevention of recurrent
vasospastic angina.

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:Diagnosing deep venous thromboses and venous thromboemboli (DVT/VTE) in pregnant
patients presents a unique challenge for emergency physicians. The risk of DVT/VTE increases during
pregnancy, and the potential consequences of misdiagnoses are severe. Point-of-care ultrasonography
(POCUS) is frequently a first-line diagnostic imaging modality. However, recent studies have shown a
high incidence of thromboses proximal to the common femoral vein during pregnancy, and these would
not be visualized using compressive ultrasonography, which traditionally can only visualize thromboses
distal to the femoral vein.

Case Report: A 38-year-old female, 25-weeks primiparous, presented to the emergency department
with a three-day history of left lower extremity swelling. Point-of-care three-point compression testing
was used to evaluate for a DVT; however, no thrombus was visualized. Given high clinical suspicion,
color and spectral Doppler testing were performed and demonstrated turbulent flow and reduced
respiratory variation in the common femoral vein. This prompted further additional testing for a proximal
DVT using magnetic resonance venography, which revealed an occlusive left external iliac thrombus.
The patient was subsequently started on daily subcutaneous enoxaparin and discharged home with
close follow-up.

Conclusion: Emergency physicians play a critical role in evaluations for the presence of DVT/VTE,
particularly in pregnant patients.We endorse the use of POCUSwith three-point compression testing, as
well as color and spectral Doppler imaging, to help identify proximal DVTs in this patient population. This
case report can aid physicians in the diagnosis of this pathological condition that if left untreated can have
severe consequences. [Clin Pract Cases Emerg Med. 2024;8(3)254–258.]

Keywords: deep vein thrombosis; DVT; pregnancy; point-of-care ultrasound; case report.

INTRODUCTION
Diagnosing deep venous thromboses (DVT) and venous

thromboemboli (VTE) in pregnant patients presents a unique
challenge for emergency physicians. Pregnancy increases the
risk of DVT/VTE. The potential consequences of
misdiagnoses are severe and include DVT/VTE recurrence,
post-thrombotic syndrome, pulmonary embolism, and even
death.1 Venous ultrasonography is a first-line diagnostic
imaging modality in the emergency department (ED) for

patients with a moderate to high pretest probability for DVT/
VTE.2 However, recent studies have shown a higher incidence
of thromboses proximal to the common femoral vein during
pregnancy.3 For this reason, in cases where clinical suspicion
remains high despite negative three-point compression testing,
adjunctive ultrasound imaging modalities and more
comprehensive imaging may be required.

In this report, we present a case of a previously healthy
pregnant woman in her second trimester with a DVT within
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the left external iliac vein, which was not initially detected
with point-of-care ultrasonography (POCUS) and three-
point compression testing.With limitations regarding the use
of ultrasonography to detect thromboses proximal to the
common femoral vein, this case underscores the importance
of considering this entity in pregnant patients with
suspected DVT/VTE.4

CASE REPORT
A38-year-old female presented to the EDwith a three-day

history of progressively worsening swelling in her left lower
extremity. At the time of presentation, she was 25 weeks
pregnant and had no significant medical, surgical, or family
history. Physical examination revealed circumferential
swelling in her left lower extremity extending from the knee
to the distal forefoot. Additionally, she exhibited left calf
tenderness upon palpation.

To evaluate for the presence of a DVT in her left lower
extremity, we used POCUS with three-point compression
testing. The femoral and popliteal regions demonstrated
normal manual compressibility, and no thrombus was
visualized. Despite these findings, the patient’s exam and
clinical history raised suspicion for thrombosis. As a result,
color and spectral Doppler testing were performed, which
revealed turbulent flow and reduced respiratory variation in
the common femoral vein. These findings prompted
additional testing for a proximal DVT using magnetic
resonance venography (MRV), which ultimately revealed an
occlusive DVT in the left external iliac vein. The patient was
subsequently evaluated by hematology, started on daily
subcutaneous enoxaparin sodium injections, and discharged
home with close follow-up.

DISCUSSION
A DVT is considered “proximal” when it is identified

within the popliteal, femoral, or iliac veins of the lower
extremity on radiographic imaging. The initial presentation
for patients with proximal DVTs can vary significantly, but
common symptoms include swelling, discoloration, and
cramping sensations within the calf and thigh of the effected
limb. In the ED, the initial diagnostic approach involves an
assessment of pretest probability with consideration for the
patient’s history, genetic and acquired risk factors, and signs
and symptoms. One risk factor of particular importance to
the emergency physician is the association of DVT/VTE
with pregnancy.

Observational studies and meta-analyses have established
pregnancy as a risk factor for DVT/VTE, with as many as
1.0–1.8% of pregnant patients developing this condition.4

This thromboembolic risk increases throughout pregnancy
to nine-fold during the third trimester, and peaks two to six
weeks postpartum when the risk is 80 times higher than in
non-pregnant patients.5 It is important to note that unlike in
men and non-pregnant women, pregnant patients are more

likely to develop proximal rather than distal thromboses.
Previous studies investigating the anatomic distribution of
DVTs in pregnant patients found thromboses to more
commonly be left-sided (84%) and restricted to the
iliofemoral (64%) and iliac (12%) veins.6 Given that 9.3% of
pregnancy-related deaths are due to pulmonary emboli, the
importance of identifying such thromboses in this patient
population cannot be overstated.7

In pregnant patients, the formation of DVT/VTE is
heavily influenced by physiologic hypercoagulability and
intra-abdominal anatomical changes. Pregnancy is
characterized by a hypercoagulable state caused by an
increase in clotting factors, a decrease in natural
anticoagulants, and alterations in fibrinolytic activity.8 These
changes are thought to be protective against hemorrhage
during delivery, but they also predispose patients to
thromboses. The approximation of the gravid uterus with the
vertebral bodies due to increased lordosis also predisposes
pregnant patients to thromboses through venous
compression.9 The influence of these anatomical changes is
highlighted in cases of aortocaval compression when
pregnant patients are lying supine.

CPC-EM Capsule

What do we already know about this
clinical entity?
Pregnant patients are at increased risk for
deep vein thromboses (DVT) proximal to the
femoral vein.

What makes this presentation of
disease reportable?
While three-point compression testing is
frequently applied in the emergency
department, this case highlights false-
negative results due to a proximal DVT.

What is the major learning point?
Three-point compression testing may lead to
false-negative results in pregnant patients due
to increased rates of thromboses proximal to
the femoral vein.

How might this improve emergency
medicine practice?
Consideration for proximal DVT in pregnant
patients may help avoid adverse outcomes
related to false-negative, three-point
compression testing.
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Other anatomical influences may also play a role. For
example, May-Thurner syndrome is a condition in which
compression of the left common iliac vein by the overlying
right common iliac artery may lead to inflammation,
sclerosis, venous stasis, and thromboses. May-Thurner
syndrome has been identified in over 30% of all-comers
previously diagnosed with left lower extremity DVT and is
often overlooked.10 Other risk factors for DVT/VTE in
pregnancy include immobility, advanced maternal age,
obesity, smoking, multiple gestations, and a personal or
family history of thromboembolic disease. It is important for
emergency physicians to be aware of these risk factors and
maintain a high level of suspicion for DVT/VTE in pregnant
patients presenting with lower extremity swelling or pain.

The initial imaging test of choice when evaluating a
pregnant patient for a DVT is venous ultrasonography.
Traditionally, the initial diagnostic imaging modality of
choice has been the complete duplex ultrasound. However,
with the emergence of POCUS, three-point compression
testing has been employed in the ED to evaluate patients for
DVTs, with advocates highlighting improved times to study
completion, decreased costs, and the avoidance of
unnecessary transfers and treatments.11–13 This method
involves evaluations of the common femoral vein one to two
centimeters above the bifurcation with the saphenous vein,
the common femoral vein at the bifurcation with the
saphenous vein, the femoral vein at the bifurcation with the
deep femoral vein, and the popliteal vein.

Loss of compressibility is considered the most reliable
indicator of a DVT, and color Doppler imaging may be used
to differentiate between complete and incomplete occlusions.
Multiple studies have validated this approach and

demonstrated false negative results in as little as 1.4%.14,15 A
recent systematic review and meta-analysis by Hercz et al
additionally found a pooled sensitivity of 90% and specificity
of 95% using emergency physician-performed ultrasound
evaluations for DVTs.16 Unfortunately, studies evaluating
the use of three-point compression testing during pregnancy
are not available. Importantly, the American College of
Obstetrics and Gynecology guidelines recommend close
follow-up with repeat imaging at three and seven days if
ultrasound evaluations are negative and an iliocaval
thrombosis is not suspected.7 This case highlights the
diagnostic challenge that emergency physicians may
encounter, as three-point compression testing can yield
negative results even in the presence of an occlusive
iliocaval thrombus.

Given the possibility of false-negative results with three-
point compression testing in pregnant patients, POCUS
evaluations should incorporate color and spectral Doppler
studies of the common femoral veins. Color Doppler enables
clinicians to visualize turbulent flow patterns, also known as
“rouleaux,” while spectral Doppler can identify changes in
respiratory phasicity, suggesting a venous occlusion
proximal to the area of insonation.17 Under normal
conditions, spectral Doppler testing should demonstrate
phasic variations in waveform throughout the cardiac
cycle due to respiration. An abnormal spectral Doppler
waveform that is flat and continuous indicates decreased
respiratory variation and should raise concern for a
venous obstruction proximally.18 Importantly, to obtain
accurate results physicians should ensure that the angle of
incidence is below 60 degrees and compare results to the
contralateral extremity.

A B C

Image 1. Point-of-care ultrasound images of the left common femoral vein in transverse view without (A) and with (B) compression, and
in long view (C). Notably, images A and C demonstrate sluggish venous flow with a lack of directionality in the common femoral vein using
color Doppler.
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Despite negative results with three-point compression
testing, circumferential leg swelling in this patient’s case
prompted color and spectral Doppler assessments for a
proximal, iliocaval thrombus. These studies ultimately
demonstrated turbulent flow patterns and decreased
respiratory phasicity (Images 1 and 2). If there is evidence of
a proximal venous obstruction on ultrasound imaging,
computed tomography and MRV have been established as
the imaging modalities of choice due to limitations of duplex
ultrasonography above the inguinal plane.19,20 In this
patient’s case, magnetic resonance imagingwas obtained and
identified a DVT within the left external iliac vein (Image 3).
Overall, this case highlights the importance of investigations

for thromboses proximal to the common femoral vein in
pregnant patients when suspicion is high, even when three-
point compression testing is negative.

CONCLUSION
Emergency physicians play a critical role in the evaluation

of high-risk patients for the presence of DVT/VTE,
particularly in pregnant patients who may have familial,
genetic, or anatomic factors that increase their risk for
thromboses. Clinicians evaluating pregnant patients should
maintain a high degree of clinical suspicion and have a low
threshold to obtain comprehensive ultrasound studies and
magnetic resonance venography when necessary. The
information provided in this case underscores the importance
of considering DVTs proximal to the common femoral vein
in pregnant patients andmay aid clinicians in the diagnosis of
this pathological condition, which if left untreated can result
in serious consequences, including DVT/VTE recurrence,
post-thrombotic syndrome, pulmonary embolism, and
even death.

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: Rectus sheath blocks have been used for decades in the operating room for analgesia
following umbilical surgical procedures.We present the first reported case series of a rectus sheath block
used in the emergency department (ED) for the reduction of an umbilical hernia.

Case Series: Four patients presented to the ED for painful, non-reducible umbilical hernias. An
ultrasound-guided bilateral rectus sheath block was used in all four patients with complete pain relief and
an easy hernia reduction.

Conclusion: Rectus sheath blocks are an excellent addition to a multimodal analgesic regimen in
periumbilical pain and painful procedures. This block is easy to perform and implement for pain control in
umbilical hernias in an ED setting. [Clin Pract Cases Emerg Med. 2024;8(3)259–263.]

Keywords: rectus sheath block; umbilical hernia.

INTRODUCTION
Umbilical hernias are a common entity presenting to the

emergency department (ED) and frequently present a pain
management challenge for the emergency physician.
Umbilical hernias account for 6–14% of all adult abdominal
wall hernias and are more common in women and
individuals with increased intraabdominal pressure as in
pregnancy, obesity, or ascites.1 Patients with increased
abdominal pressure typically have underlying pathology,
making any surgical intervention a high risk for
complications. Of note, 20% of all cirrhotic patients will
develop an umbilical hernia, which makes a surgical
intervention or procedural sedation deemed high risk for
complications.1 This case series examines how we can use a
bilateral rectus sheath block (BRSB) for safe and efficient ED
umbilical hernia reduction.

The BRSB was first described in the literature in 1899.
Throughout its lifespan the BRSB was primarily used in the
operating room (OR) as a targeted analgesic intervention
reducing postoperative nausea, vomiting, constipation, and
opioid consumption.2,3,4 A BRSB providesmidline analgesia
to the rectus muscle and overlying skin from the xiphoid

process to the symphysis pubis. The rectus abdominis muscle
is a medial oval-shaped muscle that lies inside its rectus
sheath formed by the split aponeurosis of the external
oblique, transversus abdominus, and internal oblique,
bordered by the linea alba medially and the linea semilunaris
laterally. The ninth through eleventh intercoastal nerves,
epigastric artery and veins are in the space between the rectus
abdominis muscle and its posterior rectus sheath.
Deep to the rectus sheath is the transversalis fascia and
abdominal cavity containing peritoneum and abdominal
viscera. In the rectus sheath block 0.1 milliliters (mL) per
kilogram (kg) to a maximum of 10 mL per side is deposited
bilaterally, resulting in a total volume of 20 mL of local
anesthetic. The local anesthetic is deposited between the
posterior rectus sheath and rectus abdominusmuscle to allow
for a successful block (Image 1). The block typically works
unilaterally from approximately the seventh through
eleventh thoracic level.4

CASE SERIES
All four patients underwent the same technique for a

BRSB. Consent was obtained prior to the procedure, and the
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patient was placed on a cardiac monitor. With the skin
disinfected, a transducer was placed in a transverse axis
above the umbilicus slightly lateral to the midline. Color
Doppler was used to identify and avoid the epigastric
arteries. A blunt-tipped hyperechoic block needle was
inserted in plane through the subcutaneous tissue, anterior
rectus sheath, and rectus muscle until resistance was felt as
the blunt-tipped needle contacted the posterior rectus sheath
(Image 1). Initially, 1–2 mL of saline were used to confirm
placement after a heme-negative aspiration.We then instilled
10 mL of 0.5% ropivacaine under the posterior aspect of the
rectus muscle, effectively lifting it from the posterior rectus
sheath (Video). The process was repeated on the
contralateral side. Each patient received a total of 20 mL of
0.5% ropivacaine, totaling 100 milligrams (mg) of
ropivacaine. Maximum dose of ropivacaine is 3 mg/kg.
All the patients were well within the safety margin of
maximum dosing.

The video is a SonoClip (SonoClipShare.com)
demonstrating the relevant anatomy and rectus sheath block
performance. An echogenic block needle enters the rectus
sheath from a lateral to medial direction. The target area of
injection is between the underside of the rectus abdominus
and posterior rectus sheath. An anechoic local anesthetic is
seen lifting the rectus abdominus muscle from the posterior
rectus sheath.

Case One
A 60-year-old male with a past medical history of chronic

umbilical hernia and alcohol use disorder presented to the
ED following a fall resulting in a non-reducible umbilical
hernia and left ankle pain. The patient was given 400 mg of
ibuprofen orally and 15 mg of ketorolac intravenously (IV)
for his ankle pain caused by a distal fibular fracture. His
ankle pain was controlled, but he still had pain with bedside

reduction attempts. After the BRSB the umbilical hernia was
easily reduced. The patient was discharged home for medical
optimization and an elective umbilical hernia repair at the
patient’s convenience.

Population Health Research Capsule

What do we already know about this
clinical entity?
Bilateral rectus sheath blocks have been used
for decades in the operating room for
periumbilical surgical anesthesia.

What makes this presentation of
disease reportable?
This is the first reported case series of a
bilateral rectus sheath block used in the ED
for bedside reduction of an incarcerated
umbilical hernia.

What is the major learning point?
The bilateral rectus sheath block can be safely
performed in the ED and should be added
to the procedural armamentarium of
emergency physicians.

How might this improve emergency
medicine practice?
Bilateral rectus sheath block performed in the
ED in lieu of procedural sedation provides
targeted analgesia in a patient with an
incarcerated umbilical hernia.

Image 1. Point-of-care ultrasound demonstrating anatomical landmarks in the rectus sheath block. Yellow oval denotes the target area of
injection. Arrow represents relative angle of trajectory for the needle.
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Case Two
A 60-year-old male with past medical history of opioid

abuse, ascites secondary to alcoholic cirrhosis, inguinal
hernia, and umbilical hernia presented to the ED with
complaints of gradually worsening severe abdominal pain
with a worsening umbilical bulge (Image 2). The patient was
initially given fentanyl 100 micrograms IV and haloperidol
5mg IV for pain and nausea. There was an obvious umbilical
hernia identified with skin changes and abdominal
tenderness. Computed tomography (CT) of the abdomen
and pelvis showed an umbilical hernia containing a small-
bowel loop resulting in a small-bowel obstruction.
Incarceration was unable to be excluded on CT. Surgery was
consulted, and the patient was scheduled to undergo an
emergent operative repair. Due to continued severe pain a
BRSB was performed. Shortly after the block the patient
reported significant improvement of pain and was
transferred to the preoperative area. Three hours later the
patient was re-evaluated in the preoperative area by the
surgical team; the patient’s hernia had spontaneously
reduced, and hewas pain free and resting comfortably.Given
the patient’s numerous comorbidities, the decision was made
to postpone the surgery for medical optimization. The
patient was monitored in the hospital for a few days, normal
bowel patterns returned, pain did not resume, and he was
discharged home four days after initial presentation.
After the BRSB the patient did not require any
additional analgesia.

Case Three
A 49-year-old female with a past medical history of

obesity, hypercholesterolemia, non-insulin-dependent

diabetes, and hypertension presented to the ED for
abdominal pain at the site of a previous umbilical hernia
repair. The patient stated she had been admitted multiple
times for pain control and discharged with instructions to
schedule an elective operative repair as outpatient. Physical
exam showed an obese female with mild tenderness to
palpation of the umbilicus. The patient took acetaminophen
975 mg at home prior to arrival and received ketorolac
15 mg IV in the ED with improvement of pain but had
persistent tenderness to palpation of hernia. A BRSB was
performed in the ED. The patient’s hernia spontaneously
reduced, and she had complete resolution of her pain. She
was discharged for outpatient follow-up with her
general surgeon.

Case Four
The last case was a 42-year-old male with no past medical

history who presented to the ED for eight months of
intermittent umbilical pain,that had worsened over the prior
three days. He had not sought medical care prior to arrival in
the ED. On exam he had a tender umbilical, non-reducible
hernia, approximately 4 centimeters (cm) in size.
Computerized tomography revealed a 3 × 3.7 × 3.4 cm, fat-
containing umbilical hernia with a narrow neck measuring
15 millimeters. Initial bedside reduction was unsuccessful
after administration of ketorolac 15 mg IV, placement in
Trendelenburg position, and application of ice to the
umbilicus. Surgical consult was called, and after discussion
with the surgical team the patient underwent a BRSB.
Approximately 20 minutes after the block the hernia was
reduced at bedside without difficulty, and the patient was
discharged home with outpatient surgical follow-up.

Image 2.Patient with an incarcerated umbilical hernia prior to the bilateral rectus sheath block performed for pain control. Blue boxes indicate
footprints of linear probe for a bilateral rectus sheath block. The needle is inserted in the lateral to medial direction, in plane with the linear
transducer probe.
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DISCUSSION
The BRSB has been used in the OR for decades to provide

sensory analgesia to the anterior abdominal wall. In the past
the rectus sheath block was performed without visualization,
using a loss-of-resistance approach as the blunt-tipped block
needle passed through fascial and muscle planes of the rectus
sheath to anesthetize the anterior divisions of the seventh
thoracic to first lumbar spinal nerves. This procedure was
typically not performed in the ED due to fear of epigastric
vessel puncture or bowel perforation due to inaccurate needle
placement. However, the rise of ultrasound use in ED
procedures over the last decade has led to the adaptation of
many ultrasound-guided regional anesthesia (UGRA)
techniques from their OR provenance. The ability to
visualize the distribution of analgesic medications around
and near nerves has increased accuracy of these blocks and
limited accidental injection into vasculature or
damage to surrounding anatomy. To the best of our
knowledge, these four cases represent the first reported use of
BRSB for the management of an umbilical hernia
in the ED.

Given the rising rates of substance use disorders in the
US, the spotlight has been placed on opioid usage and
prescribing. Physicians are constantly evaluating novel
methods of targeted analgesia for painful ED conditions as a
part of a multimodal pain regimen. As demonstrated in this
case series, we believe BRSB is a valuable tool for control of
umbilical hernia pain in the ED. All four patients had
complete resolution of their painwithminimal use of opioids,
allowing for an either spontaneous or manual reduction of
umbilical hernias with significantly less procedural
discomfort to the patient.

The rectus sheath block can be performed quickly and
safely at the bedside, providing rapid pain relief without
parenteral opioids or the large mobilization of resources
required for procedural sedation. All the procedures were
performed by an emergency medicine resident and an
UGRA-credentialed emergency attending physician,
proving the safety, ease of performance and generalizability
of this case series.

Ultrasound-guided regional anesthesia has proven to have
numerous advantages over parenteral analgesic therapies for
patients presenting with painful injuries to the ED: decreased
incidence of central sensitization leading to chronic pain5;
decreased adverse effects such as hypoxia, nausea and
vomiting6,7; reduced opioid requirements8,9; and decreased
length of stay.10,11 In multiple, published anesthesia
literature cases it has been demonstrated that BRSBs were
performed as the primary anesthetic in high-risk patients in
cases of both inguinal and umbilical hernia repair with
success.4 In this ED case series, a BRSB provided an
expeditious and safe resolution of the patient’s pain with no
complications, minimal opioid utilization, and no need for a
full procedural sedation. While there are risks to both

procedural sedation and UGRA, the risks of procedural
sedation and parenteral opioid medications are more
complex and potentially severe in the patient population
typically prone to umbilical hernias. All patients avoided
emergent operative repair subsequent to successful
reduction of their umbilical hernias, enabling them
to be discharged with outpatient scheduling for
medical optimization.

CONCLUSION
Ultrasound-guided regional anesthesia allows physicians

to treat numerous acutely painful conditions and painful
procedures in a timely, expeditious, and safe manner. The
above cases describe the use of UGRA for the reduction of
umbilical hernias without the need for procedural sedation or
emergent surgical intervention. In all four cases the pain was
controlled with minimal ED use of opioids, and the hernia
was reduced without procedural sedation. Without this
intervention the patients may have required emergent
operative repair rather than an elective outpatient repair.

As emergency physicians expand their knowledge base
and skillset, UGRA including the rectus sheath block is a
technique we can use with hernia reduction, abdominal wall
abscess, and any other painful periumbilical conditions.
These four cases demonstrated the utility of a bilateral
rectus sheath block in averting the need for procedural
sedation and emergent operative repairs from the ED, also
resulting in decreased resource utilization, opioid
consumption, and length of stay. Overall, the BRSB is a great
addition to the armamentarium of the emergency
physician as an expeditious pain control option for
periumbilical conditions.

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: Angioedema, a swelling of the subcutaneous or submucosal layers of the skin or
gastrointestinal tract, is a potential complication to thrombolytic therapy in the treatment of acute
ischemic strokes. In these cases, angioedema develops due to increased levels of bradykinin as a result
of the activation of the fibrinolytic pathway and contact activation system. Angioedema can involve the
tongue, larynx, and vocal cords, leading to occlusion of the airway and death due to asphyxiation. It is
vital for the emergency physician to know that this complication can occur to ensure appropriate
monitoring for development of angioedema.

Case Report: We report the case of a 65-year-old Black man who presented with signs of an acute
ischemic stroke and was treated with tenecteplase. The patient’s stroke symptoms mostly resolved
within 90minutes; however, he developed swelling of his right upper lip consistent with angioedema. The
patient was treated with steroids and antihistamines. He was closely monitored and did not require
airway intervention. The angioedema was almost fully resolved by the following day.

Conclusion: Angioedema is a known complication of thrombolytic therapy for acute ischemic stroke.
Risk factors for alteplase-associated angioedema include use of angiotensin-converting enzyme
inhibitors, female gender, diabetes, and infarcts of the insula and frontal cortex. As hospital systems
switch from alteplase to tenecteplase for the treatment of acute ischemic strokes for reasons of cost and
ease of administration, it is important to recognize that angioedema is also a potential complication of
tenecteplase. [Clin Pract Cases Emerg Med. 2024;8(3)264–267.]

Keywords: angioedema; tenecteplase; stroke; airway.

INTRODUCTION
Angioedema describes the development of swelling of the

subcutaneous or submucosal layers of the cutaneous and
gastrointestinal tracts. Numerous mechanisms can result in
the development of angioedema, and these are usually
classified based on the underlying substance causing the
swelling. Histaminergic angioedema is due to the release of
histamine and is seen in cases of allergy and anaphylaxis as
well as other immunologic processes. Bradykinin-mediated
angioedema includes hereditary angioedema (HAE), which
is usually caused by deficient quantity or function of

C1-esterase inhibitor (C1-INH), acquired angioedemawhere
the levels of C1-INH are low due to increased consumption,
and medication-associated increases in bradykinin including
angiotensin-converting enzyme (ACE) inhibitors.1 In ACE
inhibitor-induced angioedema, the ACE enzyme, which also
acts as the primary enzyme to break down bradykinin, is
inhibited leading to increased levels of bradykinin.2

Numerous case reports have described the development of
angioedema following administration of alteplase for the
treatment of acute ischemic stroke. Inmany of these cases the
swelling is contralateral to the infarcted hemisphere.3 When
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plasminogen is activated to plasmin, the plasmin activates
Factor XII to Factor XIIa, which in turn converts
prekallikrein to kallikrein, the enzyme responsible for the
cleavage of bradykinin from high molecular weight
kininogen.1 Herein we describe a case of angioedema that
developed after administration of tenecteplase (TNK).
Individual reports of angioedema secondary to tenecteplase
have rarely been described,4 and to date none have been in a
patient not taking an ACE inhibitor.

CASE REPORT
A 65-year-old man presented to the emergency department

(ED) via emergencymedical services as a stroke alert for acute
onset right-sided facial droop, dysarthria, and aphasia. The
patient was reportedly found outside by a neighbor who
noticed that he was having trouble speaking. On arrival, the
patient’s neighbor and family members could not be reached
for additional information, but his last known well time was
estimated to be approximately one hour prior to arrival in the
ED. The patient denied any preceding head trauma as well as
associated headache, dizziness, vision changes, chest pain,
shortness of breath, nausea, or vomiting. His past medical
history included hypertension, well-controlled HIV, and
previous successful treatment for hepatitis C. He had no
history of prior strokes and was not taking anticoagulants. He
had documented allergies to lisinopril and shellfish. The
patient’s initial vital signs were notable for hypertension to
156/84 millimeters of mercury (mm Hg), but otherwise were
within normal limits with heart rate 96 beats per minute,
respiratory rate 18 respirations per minute, pulse oximetry
96% on room air, and temperature 98.4° Fahrenheit.

On physical exam, the patient was alert and interactive.
His speech was moderately dysarthric and aphasic but
intelligible with effort. He had facial paralysis on the right.
He was able to answer one question correctly and follow two
commands correctly. There was no gaze deviation, visual
field loss, extremity drift, sensory loss, limb ataxia, or
extinction. His initial National Institutes of Health Stroke
Scale score was five. The brain attack team was called, and
the patient was quickly taken for computed tomography
(CT) of the head as well as CT angiography of the head and
neck with perfusion. Imaging revealed no intracranial
hemorrhage or large vessel occlusion. Since the patient
presented within 4.5 hours of symptom onset and there were
no obvious contraindications, the decision was made to
administer TNK with emergency consent.

The patient received an intravenous (IV) 0.25 milligrams
per kilogram (mg/kg) bolus of TNK, 16 mg total. Shortly
after TNK administration, his blood pressure increased to
188 mm Hg, so he was started on a clevidipine infusion at
1 mg/hour. Approximately 90 minutes after TNK
administration, the patient’s neurologic deficits had
improved, but he was found to have developed profound
swelling of his right upper lip, consistent with angioedema

(Image). There was no associated tongue swelling, drooling,
or stridor. He had no increased work of breathing and
continued to saturate well at 95% on room air. The patient
was treated with IV methylprednisolone 125 mg, famotidine
20 mg, and diphenhydramine 50 mg, and close monitoring
was continued in the ED. He was ultimately admitted to the
neurologic intensive care unit where the angioedema was
noted to be almost fully resolved by the following day.
Magnetic resonance imaging was performed the following
day demonstrating a distal left middle cerebral artery infarct.

DISCUSSION
Alteplase is the current standard of care treatment for

acute ischemic stroke and is the only US Food and Drug
Administration-approved agent for this indication.
Tenecteplase is considered an alternative to alteplase in the
2019 American Heart Association/American Stroke
Association guidelines.5 It is a genetically modified alteplase
variant with increased fibrin specificity and a longer half-life.
These modifications allow TNK to be given intravenously as
a single, rapid bolus dose, whereas alteplase requires a bolus
dose followed by a one-hour infusion.6 Recently, multiple
trials comparing TNK with alteplase for treatment of stroke

Population Health Research Capsule

What do we already know about this
clinical entity?
Bradykinin-mediated angioedema occurs due
to C1-esterase inhibitor deficiency,
angiotensin-converting enzyme (ACE)
inhibitors, and thrombolytics.

What makes this presentation of
disease reportable?
There are few reports of angioedema due to
tenecteplase. This is the first description
involving a patient not on an ACE inhibitor.

What is the major learning point?
Clinicians should be aware of angioedema as a
potential complication of tenecteplase use.
It occurs in about 1.1% of patients
receiving tenecteplase.

How might this improve emergency
medicine practice?
This report underscores the need for close
patient monitoring after giving tenecteplase,
as the patient’s airway may become
compromised due to angioedema.
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have shown TNK to be not inferior in both efficacy and
safety.7,8 Data from these trials, in combination with the ease
of administration and improved cost effectiveness, has
prompted many health systems to switch from alteplase to
TNK for stroke treatment.2,9

Published studies comparing TNK and alteplase for
treatment of stroke most commonly report symptomatic
intracranial hemorrhage or any intracranial hemorrhage as
their primary safety endpoints, while rates of angioedema are
reported inconsistently. The largest published trial
comparing alteplase to TNK reported that 9/800 patients
(1.1%) receiving TNK and 9/763 patients (1.2%) receiving
alteplase experienced angioedema.3 In a single-center
retrospective analysis of patients treated with alteplase, the
rate of angioedema was reported to be 7.9%.10 Rose et al
performed a systematic review and meta-analysis of
complications of TNK and alteplase for stroke and found
cumulative angioedema rates of 0.56% in patients with TNK
compared to 0.63% in patients receiving alteplase.11

Overall rates of angioedema appear to be similar between
alteplase and TNK, but specific characteristics of patients who
experience angioedema are seldom reported. A 2022 meta-
analysis from Mas Serrano et al found prior treatment with
ACE inhibitors, diabetes, dyslipidemia, female gender, and
hypertension to be associated with development of
angioedema after alteplase administration.12 Strokes involving
the frontal cortex and insula have also been described as having
increased risk of angioedema.3 Potential risk factors for
experiencing angioedema after TNK administration are not

well described in current literature, although they are expected
to be similar to those seen with alteplase given both agents
share their mechanism of action. The only published case
reports of angioedema after TNKadministration occurred in a
patients whowere currently using anACE inhibitor, which is a
known risk factor for development of angioedema.4,13 Our
patient was not currently taking an ACE inhibitor at the time
he received TNK, although he had documented history of an
allergic reaction to the ACE inhibitor lisinopril.

There have been no studies to determine the best treatment
of angioedema following TNK administration. The primary
goal is to ensure airway patency. Despite histamine not being
the substrate causing angioedema following TNK
administration, some have suggested that it should be treated
similarly to allergic reactions by administering
antihistamines, steroids, and in some cases epinephrine. The
use of medications that are approved for HAE have not been
studied and are currently not recommended for this
indication. The lysine analog, tranexamic acid (TXA), could
have a potential benefit as it binds to plasmin, preventing the
activation of Factor XII leading to decreased production of
bradykinin. Tranexamic acid is an antifibrinolytic in that it
prevents plasmin degradation of fibrin-to-fibrin degradation
products. Use of TXA may lead to worse outcomes in
patients with acute ischemic strokes.

CONCLUSION
This case report provides details regarding the

development of angioedema in a patient being treated with
tenecteplase for an acute ischemic stroke. While it is known
that angioedema is a potential complication of TNK
administration, the details of individual cases are rarely
reported. It is important for the emergency physician to be
aware of this potential complication of TNK so that patients
do not experience further morbidity and mortality.

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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Image. Angioedema of the right upper lip in a patient following
administration of tenecteplase (arrow).
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Introduction: Tension pyopneumothorax is a rare, life-threatening condition that occurs as a
complication of intrathoracic infection or bronchopleural fistula. In the few cases reported in the literature,
the patients typically have multiple comorbidities, underlying lung disease, and/or an
immunocompromised state.

Case Report: This case describes tension pyopneumothorax in a previously healthy adolescent male
with no existing risk factors for this disease. After emergent stabilization and admission, surgical
exploration of the chest revealed no fistulas or pleural defects. Extensive workup did not show any
underlying risk factors for development of this condition.

Conclusion: This case of pyopneumothorax with progression to tension physiology is exceedingly rare.
Uniquely, the patient had no underlying medical or anatomical predisposition to developing this
condition. The case also emphasizes pediatric patients’ capacity to compensate in the setting of critical
illness. [Clin Pract Cases Emerg Med. 2024;8(3)268–272.]
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INTRODUCTION
Tension pneumothorax is a standard emergency

department (ED) diagnosis, typically seen in the setting of
trauma, and requires immediate clinical recognition
and intervention. Tension physiology can less commonly
occur with other pathology inside the chest, such as
infection. Tension pyopneumothorax is a rare,
life-threatening condition that can develop in the setting of
intrathoracic infection. There are few cases described
in the literature. The diagnosis tends to occur in patients
with multiple comorbidities and underlying lung
pathology.1,2 We describe a case of tension
pyopneumothorax in a previously healthy adolescent with
slow development over several weeks. Management
includes prompt thoracostomy, respiratory support,
antibiotics and, often, surgical management for
adequate source control.3,4

CASE REPORT
The patient was a 12-year-old Hispanic male who

presented to the ED accompanied by his father for shortness
of breath. On arrival, the patient was diaphoretic,
profoundly tachypneic, and appeared frightened in triage.
The father reported that the patient had complained of severe
chest pain and difficulty breathing for several days. The
patient was promptly moved to the resuscitation room,
where initial vital signs were as follows: temperature
37.1° Celsius, heart rate 150 beats per minute, respiratory
rate 60 breaths per minute, oxygen saturation 91% on room
air, and blood pressure 120/90 millimeters of mercury.
He weighed 69 kilograms with a body mass index of 28.

Upon auscultation, absent breath sounds were noted over
the left chest. There was initial concern for spontaneous
pneumothorax. As the patient was being connected to the
monitor and a stat portable chest radiograph (CXR) was
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ordered, a point-of-care ultrasound demonstrated absent lung
sliding over the left chest. No fluid was noted at that time on
ultrasound. On further physical exam, the patient was alert
with appropriate mentation but appeared to be in significant
distress. In the wheelchair before transferring to the stretcher
hewas in a tripod position and profoundly tachypneic.Hewas
tachycardic with intact peripheral pulse, capillary refill of 2–3
seconds, and no jugular venous distension was noted. The
patient’s father elaborated that the patient had complained of
shortness of breath and malaise for more than one week
leading up to his presentation but denied any cough or fevers.
He reported that the patient had no past medical history, no
known allergies, and no prior surgeries. The patient was up to
date on all vaccinations since immigrating to theUnited States
five years prior from Central America.

A rapid portable CXR demonstrated a left-sided apical
pneumothorax with effusion at the base and evidence of
tension physiology (Image 1A). Needle decompression was
deferred as the patient was normotensive without signs of
imminent circulatory collapse, and the team quickly set up
for tube thoracostomy. The team was worried that
intubation would exacerbate underlying tension physiology
and circulatory status; so the patient was maintained on non-
rebreather oxygenation and sedated with ketamine for the
procedure. A pigtail catheter placement was attempted with
lateral approach; however, a syringe of bloody, purulent
malodorous fluid was aspirated; thus, the team switched to a
traditional large-bore thoracostomy with a 28 French tube.
Upon accessing the chest, a large volume of foul-smelling
purulent fluid was extruded. A post-procedure radiograph
showed the chest tube in proper position and improved
position of mediastinal structures, with some persistent left
pneumothorax and effusion (Image 1B). The patient’s heart
rate improved to 130 beats per minute, respiratory rate
decreased to 30 breaths per minute, oxygen saturation of
100% on 15 liters oxygen non-rebreather, and his blood
pressure remained the same.

Blood work was significant for a white blood cell count of
26,000 per microliter (μL) (normal range 4,500–13,000/μL),
lactate of 3.1millimoles per liter (mmol/L) (0.7–2.1mmol/L),
albumin of 2.8 grams per deciliter (g/dL) (3.9–5.0 g/dL), mild
transaminitis, normal renal function, and normal pH on
venous blood gas. On further chart review, we found that the
patient had been seen in the ED two weeks prior for back

Image 1. Emergency department chest radiograph (CXR): A) first semi-upright, one view radiograph of the chest demonstrating left-sided
hydropneumothorax (white arrow) with shifting of the mediastinal structures toward the right (arrow); B) one view CXR post-procedure
demonstrating interval chest tube placement on the left side with expansion of left lung (arrow), improved hydropneumothorax, and resolved
tension physiology (black arrow).

CPC-EM Capsule

What do we already know about this
clinical entity?
Tension pyopneumothorax is a rare clinical
presentation in the emergency department
that requires swift recognition and
intervention.

What makes this presentation of
disease reportable?
This is the first described case in an
immunocompetent pediatric patient due
to the organism Streptococcus Constellatus.

What is the major learning point?
Clinicians with suspicion for this presentation
should consider large-bore tube thoracostomy
and transfer to a facility with pediatric
surgical capability.

How might this improve emergency
medicine practice?
Timely intervention is key to preventing
morbidity and mortality. Point-of-care
ultrasound and prompt thoracostomy will aid
in diagnosis and management.
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pain and had a normal CXR at that time. Broad spectrum
antibiotics were administered in the ED, the patient was
placed on high-flow nasal cannula, and he was admitted to
the pediatric intensive care unit (PICU). By the time he
transferred out of the ED, greater than 1.5 liters of purulent
output from the chest tube had emptied into the closed chest
drainage system. Once the patient was stabilized in the
PICU, computed tomography of the chest was obtained the
following day that showed a moderate left
hydropneumothorax, diffuse opacification of the left lung in
the setting of extensive pneumonia, and peripheral air
lucencies on the left, likely representing loculations
(Image 2).

The patient remained in the PICU for three weeks. He
continued parenteral antibiotics and required multiple doses
of intrapleural alteplase to clear debris from the chest tube.
On hospital day five, he underwent a video-assisted

thorascopic (VATS) procedure for washout of the chest and
replacement of the original chest tube. Operative report from
the VATS procedure described fibrinous debris on the
surface of the lung upon entry into the chest cavity, as well as
dense adhesions between the lung and pleural surface of the
chest wall. Gross examination and recruitment maneuvers
did not reveal any other focal abnormalities of the lung itself,
and no bronchopleural fistulas were observed.

Culture of the chest tube output grew Streptococcus
constellatus for which antibiotics were narrowed to
ampicillin-sulbactam. The patient required intermittent
bilevel positive airway pressure for the first two weeks of
admission but was eventually weaned from all supplemental
oxygen. Further workup for tuberculosis, underlying
immunodeficiency, and malignancy were negative.
Ultimately the final CXR demonstrated improved aeration
of the left lung (Image 3). The patient was discharged
home after a total of one month in the hospital. He attended
one follow-up appointment one month after hospital
discharge and reported no residual respiratory symptoms
at that time. Unfortunately, he was lost to follow-up after
that appointment.

DISCUSSION
Tension pyopneumothorax is a rare, life-threatening

condition in which air and pus compress the lung and other
intrathoracic structures, and it occurs as a complication of
pneumonia, trauma, aspiration, lung abscess, or preexisting
bronchopulmonary or pleural fistula.3 In the absence of a
pleural defect, it is also theorized that a pyopneumothorax
can arise from an abscess, empyema, or pyogenic infection
with a gas-forming organism inside the chest.5 The tension
physiology in this case was characterized by severe
respiratory distress and signs of shock including tachycardia
and mild hypoxia with visible shifting of mediastinal
structures on radiograph. Although the patient was
normotensive on initial assessment, he became hypertensive
throughout hospitalization and required antihypertensive

Image 3. Chest radiograph one view that shows re-expansion of
the lung with improved opacification and some residual diffuse
interstitial prominence of the left lung (arrow). Interval removal of
chest tube.

Image 2.Computed tomography imaging of the chest during early hospital course: A) coronal view and B) axial view demonstrating residual
moderate left hydropneumothorax with diffuse opacification of left lung representing extensive pneumonia (white arrow), and peripheral air
lucencies on the left suggestive of loculations (black arrow). Chest tube noted to be in good positionwith fluid and debris obstructing the lumen
of tube (white arrow).
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medications upon discharge. This suggests that his presenting
blood pressure was likely below his baseline and a sign of
early circulatory compromise.

There are few case reports describing this condition, and
only a handful of cases are described in the pediatric
population. Most documented cases of tension
pyopneumothorax have a rapidly progressive clinical course
and occurred in patients with underlying disease or
immunocompromise, such as malignancy, Parkinson
disease, cerebral palsy, substance use, recurrent pneumonias,
and/or aspiration events. There is one similar case that
describes development of symptoms and progression to
tension physiology over several weeks in a pediatric patient.3

Our patient’s case is quite unique in that the patient had a
gradual development of a pyogenic pneumonia that led to
tension physiology without any identifiable underlying
disease or immunocompromise.

Anaerobic bacteria are implicated in 30% of pyothorax,
although a combined flora can be seen in cases of pyothorax
with aspiration etiology.6,7 S constellatus was the culprit
organism in our patient’s pyopneumothorax. S constellatus
is part of the S anginosus group; these anaerobes are native to
different systems in the body including the upper respiratory
tract, oral cavity, gastrointestinal tract, and reproductive
tract.2 Since these Gram-positive bacteria are native to the
respiratory tract, it can be difficult to distinguish them
from contaminant or causative organism on culture; rarely,
these bacteria can lead to aggressive pyogenic infections.8

S constellatus has been associated with abscess formation
and empyema. Due to its anaerobic metabolism,
S constellatus produces gas, which could lead to
development of tension in pyogenic intrathoracic infections.5

Patients with severe infections typically have risk factors
such as extensive smoking history, malignancy, chronic lung
disease, periodontal disease, and infectious diseases such as
HIV and hepatitis.2 One case report describes a 57-year-old
male patient with history of hepatitis C, tobacco use, and
chronic obstructive pulmonary disease who was found to
have an aggressive S constellatus cavitary lesion as a sequela
of a recent subsegmental pulmonary emboli.9 Despite early
initiation of broad-spectrum antibiotic coverage, the lesion
rapidly expanded, necessitating extensive surgical
management including partial pleurectomy and localized
resection in addition to antibiotics. Our case is the first to
describe S constellatus as the causative organism in
pyopneumothorax with tension physiology.

The mainstay of treatment for tension pyopneumothorax
is pleural drainage and parenteral antibiotics, although for
some patients with underlying fistula or other structural
abnormalities of the lung, resection or lobectomy may be
required.4,10 Needle decompression is indicated in tension
physiology due to impending circulatory collapse; however,
this step was not performed in our patient due to
normotension and rapid capability to perform tube

thoracostomy. Initial pleural drainage in these cases can be
done with small- or large-bore tube thoracostomy. Small-
bore or pigtail catheters are generally better suited for
pneumothoraces and transudative effusions due to their
small diameter and potential for occlusion.11 In this case,
small-bore thoracostomy was attempted but aborted due to
aspiration of blood and purulence into the syringe. Even
when the patient had successful initial drainage with a large-
bore thoracostomy, he eventually required multiple days of
intrapleural alteplase due to tube occlusion and definitive
VATS procedure to achieve source control. Similar cases
presenting to smaller community hospitals would require
transfer to a larger center where pediatric thoracic surgery
consult and management is available.

CONCLUSION
Our patient presented with a progressive S constellatus

pneumonia and empyema that led to formation of a tension
pyopneumothorax, a rare, life-threatening condition. This case
is unique in that the patient did not have any risk factors for
development of the tension pyothorax or severe pyogenic
infection from S constellatus, and he exhibited a subacute
course leading to ED presentation. Additionally, our case
highlights the resilience of pediatric patients and their ability to
compensate during active disease processes. Our patient
presented critically ill from a severe pneumonia that had been
developing for at least one week. Despite the tension
physiology he developed from the underlying pneumonia, his
mental status and blood pressure were intact. The patient did
well after initial management with tube thoracostomy and
further parenteral antibiotics, supplemental oxygen, and a
VATS procedure. The patient might have benefited from
earlier surgery,whichwould have resulted inmore rapid source
control of such an aggressive infection, but he was ultimately
liberated from all respiratory support and completed several
weeks of parenteral antibiotics to make a full recovery.
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Introduction: A tension empyema, in which purulent material accumulates in the chest cavity and leads
to cardiopulmonary dysfunction, is a rare complication of empyemas. Moreover, fungal empyemas that
grow Candida albicans and cause tension physiology have not yet been previously described.

Case Report: In this report, we present an immunocompetent 30-year-old male who presented to the
emergency department with worsening shortness of breath and was found to have a left-sided fungal
empyema causing tension physiology. Left chest thoracostomy yielded approximately 4 liters of purulent
fluid. Pleural cultures eventually grew C albicans, and after antifungal therapy, surgical decortication of
the lung, and a prolonged intensive care unit stay, the patient was discharged home in stable condition.

Conclusion: While mortality from C albicans empyemas that cause respiratory compromise is
exceedingly high, our case highlights that aggressive management with rapid chest thoracostomy and
antifungal therapy can lead to a favorable outcome. [Clin Pract Cases Emerg Med. 2024;8(3)273–276.]

Keywords: case report; empyema thoracis; tension empyema;Candida albicans; severe hyponatremia.

INTRODUCTION
Tension empyema describes a large accumulation of

purulent material in the chest cavity, which then entraps the
lung and compresses mediastinal structures. This causes
cardiopulmonary dysfunction by preventing adequate
ventilation and can lead to severely reduced cardiac output
via increased intrathoracic pressures and decreased venous
return, resulting in life-threatening cardiac arrest.1

Empyemas are often polymicrobial, composed of both
aerobic and anaerobic bacteria, and are most commonly
caused by pneumonia and parapneumonic effusion.2,3 Those
that grow fungi are particularly rare. Candida albicans
empyema has previously been described as a potential
complication of community-acquired pneumonia.4

However, most candidal empyemas have been diagnosed in
patients with preceding abdominal and intrathoracic
surgeries or patients with esophageal rupture.5 To our
knowledge, there have been no cases in the literature that
describe candida empyema that demonstrate tension

physiology. In this case we present an immunocompetent
patient with no reported past medical history who presented
to the emergency department (ED) with a chief complaint of
shortness of breath. He was found to have a tension
empyema that grew C albicans.

CASE REPORT
A 30-year-old male with no reported past medical history

presented to the ED by ambulance with the chief complaint
of shortness of breath. He reported progressively worsening
dyspnea and a productive cough for the prior 6–8 weeks. He
was given an albuterol breathing treatment by emergency
medical services (EMS) with no relief of his symptoms, and
he was placed on a non-rebreather mask at 15 liters per
minute (L/min) by EMSdue to an initial oxygen saturation of
80%. The patient denied recent fevers, chills, chest pain,
nausea, vomiting, abdominal pain, urinary complaints, leg
swelling, recent sick contacts, or recent travel. He denied a
history of intravenous drug use; however, he did endorse
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daily tobacco smoking and heavy alcohol use, particularly
beer. His mother provided additional history, stating that the
patient had been drinking over 10 beers per day for the prior
several weeks with minimal food intake.

Initial vitals in the EDwere notable for tachycardia at 115
beats per minute, tachypnea at 30 breaths per minute, and
hypoxia at 82% on a 15 L/min non-rebreather mask. He was
afebrile, and his blood pressure was 135/85 millimeters of
mercury (mm Hg). Physical exam revealed a toxic-
appearing, uncomfortable male in moderate respiratory
distress. He was diaphoretic. He had decreased breath
sounds over the left lower lobe and clear breath sounds on the
right. His chest wall was asymmetrical, with the left chest
appearing larger and more protruding than the right chest.
Laboratory blood work taken on arrival revealed a
leukocytosis of 20 × 103 white blood cells per microliter
(109/L) (reference range 4.2–10.8 × 109/L), severe
hyponatremia at 104 milliequivalents (mEq)/L
(137–145 mEq/L), a lactic acidosis at 3.22 millimoles
(mmol)/L (mmol/L) (0.8–2.0 mmol/L), and a negative blood
alcohol level. The rest of the basic metabolic panel revealed a
potassium of 5.3 mEq/L (3.4–5.0 mEq/L), chloride of 69
mEq/L (98–107 mEq/L), bicarbonate of 21 mEq/L (21–30
mEq/L), glucose 138 mg/dL (70–110 mg/dL), calcium of 7.0
milligrams per deciliter (mg/dL (7.8–9.8 mg/dL)), blood urea
nitrogen of 8.0mg/dL (9.0–20mg/dL), creatinine of 0.3mg/dl
(0.7–1.3 mg/dL), and an albumin of 2.7 grams (g)/dL
(3.5–5.0 g/dL). The urine drug screen was positive only
for tetrahydrocannabinol.

The patient was started on broad spectrum antibiotics
with vancomycin and cefepime in the ED. Due to delays in
radiographs, the patient had a computed tomography (CT)
of the chest with intravenous contrast to further investigate
the cause of his difficulty breathing. The CTwas immediately
reviewed by the emergency physician, and the patient was
found to have a large collection of fluid and gas in the left
chest, with a deviated trachea and extensive rightward
deviation of the heart (Image 1). While not true tension
physiology given the patient’s indolent onset of symptoms
(6–8 weeks) and initial hemodynamic stability, as tension

physiology typically describes a more acute condition
involving hemodynamic collapse, such findings on CT were
certainly concerning for impending tension physiology.

Based on the findings on CT and his increasing work of
breathing, he was intubated emergently. His oxygen
saturation prior to intubation was 84% on a 15 L/min non-
rebreather mask. He became hypotensive post-intubation
after sedation and was started on norepinephrine infusion.
Given the large amount of fluid and air seen on CT, it was

Population Health Research Capsule

What do we already know about this
clinical entity?
Tension empyemas are large accumulations
of purulent material in the chest cavity
that entrap the lung, leading to
cardiopulmonary dysfunction.

What makes this presentation of
disease reportable?
Fungal empyemas that growCandida albicans
and cause tension physiology have not been
previously described.

What is the major learning point?
Tension physiology and cardiovascular
collapse are rare but possible complications of
empyemas; thus, it is critical that physicians
quickly identify and treat it.

How might this improve emergency
medicine practice?
Aggressive management with chest
thoracostomy and antifungal therapy can lead
to a favorable outcome despite the high
mortality associated with this disease process.

Image 1. A. Axial view of initial computed tomography chest showing large left hydropneumothorax with complete left lung collapse (red
arrow). B. Coronal view of significant rightward shift of the trachea and mediastinum (yellow arrow).
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initially thought that the patient may have had a
diaphragmatic hernia with extrusion of the stomach into the
left thorax. For this reason, general surgery was consulted. A
subsequent CT of the abdomen and pelvis showed no
diaphragmatic rupture or abdominal involvement. The
surgery resident performed a left-sided thoracostomy, with
immediate output of four liters of thick, purulent, and highly
malodorous material. Hemodynamics improved after chest
tube insertion, with improvement in his blood pressure from
88/55 mmHg to 113/64 mmHg. The patient was admitted to
the intensivist care unit (ICU) on mechanical ventilation and
remained on 15 micrograms/min of norepinephrine.

During his inpatient stay, pleural fluid anaerobic cultures
grew Prevotella oris, suggesting oral microbes and
aspiration pneumonia with parapneumonic effusion and
empyema. Pleural fluid and sputum cultures as well as blood
cultures also grew C albicans. On repeat CT chest one day
later, the patient had a persistent empyema. To evacuate the
empyema, cardiothoracic surgery was consulted and
performed a left thoracoscopy with total decortication, lysis
of adhesions, and total parietal pleurectomy. Postoperative
CT chest showed persistent but reduced empyema and
improved mediastinal shift (Image 2).

The patient was successfully extubated six days after the
cardiothoracic procedure, the chest tubes were removed, and
he was downgraded from the ICU to the telemetry unit 15
days after admission. His hyponatremia resolved on day nine
after admission with careful fluid restriction and
maintenance fluids. Owing to rapid initial overcorrection,
desmopressin and dextrose 5% in water were used to prevent
central pontine myelinolysis.

Repeat CT chest prior to discharge showed residual
airspace densities in the lungs with improved aeration
compared to the prior study, persistent atelectasis at the left

lower lobe with interval re-expansion of the left upper lobe,
and diffuse pleural thickening in the left hemithorax with
loculated left hydropneumothorax, significantly smaller
compared to the prior study. He was discharged home with a
walker 24 days after admission with follow-up with
cardiothoracic surgery in two weeks.

DISCUSSION
In this report we describe a case of C albicans empyema

causing impending tension physiology in a 30-year-old male
with a history of alcoholism, with over 4 liters of purulent,
malodorous output after initial tube thoracostomy. There are
only a few case reports in the literature that describe tension
empyemas, and none that we are aware of that describe
tension physiology from a fungal empyema. Ooko et al
discuss a tension empyema causing cardiac arrest in a young,
immunocompromised patient with HIV and tuberculosis,
with ~2900 milliliters (mL) of pus output after
thoracostomy.6 Ahern et al describe a 28-year-old female
with HIV with post-intubation cardiac arrest and output of
~1500–2000mL of purulent exudate.7 Bramley et al discuss a
42-year-oldmale with diabetesmellitus type 1 and trisomy 21
who presented in pulseless electrical activity and a hypo-
inflated left hemithorax with absent breath sounds, with
~900 mL of malodorous pus output.8 None of these cases
were of fungal etiology. Until our case, the largest fungal
empyemadescribed in the literaturewas by Srinivasnakshatri
et al in 2014, with ~2500 mL of fluid that grew C krusei and
C tropicalis drained over 48 hours.9 The immediate drainage
of 4 liters of pus growing C albicans in our case is
thus unprecedented.

The case is also unusual in that empyemas that grow
C albicans are often a result of esophageal perforation,
fistula formation, or preceding abdominal and intrathoracic
surgeries.4 In the first retrospective analysis of 67 patients
with fungal empyema in Taiwan by Ko et al, the most
common underlying cause (30%) was abdominal disease,
especially prior abdominal surgery or gastrointestinal
perforation.5 Our patient did not have a preceding surgery or
gastrointestinal perforation. It is likely that he had an
aspiration event owing to his excessive alcohol use that
ultimately led to pneumonia with subsequent
parapneumonic effusion, which is further reflected by the fact
that the pleural fluid also grew Prevotella, predominantly an
oral microbe. This is a common mechanism: in one
retrospective study of 63 patients with Candida empyema
thoracis, 55.6% of these were from contiguous infection.10

In another retrospective analysis of 81 patients, Candida
empyema was from an intrathoracic source in 51% of
patients.4 The second most common underlying cause of
fungal empyema in the analysis by Ko et al was
bronchopulmonary infections at 22%.5 However, given that
our patient was found to have candidemia, it is also possible
that an existing trigger in the pleural space, such as a

Image 2. Repeat axial computed tomography chest with contrast
on day six of intensive care unit admission showing persistent
large empyema reduced in size (red arrow) with resolution of
mediastinal shift. Chest tube still in place (yellow arrow), and
bilateral ground-glass opacities present.
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hemothorax, chylothorax, or hydrothorax, became infected
due a systemic infection via hematogenous spread. This is less
commonly reported in the literature, with 2% of patients
having concurrent candidemia in Senger et al and 27%
having concurrent fungemia in Ko et al.4,5

Furthermore, mortality from C albicans empyemas is
extremely high and is more likely to occur in older patients
and those in an immunocompromised state. In the
retrospective analysis previously discussed by Ko et al,
mortality in patients with fungal empyema was 73%.5 Lin
et al’s retrospective study of patients withCandida empyema
thoracis found mortality to be 61.9%.10C albicans empyema
was most common. Patients who presented with respiratory
failure, as our patient did, were associated with higher
mortality. In conjunction, these two studies show that fungal
empyema of any kind is associated with very high mortality.

An immunocompromised state appears to play a role in
Candida empyemas as well. We saw this association
previously in patients with tension empyemas without fungal
etiologies who were immunocompromised secondary to
HIV, tuberculosis, and type 1 diabetes mellitus.6,8 Two other
case reports describe patients withC albicans empyemaswho
were immunocompromised secondary to carcinoma,
specifically, esophageal carcinoma, and one of which did not
involve gastrointestinal perforation.11,12 Fortunately, our
young patient with no significant medical history other than
alcohol use survived the tension empyema and was
eventually discharged from the hospital. In our case,
however, it is likely that the patient developed an
immunocompromised state not from HIV but from chronic
alcoholism and malnutrition.

CONCLUSION
Tension physiology and cardiovascular collapse are rare

complications of empyema thoracis. This case report is
unique in that this was a community-acquired C albicans
infection, not associated with gastrointestinal perforation,
HIV, or recent surgery, and demonstrated impending tension
physiology on physical exam and imaging. Due to the high
risk of mortality associated with pulmonary fungal
infections, it is critical that physicians quickly identify
tension physiology and keep a broad differential when
choosing appropriate antibiotic treatment.

The authors attest that their institution requires neither Institutional
Review Board approval, nor patient consent for publication of this
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Introduction:Medical and nonmedical ketamine use is increasing in theUnited States. Thiswill likely lead
to an increase in emergency department (ED) visits in individuals experiencing associated side effects.
Physicians will need to be able to effectively recognize and manage ketamine-related complications.

Case Report: A 31-year-old male with a three-year history of inhalational, intramuscular, and
intravenous nonmedical ketamine use presented to the ED twice within a week with symptoms of severe
atraumatic back pain, abdominal pain, and dyspepsia. A comprehensive workup, including advanced
imaging, was unrevealing for identifiable causes, and the patient was discharged with instructions for
primary care follow-up for further evaluation. The patient used information shared on Reddit, an online
forum and social network, to identify that the cause of his pain was related to chronic ketamine use.
Subsequently, upon discontinuation of ketamine, the pain improved in 24 hours. The patient self-
navigated to addiction treatment.

Conclusion: Emergency physicians should consider sequelae of chronic ketamine use as a possible
cause for gastrointestinal and urologic symptoms in the ED. In addition to thorough examination and
assessment for other acute medical problems, patients should be offered education, symptomatic
treatment, and linkage to harm reduction and substance use disorder treatment services. [Clin Pract
Cases Emerg Med. 2024;8(3)277–281.]

Keywords: ketamine; case report; harm reduction; substance use disorder; ketamine use disorder.

INTRODUCTION
Ketamine is becoming increasingly used in the United

States (US) for a variety of mental health conditions, most
notably treatment-resistant depression.1 Intranasal
esketamine (S-enantiomer of ketamine) was approved in
2019 by the US Food and Drug Administration (FDA) for
treatment-resistant depression. There is also widespread off-
label medical use of intravenous (IV) ketamine for other
mental health conditions, including post-traumatic stress
disorder, anxiety, eating disorders, and mood disorders.

Ketamine is also used recreationally for its dissociative
and psychedelic effects. Over the last two decades,

self-reported, nonmedical ketamine use and exposures in the
US have been gradually increasing, and seizures of illicit
ketamine increased 349% from 2017 to 2022.2 As rates of
recreational and medical use of ketamine rise, physicians
need to know how to recognize and treat side effects and
complications of ketamine use.However, there is a paucity of
US literature discussing how to identify and manage side
effects of chronic ketamine use. Studies in the United
Kingdom,HongKong, and Italy describe a variety of clinical
presentations in people with chronic ketamine use, including
urological, neurological, and gastrointestinal (GI)
symptoms.3,4 Common presentations of these symptoms
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include dysuria for urological symptoms, intoxication or
hallucinations for neurological symptoms, and abdominal
pain for GI symptoms. In this case report, we describe
clinical presentation and management of recurrent severe
abdominal pain—known informally as “K cramps” in
the community of people who use ketamine—associated
with long-term use.

CASE REPORT
A31-year-oldmale with a history of chronic ketamine use,

major depressive disorder, and chronic back pain presented
to the emergency department (ED) with two days of
increasingly severe back pain and chest tightness. He had a
similar episode of back pain and chest tightness eight weeks
prior that lasted for 10 days, with no other symptoms. He did
not seek medical treatment for that episode, and the pain
slowly resolved on its own. The patient took intramuscular
and IV ketamine daily for eight months, with each day’s
doses ranging from 1–3 grams. Before intramuscular and IV
use, he had been insufflating 0.5–1 gram every day for
three years.

At presentation to the ED, he was afebrile, heart rate of
77 beats per minute, blood pressure of 131/86 millimeters of
mercury, and an oxygen saturation of 100% on room air.
He was awake and alert and in mild distress. Physical
examination revealed mild tenderness on thoracic paraspinal
muscle palpation, mild tenderness to palpation in the left
upper quadrant, and was otherwise unremarkable. Complete
blood count, complete metabolic panel, urinalysis,
electrocardiogram, troponin, and D-dimer were within
normal limits. Chest radiographs were negative for
pneumonia, pneumothorax, pneumomediastinum, or
subcutaneous air. Given back pain and injection use, a
thoracic spine magnetic resonance imaging (MRI) was
performed to rule out an epidural abscess. TheMRI revealed
no infection, fluid collection, disc disease, fractures, or other
acute abnormality that could account for his symptoms.
Two sets of blood culture were negative. The patient was
treatedwith acetaminophen and dischargedwith instructions
to continue acetaminophen and ibuprofen at home for
pain management.

The following day, the pain migrated to his upper
abdomen and he developed dyspepsia. He reported taking
famotidine, calcium carbonate, acetaminophen, and
ibuprofen daily, with no improvement in symptoms. He
continued daily ketamine use for recreational purposes
and to control the pain. Every night, the pain woke him up
at 4 AM. The pain, which the patient described as a deep
aching/cramping sensation, was worse after eating and
improved with fasting. The intensity remained severe, and he
returned to the ED five days later for reevaluation.

On the second ED visit, the patient reported 9/10
abdominal pain on arrival. Again, vital signs showed no
abnormalities. He was awake and alert and in moderate

distress. Physical examination revealed right lower
quadrant tenderness to palpation and mild right upper
quadrant tenderness.

He was treated with 4 milligrams IV morphine and 1 liter
lactated Ringer’s IV fluid. The pain improved to an 8/10 and
the morphine was repeated two hours later, resulting in 6/10
abdominal pain. Computed tomography of the abdomen
and pelvis with contrast was performed and revealed no
evidence of an acute intra-abdominal process.
A complete abdominal ultrasound was performed, revealing
a 2–3 mm adherent gallstone and a 3 mm gallbladder
polyp. The patient was discharged with instructions to
continue ibuprofen and acetaminophen, follow up with
primary care, and return to the ED in two days if there was
no improvement.

After discharge, the patient searched for his symptoms on
Reddit, where he discovered several discussion forums about
“K Cramps/K Pains,” Reddit users describe the pain as
feeling like someone was squeezing their organs as hard as
they could, pain that reaches down into the upper abdomen
and creeps though the chest, and feeling like a hot knife was
running through the back to the front of the stomach. He
followed peer recommendations to take hot baths and
discontinue ketamine. After discontinuing ketamine, the
pain improved within 24 hours. He restarted recreational

CPC-EM Capsule

What do we already know about this
clinical entity?
Abdominal pain is a common complication
from chronic ketamine use, but underlying
mechanisms are poorly understood.

What makes this presentation of
disease reportable?
This is the first reported case of abdominal
pain associated with ketamine use in the
United States peer-reviewed literature.

What is the major learning point?
Gastrointestinal side effects should be on the
differential when assessing abdominal pain in
individuals who use ketamine.

How might this improve emergency
medicine practice?
With increases in ketamine use, emergency
physicians will need to be able to recognize
and care for patients with non-neurologic
complications of chronic ketamine use.
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ketamine 72 hours later, with initial recurrence of dyspepsia
four hours after use. The following day he developed the
severe abdominal pain again, which lasted for two days until
he discontinued ketamine again and admitted himself to a
residential substance use disorder (SUD) treatment program.
The pain improved 30 hours after starting SUD treatment.
The patient communicated this information to his ED
treatment team during his residential treatment stay.

DISCUSSION
We report a case of recurrent abdominal pain associated

with chronic high doses of ketamine, colloquially known as
“K cramps.” The patient initially presented with reported
back pain and chest tightness with abdominal tenderness on
physical exam that progressed to severe upper abdominal
pain. Diagnostics ruled out infection or other life-threatening
causes of his symptoms, and the patient was discharged with
instructions to continue acetaminophen and ibuprofen and
return in two days if the pain had not improved. The patient
was open about his ketamine use to the emergency
physicians. However, outside of possible epidural abscess or
infection due to at-home IV and intramuscular ketamine use,
there was no consideration of the possible association of
symptoms as a side effect or complication of ketamine use.
In addition, there was no recommendation or counseling to
reduce use, harm reduction counseling, motivational
interviewing, or screening, brief intervention, and referral
to treatment.

Cross-sectional studies have described the most common
toxicity patterns associated with ketamine, primarily
presentingwith neurological, urological, and gastrointestinal
symptoms.3 A review of 233 ED visits among people who use
ketamine in Hong Kong showed that the most common

presenting symptoms were altered consciousness (45%),
abdominal pain (21%), urinary symptoms (12%), and
dizziness (12%) (Table).6 In addition, many forums on the
internet describe and verify abdominal pain as a common
symptom manifestation for patients.

“K Cramps” is mentioned only one time in peer-reviewed
literature, described as “severe abdominal pains” that “can
feel like severe gas pains but much worse.”5 In one cross-
sectional study of patients seeking treatment for ketamine
uropathy, 27.5% reported upper GI symptoms, including
epigastric pain and recurrent vomiting.4 Some case reports
indicate the pain is biliary or gastric in etiology. Biliary
causes include cholestasis, chronic acalculous biliary colic,
and common bile duct dilation.7,8 Abnormal liver function
tests have also been associated with therapeutic ketamine
use, and the mechanism is unknown.9,10 Poon et al evaluated
GI problems among individuals with inhalational ketamine
use. Among 28 patients with GI symptoms, 14 patients had
endoscopies, with Helicobacter pylori-negative gastritis as
the most common histopathological finding, followed by
gastroduodenitis.9 The only reported treatment for
ketamine-associated abdominal pain in the peer-reviewed
literature is abstinence, although Reddit threads reveal
numerous supportive measures, including hot showers and
baths, hot beverages, and small meals, to support patients in
managing their pain.

In addition to abdominal pain, emergency physicians
should be familiar with the severe neurologic and urologic
complications of chronic ketamine use. Patients may
experience altered mental status, agitation, muscle rigidity,
and dissociative emergence reactions that may include
hallucinations, fear, and “out of body” experiences.3

Benzodiazepines are the primary treatment for dissociative

Table. Clinical presentations, mechanisms of action, and treatment of side effects associated with ketamine use.

System affected Symptom(s) Findings Mechanism of action Treatment

Neurologic Intoxication
Altered mental status

Agitation
Muscle rigidity
Hallucinations

Dissociative emergent reactions

Clinical observation NMDA-receptor
antagonism

Benzodiazepines

Gastrointestinal Abdominal pain Cholestasis
Acalculous biliary colic

Common bile duct dilation
Abnormal liver function tests

Gastritis
Gastroduodenitis

Unknown Hot baths
Hot beverages
Cessation of
ketamine use

Urologic Dysuria
Urinary urgency

Hematuria

Sterile urine
Ulcerative cystitis

Obstructive nephropathy

Direct damage to urothelial
lining by ketamine and
ketamine metabolites

Cessation of
ketamine use

NMDA, N-methyl-D-aspartate.
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emergence reactions, muscle rigidity, and agitation due to
ketamine use.11 The urological side effects of ketamine use
are well described and reportedly affect approximately one-
third of chronic ketamine users.12 Clinical symptoms of
urological toxicity are dysuria, urinary urgency, and possible
progression to painful hematuria. These symptoms are
associated with ulcerative cystitis secondary to ketamine and
its metabolites that may progress to obstructive nephropathy
and bladder fibrosis.13,14 Abstinence of ketamine use is
described as the only treatment, with no reports of resolution
of urological symptoms with persistent ketamine
use (Table).12

There are limited case reports in the US of clinical
presentations associated with ketamine toxicity. Ketamine
side effects should be on the differential when assessing
abdominal pain and dysuria in individuals who admit to
ketamine use. However, it is a diagnosis of exclusion after
other emergent or infectious causes are appropriately ruled
out. While no pharmacotherapy has been approved by the
FDA for ketamine use disorder, primary counseling to
address symptoms should focus on reduction or cessation of
ketamine use, including motivational interviewing and
referral and linkage to addiction treatment. For all patients
who inject drugs, emergency physicians should be familiar
with and provide resources on sterile consumption
equipment and safer injection technique for infection
prevention. Furthermore, given the frequent presence of
fentanyl adulterants in the drug supply, all patients who use
drugs should be offered take-home naloxone (or naloxone
prescription) and fentanyl test strips for overdose
prevention.15

CONCLUSION
In this case, lack of clinician knowledge about “Kcramps”

contributed to delayed addiction treatment engagement and
resolution of symptoms. The patient relied on advice and
input from an online forum of people who use or have used
ketamine to self-guide his treatment. Given that the patient
reported using 1–3 grams of ketamine daily he should have
been referred for addiction treatment. People who use drugs
have historically, and currently, developed—and
subsequently tested—strategies to reduce morbidity and
mortality among themselves and their peers. This has
included harm reduction strategies such as syringe services
programs, naloxone distribution, drug checking initiatives,
and peer support and information sharing. As nonmedical
ketamine use increases in the US, emergency physicians may
see more patients with symptoms and complications related
to chronic use. Further work is needed to understand the
etiology and treatment of GI symptoms related to ketamine
use, which should include being aware of the knowledge and
perspectives of people who have used ketamine and testing
the strategies they have developed to treat GI symptoms.
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Introduction: Isolated oculomotor nerve palsy after mild traumatic brain injury is unusual and
prognostically significant due to unclear mechanisms and recovery challenges. We present a case of
isolated oculomotor nerve palsy followingminor head trauma, shedding light on this unusual occurrence.

Case Report: A 24-year-old male experienced severe vision loss and right-sided oculomotor nerve
palsy after amotor vehicle collision. Initial imaging showed a hemorrhagic focus in the left posterior fossa
and a contusion in the corpus callosum, yet no direct cause for the nerve palsy was found. Partial
recovery was observed after 12 months.

Conclusion: This case underscores the importance of maintaining a heightened suspicion for occult
intracranial findings, especially when the initial non-contrast computed tomography was inconclusive.
Timely clinical assessment and appropriate radiological investigations by emergency physicians are
crucial for improving the prognosis. [Clin Pract Cases Emerg Med. 2024;8(3)282–286.]

Keywords: oculomotor nerve palsy; minor head trauma; emergency department; case report.

INTRODUCTION
Isolated oculomotor nerve palsy followingmild head injury

is a rare occurrence. The mechanism required to damage the
nerve is usually severe and is often associatedwith basilar skull
fracture, orbital injury, subarachnoid hemorrhage, or
neurological deficits such as loss of consciousness.1 Injury to
the nerve could be direct due to shearing force between the
brainstem and supratentorial structures causing rootlet
avulsion and distal fascicular damage or indirect, caused by
compression, displacement, or deformity of the nerve due to a
space-occupying lesion like an expanding hematoma.2 It is

often described to occur following an expanding intracranial
mass lesion, causing uncal herniation.3 The recovery rate, in
terms of sympathetic and parasympathetic oculomotor
function, following complete oculomotor nerve palsy is
prolonged, often resulting in incomplete resolution. In this
case, we describe a patient who developed isolated right
oculomotor nerve palsy following minor closed head trauma
(Glasgow Coma Scale [GCS]15). A peculiar feature was the
lack of association between the magnetic resonance imaging
(MRI) findings and clinical manifestations that gave us insight
into the injury mechanism to the nerve.
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CASE REPORT
A previously healthy 24-year-old helmeted male,

motorbike rider presented to the emergency department
(ED) of a tertiary care center after a road traffic accident.
Unable to control the speed of hismotorcycle, he skidded and
fell while taking a sharp turn. On admission, he had severe
pain over his right shoulder and hip, diminution of vision on
the right side, inability to open his right eye, right-sided
diplopia, and inability to recollect any events surrounding
the incident. He denied loss of consciousness, nose bleeding,
vomiting, or seizures.

At presentation, he was conscious with a GCS score of 15.
The vitals recorded were heart rate 90 beats per minute,
blood pressure 140/90 millimeters of mercury (mm Hg),
respiratory rate 16 breaths per minute, 100% oxygen
saturation on room air, and afebrile. Initial neurological
examination showed that he was cooperative, alert, and well
oriented to person, place, and time. There was ptosis, lateral
deviation of the eyeball, and a fixed, dilated, and non-
reactive pupil measuring 7 millimeters (mm) on examining
the right eye. Hewas unable to adduct, elevate, or depress the
right eyeball (Image 1). Orbital margins were intact. The
conjunctiva appeared normal, the cornea was clear, the
anterior chamber looked normal, and the lens was
transparent. The left eye appeared normal with no limitation
in extraocular movements, and the pupil was 2 mm and
reactive. All other ophthalmic examinations, including
measurement of intraocular pressure, revealed normal
findings. Examination of other cranial nerves and systemic
examination was unremarkable.

In this case, owing to the intricate nature of the patient’s
presentation characterized by isolated oculomotor nerve
palsy after mild head trauma, a multidisciplinary team
comprising experts from emergency medicine, neurology,
ophthalmology, and radiology collaborated to deliver
meticulous and comprehensive care. Laboratory
examinationswere normal except for an elevatedwhite blood
cell count. Radiographs of the shoulder and hip on the right
side revealed a clavicle fracture and an intertrochanteric
fracture of the femur, respectively. Non-contrast computed
tomography (CT) of the brain and orbits revealed a well-
defined hemorrhagic focus measuring ~ 0.9 × 2.2 centimeters
in the left posterior fossa that did not correlate to the
observed clinical findings (Image 2). The patient was
transferred to the intensive care unit for further monitoring,
and a multitude of additional diagnostic scans were
performed. Magnetic resonance imaging of the brain
revealed a small hemorrhagic contusion over the body of the
corpus callosum on the right side and minimal
intraventricular hemorrhage in the posterior horn of the right
lateral ventricle (Image 2).

An ophthalmologist recommended to instill antibiotic (to
prevent a superimposed bacterial infection) and lubricant eye

CPC-EM Capsule

What do we already know about this
clinical entity?
Isolated oculomotor nerve palsy following
mild traumatic brain injury (TBI) is rare, and
indirect injuries predominate.

What makes this presentation of
disease reportable?
This case underscores isolated oculomotor
nerve palsy post-mild TBI, prompting
re-evaluation due to absence of focal deficits
and correlating radiological findings.

What is the major learning point?
Precise imaging enhances oculomotor nerve
palsy management. Thorough assessment and
tailored treatment are vital in mild TBI cases.

How might this improve emergency
medicine practice?
Thorough clinical assessment and imaging,
precise strategies, and advocating
standardized evaluation across injury
severities elevate emergency medicine
standards.

Image 1. Photograph of the patient that showed features of
oculomotor nerve palsy on right side: a) ptosis (white arrow),
indicative of involvement of the levator palpebrae superioris
(sympathetic involvement); b) absent pupillary light reflex—‘“fully
blown out dilated pupil’”(white arrowhead) indicative of involvement
of the sphincter pupillae (parasympathetic involvement); c) intact
left-sided pupillary light reflex (black arrow).
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drops in the right eye and to do cold compresses over the right
eye three times a day for one week. A repeat evaluation two
days later showed the pupil size to be 5 mm, fixed, and
dilated. This was an improvement compared to the 7 mm
noted in the ED. In addition, the fundus examination of the

right eye was normal. He was advised to continue the same
treatment and was discharged after nine days. Over the next
12 months, he experienced partial improvement in some
aspects of his right oculomotor function (Image 3).

DISCUSSION
A patient who presents with blurring of vision, headache,

diplopia, ptosis, evidence of trauma, and focal neurological
deficits points an emergency physician to a potentially
alarming situation. Due to this diverse presentation and
the vast differential, an oculomotor nerve palsy encounter
should begin with a thorough history, physical examination,
and radiological investigation.

Traumatic insults (eg, traumatic brain injury [TBI],
subdural hematoma, basilar skull fracture, brain herniation
syndromes), autoimmune exacerbations (eg, multiple
sclerosis, myasthenia gravis), vascular anomalies
(eg, cerebrovascular accidents, posterior communicating
artery aneurysm, basilar artery aneurysm, subarachnoid
hemorrhage), neoplasms (eg, pituitary apoplexy, skull-based
tumors), and infections (eg, orbital cellulitis predisposing
a cavernous sinus thrombosis) represent the emergent
spectrum of third cranial nerve palsies.4

Image 2. Non-contrast computed tomography brain of a 24-year-old male (axial view): a) without any evidence of Intraparenchymal injury;
b) showing tiny hemorrhagic foci (white arrow). Magnetic resonance imaging of the brain (axial 3-D susceptibility-weighted angiography) at
the corresponding section showed; c) blooming foci in the posterior horn of the right lateral ventricle (white arrowhead) suggestive of minimal
intraventricular hemorrhage; d) blooming foci in the body of corpus callosum on the right side (black arrowhead), measuring 6.0 × 8.0 mm—

likely minor hemorrhagic contusion.

Image 3. Photograph of the same patient taken 10 months after the
injury: a) persistence of mild ptosis (white arrow) in the right upper lid
at rest; b) improvement of ptosis (white arrowhead) on raising
the eyebrows.
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Previous studies have employed “the rule of the pupil” to
determine how radiological investigations are expedited in
such cases.5 The subarachnoid location of the pupillary
constrictor fibers makes them easily compressible by
posterior communicating or basilar artery aneurysms.
Therefore, the lack of pupil involvement would often point to
a less emergent condition such as ischemia secondary to
diabetes mellitus. Similarly, frequent physical examinations
and liberal consultations lead to clinical clues (unilateral vs
bilateral involvement, immediate vs delayed presentation,
complete vs partial extraocular dysfunction, signs of basilar
skull fracture, focal neurological deficits, Cushing triad) that
help rule out emergent conditions.6

In our case, the patient presented with an isolated right-
sided oculomotor nerve palsy following a mild TBI. The
absence of accompanying red flags, signs, or symptoms and
the lack of explanatory radiological findings make this case
unique. Contrastingly, in both the Solomons et al and
Memon et al studies, no isolated third nerve palsy cases were
caused by mild head injury.3,7 Only 0.04% of traumatic
oculomotor nerve palsy had been reported by a study done in
19,800 mild head injury cases. In our case, the impact was a
direct right-sided frontal blow with the radiographic finding
that does not correlate with the clinical presentation of
the TBI.8

However, the exact mechanism of isolated oculomotor
nerve palsy caused by mild TBI is not precise. The injury to
the oculomotor nerve can occur anywhere along its course
from the midbrain to orbit.4 Three critical parts where it can
be damaged are at the site where the nerve emerges from
cerebral peduncles, upon entering the cavernous sinus, and
within the cavernous sinus. While indirect injuries (resulting
from a disturbance in blood supply or detrimental
biomechanical effects following a head injury) have been
reported to have a higher incidence than direct injuries
(mechanical damage), information is scarce on
inconsequential third nerve palsy management in such
settings. Furthermore, such patients would have delayed
presentation, which was not the case in this scenario.2

According to Kaido et al, a rostrocaudal line of force is
generated following a frontal blow. The direction is parallel
to the third nerve and can cause traction at fixation points,
causing stretching and intraneural hemorrhage.9 The “open
V formation” of both oculomotor nerves likely prevents
bilateral direct third nerve injury, and that is why it is rarely
observed clinically.7 A shock wave generated at the time of
impact can also cause damage to the third nerve.10 Diffusion
tensor imaging and fiber tractography are recent imaging
techniques that could assess white fiber damage andmay help
us in diagnosing, predicting, and prognosticating
oculomotor nerve palsy.11

It is uncommon to find a traumatic cause of isolated
oculomotor nerve palsy without correlating radiological
findings. Multipositional, high-resolutionMRI with T1- and

T2-weighted images in most patients with suspected third
nerve palsy may show abnormal enhancement of the
oculomotor nerve because of ischemia, inflammation, or
demyelinating conditions.1 A few studies reported
radiological evidence of injury to the nerve as it passes over
the tough petroclinoid ligament.9,12 In contrast to the
radiological features present in these studies, our findings on
MRI included a minor hemorrhagic contusion over the body
of the corpus callosum on the right side and minimal
intraventricular hemorrhage in the posterior horn of the right
lateral ventricle that neither revealed the cause nor location
of the injury. The lack of relation between imaging
abnormalities and observed clinical findings gave us an
insight into the other probable mechanisms of third nerve
injury in mild TBI.

Based on current evidence, the appropriate management
of isolated oculomotor nerve palsy caused bymild TBI is still
unclear. Our recommendation would be, to begin with, a
non-contrast CT head to determine the need for immediate
surgical intervention (evacuation via a craniotomy or burr
hole or resection of a tumor) with or without steroids.1 If
inconclusive, a three-dimensional MRI of brain and blood
vessels (including T1- and T2-weighted images, magnetic
resonance angiography, and diffusion-weighted images)
should be considered. In addition to this, Felix et al suggested
an isotropic, high-resolution, T2-weighted constructive
interference steady state (CISS) sequence and contrast-
enhanced, axial and coronal T1 sequences to detect direct
and indirect mechanisms of injury.13

Similar to the treatment rationale in patients with delayed
facial nerve palsy, some studies have suggested using steroids
as it reduces endoneurial edema to prevent secondary
neuronal damage.1,14 As opposed to other cases, there was no
indication for surgical treatment in our patient. Observation
and follow-up are the cornerstones of management in
patients with no definite intracranial findings. A similar
strategy was adopted in our case: instilling antibiotic and
lubricant eye drops five times a day and cold compress every
eight hours. The pupil size had reduced from 7 mm to 5 mm
on the fourth day, indicating slight improvement. A few
reports introduce reading-related neurorehabilitation like
facial massage and eye-tracking exercises and injecting
botulinum toxin into the lateral rectus muscle to prevent
contracture and may reduce the morbidity.1,2

The prognosis of third nerve palsy is generally poor, with
full recovery being uncommon, resulting in highmorbidity.15

Ptosis has been reported to resolve earlier than impaired
extraocular muscle movement, while the pupillary size and
light reflex show the least degree of recovery following the
course of events. Although the time interval to resolution
varied, our review revealed that patients who had mild TBI
with initial GCS scores of 13 or more experienced at least
partial resolution. Our patient experienced at least partial
improvement in some aspects within 12 months (Image 3).
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CONCLUSION
The presence of fixed and dilated pupils following TBI in

the emergency department has been associated with high
mortality. However, we highlight the occurrence of isolated
third nerve palsy inmild TBIwith no other focal neurological
deficits through this case. Although the appropriate
management of isolated oculomotor nerve palsy caused by
mild TBI is still unclear based on current evidence, a review
of management and outcomes helps establish goal-oriented
treatment plans and rehabilitation. Moreover, we stress the
importance of a comprehensive clinical assessment. Also, we
recommend radiological imaging tests regardless of injury
severity to assess the cause of damage to plan for treatment
and improve prognostic outcomes.

Patient consent has been obtained and filed for the publication of this
case report.
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Introduction: Pulmonary sequestration is a rarely reported phenomenon where aberrant lung tissue
exists independently from the rest of the tracheobronchial network. Complications may include
hemothorax; however, there is a paucity of descriptions of this condition in the literature.

Case Report: We describe a case of a pulmonary intralobar sequestration resulting in atraumatic
tension hemothorax. A 73-year-old woman presented to our facility in extremis and with complaints of
acute-onset flank pain. Her evaluationwas notable for a large pulmonary sequestration with a presumed,
moderate-sized effusion; however, initial review did not reveal an obvious underlying cause for her
symptoms. Shortly after her arrival to the emergency department (ED) she experienced a cardiac arrest.
On secondary review of her computed tomographic angiography, it was determined that what was
previously thought to be a pleural effusion was a large hemothorax. Following this finding, a finger
thoracostomy was performed, which resulted in the immediate evacuation of hemothorax. The
thoracostomy was then converted into an ED thoracotomy to assess for active hemorrhage with brief
return of spontaneous circulation. Prior to proceeding with emergent operative intervention, the patient’s
spouse requested that all further resuscitative efforts cease, and the patient was allowed to expire. In a
review of the case, it was determined that the patient suffered from cardiac arrest due to a spontaneous
hemothorax secondary to a large intralobar pulmonary sequestration.

Conclusion: Pulmonary intralobar sequestration can result in spontaneous hemorrhage with fatal
results. Early and correct interpretation of imaging and surgical intervention are crucial in ED
management. [Clin Pract Cases Emerg Med. 2024;8(3)287–290.]

Keywords: hemothorax; tension; thoracotomy; intralobar; sequestration.

INTRODUCTION
Pulmonary sequestration is a rare abnormality in which

non-functional lung tissue exists in isolation from the rest of the
tracheobronchial tree and receives an anomalous blood supply
from the systemic circulation.1 Cough is the most commonly
described presenting sign with hemoptysis noted in severe
cases; however, most patients are asymptomatic.1,2 Intralobar
pulmonary sequestration (IPS) as a cause of hemothorax is a
rarely reported entity.3–6 We present an uncommon case
of IPS complicated by atraumatic hemothorax requiring
emergency thoracotomy for stabilization.

CASE REPORT
A 73-year-old woman presented to our facility with

complaints of sudden onset, left-sided flank pain. The pain
began shortly prior to arrival. It was sharp in nature and
located in the left flank region with initial radiation of pain
from her left collar bone down to her pelvis. Later, she
described the pain as radiating to the midthoracic spine. Of
note, she had a complex past medical history that included
transcatheter aortic valve replacement, chronic heart failure
with a reduced ejection fraction, left intralobar pulmonary
sequestration, coronary artery disease, hypertension, and
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biventricular pacemaker. She also had chronic osteomyelitis
of her sternum status post washout with an antibiotic course.

On arrival, the patient appeared critically ill, diaphoretic,
and clammy. Her initial vital signs included a blood pressure
of 93/57millimeters ofmercury, oxygen saturation of 90% on
room air, respiratory rate of 26 breaths perminute, heart rate
of 60 beats per minute, and a temperature of 36.7° Celsius.
On physical exam, the patient was ill-appearing, diaphoretic,
and uncomfortable. She was alert and oriented and exhibited
no neurological deficits. Heart sounds were regular without
evidence of rubs or murmurs. Her lungs were clear to
auscultation bilaterally. She had 2+ pulses in all four
extremities without evidence of bruits, thrills, mottling, or
cyanosis. Her capillary refill was less than two seconds. She
had no evidence of ecchymoses, deformities, or rashes.

Immediately after the initial evaluation, a broad
evaluation was obtained, which included an emergent
computed tomography angiography (CTA) to evaluate for
aortic dissection, an electrocardiogram (ECG), troponin,
complete blood count, metabolic panel, lipase, and
hydromorphone for pain control. Her ECGwas notable for a
biventricularly paced rhythm, at a rate of 103, with frequent
premature ventricular complexes and without evidence of
acute ischemia. The CTAwas reviewed in real time (Image 1)
and showed no evidence of acute aortic pathology.

She did have a large, complex, heterogeneous left
intralobar mass, consistent with her known pulmonary
sequestration, as well as what was presumed to be a
moderate, left-sided pleural effusion.Upon reviewing reports
from an outside hospital (without the ability to view the

actual images), it was deemed that these findings were
chronic in nature and unchanged. A delayed sequence CTA
was obtained shortly after, which did not show evidence of
blush on initial review (Image 2).

Her laboratory workup was notable for a white blood cell
count of 12.54 × 103 cells per microliter (μL) (reference range
4.5–11 × 103 cells/μL). hemoglobin of 13.5 grams per deciliter
(g/dL) (12.1–15.1 g/dL), blood sugar of 161 milligrams
(mg)/dL (70–100 mg/dL), and a high sensitivity troponin
of 9 nanograms per liter (ng/L) (0–4 ng/L).

The patient continued to deteriorate, becoming
progressively more diaphoretic. Repeat ECG showed a
biventricularly paced rhythm, rate of 121, without evidence
of acute ischemia. Given her worsening status, cardiology
was consulted for possible acute coronary syndrome (ACS)
that may have been masked by her ventricularly paced
rhythm. While cardiology was in the process of obtaining a
transthoracic echocardiogram to assess for regional
wall movement abnormalities, the patient went into
cardiac arrest. Cardiopulmonary resuscitation was started
using standard Advanced Cardiac Life Support (ACLS)
protocol. Due to a large volume of emesis, esophageal

CPC-EM Capsule

What do we already know about this
clinical entity?
Intralobar pulmonary sequestration (IPS)
occurs when lung tissue is perfused by
systemic circulation rather than from
pulmonary circulation.

What makes this presentation of
disease reportable?
Although rare, fatal hemorrhage due to IPS
can occur. The most common presentations of
IPS are cough and recurrent pneumonia.

What is the major learning point?
IPS may cause rapid hemorrhage resulting
in cardiovascular collapse due to tension
hemothora, or exsanguination. Early surgical
intervention may be necessary.

How might this improve emergency
medicine practice?
Clinicians should be aware that fatal
hemorrhage can result from IPS.
Resuscitative thoracotomy can aid in
decompression of tension hemothorax and
hemorrhage control.

Image 1. Computed tomography angiography of the chest; axial
image showing dense left pleural effusion (arrows).

Clinical Practice and Cases in Emergency Medicine Volume 8, No. 3: August 2024288

Hemothorax from Pulmonary Intralobar Sequestration Korson et al.



diversion intubation was performed, followed by
endotracheal intubation.

The ACLS was continued for approximately 20 minutes
without return of spontaneous circulation. Systemic
thrombolytics were considered for presumed ACS. Prior to

administration of thrombolytic, however, her CTA was
reviewed again, and a blush was noted. What was previously
thought to be a pleural effusion was actually a large
hemothorax with active hemorrhage (Image 3). Given this
finding, a finger thoracostomywas performed on the left side,
which resulted in the immediate expulsion of a large volume
of blood. This procedure was then converted into an
emergent thoracotomy to assess for source of hemorrhage
and resulted in the evacuation of approximately 500
milliliters of additional blood. A massive transfusion
protocol was commenced, acute care surgery arrived at the
bedside, and return of spontaneous circulation was achieved.

Prior to proceeding with further surgical intervention,
goals of care were discussed with the patient’s husband who
wished to cease all further aggressive management. The
patient expired thereafter.

In review, it was determined that the patient suffered from
cardiac arrest due to a spontaneous, atraumatic hemothorax
secondary to a large, hemorrhagic IPS.

DISCUSSION
Pulmonary sequestration is a rare condition in which a

segment of abnormal lung tissue exists with no identifiable
tracheobronchial communication and receives its arterial
blood supply from the systemic circulation. Pulmonary
sequestration is further divided into extralobular and
intralobular sequestration. In extralobar pulmonary
sequestration, the lungmass is enclosed in its own pleural sac,
whereas in IPS the mass lies within the visceral pleura.1

Literature review of IPS case reports describe cough and
recurrent respiratory infection as the most common
presenting symptoms.2 In only a few published cases has
hemothorax been reported as a complication of IPS, likely
caused by spontaneous rupture of an artery feeding the
anomalous pulmonary tissue.3–6 The literature supports the
use of computed tomographic angiography for the diagnosis
of pulmonary sequestration and demonstration of the
arterial supply. Per prior reports, the most common site of
intrapulmonary type sequestration is the left lower lobe of the
lung, which is consistent with our patient’s findings.7 Of the
reported cases that describe hemothorax as a rare
presentation of IPS, two describe the use of emergency
thoracotomy to find the origin of bleeding and to achieve
hemostasis in emergent cases with patients presenting with
massive intrapulmonary hemorrhage and in shock.3,4

Following initial stabilization measures, all studies
describing IPS complications advocate for resection
of the sequestered tissue for prevention of future major
medical complications.

CONCLUSION
This case report describes a rare presentation of intralobar

pulmonary sequestration with spontaneous hemothorax
resulting in cardiac arrest. Early diagnosis and resection of

Image 2. Hyperdensity indicating hemorrhage (triangles)
supplied by an artery from a small aortic branch (arrow).

Image 3. Computed tomography angiography axial image.
Delayed sequence imaging demonstrating swirling
contrast within the hemothorax, consistent with active
hemorrhage (arrows).
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the abnormal lung tissue should be considered in all patients
with findings of pulmonary sequestration. Our case also adds
to the literature a rare instance where emergency department
thoracotomy should be considered to aid in the stabilization
of a medical patient.

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: Carpal tunnel syndrome is an entrapment neuropathy that affects 3% of adults in the
United States. The current techniques used for diagnosis have limited specificity/sensitivity, and the
techniques used for treatment have limited efficacy.

Case Report: A 34-year-old female presented to the emergency department with two months of
worsening painful paresthesias in her right thenar eminence. Ultrasound was performed showing a
median nerve area of 20.4 square millimeters within the carpal tunnel. Median nerve block was
performed within the carpal tunnel causing complete resolution of her pain.

Conclusion: Emergency physicians skilled in point-of-care ultrasound and needle-guided procedures
can diagnose and treat carpel tunnel syndrome. [Clin Pract Cases Emerg Med. 2024;8(3)291–294.]

Keywords: carpal tunnel syndrome; median nerve; ultrasound; steroid injection; case report.

INTRODUCTION
Carpal tunnel syndrome (CTS) is a common entrapment

neuropathy caused by compression of the median nerve as it
travels through the wrist within the carpal tunnel. Carpal
tunnel syndrome accounts for 90% of all entrapment
neuropathies and affects 3% of adults in the United States.1

Carpal tunnel syndrome induces pain, numbness, and
paresthesias along the palmar aspects of the first, second,
third, and lateral portion of the fourth digit, as well as the
thenar eminence. In advanced disease, symptoms progress to
weakness of thumb abduction, decreased grip strength, and
thenar atrophy.1 While the diagnosis is clinical and is
supported by findings such as Tinel sign (percussion of
proximal wrist causing paresthesias) and Phalen sign
(holding wrists in 60 degrees of flexion eliciting symptoms),
physical exam maneuvers have a low sensitivity and
specificity.2 The gold standard for confirmation of the
diagnosis is a nerve conduction study.3

Ultrasound (US) measurements of the median nerve can
be used to assess symptomatic patients, revealing an enlarged

nerve area in individuals with CTS.4 Numerous strategies
have been employed to alleviate the symptoms of CTS. These
include diuretics, pyridoxine, non-steroidal anti-
inflammatory drugs, yoga, steroid injections, US therapy,
and acupuncture.5 These techniques can decrease
inflammation and provide some relief but do not always
cause complete resolution of pain. Herein, we describe a
patient with new-onset CTS whose treatment in the
emergency department (ED) with combined local anesthetic
and corticosteroid injection provided complete relief of
symptoms. This is the first case report detailing the utilization
of ultrasound-guided median nerve block in the ED setting.

CASE REPORT
A 34-year-old female presented to the ED with two

months of worsening painful paresthesias in her right thenar
eminence. On physical exam, positive Tinel and Phalen signs
were noted, along with reduced sensation of the palmar
aspect of her first three digits. Muscular strength was 5/5 in
bilateral upper extremities. The differential diagnoses
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encompassed cervical radiculopathy, thoracic outlet
syndrome, pronator teres syndrome, and anterior
interosseous neuropathy. Considering the symptom location
and absence of sensory alterations, weakness, or tenderness
proximal to the wrist, the leading explanation was
compression of the median nerve within the carpal tunnel.
Ultrasound was performed showing a median nerve area of
20.4 square millimeters (mm2) (reference range 8.5–10 mm2)
within the carpal tunnel (Image 1).

The patient consented to a median nerve block, which was
performedwithin the carpal tunnel with 10milliliters (mL) of
0.25% bupivacaine and 1 mL of 40 milligrams (mg)/mL
triamcinolone. After the procedure, the patient developed
complete resolution of her pain. She was placed in a wrist
splint and discharged home with information for hand
surgery follow-up. Despite numerous phone calls, the patient
was unfortunately lost to follow up.

DISCUSSION
The median nerve arises from the anterolateral and

anteromedial cords of the brachial plexus and comprises the
sixth cervical to first thoracic nerve roots.6 Distally, the nerve
courses deep to the flexor retinaculum and enters the carpal
tunnel, traveling in an anterior and lateral direction
alongside the tendons of the flexor digitorum superficialis.6 It
is at this point that entrapment is most common. Beyond the
carpal tunnel, it divides into a motor branch that serves the
thenar compartment, as well as the first and second
lumbricals, and a sensory branch that divides into four
palmar branches for the fingers.6 To perform a median nerve
block within the carpal tunnel, the nerve is first identified
between the flexor digitorum superficialis and flexor
digitorum profundus, and then traced distally to its position
within the carpal tunnel.7 Once at this position, the nerve can
be identified medial to the flexor carpi radialis and lateral to
the palmaris longus (Image 2).

An in-plane approach is used to advance the needle before
instilling local anesthetic around the nerve. Usually, ≤5 mL
local anesthetic suffices for median nerve blockade. Local
anesthetics such as bupivacaine and ropivacaine provide
longer pain relief and are, therefore, preferred over

lidocaine.7 While physicians in other specialties have
previously employed this procedure, this case report
represents the first documentation of ultrasound-guided

CPC-EM Capsule

What do we already know about this
clinical entity?
Carpal tunnel syndrome (CTS) is prevalent,
affecting 3% of adults in the United States,
but diagnosis and treatment methods are
limited in efficacy.

What makes this presentation of
disease reportable?
Median nerve block in the emergency
department (ED) efficiently aids in diagnosis
and relieves newly diagnosed CTS.

What is the major learning point?
Emergency physicians skilled in point-of-care
ultrasound and needle-guided procedures can
diagnose and treat CTS effectively.

How might this improve emergency
medicine practice?
Early ED diagnosis allows for prompt
intervention, potentially improving
patient outcomes.

Image 1. Enlarged diameter of the median nerve within the carpal
tunnel, measuring 5.1 millimeters, which corresponds to an area of
20.4 square millimeters.

Image 2. The external anatomy of thewrist for optimal ultrasound-
guided needle placement is illustrated as follows: the blue circle
denotes the needle insertion site, while the pink box represents
the placement of the ultrasound probe. Additionally, the red,
yellow, and orange boxes indicate the positions of the flexor carpi
radialis, median nerve, and palmaris longus, respectively.
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median nerve block being used in an ED setting. In general,
median nerve area of greater than 8.5–10 mm2 at the
mid channel is associated with CTS.4 In our case, we
calculated the median nerve area to be 20.4 mm2. With these
findings, we deduced that the nerve was exhibiting signs
of inflammation.

Carpal tunnel syndrome is a painful condition affecting
>8million people yearly.8 Carpal tunnel release is the second
most common type of musculoskeletal surgery with over
230,000 cases annually.8While the procedure can be effective
at relieving pain, it is invasive and costly, and results are
poorer for patients with longstanding disease.9 Patients with
operative intervention earlier in the course of the disease have
been shown to have better outcomes.9 To refer patients for
treatment in a timely fashion, the diagnosis must be timely.
While diagnosis is usually made clinically, calculation of the
median nerve cross-sectional area and nerve blockade can
provide a definitive diagnosis and timely analgesia.
Furthermore, instilling corticosteroid within the sheath can
provide prolonged analgesia. The introduction of
dexamethasone has been observed to result in prolonged
nerve block durations, reduced opioid requirements, and an
extended time until the next analgesic dose is needed.10–12

When deciding whether corticosteroids should accompany
local anesthetics for nerve blocks, the choice should
hinge on the desired duration of the blockade and
considerations of contraindications. According to the
American Society of Regional Anesthesia and Pain
Medicine, dexamethasone is among the frequently used
agents for extending analgesia. However, official
recommendations are impeded by the low quality and
clinical diversity of published trials.13

Ultrasound guidance facilitates median nerve blockade by
allowing emergency physicians to feasibly and precisely
target the median nerve within the carpal tunnel. Therefore,
instead of performing a median nerve block in the usual mid-
forearm location, we opted to instill anesthetic around the
nerve within the carpal tunnel to include a corticosteroid at
the site of compression. Moreover, injection of anesthetic
directly into the carpal tunnel has been shown to provide
improved symptom severity and function.14

Nerve blocks may entail various complications, such as
neuronal damage, bleeding, and local anesthetic systemic
toxicity (LAST) syndrome.15 Peripheral nerve injury is an
infrequent outcome, with an estimated incidence ranging
from 0.5–1.0%.15 Although nerve injury encompasses a
spectrum of issues, permanent nerve damage occurs in
approximately 1.5 cases per 10,000.15 Inadvertent vascular
puncture poses risks of bleeding with hematoma formation
or, if the anesthetic enters the vessel, triggering LAST
syndrome.15 Symptoms of LAST syndrome can range from
mild, such as circumoral numbness, metallic taste, and
auditory changes, to severe, including seizures, coma,
respiratory arrest, hypotension, ventricular arrhythmias,

and cardiac arrest.15 Recent studies suggest that
using US guidance reduces the likelihood of
inadvertent vascular puncture, thereby mitigating
these complications.15

While dexamethasone is commonly employed to extend
analgesia’s duration in peripheral nerve blocks, its usage is
cautioned against in diabetic patients due to the associated
hyperglycemic response.16 Absolute contraindications for
corticosteroid injection include local infection, sepsis, and
bacteremia, as they pose risks of infection dissemination.
Relative contraindications include juxta-articular
osteoporosis due to concerns about exacerbating bone
density loss, coagulopathy, and injections three times
annually or within a six-week period.17

CONCLUSION
Median nerve block is an effective and efficient way to

both diagnose and provide relief of newly diagnosed carpal
tunnel syndrome that presents to the ED, and emergency
physicians should consider using it within their practice
for such.

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: A 57-year-old man with a history of bronchial asthma and eosinophilic
sinusitis presented to the emergency department with an exacerbation of otitis media. His primary
complaints were otopyorrhea, headache, and neck pain with redness. Contrast-enhanced computed
tomography revealed a posterior neck abscess contiguous with the mastoid process. The patient
underwent mastoidectomy and received antimicrobial therapy. Eosinophilic granulation tissue in the
middle ear obstructed the middle ear aditus and directed the inflammatory process toward the
mastoid tip.

Discussion: Bezold abscess is a rare extracranial complication of acute mastoiditis. Therefore,
clinicians should consider neck pain with redness as an important physical sign that suggests Bezold
abscess in patients with otitis media. [Clin Pract Cases Emerg Med. 2024;8(3)295–297.]

Keywords: Mastoiditis; otitis media; abscess; eosinophilic otitis media.

CASE PRESENTATION
A 57-year-old man with a history of bronchial asthma

and eosinophilic sinusitis presented to the emergency
department with an exacerbation of otitis media. He had
previously received treatment with tympanostomy and
antimicrobial therapy for acute otitis media of his right ear,
but his condition did not improve. He experienced
otopyorrhea (Image 1), worsening pain in his right ear and
neck with redness, headache, and impaired consciousness.
Contrast-enhanced computed tomography revealed
bilateral otitis media, thrombosis from the right internal
jugular vein to the sigmoid sinus, and a posterior neck
abscess contiguous with the mastoid process on the right
side (Image 2).

The patient underwent mastoidectomy and was treated
with antimicrobial and antithrombotic therapies. During
surgery, it was found that the right middle ear was filled with
eosinophilic granulation tissue, with the formation of a path
between the mastoid part of the temporal bone and the
posterior neck (Image 3). Intraoperative intratympanic
steroid administration eliminated the granulation tissue a
few days after the surgery. The patient was treated with
antimicrobial therapy for six weeks. He was discharged with
higher functional impairment and gait disturbance.

However, he continued his rehabilitation and could drive
two months after discharge. Furthermore, the patient
successfully reintegrated into society and was found to
be in good health one year later.

Image 1. Otoscopic view of the middle ear demonstrating
an erythematous, bulging tympanic membrane with
purulent effusion.
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DISCUSSION
Bezold abscess, a rare extracranial complication of acute

mastoiditis, occurs when an infection erodes through the lateral
mastoid cortex medially toward the neck. Although the
incidence of Bezold abscess has decreased with the
development of antimicrobial agents and improved nutrition,

individualswithmiddle ear disease, particularly cholesteatoma,
remain at a higher risk of developing this condition. The
presence of middle ear disease (eg, cholesteatoma) can obstruct
the middle ear aditus and direct the inflammatory process
toward the mastoid tip. In the present case, Bezold abscess
occurred despite the administration of appropriate
antimicrobial agents and tympanostomy.

The patient had a history of bronchial asthma and
eosinophilic sinusitis, leading to the diagnosis of eosinophilic
otitis media. Acute otitis media exacerbates the development
of eosinophilic granulation tissue in the middle ear, which
can obstruct the middle ear aditus, leading to neck abscess
formation. To our knowledge, this is the first case of Bezold
abscess due to eosinophilic otitis media. Thus, emergency
physicians should recognize that eosinophilic otitis media
can cause Bezold abscess.

The authors attest that their institution requires neither Institutional
Review Board approval. Patient consent has been obtained for
publication of this case report. Documentation on file.
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Image 2. (A) Computed tomography (CT) of the mastoid with
intravenous (IV) contrast showing mastoid process perforation
(arrowhead); (B) CT of the neck with IV contrast demonstrating a
posterior neck abscess (arrowheads).

CPC-EM Capsule

What do we already know about this
clinical entity?
Patients with middle ear disease, particularly
cholesteatoma, are at high risk of developing
Bezold abscess.

What is the major impact of the image(s)?
This is the first reported case of Bezold
abscess due to eosinophilic otitis media.

How might this improve emergency
medicine practice?
Emergency physicians should recognize that
eosinophilic otitis media can cause the condition.

Image 3. Intraoperative images duringmastoidectomy. (A) Before
mastoidectomy: Drainage of pus from the mastoid process was
observed (arrowheads). (B) After mastoidectomy: The dashed
white line represents the posterior wall of the ear canal, whereas
the dashed yellow line indicates the mastoid tip. A path between
the mastoid antrum and neck is visible (arrowhead), through
which surgical instruments could be inserted from the neck to the
mastoid antrum.
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Case Presentation: A 60-year-old female presented to the emergency department with unilateral eye
pain and vision loss. Point-of-care ultrasound (POCUS) was performed, which demonstrated ocular
metastatic lesions of breast cancer.

Discussion: Ocular metastasis is rare, clinically challenging, and may present with a wide range of
ophthalmic symptoms. However, POCUS may safely and rapidly identify metastatic lesions to direct
further care. [Clin Pract Cases Emerg Med. 2024;8(3)298–299.]

Keywords: POCUS; ocular ultrasound; emergency medicine; breast cancer; metastasis.

CASE PRESENTATION
A 60-year-old female with a history of recently diagnosed

breast cancer with liver, lung, and bone metastases pending
biopsy results presented to the emergency department with
one day of progressive left eye pain, blurry vision, and central
scotoma. She denied myodesopsia, photopsia, or recent eye
trauma. Fluorescein staining was unremarkable. Her visual
acuity was 20/30 bilaterally. She had intraocular pressures of
19 millimeters of mercury (mm Hg) bilaterally (reference
range 10–20 mm Hg), and equally round and reactive pupils.
She had full extraocular movement. Her slit lamp exam was
notable for mild, left eye conjunctival injection.

Using a linear ultrasoundprobe,we performedpoint-of-care
ultrasound (POCUS) to obtain sagittal and transverse views
evaluating the anterior chamber, posterior chamber, retina,
lens location, and overall structure of the left eye. Twoposterior
masses were identified over the optic nerve (Image).
Ophthalmology was consulted and, on dilated fundus exam,
identified two, pale yellow choroidal lesions in close proximity
to the optic nerve and optic nerve tilting, with strong concern
for leptomeningeal involvement. Thepatientwas then admitted
to the hospital for enhanced imaging and facilitation of care.

An inpatient magnetic resonance imaging study of the
brain with and without contrast demonstrated hypointense
nodularity in several areas within the globe, with several,

scattered, small enhancing cerebral lesions. She was started
on corticosteroids and offered whole brain vs stereotactic
body radiation therapy, as well as external beam therapy for
intraocular tumors. She was subsequently discharged for
outpatient radiology-oncology care.

DISCUSSION
Ocular metastasis represents a rare and clinically

challenging manifestation of advanced cancer. Breast cancer
remains a more prevalent source of ocular metastasis due to
its high incidence, aggressive nature, and propensity for
systemic dissemination. The ocular structures, including the
choroid, retina, iris, and optic nerve, serve as potential sites
for secondary tumor growth, leading to visual impairment
and significant morbidity.1 A POCUS exam may show a
hypoechoic dome or plateau-shaped lesion typically over the
choroid with minimal internal vascularization.2

Clinically, ocular metastasis can manifest as a wide range
of ophthalmic symptoms, including blurred vision, pain,
photophobia, metamorphopsia, or it can be
asymptomatic.1,3 Estimating the incidence of ophthalmic
metastasis has proven challenging as asymptomatic
manifestations may go unnoticed, but the prevalence of
ocular metastasis in metastatic breast cancer has been
estimated between 9.7–30%.4 Differential diagnoses may
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include primary ocular malignancies, hemangioma,
sclerochoroidal calcification, granuloma, and infection,
underscoring the importance of accurate diagnosis to guide
appropriate management strategies.

Subclinical metastasis may not indicate targeted
treatment. At initial diagnosis, patients may receive systemic
adjuvant treatment to eliminate micrometastatic disease and
prevent further metastasis.5 Systemic treatment may include
endocrine treatment, cytotoxic chemotherapy,
corticosteroids, or immunotherapy. Targeted treatment to
ocular metastases includes external beam radiation, which
can be useful in patients with foveal involvement but may
result in cataracts or radiation retinopathy.

The authors attest that their institution requires neither
Institutional ReviewBoard approval, nor patient consent for
publication of this case report. Documentation on file.
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Population Health Research Capsule

What do we already know about this
clinical entity?
Ocular metastasis represents a rare,
clinically challenging manifestation of
advanced cancer.

What is the major impact of the image(s)?
We describe an example of breast cancer
metastasis on point-of-care ultrasound
(POCUS), its clinical manifestations, and
potential treatments.

How might this improve emergency
medicine practice?
Emergency physicians may be able to
diagnose ocular malignancy using POCUS,
a fast and easy-to-use bedside tool.

Image. Point-of-care ultrasound using liner 8-megahertz transducer in transverse view demonstrating, (A) hypoechoic lenticular-shaped
optic metastasis (3.2 millimeters [mm] by 1.5 mm) over the optic nerve, and (B) a smaller lenticular-shaped metastasis (1.7 mm by 1.0 mm)
with the patient in leftward gaze.

Volume 8, No. 3: August 2024 Clinical Practice and Cases in Emergency Medicine299

Yusuf et al. POCUS Diagnosed Intraocular Breast Metastasis

mailto:hyusuf@stanford.edu
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


Spinal Arachnoid Web
Maiya Smith, MD
Morgan Ketterling, DO
Alexander Gallaer, MD
Rowan Kelner, MD
Christine Raps, MD
Allison M. Beaulieu, MD, MAEd

University of Utah, Department of Emergency Medicine, Salt Lake City, Utah

Section Editor: Rachel Lindor, MD, JD
Submission history: Submitted January 10, 2024; Revision received March 7, 2024; Accepted March 8, 2024
Electronically published June 3, 2024
Full text available through open access at http://escholarship.org/uc/uciem_cpcem
DOI: 10.5811/cpcem.7189

Case Presentation:We describe a case of a 57-year-old male with multiple medical comorbidities who
presented to the emergency department with a two-week history of upper back pain with associated
numbness. Physical exam demonstrated sensory loss in a bilateral third and fourth thoracic dermatome
distribution. The diagnosis of spinal arachnoid web was made based on neurological exam and
imaging findings.

Discussion: Spinal arachnoid web is a rare diagnosis, but consideration is important, as early
recognition and surgical intervention can resolve symptoms and prevent worsening neurological
sequelae. [Clin Pract Cases Emerg Med. 2024;8(3)300–301.]

Keywords: spinal arachnoid web; neurology.

CASE PRESENTATION
A 57-year-old male with history of type II diabetes

mellitus, renal transplant, coronary artery disease, and
hypertension presented to the emergency department (ED)
for numbness in his chest for two weeks, with associated
upper back pain radiating to his chest bilaterally, and
shortness of breath. He presented to an outpatient
clinic for similar complaints one day prior and was
started on a four-day course of prednisone for
presumed pleurisy.

On examination in the ED, the patient was found to have
decreased sensation in his third and fourth thoracic
dermatome in a band-like distribution without additional
neurologic deficits or skin findings. Magnetic resonance
imaging (MRI) of the cervical and thoracic spine were
obtained, showing a dorsal spinal arachnoid web (SAW)
with slight compression of the spinal cord located at the third
and fourth thoracic levels (Image, Video).

Neurosurgery was consulted, evaluated the patient and
reviewed imaging. No surgical intervention was offered at
that time due to the patient’s significant comorbidities and

moderate symptoms. He was discharged home from the ED
with recommended close outpatient follow-up.

DISCUSSION
Spinal arachnoid web is a rare diagnosis. Within the

meninges, there are three layers: the dura, arachnoid, and
pia. The arachnoid is a thin membrane between the dura and
pia that adheres to the brain and spinal cord.1 A SAW
specifically refers to a focal thickening of the arachnoid,
typically in the thoracic spine, which causes compression of
the spinal cord and interferes with the free flow of spinal fluid
within the dorsal subarachnoid space. It is thought that SAW
represents a variant of arachnoid cyst formation. While this
patient did not have radiographic evidence of syringomyelia,
SAW is typically associated with syringomyelia and
does not seem to be associated with trauma,
hemorrhage, or inflammation.2 Presenting symptoms
include back pain, upper/lower extremity weakness,
and numbness.3

Imaging includes MRI or computed tomography
myelography and often demonstrates a “scalpel sign”
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deformity at the site of the SAW, representing the focal
dorsal indentation caused by the web, reminiscent of the
pointed edge of a scalpel.3 However, the only definitive
diagnosis for SAW is through surgical confirmation.

Spinal arachnoid web is likely under-recognized and under-
diagnosed given its rarity. Diagnosis usually takes years, and
treatment involves surgical lysis of the arachnoid band.2–4

Surgical intervention can completely resolve symptoms.2

Failure to diagnose SAWmay result in worsening spinal cord
function and neurologic function. Patients who have
progressively worsening pain, paresthesia, or weakness in a
dermatomal distribution without trauma or prior
neurosurgical intervention should prompt consideration
of this diagnosis. Emergency physicians need to be
aware of this rare diagnosis given its possibly irreversible
neurological sequelae including pain, numbness, weakness,
and paralysis.2–4

Video. Magnetic resonance imaging with and without contrast
demonstrating the “scalpel sign” seen at the third and fourth thoracic
levels (arrow) due to the spinal arachnoid web.

The Institutional Review Board approval has been documented and
filed for publication of this case report.

Patient consent has been obtained and filed for the publication of this
case report.
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CPC-EM Capsule

What do we already know about this
clinical entity?
Spinal arachnoid web is a rare diagnosis that
presents with numbness and other neurologic
sequelae secondary to thickening of the
arachnoid and compression of spinal cord.

What is the major impact of the image(s)?
Thickening of the arachnoid can be seen on
magnetic resonance imaging as a “scalpel sign,”
aiding in this ultimately surgical diagnosis.

How might this improve emergency
medicine practice?
This rare disease is reversible when treated
early. Physician awareness and use of
imaging will aid in diagnosis and prevention of
neurologic morbidity.

Image. Magnetic resonance imaging with and without contrast
showing focal anterior displacement of the thoracic spinal cord at
the third and fourth thoracic levels (arrow). In the setting of a
prominent dorsal subarachnoid space with altered cerebrospinal
fluid flow dynamics, the findings demonstrate a dorsal
arachnoid web.
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Case Presentation: We report a case of an 89-year-old female who presented with pain in her right
shoulder following a fall onto her outstretched hand. Upon presentation, her right hand was held behind
her head and elbow held above her head in flexion. There was obvious deformity seen and felt in her
axilla. Radiograph of the shoulder showed an inferior shoulder dislocation and impacted humeral neck
fracture. Given her age and comorbid osteoporosis, a bedside reduction was performed by orthopedics
where the humeral headwas intentionally dislocated from the humeral shaft. Thirteen days after the initial
shoulder dislocation, the patient’s shoulder was successfully repaired by open reduction.

Discussion: Luxatio erecta, which means “erect dislocation” in Latin, refers to an inferior shoulder
dislocation. It accounts for less than 1% of shoulder dislocations. Our case report highlights an inferior
shoulder dislocation with a rare, concomitant humeral neck fracture, managed via staged reduction by
orthopedics with intentional dislocation of the humeral head given concern over patient’s age and
osteoporosis. The patient was eventually successfully repaired via arthroplasty within two weeks. [Clin
Pract Cases Emerg Med. 2024;8(3)302–304.]

Keywords: inferior shoulder dislocation; luxatio erecta; shoulder pain.

CASE PRESENTATION
An 89-year-old female with a history of osteoporosis

presented after a mechanical fall with right shoulder pain.
She tripped and fell with her arm raised above her head and
in front of her. She reported difficulty moving her right arm
from its position above her head. On physical exam, her right
arm was neurovascularly intact, but held above her head
with palpable inferior displacement of the humeral head
in the axilla. Radiograph was performed and is shown
below (Image 1).

DISCUSSION
This radiograph shows an inferior shoulder dislocation,

also known as luxatio erecta, an uncommon shoulder injury
that accounts for less than 1% of shoulder dislocations.1

Luxatio erecta typically results from sudden hyperabduction,
which forces the humeral head inferiorly, often tearing the
inferior capsule. Patients generally present with the arm fully
abducted and their hand near their head for comfort.2

Patients most commonly fracture the greater tuberosity, but

this patient with osteoporosis experienced a humeral
neck fracture.

Two important approach considerations differentiate
inferior shoulder dislocations from typical anterior or
posterior dislocations: rate of concomitant injury and vector
of reduction. Physicians should pay close attention for
neurovascular compromise, with the axillary nerve and
axillary artery very susceptible to injury. Studies have found
high rates of bony injury (60%), neurologic injury (29%), and
vascular injury (10%) associated with the injury.1,3

Reductions for inferior shoulder dislocations typically
employ superior and external traction.4 Alternatively,
anterior traction can convert an inferior dislocation to an
anterior dislocation, which can then be reducedwith a variety
of methods.

In this case, orthopedics was consulted due to the multiple
concomitant fractures. Typically, the remainder of the
humerus can be used to distract the humeral head and allow
reduction, but in this case the humeral headwas separated. In
this case, orthopedics chose to use traction-countertraction
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with a superior and external vector away from the patient to
reduce the remainder of the humerus for comfort and
neurovascular safety while leaving the humeral head
dislocated for open repair (Image 2). The patient was
provided a shoulder sling in the interim until cardiac risk

evaluation cleared her for operative repair (Image 3). The
patient experienced no long-term neurologic compromise
from her injury.

Population Health Research Capsule

What do we already know about this
clinical entity?
Luxatio erecta (inferior shoulder
dislocation) is a rare occurrence (<1%) that
carries a high rate of concomitant vascular,
neurologic, and bony injury.

What is the major impact of the image(s)?
We highlight a luxatio erecta with a
superimposed humeral fracture, managed via
bedside reduction with intentional dislocation
of the humeral head prior to surgery.

How might this improve emergency
medicine practice?
The approach to reducing luxatio erecta
differs from other shoulder dislocations.
Maintain high suspicion for other injuries and
consider orthopedic consult.

Image 1. Initial radiograph of right shoulder shows a right inferior
dislocation [luxatio erecta] with a concomitant impacted humeral
neck fracture (arrow). A mildly displaced right glenoid fracture is
also noted (star).

Image 2. Radiograph of right shoulder immediately post-
reduction showing humeral fracture (arrow).

Image 3. Radiograph of right shoulder 13 days post-dislocation
following outpatient, right reverse total shoulder arthroplasty.
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Case Presentation: An 8-month-old infant presented to a general emergency department with chief
complaints of rhinorrhea, decreased activity, and fever. A point-of-care lung ultrasound (LUS) was
performed at bedside with potential early findings of pneumonia. Based on these findings on LUS, a
chest radiograph (CXR) was ordered and performed with no acute findings. He was discharged without
antibiotics based on these findings; unfortunately, he returned two days later with worsening symptoms
requiring chest tube placement, mechanical ventilation, and prolonged hospitalization for complicated
bacterial pneumonia.

Discussion: Pneumonia is a major cause of pediatric morbidity and mortality worldwide. Despite
evidence supporting the utilization of LUS for the diagnosis of pediatric pneumonia, CXR remains the
default imaging for clinical decision-making in most settings. In this case, earlier antibiotics and higher
reliance on LUS for clinical decision-making may have prevented the morbidity associated with this
hospitalization. [Clin Pract Cases Emerg Med. 2024;8(3)305–307.]

Keywords: point-of-care ultrasound; pneumonia; lung ultrasound; chest radiograph; pediatrics.

CASE PRESENTATION
An 8-month-old infant presented to the emergency

department (ED) with one week of rhinorrhea, decreased
activity, and fever. Reported symptoms over the prior 24
hours included increased work of breathing, decreased oral
intake, and fewer wet diapers. On arrival, physical exam
findings included grunting, retractions, tachycardia,
tachypnea, and fever of 39.3° Celsius. With antipyretics his
respiratory symptoms improved. A chest radiograph
(Image 1)was performed to followupon an educational point-
of-care lung ultrasound (LUS) (Image 2), which was
suggestive of early pneumonia. He was discharged home
without antibiotics given his negative chest radiograph
(CXR) (Image 1).

He unfortunately returned two days later with continuing
fever, decreased oral intake, and emesis. Repeat radiography

demonstrated right lung opacity, and he was diagnosed with
methicillin-sensitive Staphylococcus aureus community-
acquired pneumonia with empyema (Image 3). He was
admitted and treated for pneumonia, and his course was
complicated by acute hypoxic respiratory failure and
empyema, necessitating mechanical ventilation and chest
tube placement. He was discharged on hospital day 21.

DISCUSSION
Community-acquired pneumonia is a major cause of

pediatric morbidity and mortality.1 Our case adds to the
current literature supporting LUS as superior in identifying
pediatric pneumonia compared to CXR, yet CXR remains
themost commonmodality used for clinical decision-making
in this population in the ED.2 Previous research has
compared LUS to CXR in the diagnosis of pneumonia in
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children with sensitivity and specificity of LUS as high as
96% and 93%, respectively.2 Further, up to 28% of lesions in
pediatric pneumonia identified with LUS were not visible
with radiograph.3 In the case presented here, significant
morbidity may have been avoided had antibiotic therapy
been initiated following the initial evaluation with LUS.

The advantages of LUS when compared to CXR extend
beyond effectiveness and accuracy. Earlier detection of
disease, reduced radiation exposure, and efficient bedside
assessment are also clear advantages.1,3–5 In addition, LUS
can be repeated at bedside to monitor disease progression or
regression, allowing for informed ongoing treatment
decisions. As point-of-care ultrasonography becomes an
integral part of emergency medicine residency programs and
standard of care, we hope to see more physicians trained to
effectively perform, interpret, and clinically apply LUS,
notably in the pediatric population.

This case presentation demonstrates the advantages of
using LUS for clinical decision-making in the pediatric
population. Early initiation of antibiotics based on LUSmay
help to avoid morbidity and mortality from treatment delay,
and our case lends credence to the lingering question among
emergency clinicians of whether to treat with antibiotics
based on ultrasound findings that are discrepantwith aCXR.
Emergency clinicians should strongly consider prioritizing

Population Health Research Capsule

What do we already know about this
clinical entity?
Chest radiography is the conventional
imaging modality of diagnosing pediatric
pneumonia. However, lung ultrasound offers
similar, if not better, sensitivity
and specificity.

What is the major impact of the image(s)?
This case demonstrates how lung ultrasound
can diagnose pediatric pneumonia earlier than
chest radiography and should be the basis for
clinical decision making.

How might this improve emergency
medicine practice?
In the presence of abnormal lung ultrasound
findings and normal chest radiography,
emergency medicine physicians should
strongly consider initiating treatment.

Image 2. Focal pleural irregularities (vertical arrows) and B-lines
(horizontal arrows) suggestive of pneumonia from right lung
ultrasound performed on initial visit to the emergency department.

Image 1. Chest radiograph from initial evaluation in the
emergency department, without evidence of pneumonia.

Image 3. Chest radiograph on day 3, following return to the
emergency department. Right lung consolidation suggestive of
pneumonia is visible.
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the findings of LUS in diagnosing and treating pediatric
pneumonia, as well as support the training and dissemination
of LUS as the superior modality to optimize care of this
potentially vulnerable population.
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Case Presentation: A 32-year-old male who recently immigrated from Kenya presented to the
emergency department (ED) with a painful, enlarging, right-sided neck mass for eight weeks duration.
Point-of-care ultrasound was used to reveal a large cystic mass with internal septations and numerous
hypoechoic round lesions. Initial tuberculosis blood test ordered in the ED was positive with cultures
ultimately growing Mycobaceterium tuberculosis.

Discussion: Scrofula should be considered in the differential in patients presenting with enlarging
neck masses who have epidemiological risk factors for tuberculosis. [Clin Pract Cases Emerg Med.
2024;8(3)308–310.]

Keywords: scrofula; neck mass; tuberculosis; lymphadenitis.

CASE PRESENTATION
A 32-year-old male presented to the emergency

department (ED) due to a painful, enlarging, right-sided neck
mass for eight weeks. Notably, he had immigrated from
Kenya approximately one year prior. He reported subjective
fevers but denied weight loss, night sweats, or pulmonary
symptoms. Physical exam revealed a moderate-sized area of
focal swelling noted to right lateral neck associated with
cervical lymphadenopathy (Image 1).

A T-SPOT.TB test (an interferon-gamma release assay)
was ordered from the ED and returned positive. Empiric
treatment with cefepime was started, and the patient was
admitted to the hospital for ultrasound-guided lymph node
biopsy. Limited point-of-care ultrasound (Image 2) and
computed tomography of the neck with contrast (Image 3)
were performed.

DISCUSSION
This diagnosis of scrofula was ultimately made through

acid-fast bacillus culture, which grew Mycobacterium
tuberculosis. Scrofula, or mycobacterial lymphadenitis, is a
type of extrapulmonary tuberculosis (TB) caused by
hematogenous or lymphatic dissemination of pulmonary
TB or reactivation of latent TB. Common presentations
include an enlarging mass with or without tenderness and

Image 1. Right-sided fluctuant cervical mass with
overlying erythema.

Clinical Practice and Cases in Emergency Medicine Volume 8, No. 3: August 2024308

IMAGES IN EMERGENCY MEDICINE

http://escholarship.org/uc/uciem_cpcem
https://doi.org/10.5811/cpcem.6664


erythema located within the cervical or supraclavicular
lymph nodes.1 Associated symptoms include fever, rigors,
and night sweats.2 Point-of-care ultrasound of tuberculous
nodes will be hypoechoic and round, with intranodal cystic
necrosis and adjacent soft-tissue edema. Diagnosis is made

by histopathology along with a smear of acid-fast bacilli
and culture of lymph nodes. Treatment includes rifampicin,
isoniazid, pyrazinamide, and ethambutol. It is imperative
to obtain appropriate imaging such as ultrasound or
computed tomography in enlarging neck masses with
epidemiologic risk factors of TB and ensure close
follow-up.

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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Images in EM Capsule

What do we already know about this
clinical entity?
Scrofula, or mycobacterial lymphadenitis,
is a type of extrapulmonary tuberculosis that
commonly presents as an enlarging mass
within the cervical or supraclavicular
lymph nodes.

What is the major impact of the images?
Identification of a cystic mass with
internal septations on point-of-care
ultrasound (POCUS) can help distinguish
this entity from other causes of
cervical masses.

How might this improve emergency
medicine practice?
The use of POCUS on cervical masses in
patients with endemic risk factors can greatly
aid in the diagnosis of scrofula.

Image 2. Point-of-care ultrasound revealing large cystic mass with
internal septations (white arrow) and cervical adenopathy
(black arrow).

Image 3. Computed tomography of the neck with intravenous
contrast revealed multiple necrotic and cystic-appearing lymph
nodes (arrow).
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Case Presentation: We present a case of a 10-year-old male who developed an atraumatic, nasal
septal hematomawith abscess following several days of rhinorrhea and cough. His chief complaint to the
emergency department was a two-day history of nasal swelling and discomfort, associated with difficulty
breathing through his nose. The patient was well-appearing with swelling and tenderness along the
external nasal ridge and nasal septal swelling that occluded both nares. Contrast-enhancedmaxillofacial
computed tomography revealed a rim-enhancing, fluid-filled collection to the anterior nasal septum. The
patient underwent successful incision and drainage by otolaryngology.

Discussion: Infected septal hematomas are rare but important to recognize as they can result in septal
deformity and potentially life-threatening sequelae, such as intracranial infections. Most are secondary
to nasal trauma in adult patients. This case highlights a unique presentation of atraumatic septal
hematoma with abscess formation in an immunocompetent pediatric patient. [Clin Pract Cases Emerg
Med. 2024;8(3)311–313.]

Keywords: nasal septal abscess; nasal septal hematoma; pediatric; atraumatic; ear-nose-throat (ENT).

CASE PRESENTATION
A 10-year-old male with no past medical or surgical

history presented to our high-volume community emergency
department with a two-day history of nasal swelling and
discomfort associated with cough and rhinorrhea that began
a few days prior. He had difficulty inhaling through his nose
but denied any trauma, dental pain, fevers, or vomiting. No
seasonal allergies or allergies to medications were reported
by the patient’s family.

The patient waswell-appearing, with an elevated bodymass
index of 32 (reference range 18.5–24.9 for healthy weight).
Vital signs were within normal limits, with temperature of
37.2°Celsius, heart rate of 95 beats perminute, respiratory rate
of 18 breaths per minute, and oxygen saturation of 98% on
room air. Physical examination revealed swelling and
tenderness of the external aspect of the nose without evidence
of skin lesions or trauma. The septum was edematous
extending into and obstructing both nares, and clear nasal
discharge was present (Image 1). He had no respiratory
distress, and oropharynx was clear with normal dentition.

The otolaryngology (ENT) service was consulted, and
they recommended maxillofacial computed tomography
(CT) with contrast. Computed tomography imaging was
significant for a 3.7 × 2.8 × 2.1 centimeter midline rim-
enhancing, fluid collection at the anterior nasal septum with
obstruction of the bilateral nasal cavity (Image 2). There was
mild paranasal mucosal thickening without bony
destruction.White blood cell count revealed a leukocytosis of
20.1 × 109/liter (reference range 5.0–14.5 × 109/liter) with left
shift of 85.8% neutrophils (42–77%) and 10% lymphocytes
(20–40%). Analgesia with acetaminophen and empiric
intravenous antibiotics of vancomycin and piperacillin/
tazobactam were initiated for suspected nasal septal abscess.
The patient was transferred to a tertiary care facility with
pediatric ENT services.

The following day, pediatric ENT performed an incision
and drainage of the nasal septal collection with reported
bloody output and scant purulence. Culture subsequently
revealed light growth of Staphylococcus aureus,
Corynebacterium amycolatum, and S epidermidis. The
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patient was discharged the day after surgery in stable
condition without outpatient antibiotics.

DISCUSSION
Nasal septal hematomas and abscesses are collections of

blood or purulent material, respectively, within the nasal
septum and are rare clinical occurrences. Nasal septal
abscesses are almost exclusively described after trauma and
are thought to arise secondary to septal hematoma
formation.1–4 In one case series, all 20 pediatric patients who
presented with septal hematoma and/or abscess had a
reported history of nasal trauma.1 Less common causes of
septal abscess include dental infection, rhinosinusitis, and
postoperative sequelae.2,3 Typical pathogens include
S aureus, Streptococcus pneumoniae, Haemophilus
influenzae, and anaerobic bacteria.2 Atraumatic nasal septal
abscesses have been more commonly reported in
immunocompromised adults, and a spontaneous nasal septal
hematoma with abscess has been reported in an adult.5 Our
case is novel in that we present an atraumatic, infected septal
hematoma in an immunocompetent pediatric patient.

A clinical presentation of pain and swelling with
examination findings seen in Images 1 and 2 should prompt
consideration of septal hematoma or abscess. In our case ENT

CPC-EM Capsule

What do we already know about this
clinical entity?
Nasal septal abscess is a complication of
traumatic septal hematoma with potential
sequelae such as cartilage necrosis, cavernous
sinus thrombosis, and meningitis.

What is the major impact of the images?
The images show atraumatic, infected septal
hematoma in an immunocompetent pediatric
patient, representing a rare clinical
presentation in an uncommon demographic.

How might this improve emergency
medicine practice?
Infected septal hematomas are rare and
require timely diagnosis, which can be
achieved with clinical suspicion guided by
visual recognition of cardinal features.

Image 1.External nasal examination (a) of the patient demonstrateddiffuse edemasuperior toboth ala (blackarrow). Internal nasal examination
(b) revealed a markedly edematous nasal septum that extended and occluded both nares (white arrows). Clear rhinorrhea was noted.

Image 2. Axial (a) and sagittal (b) images of contrast-enhanced maxillofacial computed tomography demonstrating a large midline rim-
enhancing, fluid-filled mass at the anterior nasal septum (arrows) with obstruction of both nasal cavities.
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recommended advanced imaging and transfer to a site with
pediatric ENT availability. Timely recognition and diagnosis
is pivotal to optimal patient outcomes and minimizing
potential complications including nasal deformity, septal
perforation, and intracranial infection.2

Patient consent has been obtained and filed for the publication of this
case report.

The authors attest that their institution does not require Institutional
Review Board approval for publication of this case report.
Documentation on file.
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Case Presentation: A 22-year-old male with a history of anti-neutrophil cytoplasmic antibody vasculitis,
renal transplant, hypertension, and no known family history of sudden cardiac death suffered a
witnessed cardiac arrest. An initial rhythm strip recorded by emergency medical services revealed
ventricular fibrillation. Return of spontaneous circulation was achieved after three rounds of
cardiopulmonary resuscitation, defibrillation, and intravenous epinephrine. The patient was brought to
the emergency department and admitted to the intensive care unit. He was diagnosed with Brugada
syndrome, and an automatic implantable cardioverter-defibrillator (AICD) was placed after discharge.

Discussion: Brugada syndrome is characterized electrocardiographically by ≥2 millimeters (mm)
ST-segment elevation in leads V1–V2 with either “coved type” (type 1) or “saddleback” (type 2)
ST-segment morphology, or ≤2 mm ST-segment elevation in V1–V2 with either “coved” or “saddleback”
morphology (type 3). The absence of these patterns on isolated electrocardiograms (ECG) does not
exclude the diagnosis, as dynamic fluctuations in ECG patterns are well-documented and can be
induced by various physiologic stressors. This case provides an uncommon, complete
electrocardiographic history of Brugada syndrome, from out-of-hospital cardiac arrest to AICD
placement and depicts dynamic fluctuations between Brugada patterns and normal ECGs. This
highlights the importance of serial ECGs in diagnosis, as sudden cardiac death is often the first or only
presentation of Brugada syndrome. [Clin Pract Cases Emerg Med. 2024;8(3)314–317.]

Keywords: Brugada syndrome; sudden cardiac death; cardiac arrest; coved ST-segment elevation;
saddleback ST-segment elevation.

CASE PRESENTATION
A 22-year-old male, with a history of anti-neutrophil

cytoplasmic antibody vasculitis, renal transplant,
hypertension, and no known family history of sudden cardiac
death, suffered a witnessed out-of-hospital cardiac arrest,
receiving bystander cardiopulmonary resuscitation (CPR).
An initial electrocardiogram (ECG) rhythm strip in the field
revealed ventricular fibrillation (VF) (Image 1). The patient
achieved return of spontaneous circulation (ROSC) after
three milligrams (mg) of intravenous (IV) epinephrine,

450 mg IV amiodarone, and three rounds of CPR and
defibrillation. He was intubated in the field. A post-ROSC
ECG demonstrated Brugada type 1 ST-segment elevation in
V1–V2 (Image 2A).1 In the emergency department (ED) an
ECG showed dynamic resolution of the Brugada
pattern (Image 2B).

The patient was given calcium gluconate empirically for
the treatment of presumptive hyperkalemia, given his history
of renal transplant. In the ED, labs were notable for a pH of
6.90 (reference range 7.35–7.40); partial pressure of carbon
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dioxide 67 millimeters of mercury (mmHg) (35–45 mmHg),
bicarbonate 13 milliequivalents per liter (mEq/L) (22–28
mEq/L), and potassium 2.4 mEq/L (3.5–5.2 mEq/L). Four

hours later, pH and potassium normalized without further
intervention. The patient briefly required a norepinephrine
infusion for low blood pressure and was given empiric broad

Image 1. Rhythm strip performed by emergency medical services showing ventricular fibrillation (red bracket) followed by defibrillation
(lightning symbol), with conversion to a wide-complex tachycardia consistent with ventricular tachycardia (blue bracket).

Image 2. A. Electrocardiogram performed by emergency medical services prior to arrival to the emergency department, showing Brugada
pattern (type 1) ST-segment elevation in leads V1–V2 (red arrows). B. Initial ECG performed in the ED, with resolution of Brugada pattern
ST-segment elevations (red box).
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spectrum antibiotics to cover for possible sepsis. Antibiotics
were discontinued after a negative infectious workup.

An echocardiogram and computed tomography of the
head, chest, abdomen, and pelvis were unremarkable. The
patient was admitted to the intensive care unit and underwent
targeted temperature management. An ECG from hospital
day five re-demonstrated a type 1 Brugada pattern
(Image 3A), and an ECG from hospital day 10 showed a type
3 Brugada pattern (Image 3B).2 Given the re-demonstration
of Brugada patterns despite normalization of laboratory
derangements and no other identified cause of cardiac arrest,
he was diagnosed with Brugada syndrome. No formal

electrophysiologic testing was performed. He was discharged
on hospital day 28 with a LifeVest (Zoll Medical
Corporation, Pittsburgh, PA) after a near-complete physical
and neurologic recovery, and he underwent outpatient
automatic-implantable-cardioverter-defibrillator (AICD)
placement. Genetic testing performed later as an outpatient
was inconclusive.

DISCUSSION
Brugada syndrome is characterized

electrocardiographically by ≥2 mm ST-segment elevation in
leads V1–V2 with either “coved type” (type 1) or

Image 3. A. Electrocardiogram (ECG) performed approximately 60 hours post initial cardiac arrest, again with down-sloping ST-segment
(Type 1) elevations in leads V1–V2 (red arrows). B. ECG performed 10 days after initial cardiac arrest showing saddleback ST-segment
elevation <2 mm (type 3) in lead V2 (blue arrows).
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“saddleback” (type 2) ST-segment morphology, or ≤2 mm
ST-segment elevation in V1–V2 with either “coved” or
“saddleback” morphology (type 3).1,2 The absence of these
patterns on isolated ECGs does not exclude the diagnosis, as
dynamic fluctuations in ECG patterns are well-documented
and can occur in response to medications, fever, exercise or
other stressors 1,3 While this patient did not undergo formal
electrophysiologic testing, established diagnostic criteria do
not necessitate this, and its utility is questionable in VF-
survivors.2 Similarly, this patient’s genetic testing was
inconclusive; only 10–30% of patients have been successfully
genotyped, owing to the broad heterogeneity and complexity
of underlying genetic risk factors that can predispose an
individual to Brugada syndrome.2

This case provides an uncommon, complete
electrocardiographic history of Brugada syndrome, from
out-of-hospital cardiac arrest to AICD placement and
depicts classic dynamic fluctuations between Brugada

patterns and normal rhythms on ECG. This highlights
the importance of serial ECGs in diagnosis, as sudden
cardiac death is often the first or only presentation of
Brugada syndrome.4

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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CPC-EM Capsule

What do we already know about this
clinical entity?
The absence of classic Brugada patterns
(“coved” or “saddleback” ST-segment
elevations) on isolated electrocardiograms
(ECG) does not exclude the diagnosis.

What is the major impact of the images?
Images depict dynamic changes between
Brugada patterns and normal ECGs, from
cardiac arrest to automatic implantable
cardioverter-defibrillator placement.

How might this improve emergency
medicine practice?
Serial ECGs are important in diagnosis, as
sudden cardiac death is often the first or only
presentation of Brugada syndrome.
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