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History of Present Illness
The patient is a Hispanic  male in his late 20s who is brought in to the emergency depart-
ment (ED) by family members with a chief complaint of headache, abnormal behavior, and 
confused speech. He reports gradual onset of a headache two days ago with pain located 
on the left side of his head and radiating to the front. He denies vision changes, neck pain, 
fevers, nausea, vomiting, or prior history of headaches. Later in the ED course, the patient 
provides a different story, complaining of generalized body aches for one hour and stating 
that he is seeking a primary care doctor for a checkup .

Collateral information obtained from family members reveals that the patient has been 
exhibiting strange behaviors at home. He has reportedly been more lethargic than usual, 
having memory issues as evidenced by mixing up past and present events,  and talking “out 
of his head.” They also report a history of fevers, night sweats, and chills for the past two 
days. Additionally, the patient provides incorrect information regarding how he got to the 
hospital and who brought him in, and when confronted about this misinformation, seems 
to be confabulating.

Past Medical History
None

Past Surgical History
None

Medications
None

Allergies
No known drug allergies

Social History
Originally from Mexico, has lived in the USA 
for 8-9 years. No international travel during 

this time-frame.
Works construction in Dayton, OH.

Smokes cigarettes, denies alcohol or drug use.

 Physical Exam

The patient is non-toxic appearing and in no acute distress. He is 
drowsy but arouses to voice and is able to converse and follow com-
mands. He is oriented to self and location, but not to date or time. Pu-
pils are equal and reactive to light, extraocular movements are intact, 
and there is no evidence of nystagmus. His cranial nerves are intact. 
Strength, sensation and reflexes in bilateral upper and lower extremi-
ties are normal. He has no clonus, ataxia or tremors. No meningismus 
is noted. The remainder of his exam, including HEENT, cardiac, pul-
monary, abdomen and skin, is unremarkable.

Diagnostic Tests
        LFTs: AST 17 / ALT 15

Urine: 40 ketones, trace protein
EtOH: <10
UDS: THC positive
Influenza: negative

T
36.3

HR
66

BP
138/73

RR
16

SPO2
97% on RA

8.9
16.5

48.7
380 142

3.7 27
106 16 100

0.91

Neur        cysticercosis
Daniel Gawron, MD
University of Cincinnati R2
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Neurocysticercosis
continued on page 14

Hospital Course
The patient had findings concerning for neurocysticercosis with 
hydrocephalus on non-contrast head CT. Neurology and neuro-
surgery were consulted, and an MRI brain with and without con-
trast was obtained. The MRI demonstrated a cystic mass in the 
third ventricle with an enhancing central nodule, consistent with 
intraventricular neurocysticercosis resulting in obstructive hydro-
cephalus. Lumbar puncture was deferred given the obstructive hy-
drocephalus, and the patient was admitted to the neurology service 
on a step-down status for further management. Ophthalmology 
performed a dilated eye exam that ruled out any signs of ocular 
involvement.

While inpatient, infectious disease was consulted. The patient was 
started on dexamethasone 0.1 mg/kg/day immediately, and began 
albendazole 15 mg/kg/day and praziquantal 50 mg/kg/day on hos-
pital day two. Additional infectious work up, including HIV, stron-
gyloides, and quantiferon TB tests were negative. Cysticercosis 
serum testing was positive. On hospital day three, neurosurgery 
performed endoscopic resection of the cyst in the third ventricle 
and placed an external ventricular drain. The patient tolerated the 
procedure well and his post-operative CT scan demonstrated im-
mediate improvement in his hydrocephalus. The external ventricu-
lar drain was removed on hospital day four. The patient was to con-
tinue anti-helminths for a total of ten days and remain on steroids 
during this course. His neurologic exam improved throughout the 
hospital course, and he was discharged on hospital day seven. He 
followed up with neurosurgery at two and six weeks postopera-
tively and was noted to be recovering well with only intermittent 
headaches.

Discussion
Epidemiology and Pathophysiology
Cysticercosis is an infection caused by the larval stage of the tape-
worm Taenia solium, commonly referred to as the “pork tape-
worm.” Among its infectious manifestations is neurocysticerco-
sis, which is the most common parasitic infection of the central 
nervous system and one of the most common causes of epilepsy 
worldwide.1 Neurocysticercosis is endemic to Latin America, Af-
rica, South East Asia, India, China and Nepal.1 It is not endemic 
to the United States, and cases are mainly due to immigration or 
travel from endemic countries rather than local transmission. 

Humans become infected with neurocysticercosis after ingestion 
of T. solium eggs that have been shed in the stool of a human tape-
worm carrier, typically via contaminated food or water. Following 
ingestion, embryos hatch in the small intestine, invade the bowel 
wall, enter the blood stream and then spread throughout the body, 
including the brain, muscle, and liver. The parasite then forms cysts 
in the tissue over a period of three to six weeks; those located in 
the brain and central nervous system cause neurocysticercosis. Of 
note, it is a common misconception that neurocysticercosis infec-
tion is caused by eating undercooked pork infected with T. solium. 
Individuals who ingest undercooked infected pork can acquire an 
intestinal tapeworm infection, but only individuals who ingest the 
eggs in the stool of human carriers develop neurocysticercosis.2,3

3AnnAls of B Pod

Image 1 : Representative image of CT head demonstrating multiple punctate foci of calcifi-
cation  (depicted by yellow arrows) with moderate ventriculomegaly. Findings concerning 
for neurocysticercosis with hydrocephalus.

Figure 1:  Life cycle of Taenia Solium, pork tapeworm. Courtesy of https://www.cdc.gov/
dpdx/cysticercosis/index.html
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History of Present Illness
The patient is a male in his 70s who presents to the emergency 
department (ED) with dyspnea and hypoxemia. He has a past med-
ical history of atrial fibrillation on rivaroxaban, diabetes mellitus 
type 2, and rheumatoid arthritis on prednisone. 

Approximately 48 hours prior to this presentation, the patient was 
admitted to the hospital  after being brought in by a concerned 
family member who found him disoriented at home with a diar-
rheal illness. On the patient’s initial presentation to the ED, he was 
found to be febrile and in atrial fibrillation with rapid ventricular 
rate.  While conversant, he was mildly confused with clear lungs 
and a soft, non-tender abdomen. The patient was resuscitated with 
intravenous fluids and empiric antibiotics, and was admitted to the 
medical floor where he remained on a continuous infusion of 0.9% 
normal saline (NS). He was briefly transferred to the intensive care 
unit (ICU) on hospital day 1 after becoming hypotensive, where 
the fluid rate was doubled and he received additional boluses of 
NS. Over the next 24 hours, his hemodynamics stabilized and his 
diarrhea resolved. An infectious work up revealed no bacterial 
source for his symptoms, antibiotics were discontinued, and he was 
discharged after a 36-hour hospital stay.     

Less than 12 hours following discharge, the patient is brought back 
to the ED by emergency medical services who found him to be 
hypoxic to 81 % on room air. Upon arrival to the ED, the patient is 
unable to provide any history due to respiratory distress.

Physical Exam
 The patient is a diaphoretic, ill-appearing male 
who appears his stated age. His neck exam has 
jugular venous distension to the angle of the 
mandible with 2+ lower extremity edema in cool 
lower extremities with 1+ pulses bilaterally. The 
patient is in moderate respiratory distress, with 
suprasternal retractions and on auscultation 
there are diffuse inspiratory crackles and inter-
mittent expiratory wheezes. The patient is tachy-
cardic with an irregularly irregular rhythm with-
out appreciable murmurs.

Diagnostic Tests

ALT 87 / AST 109 / T.bili <0.2 / Alk phos 67 / Albumin 4.0
Troponin <0.01  Pro-BNP 2,132 
VBG: pH 7.13 / pCO2 29 / pO2 61 / HCO3 9 / base excess –19  
Lactate – 4.8
Urinalysis – SG > 1.030, blood moderate, pH 6.0, protein 30, nitrite 
negative, leukocyte esterase negative
ECG – atrial fibrillation with rapid ventricular response, rate 151, 
left axis deviation, T wave inversions in 1 and aVL, minimal ST 
depression in V4-V6

Imaging:
Chest radiograph – diffuse bilateral air space opacities, more 
prominent in the right base. Consistent with pulmonary edema, 
although consolidation cannot be excluded in the right middle and 
lower lobe.

Hospital Course
The patient was immediately placed on non-invasive positive pres-
sure ventilation with an FiO2 of 100%, given a bolus of furosemide, 
and placed on a nitroglycerin infusion at an escalating dose. Given 
the concern for possible sepsis, specifically legionella pneumonia 
with recent diarrheal illness, broad spectrum antibiotics were giv-
en. The patient’s minute ventilation was calculated to be approxi-
mately 20 liters per minute. Upon admission to the ICU, his minute 
ventilation remained unchanged, although his FiO2 was weaned 
to 50%.  Cardiology was consulted for acute decompensated heart 
failure, and the patient was started on infusions of both amiodarone 
and furosemide. A transthoracic echocardiogram showed a newly 

Past Medical History
Atrial fibrillation, chronic

Rheumatoid arthritis
Diabetes mellitus, type 2

Past Surgical History
Total knee arthroplasty

Medications
Rivaroxaban
Carvedilol
Metformin
Prednisone

Allergies
No known drug allergies

16
14.3

45.1
169 146

4.4 10
117 16 223

1.2

                     Fluid Resuscitation
Christopher Shaw, MD
University of Cincinnati R3

T
n/a

HR
170

BP
156/99

RR
34

SpO2
78% on 
10L NC
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Intravenous Fluid
continued on page 13

reduced left ventricular ejection fraction (EF) of 15-20% with mild 
right ventricular dysfunction and no valvular pathology. Over the 
course of 24 hours, the patient was diuresed four liters and was 
weaned off positive pressure ventilation to nasal cannula. Intrave-
nous amiodarone and furosemide were transitioned to an oral reg-
imen. Urine legionella assay was negative. Blood cultures returned 
as no growth after 48 hours. He was discharged on hospital day five 
and referred for implantable cardioverter-defibrillator placement 
given his severely reduced EF.

Discussion
This elderly gentleman presented in respiratory distress with an 
anion gap metabolic acidosis, non-anion gap metabolic acidosis, 
and a respiratory acidosis. Although there are several pathophysio-
logic processes at play, this patient’s clinical course may have been 
impacted by the fluid therapy he was given during his initial inpa-
tient stay, during which he received approximately seven liters of 
NS over the first 24 hours of his hospitalization. Throughout his 
initial admission his bicarbonate decreased from 15 to 12, while his 
sodium and chloride went from 129 and 99 to 146 and 117, respec-
tively. His large volume, chloride-liberal fluid administration may 
have played a role in the short span between admissions. 

Intravenous fluid (IVF) is one of the most commonly provided 
treatments in the ED and inpatient settings. Nearly 30 million 
patients receive IVF annually in the United States alone.1 It is so 
routine that physicians may forget that the potential benefits of flu-
id resuscitation can be outweighed based on fluid choice and the 
volume prescribed. The remainder of this discussion will focus on 
the options when choosing IVF, including the composition of each 
fluid and the available data regarding the use of each in particular 
patient populations.

Intravenous Fluid Options
Colloid v Crystalloid
At the most fundamental level, fluids can be divided into crystal-
loid and colloid agents. Crystalloids are an array of dissolved salts 
designed to mirror the osmotic composition of plasma. Colloids 
are comprised of larger molecules, such as albumin or synthetic 
carbohydrates, aiming to hold volume in the intravascular com-

partment through the exertion of oncotic force. Both options were 
designed to achieve the same goal: optimize intravascular volume 
and restore perfusion in patients suffering from shock. In practice, 
large scale trials have led many to avoid colloids as some studies 
have demonstrated evidence of harm with use of colloids, including 
increased need for renal replacement therapy and even mortality.2,3 
Albumin, while safe to use in most critically ill non-trauma pa-
tients, has not been found to improve mortality or patient-centered 
outcomes, such asventilator or ICU-free day.4,5 In 2013, the Col-
loids vs. Crystalloids for the Resuscitation of Critically Ill (CRIS-
TAL) trial, a large, multicenter, randomized investigation, found 
no difference in 28-day mortality between groups of hypovolemic 
shock patients who received crystalloid versus colloid resuscitation 
after being admitted to the ICU.6 In the face of large trials showing 
no benefit to increased harm, and a hefty price tag compared to 
crystalloid options, colloids are rarely utilized as a primary mode 
of resuscitation.

Crystalloid v Crystalloid
The world of crystalloid is made up of NS and balanced solutions. 
Balanced solutions, which are designed to more closely reflect the 
ionic composition and pH of human plasma, are also referred to 
as chloride restrictive, or buffered, crystalloids. The most common 
varieties of balanced solutions are lactated Ringer’s (LR), Plas-
ma-Lyte A (PL), and Normosol-R. The composition of these fluids 
is strikingly different from NS (see Figure 1). Historically, due to 
a combination of availability, pricing, and precedent, NS has been 
the default resuscitative fluid in the majority of health care settings. 
However, observational data has linked NS to increased incidence 
of acute kidney injury,7 renal replacement therapy, post-operative 
complications,8 and even mortality9,10 when compared to buffered 
solutions.

Mounting retrospective and observational data prompted large 
scale, randomized, prospective trials to evaluate the effects of fluid 
choice on outcomes. Most of these trials were focused in the realm 
of critical care and demonstrated no significant difference in inci-
dence of AKI11, or mortality11-13. Astudy published in 2018 by the 
SALT-ED investigators served as the first prospective randomized 
trial of fluid resuscitation in the ED.14 Comprised of more 

Intravenous Crystalloid Solutions
Na+ K+ Ca2+ Mg2+ Cl- Osmolarity

Human Plasma 135-145 4.0-5.0 2.2-2.6 1.0-2.0 95-110 291

0.9% Normal Saline 154 0 0 0 154 308

Lactated Ringer's 130 4.5 2.7 0 109 280

Plasma-lyte 140 5 0 1.5 98 294

Normosol-R 140 5 0 3 98 296

Table 1: Electrolyte composition and osmolarity of most commonly  used intravenous crystalloid solutions.  Table adapted from REBELEM
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Background
Chest pain continues to be one of the most common chief concerns 
in patients presenting to emergency departments (ED) across the 
United States, accounting for more than 7 million ED visits an-
nually.1 Acute coronary syndrome, a critical and time-dependent 
spectrum of diagnoses, only contributes to an estimated 12-13% 
of these visits.2 Of this total, approximately 70% will be secondary 
to non-ST-segment elevation acute coronary syndromes (NSTE-
ACS).3 Although the mismatch of oxygen supply to oxygen demand 
in NSTE-ACS can be due to a variety of etiologies, it is difficult to 
predict which of these patients have occult, but significant, coro-
nary artery insults that can progress to myocardial infarction and 
necrosis if treatment is delayed. Thus, emergency physicians con-
tinue to face difficulties in determining which thresholds of con-
ventional diagnostic modalities render a more morbid and mortal 
outcome, leading many of these patients to go underdiagnosed.

In order to understand the utility of echocardiography in the diag-
nosis of NSTE-ACS, we must first identify the limitations of cur-
rent conventional diagnostic approach. 

Electrocardiogram
While the electrocardiogram (ECG) is considered standard of care, 
it continues to be an imperfect diagnostic tool. Studies have demon-
strated that only 40-65% of initial ECGs are indicative of ischemia 
in patients later diagnosed with acute myocardial infarction, with 
upwards of 20% of initial ECGs found to be completely normal.3-7 
ECGs are even less sensitive and specific in diagnosing NSTE-ACS, 
where findings can be subtle and difficult to interpret, especially in 
the setting of previous infarctions and conduction abnormalities. 
Several studies have demonstrated serial 12-lead ECG monitoring 
to have increased diagnostic utility, and national recommendations 
encourage providers to order serial ECGs every 15-30 minutes if 
clinical suspicion for ACS remains high, however sensitivity still 
falls shy of 70%.6,7 Therefore, ECGs continue to be a suboptimal test 
in diagnosing this highly morbid disease spectrum.

Troponin
Troponin is a myocardium-specific serum marker that rises a 
few hours after myocardial injury, ischemia or infarct.3 Sensitiv-
ity and specificity are high, however trends in troponin are gen-
erally valued over an absolute value in NSTE-ACS. Studies have 
demonstrated that upwards of 80% of patients who present with 
myocardial injury in the form of STEMI or NSTE-ACS will have 
troponin elevations within 2-3 hours.3,8-10 However, this can be dif-
ficult to interpret if time of symptom onset is unclear. Therefore, 
the American Heart Association (AHA) currently recommends 
trending troponins out to at least six hours from initial symptom 
onset, and if clinical suspicion remains high and the patient is at 

intermediate- to high-risk for a coronary event, may require trend-
ing out to 24 hours in order to optimize ability to detect true ACS 
pathology.3 A significant amount of time can elapse waiting for re-
sulting of this test which may compromise outcome if intervention 
for true cardiac ischemia is being delayed. Furthermore, troponin 
is often elevated in clinical situations other than primary coronary 
pathology; any stress on the myocardium can lead to myocardial 
leak of troponin as seen in hypotension, sepsis, tachydysrhythmias, 
heart failure, myocarditis, renal failure, to name just a few. Thus, 
there may be diagnostic uncertainty, especially in the setting of 
co-morbid illnesses. The implementation of high-sensitivity tro-
ponins may alleviate some of this delay and diagnostic uncertainty, 
however further evaluation will be required after widespread use of 
these newer assays. 

2-Dimensional Transthoracic Echocardiography
Two to three percent of highly morbid and mortal ACS pathologies 
continue to be discharged from the ED.11 Echocardiography can be 
used to increase sensitivity and specificity for significant acute car-
diac disease, primarily NSTE-ACS, in the setting of non-diagnostic 
ECGs and lab work. In fact, the AHA  and several other national 
agencies have recommended the use of two-dimensional trans-
thoracic echocardiography (2DTTE) as a class I recommendation 
when encountered with possible ACS.12  Regional wall motion 
abnormalities (RWMA) diagnosed with 2DTTE have long been 
demonstrated to provide value in detecting myocardial ischemia

University of Cincinnati R3
Regional Wall Motion Abnormalities

S   NO SerieS
Simanjit Mand, MD

Figure 1:  Pathophysiologic and clinical progression of coronary ischemia. Vascular dys-
function precedes regional wall motion abnormalities, which can be apparent prior to ECG 
changes. Figure adapted from Beller, 1988.
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Regional Wall
continued on page 12

 that will benefit from invasive interven-
tion or inpatient monitoring. Robust 
literature published in the 1980s-1990s 
demonstrated sensitivities ranging 83-
91% and specificities ranging 71-100% 
that outperform ECG, and rival myo-
cardial perfusion imaging.13-19 

Discussion
Experimental and clinical studies have 
demonstrated that the earliest clinical 
manifestation of myocardial ischemia 
is RWMA, followed by ECG changes 
and onset of anginal symptoms (Fig-
ure 1).20-22 RWMA develop within 
seconds of coronary artery occlusion 
during animal and human coronary 
angioplasties,21,22 therefore proving that 
2DTTE can be utilized immediately 
upon patient presentation if NSTE-
ACS is suspected. Even if the patient’s 
symptoms resolve spontaneously in the 
ED or shortly after administration of 
analgesics, RWMA have been shown to 
last anywhere from one to 24 hours af-
ter resolution of anginal symptoms.22-27 
Moreover, as little as five minutes of 
coronary disruption can lead to myo-
cardial dysfunction for up to six hours 
after reperfusion, indicating some 
degree of myocardial stunning that 
occurs with even transient ischemic 
injury.22-24 The delay in return of myo-
cardial function may correlate with the 
length of anginal symptoms, degree of 
coronary occlusion, area of affected 
myocardium and presence of collater-
al blood flow. Thus, the highest yield 
of using 2DTTE to detect RWMA will 
be during acute symptoms, and while 
a negative study during active symp-
toms likely indicates another disease 
process, a negative study obtained after 
resolution of symptoms cannot definitively rule out NSTE-ACS.28

Echocardiographically, the myocardium thickens during systole, 
followed by symmetric excursion. During active ischemia, there 
will be abnormal thinning of the myocardium during systole and 
asymmetry in myocardial excursion. RWMA can be identified as 
akinesia, hypokinesia or dyskinesia of the affected myocardium. 
The evaluation of wall thickening is preferred to wall motion ab-
normality in assessing for acute myocardial dysfunction, however, 
these changes can be more subtle in the setting of previously dam-
aged myocardium, as scarred tissue will also appear thin during 
contraction.29 Thus, findings on 2DTTE are more helpful when 
applied in the appropriate clinical setting - if ECG abnormalities 
are present, whether acute with ST segment and T wave changes, 
or chronic with Q waves, correlating RWMA with the expected 
lesion on ECG is helpful to discern acute from chronic pathology.

The American Heart Association and several other national com-
mittees sought to standardize a method to identify location and 
degree of wall motion abnormalities found on 2DTTE, and de-
veloped a 17-segment, quantitative evaluation schema.30 While 
studies completed in the 1980s-1990s were primarily performed 
by radiologists or cardiologists, this is a cumbersome and imprac 
tical method to employ in the emergency department. Thus, in the 
setting of emergency physician performed echo, evaluation is con-
densed to a 3-segment assessment, with each analyzed segment 
anatomically correlating with a coronary artery perfusion territo-
ry: anterior left ventricular (LV) wall correlates with the left ante-
rior descending artery; inferior LV with the right coronary artery; 
lateral with the left circumflex artery (See Figure 2).27,31-34 Each wall 
is assessed in two orthogonal views at 
minimum, collected via a parasternal 
long, parasternal short and apical four 

Figure 3:  Vascular territories on electrocardiogram matched to 
the corresponding myocardial regions as seen on transthoracic 
echocardiogram. Views include (from left to right) parasternal 
short, parasternal long, and apical four chamber.

BLUE: Anterior = 
left anterior descending artery

YELLOW: Inferior = 
right coronary artery

RED: Lateral = 
left circumflex artery
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CONNeCt the DOtS: A Tale of Two RashesChrista Pulvino, MD
University of Cincinnati R2

Case 1
History of Present Illness

The patient is a male in his early thirties with a past medical history of celiac disease and herpes simplex virus induced-erythema multi-
forme who presents to the emergency department (ED) with a chief complaint of a progressive, painful rash that has been worsening over 
the past three days. The patient’s symptoms began with a cold sore on his lip, followed by lesions on his bilateral upper extremities. The 
lesions then spread to his palms, soles, trunk, back, neck, periorbital and perioral regions. He reports subjective fevers, odynophagia, and 
a tingling sensation of the left eye. He denies visual changes, eye pain, shortness of breath, abdominal pain, vomiting, urinary or bowel 
symptoms, or genital lesions. He denies recent tick exposure. 

The patient was seen an outside ED on day two of symptoms, where he was treated with methylprednisolone, cetirizine and encouraged 
to follow up as an outpatient. His symptoms continued to worsen, so he presented to the same ED later that evening, where he was treated 
with dexamethasone and hydrocortisone cream and discharged. Despite these therapies, he has had no relief and now complains of severe 
pain and worsening lesions, particularly in his mouth and on his hands. 

Physical Exam
Vitals T36.3 / HR 54 / BP 129/75 / RR 12 / SpO2 94% on room air. The patient is a well-appearing male who appears uncomfortable but 
is in no distress. There are diffuse 0.5-3 cm variable eruptions, including tender papules and vesicles, over the trunk and extremities. 
The rash involves the palms and soles, and targetoid papules are noted on bilateral hands. There are also many scattered pigmented 
macules from older lesions. On the posterior scalp, there is a large 8x8 cm irregular pink plaque. No perianal lesion is noted, but there 
is an eruption on the right lateral penis with white scale. There is mucosal involvement of the anterior gingiva and palate. Ophthalmo-
logic, cardiovascular, pulmonary, abdominal, and neurologic exams are within normal limits. 

Hospital Course
The patient’s initial presentation was consistent with erythema multiforme major as 
a leading diagnosis. Basic laboratory studies were unremarkable, and additional labs 
were sent to assess for drug rash with eosinophilia and systemic symptoms (DRESS) 
syndrome, human immunodeficiency virus (HIV), syphilis, and glucose-6-phosphate 
dehydrogenase (G6PD) deficiency, which were negative. The patient was treated with 
intravenous (IV) fluids and pain medication in the ED, and dermatology was consulted 
for recommendations on management. Based on his prior medical history of erythe-
ma multiforme secondary to herpes simplex virus, he was clinically diagnosed with 
erythema multiforme and biopsy was deferred. He was prescribed topical steroids and 
valacyclovir in the inpatient setting, and dressings were used to cover his lesions. He 
remained stable and was discharged home in stable condition with valacyclovir, topical 
clobetazole, ibuprofen, acetaminophen, and tramadol with follow up in dermatology 
clinic.

The patient was seen in dermatology clinic three weeks later,and his active cutane-
ous lesions had been replaced 
by scattered dyspigmented 
patches over this palms, soles, 
extremities, and trunk. Clo-
betasol ointment was discon-
tinued given that he no longer 
had active lesions, and he was 
started on a suppressive dose 
of valacyclovir.

Images 3-8:  Erythema multiforme is depicted by cutaneous findings , classically described as targetoid lesions on the trunk (a) and extremities (b). Mycoplasma pneumoiae associated mucositis can involve the conjunctiva (c,e), oral mucosa (d,f). Images courtesy of common.wikimedia.org.

c d
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CONNeCt the DOtS: A Tale of Two Rashes
Case 2

History of Present Illness
The patient is a previously healthy African female in her late twenties who presents with a chief complaint of productive cough and 
a rash. She was seen in the ED three days ago for her cough and was diagnosed with community acquired pneumonia, for which she 
was prescribed doxycycline and azithromycin. She has been compliant with her antibiotic regimen, however notes she has developed a 
desquamating rash, purulent drainage from her lips and mouth, and erythema and purulent drainage from bilateral eyes. The rash has 
progressed to form papules over bilateral upper and lower extremities. She denies fever, chest pain, shortness of breath, nausea, vomiting, 
and abdominal pain. The patient has recently moved to the United States from Western Africa three months prior to her presentation.

Physical Exam
Vitals T 39.1 / HR 118 / BP 106/60 / RR 27 / SpO2 96% on room air.  The patient is an awake, alert, ill-appearing female. She exhibits 
desquamation of the upper and lower lips with purulent drainage from her oral mucosa, as well as bilateral conjunctival injection with 
purulent drainage. An erythematous, maculopapular rash is present on the upper and lower extremities. Many lesions have necrotic 
centers, and some lesions appear to be pustular. One erythematous lesion is present at the left lower quadrant of the abdomen, and 
scattered lesions are present on the patient’s back. Genitalia exhibits erythema and purulent drainage, but no pustules or necrolysis. 
Lung sounds are diminished throughout, with wheezes auscultated at the right middle lobe. Cardiovascular, abdominal, and neurologic 
exams are within normal limits. 

Hospital Course
Basic laboratory studies were unremarkable. HIV screening was negative. Sputum culture and blood cultures showed no growth. Urine 
legionella antigen and mycoplasma pneumonia DNA studies were negative. Chest x-ray was within normal limits. 
The patient’s initial presentation was concerning for stevens johnson syndrome versus an infectious etiology of her rash, including my-

coplasma pneumonia associated mucositis given her recent history of pneumonia. 
Dermatology, burn surgery and ophthalmology were consulted during the patient’s 
hospital course to assist with management. 

Upon admission, the patient was treated with IV fluids, levofloxacin, and standard 
wound care. A respiratory viral panel and quantiferon gold testing were negative. 
Mycoplasma IgM resulted positive, supporting a diagnosis of mycoplasma pneumo-
nia-associated mucositis. Ophthalmology evaluated the patient on hospital day three 
and noted pseudomembranes and new staining of the bulbar conjunctiva in bilateral 
eyes. Ophthalmic moxifloxacin was started and the patient was taken to the operat-
ing room for bilateral amniotic membrane graft placements and symblepharon ring 
placement. Following the procedure, she was started on daily prednisone 60 mg. She 
required multiple days to heal from an ophthalmologic standpoint, however was ulti-
mately discharged on hospital day 15 with a prednisone taper, and bacitracin and cli-
oxan ointment to bilateral eyes. At discharge, her rash was noted to have eroded and 

crusted over, and she was 
discharged with topical 
application of mild barrier 
cream for moisturization. 

The patient followed up 
in ophthalmology clinic 
two days after discharge 
and was noted to have al-
most complete resolution 
of bilateral conjunctival 
staining. She also reported 
significant improvement 
in her skin lesions.

Images 3-8:  Erythema multiforme is depicted by cutaneous findings , classically described as targetoid lesions on the trunk (a) and extremities (b). Mycoplasma pneumoiae associated mucositis can involve the conjunctiva (c,e), oral mucosa (d,f). Images courtesy of common.wikimedia.org.
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Discussion
Erythema multiforme (EM - Case 1), mycoplasma pneumonia asso-
ciated mucositis (MPAM - Case 2), and Stevens-Johnson Syndrome 
(SJS) present with similar clinical features and are often considered 
to be varying points along the same disease spectrum. Mycoplasma 
pneumonia is known to be a cause of all three disease processes, 
but some studies argue that there are subtle, yet important, differ-
ences in pathogenesis, presentation, and disease course between 
the three disease processes.1 

Epidemiology and Clinical Presentation
Erythema Multiforme (EM) 
Erythema multiforme is an immune-mediated condition charac-
terized by cutaneous targetoid lesions, primarily on the face and 
extremities.2 The disease occurs mostly in adolescents and young 
adults, with a male to female ratio of 3:2.2 The etiology of EM is 
almost always infectious, with the herpes simplex virus and Myco-
plasma pneumoniae being two major causes. Less commonly, EM 
is caused by other infectious pathogens or drugs, such as adeno-
virus, cytomegalovirus, Epstein-Barr virus, varicella zoster virus, 
viral hepatitis, non-steroidal anti-inflammatory drugs (NSAIDs), 
sulfonamides, and other antibiotics.2

The classic EM rash presents with asymptomatic targetoid lesions 
with or without mucosal involvement. There are two classifications 
of EM: EM major, which develops in approximately twenty percent 
of EM cases and signifies mucosal involvement, and EM minor, 
which involves only cutaneous symptoms.3 Although the major-
ity of patients will have asymptomatic cutaneous lesions, some 
patients, such as the one described above, do report pain or pru-
ritus associated with dermatologic findings. The disease is usually 
self-limited and resolves within a few weeks, and very rarely does it 
recur or persist.2 In severe cases, complications can occur, such as 
cutaneous scarring or ocular scarring with subsequent visual im-
pairment. 

Mycoplasma Pneumonia-Associated Mucositis (MPAM)
Mycoplasma pneumonia associated mucositis is an immune-medi-
ated condition that is different from erythema multiforme in that 
cutaneous involvement is often sparse or nonexistent.4 It is most 
common in children and adolescents,5 with 66% of documented 
cases occurring in males.6 It occurs in less than 10% of patients 
who acquire a Mycoplasma pneumoniae infection.7

MPAM primarily presents with involvement of oral and/or ocular 
mucosa. When cutaneous lesions are present, they are commonly 
maculopapular or vesicular and present on the trunk and extrem-
ities.8 Prodromal symptoms, including respiratory symptoms, are 
almost always present,1 and while upper respiratory tract disease is 
more common, pneumonia may occur as well.9 Ocular complica-
tions, such as those present in the patient described here, are some 
of the most common sequelae of mycoplasma mucositis and can 
cause scarring and visual impairment. More rarely, central nervous 
system complications may ensue. These are relatively more com-
mon in children and include aseptic meningitis, meningoencepha-
litis, seizures, peripheral neuropathy, transverse myelitis, cognitive 
abnormalities, and cerebellar ataxia.10,11 MPAM may also be asso-
ciated with esophagitis and erosive bronchitis.2 The disease course 

is most often mild but depends on severity of lesions and degree of 
ocular involvement.1

Mycoplasma pneumoniae is a documented cause of mucositis re-
gardless of preceding antibiotic administration, but the large num-
ber of cases in which patients were receiving antibiotics at the pre-
sentation of mucocutaneous disease increases the suspicion  that 
antibiotics “intensify the dermatosensitive potential of Mycoplas-
ma pneumoniae,”8 such as in the patient case presented above. 
 
Diagnosis
EM and MPAM are primarily clinical diagnoses based on patient 
history and visual assessment of lesions. The differential diagnosis 
of these presentations will therefore include other skin conditions, 
including SJS, toxic epidermal necrolysis (TEN), urticaria, erythe-
ma nodosum, bullous pemphigoid, or dermatitis herpetiformis.12 
As discussed previously, EM will typically present with an acral 
distribution of papular targetoid cutaneous lesions, while MPAM 
will typically present with mucosal lesions with possible cutaneous 
involvement. Although atypical lesions may also occur, the typical 
target EM lesion is characterized by a “dusky central disk” with a 
more peripheral “infiltrated pale ring” and surrounding “erythem-
atous halo.”2 Atypical EM lesions may include two rings only, or 
may be vesicles overlying a darker center and surrounded by ery-
thema. However, EM lesions will always be papules, not macules.2 
Knowledge of HSV infection should increase suspicion for EM. 

In cases of diagnostic uncertainty, biopsy of skin lesions, direct im-
munofluorescence, herpes serology, and serum antibodies may be 
used.2 Cold agglutination studies may also assist with a diagnosis 
of MPAM. While these studies may not be necessary in a patient 
who will be discharged from the emergency department, they can 
assist admitting teams and consulting services in gaining a clearer 
picture of the patient’s disease process. 

Treatment
Management of patients with EM and MPAM will depend on the 
specific signs and symptoms exhibited by each patient, but gener-
ally entails supportive care. Both diseases are generally self-limited 
and do not have a specific cure.

Erythema Multiforme (EM) 
While some physicians advocate for the use of systemic corticoste-
roids for severe cases of EM, there is insufficient evidence proving 
efficacy, and there is a significant risk of adverse side effects.2 Three 
case reports did show significant improvement in duration of fe-
ver and vesicular eruptions with use of IV methylprednisolone, 
and another two cases demonstrated that IV methylprednisolone 
stopped disease progression and prevented recurrences. Other 
larger studies, however, linked corticosteroid treatment to lon-
ger hospital stays and increased complications.13 Since EM can be 
managed with supportive care only, the possible benefits of steroid 
use have not been demonstrated to sufficiently outweigh the risks. 

Since EM is an immune-mediated process, another possible treat-
ment option for severe cases is intravenous immunoglobulin 
(IVIg). While evidence regarding its use in EM  is limited, one case 
study demonstrated 80% improvement without significant adverse 
effects in a patient with persistent, severe EM that had been un-
responsive to multiple rounds of steroids, acyclovir, and azathio-
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prine.14 Furthermore, IVIg has been shown to be effective in treat-
ing SJS and TEN,15 therefore providers may consider empiric IVIg 
therapy if there is any diagnostic uncertainty

Although anti-HSV drugs have no effect on an active episode of 
EM, they can prevent recurrences in HSV-associated EM.2 A dou-
ble-blind, placeb-controlled studye demonstrated that a six-month 
course of acyclovir 400 mg twice daily achieved successful suppres-
sion of recurrent EM.16 Valacyclovir and famciclovir have greater 
oral bioavailability than acyclovir and can be tried as alternatives to 
the above regimen. The goal of using antiviral agents is to achieve a 
recurrence-free period of several months at which point the dosage 
can be reduced and, hopefully, eventually discontinued.17 When 
anti-HSV drugs have not worked to prevent recurrences, azathio-
prine and thalidomide have been found to be helpful.2

Mycoplasma Pneumonia-Associated Mucositis (MPAM)
For MPAM in particular, there are no evidence-based guidelines 
regarding management.1 As such, current guidelines recommend 
discontinuation of the culprit drug, if that is the etiology of dis-
ease onset, and supportive management. . This includes standard 
wound care such as topical corticosteroids for cutaneous lesions, 
and oral antihistamines, topical corticosteroid gel, or mouthwash 
containing lidocainefor painful oral lesions. Ophthalmology con-
sultation should be obtained for any ocular involvement in order to 
prevent long term sequelae.  

Benefit of antibiotic use in mucocutaneous presentations may be 
limited, however use can often prevent neurologic and pulmonary 
complications later in the disease course, thus is commonly pre-
scribed. Studies of steroid use in MPAM show similar conclusions 
as those studying steroids for EM: fever and hospital course are 
decreased, but complications may be increased. Similarly, there is 
limited evidence that IVIg is beneficial, but may be more helpful 
in cases with severe mucositis, such as cases so severe as to cause 
respiratory distress.18 

Most patients with the above pathologies can be safely discharged. 
However, if symptoms are severe, or if there is any concern for SJS/
TEN, a burns specialist or dermatologist should be consulted.19 
In severe cases, patients may have electrolyte abnormalities and 

should be corrected as needed. These patients will require hospital 
admission.

Summary
EM and MPAM are two clinically diagnosed conditions that are 
frequently thought to be along the same spectrum of dermatologic 
pathologies. However, there are some key differences that aid in di-
agnosis: EM is primarily a dermatologic condition, while MPAM is 
predominantly a mucositis. EM may be infectious or drug-induced, 
while MPAM is always associated with Mycoplamsa pneumoniae, 
and therefore respiratory symptoms are essentially universal. Both 
conditions focus on supportive care and discontinuing culprit drug 
use, if indicated, for management. They may also require specialty 
care involvement, such as ophthalmology, dermatology, pulmon-
ology, or intensivists, depending on extent of systemic dissemina-
tion of the disease process. In severe cases, corticosteroids and IVIg 
may be beneficial, however more definitive research needs to be 
conducted to support routine use in these conditions.
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Epidemiology Common 
Associations

Clinical 
Presentation Treatment

Erythema 
Multiforme (EM)

Male
Adolescents or young 

adults

HSV infection Primarily cutaneous
EM major (20%) involves 

mucosa

Symptom management
+/- Corticosteroids, IVIg

Antivirals for suppression

Mycoplasma 
Pneumonia 
Associated 

Mucositis (MPAM)

Male
Children or adolescents

Mycoplasma pneumoniae
Upper and lower respiratory 

symptoms
Preceding antibiotic use

Primarily mucosal
+/- Cutaneous

Symptom management
Antibiotics

+/- Corticosteroids, IVIg

Table 3: Epidemiology, common associations, clinical presentations and treatments of erythema multiforme and mycoplasma pneumonia associated mucositis.



view. The degree of RWMA is assessed qualitatively and dichoto

mously, either demonstrating wall motion abnormality or not. This 
methodology has been shown to be efficient without sacrificing 
quality in identifying large RWMA for the purposes of ED evalua-
tion of significant ischemic pathology.14

The degree of RWMA detected has been shown to correlate with 
the degree of ischemia or infarction, meaning multivessel disease 
will correlate with a larger and more severe myocardial dysfunc-
tion as detected on 2DTTE.19,27,35 This indicates a larger swathe of 
at risk of myocardium that may benefit from early invasive thera-
py. Furthermore, when comparing global LV systolic dysfunction 
assessment with focal wall motion abnormalities, more focal ab-
normalities have been determined to be a greater predictor of mor-
bidity and mortality in ACS, especially in the NSTE-ACS cohort.26 
The finding of any RWMA at rest is associated with an eightfold 
increase in adverse cardiac events in the first 48 hours, and fourfold 
in the next two years.5,36 Thus, despite equivocal ECG and troponin 
levels, 2DTTE may more readily identify patients that are at high 
risk of progressing to myocardial infarction and require early inva-
sive intervention.

Although identifying RWMA can be difficult, several recent stud-
ies demonstrate emergency physician are be able to utilize 2DTTE 
with short periods of training. A case series completed with emer-
gency physician-performed point-of-care ultrasounds for three 
patients presenting with anginal equivalents with initially non-di-
agnostic conventional work up identified significant RWMA that 
correlated with severe single vessel coronary artery stenosis.27 
These studies were completed by ultrasound-fellowship trained ED 
physicians, with no formal echocardiography training, after a brief 
10-minute didactic training video. Another study demonstrated 
statistically significant improvement in post-test performance in 
identifying RWMA after a 30-minute module depicting qualitative 
changes in normal and abnormal echocardiograms.37 Standardized 
approach to echocardiogram, including assessment of RWMA, 
also improves the detection of other mimickers of NSTE-ACS, in-
cluding aortic dissection, pericardial effusion, valvular pathology, 
acute heart failure, pulmonary embolus, and others, when utilized 
routinely by residents.38,39 Thus, it is feasible for emergency physi-
cians to perform this in real-time with brief didactic and clinical 
application, and can provide diagnostic clarity with relative ease 
and widespread availability.

Technical Difficulties
Pitfalls in assessing for RWMA are twofold: during image acqui-
sition and during image interpretation. Images are best analyzed 
when sufficient quality is obtained to assess for abnormalities, and 
that those abnormalities can be compared in multiple views. Of-
tentimes image acquisition can be difficult due to body habitus, un-
derlying pulmonary disease or inability to reposition the patient. 
Suboptimal images run the risk of leading to a false positive or false 
negative. Additionally, image interpretation can be difficult, spe-
cifically when delineating between acute versus chronic changes. 
Furthermore, significant valvular pathology, previous cardiomy-
opathy, acute myocarditis and bundle branch blocks will all make 
it difficult to assess which changes are new or old, ischemic or 

non-ischemic. Thus, it can be helpful to compare previous echocar-
diography imaging with current imaging to assess for acute change.
Furthermore, experimental data has shown that a certain degree of 
myocardial thickness (>20%) and ventricular mass (>5%) needs to 
be affected in order to be detected as RWMA on 2DTTE.40 On the 
other hand, a non-transmural injury only including subendocardi-
al regions or a transmural infarct affecting only a small portion of 
the ventricular wall are unlikely to cause significant morbidity or 
mortality compared to the occult lesions causing obvious RWMA.
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Take Home Points

2DTTE can be beneficial in identifying patients that may benefit from early inva-
sive intervention if suspicion for NSTE-ACS is high and conventional work up is 
non-diagnostic

Three cardiac views are required at minimum: parasternal long,
parasternal short, apical four

RMWA can be evident by myocardial thinning during contraction or asymmetric 
myocardial excursion as witnessed on two orthogonal views

Correlations with ECG abnormalities and previous echocardiograms can be crucial 
in identifying acute versus chronic changes

Regional Wall
continued from page 7
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Intravenous Fluid
continued from page 5

than 13,000 subjects, this study demonstrated no difference in 
hospital-free days between patients admitted to non-ICU settings 
who were randomized to receive chloride restrictive fluids versus 
NS. However, patients receiving NS were more likely to die, receive 
new renal replacement therapy, or suffer from persistent renal dys-
function within 30 days. Theseoutcomes defined the major adverse 
kidney event (MAKE-30) composite endpoint. These findings were 
echoed in the concurrently published SMART trial, which demon-
strated an increased incidence of MAKE-30 among patients ad-
mitted from the ED to the ICU resuscitated with NS compared to 
buffered crystalloid.13 The authors of each study noted that these 
findings are hypothesis-generating, given that each was designed 
primarily to assess mortality rather than the composite outcome.  
Some critics argue that further large-scale investigation of IVF for 
all comers is not warranted, and that clinicians should individual-
ize fluid choice based on pathophysiology.15 Fortunately, there are 
a number of previously published investigations that shed light on 
fluid choice in a number of common illness states.

Considerations in Specific Patient Populations
Sepsis
Fluid administration has been an integral piece of emergent sep-
sis management since the advent of early goal directed therapy.16 
While some components of Dr. Rivers’ protocol have faded, aggres-
sive fluid resuscitation remains a cornerstone of treatment. Sub-
group analysis of patients with severe sepsis or septic shock in the 
Saline versus Albumin Fluid Evaluation (SAFE) study demonstrat-
ed a non-significant lower odds of mortality in patients receiving 
albumin (aOR 0.71, 95% CI 0.52-0.97).17 However, albumin has not 
been shown to be superior to crystalloid in subsequent trials, and 
given the high price associated, it is not recommended for routine 
use.18 High quality data guiding the choice between crystalloids 
in sepsis are lacking. A small, retrospective review of 115 septic 
patients receiving balanced fluids or NS in the ED demonstrated 
that significantly fewer patients in the balanced group died during 
their hospitalization.19 In patients receiving both, each increase 
of 1% in the proportion of balanced fluid was associated with a 
2.3% decrease in the odds of in-hospital mortality. Further study 
is certainly warranted to determine the true effect size of balanced 
resuscitation in patients with sepsis, a disease process that certainly 
continues to fill the beds in the ED worldwide.

Diabetic Ketoacidosis
Patients suffering from diabetic ketoacidosis (DKA) receive ag-
gressive fluid replacement early in their clinical course, due in 
part to the osmotic diuresis of severe hyperglycemia. Professional 
society guidelines recommend NS as the initial fluid for restoring 
intravascular volume.20 LR and PL have been compared to NS in 
several small studies over the past decade. In a retrospective trial 
in Australian ICUs, nine patients in the PL-only group had quicker 
time to resolution of acidemia and less hyperchloremia than the 
fourteen patients in the NS-only group.21 Similarly, in a prospec-
tive, randomized, double blinded trial of NS versus LR in DKA, the 
LR arm returned to a normal pH more quickly than the NS arm, al-
though this did not reach statistical significance.22 Further, a third 
prospective, randomized study demonstrated that patients receiv-

ing balanced crystalloid were significantly less likely to develop hy-
perchloremic metabolic acidosis than patients resuscitated with 
NS.23 The absence of methodologically rigorous studies pre-
cludes strong recommendations for balanced resuscitation over 
NS, but these data serve as a foundation for strong consideration 
on a case-to-case basis.

Hyperkalemia
Unlike NS, LR and PL both contain po-
tassium. At first glance, supplying a pa-
tient afflicted with hyperkalemia more 
potassium in his or her IVF may seem 
like a problem. However, consideration 
of potassium ion exchange and affect of 
acid-base buffers suggests otherwise. By 
definition, serum potassium is greater 
than 5-5.5 millimoles per deciliter in hy-
perkalemia. Adding any fluid with a con-
centration less than the serum potassium 
is unlikely to lead to an increase in the se-
rum value for several reasons. First, add-
ing a hypotonic solution to a fixed volume 
does not increase tonicity. Second, the 
pH of the supplied fluid has an effect on 
serum potassium, with relatively acidic 
solutions pulling potassium out of the in-
tracellular space, and alkalizing fluid push-
ing the ion into the cells. Based on these 
premises, one might expect balanced fluids 
to decrease serum potassium when compared 
to NS. Several studies in populations at high risk 
of hyperkalemia, primarily end-stage renal disease, 
have demonstrated NS tends to lead to more hyper-
kalemia.24-26 These trials were all relatively small and in 
a selected population, raising concerns about generalizabil-
ity. That said, the argument of biological plausibility is strong 
enough that hyperkalemia should not represent a strong contrain-
dication to potassium-containing fluids in the majority of patients.

Traumatic Brain Injury
While patients suffering from critical illness, sepsis, DKA, or 
hyperkalemia should likely be treated with balanced resuscita-
tion, traumatic brain injury (TBI) represents a different problem 
all together. The complex interplay of the neurovascular cellular 
system (consisting of the endothelium and surrounding support 
cells of the central nervous system) with plasma components is key 
to maintaining cerebral water volume.27 Hypotonic fluids can have 
multiplied effects on a disrupted blood brain barrier, thereby in-
creasing the likelihood of developing cerebral edema. In a post-hoc 
analysis of the SAFE study, patients with TBI were more likely to 
die when treated with albumin rather than NS.28 While there are 
no large-scale trials pitting NS against balanced solutions, a ret-
rospective comparison of prehospital fluid for patients with TBI 
demonstrated an increased adjusted risk for mortality at 30 days  
for patients receiving LR compared to NS.29 Prospective trials may 
be forth coming, but for the time being, the physiologic argument 
against administering hypotonic fluid to patients with significant 
intracranial injury is enough to justify 
the use of normal saline in this patient 
population.

AnnAls of B Pod 13

IV Fluids
continued on page 14



IV Fluids
continued from page 13

Summary
NS has taken hold as the de facto resuscitative fluid in the major-
ity of health care institutions in the developed world. Recent data 
suggest that balanced fluids may provide benefit to patients suf-
fering from a wide array of critical illnesses. Outside of TBI, chlo-
ride restrictive resuscitation should be the primary strategy in the 
modern ED.
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Neurocysticercosis
continued from page 3

Clinical Presentation
Clinical manifestations and severity of neurocystic-

ercosis vary widely based on characteristics of the 
infection and host (number, size, location of cysts 
and intensity of host’s immune response). The 
symptomatology of neurocysticercosis can be 
separated into two main groups, intraparenchy-

mal or extraparenchymal. 

Intraparenchymal lesions are more common, with 
onset usually occurring a few years from initial infec-

tion.4Location and degenerating stage of cysts affect the timing and 
symptomology demonstrated, with newer developing cysts insti-
gating an intense inflammatory response, and older calcified cysts 
that may be asymptomatic with only intermittent flares of inflam-
mation.4 In general, intraparenchymal cysts are most commonly 
associated with focal seizures with secondary generalization and 
headache, less commonly with altered vision and focal neurologic 
deficits, and rarely, psychiatric symptoms.2,3 If a large number of 
parenchymal cysts are present, leading to a significant host inflam-
matory response, the patient may present with a clinical picture re-
sembling encephalitis. Because the onset of symptoms can be sub-
acute and subclinical, many cases are identified incidentally when 
neuroimaging is performed for other reasons in patients who are 
asymptomatic or who have less severe presentations of the disease.5

In contrast, extraparenchymal cysts, particularly cysts located in 
the intraventricular and subarachnoid spaces, are associated with 
symptoms of elevated intracranial pressure, such as headache, nau-
sea, vomiting, and visual disturbances due to a massive inflamma-
tory response or direct obstruction of cerebrospinal fluid flow, and 
may be accompanied by altered mental status. Mobile lesions in 
the third or fourth ventricle can cause intermittent obstruction de-
pending upon patient positioning, leading to episodic symptoms. 
Spinal cord lesions are exceedingly rare, and can cause radicular 
pain and sensimotor deficits.2,3 Lastly, ocular lesions can involve 
any portion of the globe and cause impaired vision, diplopia, and 
blindness. Ophthalmologic examination to rule out ocular involve-
ment is paramount prior to initiation of antiparasitic therapy as 
treatment can otherwise cause ocular inflammation and blindness 
if parasites are not surgically removed from the eye prior to sys-
temic therapy.6 Direct visualization of the parasite can be done via 
fundoscopic exam.

Diagnosis
Diagnosis of neurocysticercosis starts with a travel history, since 
patients who have not been to an endemic country are unlikely to 
have the disease. However, suspicion must remain high in patients 
who have ever traveled to endemic areas, even for brief periods of 
time, as disease course can be indolent and develop several years 
after initial infection. CT or MRI of the head confirm the diagno-
sis. Radiographic findings can vary, including cystic lesions, en-
hancing lesions and calcifications, and findings can demonstrate 
cysts in different stages. Pathognomonic findings include identifi-
cation of the scolex of the tapeworm within the cystic lesion. [will 
include representative image]. CT is more sensitive for identifying 
calcifications and ocular involvement, whereas MRI can help de-
tect smaller lesions and evaluate for degenerative change and ede-
ma.3,6 Serologic testing should be performed as confirmation, espe-
cially when CT/MRI are suggestive but not diagnostic. The 
serologic test of choice is enzyme-linked immunoelectrotransfer 
blot (EITB) using parasite glycoproteins performed on serum.6,7 
Sensitivity for serum testing is generally greater than cerebrospinal 
fluid testing, but is directly related to the number of lesions, and 
thus can be unreliable in single lesion cases. If clinical suspicion 
remains high despite equivocal findings using the diagnostic test-
ing above, brain biopsy can be performed to confirm a diagnosis. 

Treatment and Prognosis
Treatment of neurocysticercosis is focused both on treating the un-
derlying infection as well as the complications of the disease pro-

Image 12: MRI images depicting different findings indicating viable cyst, including brain calcifications (c), parenchymal cyst (d), basal 
subarachnoid cyst (e) and intraventricular cyst (f). Image courtesy of: Garcia HH, Nash TE, Del Brutto OH. Clinical symptoms, diag-
nosis, and treatment of neurocysticercosis. The Lancet Neurology. 2014 Dec 1;13(12):1202-15.
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cess.6 The order of the treatment employed largely depends on the 
severity of the clinical presentation. If a patient presents in status 
epilepticus or with severely increased intracranial pressure, mea-
sures for treating these life-threatening conditions outweigh initi-
ation of antiparasitics. Thus, evaluation of airway protection along 
with quick initiation of anti-epileptics or emergent external ven-
tricular drain placement take precedence, if needed. Furthermore, 
initiation of antiparasitic therapy can risk exacerbating severe 
neurologic symptoms due to increasing inflammatory response 
around the degenerating cysts, especially in patients with a large 
disease burden.

In treating less emergent complications, such as seizures and cere-
bral edema, first-line antiepileptic drugs (AED) are as effective in 
neurocysticercosis as in treating idiopathic epilepsy, and patients 
should remain on AED therapy for at least two years afterward 
to prevent recurrent seizures.2 As discussed before, a significant 
inflammatory response can be seen in neurocysticercosis, and 
subsequently corticosteroids are universally used. A trial of dexa-
methasone 0.2-0.4 mg/kg per day should be initiated. Therapy can 
hasten resolution of active cysts, diminish seizure risk, and reduce 
likelihood of recurrent hydrocephalus. Duration of steroids may 
differ depending upon disease burden and location, but will usual-
ly accompany at least the duration of anti-parasitic treatment. Prior 
to initiation of long-term steroids, serum testing for latent tubercu-
losis and strongyloides should be completed.

In terms of antiparasitic treatment, both albendazole and prazi-
quantel are cysticidal, resulting in eventual cyst resolution and cal-
cification. However, use of these agents should be in conjunction 
with an infectious disease specialist, as location and number of 
cysts can affect the efficacy of each drug. Antiparasitic treatment 
is usually delayed until steroids have been administered in order to 

prevent worsening inflammatory re-
sponse. Furthermore, a patient can 
have cysts in several different stages 
at the time of treatment, requiring a 
prolonged course until all cysts have 
resolved. Monotherapy can be used 
in patients with one to two cysts, 
with a typical regimen being alben-
dazole 15 mg/kg per day divided in 
two doses. For patients with greater 
than two cysts, treatment is most ef-
fective with albendazole in addition 
to praziquantel 50 mg/kg per day 
divided in three doses.2 Treatment 
duration is, at minimum, ten days. 
Follow up neuroimaging is usually 
conducted biannually until resolu-
tion of cysts are evident.4 If cystic 
lesions persist, additional therapy is 
warranted.

Neurosurgical intervention, includ-
ing neuroendoscopy, cyst removal 
and shunt placement, may offer 
the benefit of removing source of 
infection and reducing the length 
of antiparasitic and corticosteroid 
courses required. Obstructive hy-

drocephalus requires surgical intervention, as seen in our case, 
while communicating hydrocephalus may ultimately require a ven-
triculoperitoneal  shunt.6 

In terms of prognostication, intraparenchymal cysts tend to re-
spond better to the above therapies when compared to extraparen-
chymal cysts, with single cysts portending a better outcome than 
numerous cysts. Extraparenchymal neurocysticercosis has a worse 
prognosis, thought to be secondary to larger parasite loads and less 
restricted growth of individual cysts.3

Summary
In summary, although neurocysticercosis is not endemic to the 
United States, clinical suspicion for this disease process must re-
main high in patients with any travel history to endemic regions, 
especially immigrants, as the disease process can be chronic and 
subclinical, and with high morbidity and mortality. Emergent di-
agnosis and immediate treatment for complications is paramount, 
and these patients should be co-managed with infectious disease, 
neurology, and neurosurgery, as long-term treatment and follow 
up is needed. 
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tion.4Location and degenerating stage of cysts affect the timing and 
symptomology demonstrated, with newer developing cysts insti-
gating an intense inflammatory response, and older calcified cysts 
that may be asymptomatic with only intermittent flares of inflam-
mation.4 In general, intraparenchymal cysts are most commonly 
associated with focal seizures with secondary generalization and 
headache, less commonly with altered vision and focal neurologic 
deficits, and rarely, psychiatric symptoms.2,3 If a large number of 
parenchymal cysts are present, leading to a significant host inflam-
matory response, the patient may present with a clinical picture re-
sembling encephalitis. Because the onset of symptoms can be sub-
acute and subclinical, many cases are identified incidentally when 
neuroimaging is performed for other reasons in patients who are 
asymptomatic or who have less severe presentations of the disease.5

In contrast, extraparenchymal cysts, particularly cysts located in 
the intraventricular and subarachnoid spaces, are associated with 
symptoms of elevated intracranial pressure, such as headache, nau-
sea, vomiting, and visual disturbances due to a massive inflamma-
tory response or direct obstruction of cerebrospinal fluid flow, and 
may be accompanied by altered mental status. Mobile lesions in 
the third or fourth ventricle can cause intermittent obstruction de-
pending upon patient positioning, leading to episodic symptoms. 
Spinal cord lesions are exceedingly rare, and can cause radicular 
pain and sensimotor deficits.2,3 Lastly, ocular lesions can involve 
any portion of the globe and cause impaired vision, diplopia, and 
blindness. Ophthalmologic examination to rule out ocular involve-
ment is paramount prior to initiation of antiparasitic therapy as 
treatment can otherwise cause ocular inflammation and blindness 
if parasites are not surgically removed from the eye prior to sys-
temic therapy.6 Direct visualization of the parasite can be done via 
fundoscopic exam.

Diagnosis
Diagnosis of neurocysticercosis starts with a travel history, since 
patients who have not been to an endemic country are unlikely to 
have the disease. However, suspicion must remain high in patients 
who have ever traveled to endemic areas, even for brief periods of 
time, as disease course can be indolent and develop several years 
after initial infection. CT or MRI of the head confirm the diagno-
sis. Radiographic findings can vary, including cystic lesions, en-
hancing lesions and calcifications, and findings can demonstrate 
cysts in different stages. Pathognomonic findings include identifi-
cation of the scolex of the tapeworm within the cystic lesion. [will 
include representative image]. CT is more sensitive for identifying 
calcifications and ocular involvement, whereas MRI can help de-
tect smaller lesions and evaluate for degenerative change and ede-
ma.3,6 Serologic testing should be performed as confirmation, espe-
cially when CT/MRI are suggestive but not diagnostic. The 
serologic test of choice is enzyme-linked immunoelectrotransfer 
blot (EITB) using parasite glycoproteins performed on serum.6,7 
Sensitivity for serum testing is generally greater than cerebrospinal 
fluid testing, but is directly related to the number of lesions, and 
thus can be unreliable in single lesion cases. If clinical suspicion 
remains high despite equivocal findings using the diagnostic test-
ing above, brain biopsy can be performed to confirm a diagnosis. 

Treatment and Prognosis
Treatment of neurocysticercosis is focused both on treating the un-
derlying infection as well as the complications of the disease pro-

Image 12: MRI images depicting different findings indicating viable cyst, including brain calcifications (c), parenchymal cyst (d), basal 
subarachnoid cyst (e) and intraventricular cyst (f). Image courtesy of: Garcia HH, Nash TE, Del Brutto OH. Clinical symptoms, diag-
nosis, and treatment of neurocysticercosis. The Lancet Neurology. 2014 Dec 1;13(12):1202-15.
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A 55-year-old female presents to the emergency department with 
complaints of left-sided jaw pain and nausea for the past twenty 
minutes. She appears diaphoretic and in acute distress. While vi-
tal signs are being obtained, she becomes unresponsive and pulse-
less. Cardiac monitoring reveals a monomorphic, wide-complex 
tachycardia. The patient is defibrillated once with return of sponta-
neous circulation. A subsequent 12-lead electrocardiogram (ECG) 
demonstrates the following findings.

The “Shark Fin” sign seen here, also known as the “Giant R-wave,” 
is a unique phenomenon that occurs in the setting of acute myo-
cardial ischemia and infarction. As cited in a few experimental 
studies, the first manifestation of transmural myocardial isch-
emia is an increase in R-wave amplitude and disappearance of the 
S-wave thought to be caused by cellular shifts in ions and change in 
membrane action potentials due to injured myocytes.1,2 This then 
morphs into widening of the R-wave that causes eventual blunting 
between the elevated ST segment and growing R wave, and pro-
duces a monophasic concave structure that resembles a shark fin.1 
These findings are transient, found within the first several minutes 
after an acute myocardial insult, and have been documented to 
quickly evolve to the more conventional ECG presentations of ST 
elevation myocardial infarctions.1,3 Thus, these findings are often 
not seen due to delayed patient presentation. 
  

Clinically, when seen, the interpretation of this uncommon ECG 
finding in the critically ill can be mistaken for a myriad of other pa-
thologies, likely making the incidence of this phenomenon greater 
than that acknowledged in the literature. Due to the obscuring of 
the QRS and ST segments, the “Shark Fin” can be misdiagnosed as 
an arrhythmia, such as ventricular tachycardia; a conduction ab-
normality, such as left and right bundle branch block; an electrolyte 
derangement, such as hyperkalemia; or a toxicologic process, such 
as tricyclic antidepressant overdose.2 However, it is important to 
keep in mind that the “Shark Fin” sign is most prominent in the 
lead distribution correlating with the culprit artery, and oftentimes 
the remaining leads continue to maintain the clarity of their QRS-
ST segments.4,5 Thus, searching for the J-point in the unaffected 
segments can help differentiate between a widened QRS complex, 
as is common in the other pathologies listed above, from a blunted 
ST segment elevation, as characteristic of the “Shark Fin.”4,5

Although there is a paucity of literature on this topic, there are a 
few case reports demonstrating an association between ventricular 
tachydysrhythmias early in clinical course and patients found to 
have the “Shark Fin” sign.3,4 This may indicate that the increase in 
R-wave amplitude is related to the degree of myocardial ischemia 
occurring, with studies demonstrating this finding only in cases 
with severe transmural ischemia or a large area of myocardial tis-
sue at risk. Thus, the “Shark Fin” sign has been found to hold a 
poor prognosis, making it paramount for emergency physicians to 
recognize it quickly and to arrange for emergent reperfusion inter-
ventions for best patient outcome.
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ischemia and certain nonischemic conditions. Am J Cardiol. 1961;7(4):521-532. doi:10.1016/0002-9149(61)90510-0.
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3. Madias JE. The “giant R waves” ECG pattern of hyperacute phase of myocardial infarction: A case report. J Electrocardiol. 
1993;26(1):77-82. doi:10.1016/0022-0736(93)90068-O.
4. "Shark Fin": A Deadly ECG Sign that you Must Know! Dr. Smith's ECG Blog. http://hqmeded-ecg.blogspot.com/2018/06/shark-
fin-deadly-ecg-sign-that-you-must.html.
5. Giant R-waves. What are they? Dr. Smith's ECG Blog. http://hqmeded-ecg.blogspot.com/2015/07/giant-r-waves-what-are-they.
html.

Figure 4: ECG depicting "Shark Fin" sign in leads V2-V6. Courtesy of: "Shark Fin": A Deadly ECG 
Sign that you Must Know! Dr. Smith's ECG Blog. http://hqmeded-ecg.blogspot.com/2018/06/
shark-fin-deadly-ecg-sign-that-you-must.html.

Figure 5: Identification of J-point (arrow) in non-affected lead can assist in distinguishing be-
tween QRS wave and ST segments (lines). Adapted from Figure 4.

Shark Fin Sign: A STEMI Equivalent


