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CASE BACKGROUND

A 2-year-old African American boy presented to the hospital
after experiencing increasing respiratory distress and a febrile ill-
ness with nausea and vomiting for approximately 1 week before
presentation. His medical history was pertinent for asthma. The
patient died shortly after being arriving at the hospital and was
sent for autopsy.

The decedent measured greater than 99th percentile for both
height and weight (39.5 in., 49 Ibs). External examination was un-
remarkable other than an umbilical hernia. Upon internal exami-
nation, the heart weighed 100 g (expected weight 56 g') and
was opened along the flow of blood revealing a dark maroon dis-
coloration of the myocardium, especially along the interventricu-
lar septum of the left ventricle (Fig. 1). The chambers of the heart
did not appear dilated. The liver was enlarged at 630 g (expected
weight, 394 g'). The gastric mucosa had multiple, small, well-
demarcated areas of thinning without erythematous edges
(Fig. 2). The brain mass was 1390 g (expected, 1064 g').

Microscopic examination of the heart was notable for diffuse
lymphocytic infiltrate, as well as foci of myocytolysis with
lymphohistiocytic infiltrate. Karyorrhectic debris were also pres-
ent (Figs. 3A-B). Sections of the right lung revealed focal mucus
plugging of terminal bronchioles in the lower lung with associated
atelectasis. No significant inflammatory infiltrate was seen
throughout sections of both lungs. Sections of the stomach re-
vealed areas of focal mucosal ulceration consistent with ischemic
damage (Figs. 4A—C).

The cause of the child's death was certified as lymphocytic
myocarditis likely viral in origin. Additional molecular testing
was performed on formalin-fixed heart tissue for severe acute re-
spiratory syndrome-coronavirus 2 (SARS-CoV-2) testing and
found to be negative (the polymerase chain reaction [PCR]-based
testing method on formalin fixed tissue was approved for research
purposes only). Fresh-frozen brain and liver tissue, blood in ethyl-
enediaminetetraacetic acid tube, and formalin-fixed heart tissue
were also submitted for a full PCR-based viral panel and found
to be negative for adenoviruses, cytomegalovirus, EBV, enterovi-
rus, influenza A virus, mumps virus, parvovirus, rubella, and
RSV, This testing if positive would have been an indirect evidence
of infection, but the optimal specimen, fresh-frozen heart tissue,
was not available. The negative viral panel does not exclude a
likely viral pathogen in this case.
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DISCUSSION

Myocarditis is an inflammatory disease of the myocardium
that is an established cause of sudden death for both adult and pe-
diatric populations alike. The clinical presentation of myocarditis
varies drastically from asymptomatic to cardiogenic shock and
sudden death. Myocarditis can present as nonspecific symptoms,
such as shortness of breath, nausea/vomiting, and tachycardia, but
it can also mimic acute coronary syndrome.? The clinical out-
comes for myocarditis are also broad: a portion of patients have
a full recovery, some require circulatory support or cardiac trans-
plantation, and some develop long term sequelae such a dilated
cardiomyopathy. The most common causes of death due to myo-
carditis are heart failure and dysrhythmia.

Because of the heterogeneous nature of myocarditis, diagno-
sis can prove difficult and the true incidence of the disease is likely
to be higher than reported cases. The rate of histologically proven
myocarditis in 1516 pediatric cases sent to autopsy over 10 years
was higher at 2%; this cohort of patients also had a sudden death
rate of 57%. Given that the clinical presentations of myocar-
ditis are heterogeneous and often overlap with other cardiac
diseases, this type of case is quite challenging for both the fo-
rensic pathologist and the clinician. Outside of autopsy, the cri-
terion standard for clinical diagnosis of myocarditis is the
endomyocardial biopsy (EMB). The diagnostic power of EMB
has been strengthened by using PCR in the detection of viral ge-
nomes within biopsy samples.*

FIGURE 1. Mottling of septum.
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FIGURE 2. Gastric wall with well-demarcated thinning of the mucosa.

The most common etiology of myocarditis in the United
States is viral infection. Commonly identified viruses implicated
are enteroviruses (specifically Coxsackie B serotype), parvovirus
B19, human herpesvirus 6, and adenovirus. In total, approxi-
mately 20 different cardiotropic viruses have been associated with
myocarditis.* Other etiologies of myocarditis include bacterial in-
fection, drug-induced hypersensitivity or toxicity, and autoim-
mune forms. Since late 2019, the SARS-CoV-2 has spread world-
wide, and although most manifestations of the infection are respi-

ratory in nature, a number of case series have been associated with
severe cardiac sequalae as well. Numerous case reports have de-
scribed clinical presentations of acute myocarditis in association
with COVID-19.>" Unfortunately, few of the current case reports
on COVID-19-related myocarditis have histological confirma-
tion. According to a Journal of American College of Cardiology
review in January 2021, EMB was performed in 9 cases of
COVID-19-positive patients, 2 of which met diagnostic criteria
for myocarditis; all 9 cases lacked evidence of SARS-CoV-2
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FIGURE 3. A, Diffuse myocardial lymphocytic infiltrate and myocyte necrosis (20x; hematoxylin and eosin stain). B, Diffuse myocardial
lymphocytic infiltrate and myocyte necrosis (40x, hematoxylin and eosin stain).
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FIGURE 4. A, Gastric mucosal ulceration (4 x; hematoxylin and eosin stain). B, Gastric mucosal ulceration (4x; hematoxylin and eosin stain).

C, Gastric mucosal ulceration (4x; hematoxylin and eosin stain).

within cardiomyocytes.” In a systematic review performed in
September 2020 analyzing cardiac autopsy findings of COVID-
19—positive decedents, few cases revealed myocarditis upon post-
mortem examination.'® The majority of cardiac pathology in-
cluded cardiac dilatation, ischemia, or thrombosis, whereas only
1.5% of cases demonstrated myocarditis.'®

This case highlights a spectacular example of lymphocytic
myocarditis with associated ischemic gastric ulcers, which have
not been described in the literature and occur because of severe
myocardial dysfunction and resultant cardiogenic shock. A de-
crease in myocardial contractility leads to diminished cardiac out-
put and subsequent poor perfusion of peripheral tissues. In an at-
tempt to compensate for the decreased circulation, peripheral vaso-
constriction transiently improves cardiac function and increases
stroke volume until the burgeoning afterload overwhelms the dam-
aged myocardial tissue resulting in end-organ damage and ische-
mia. Ischemic changes disproportionately affect the gastrointestinal
system due to prioritization of systemic over mesenteric circulation.
The gastric tissue is further subjected to damage mediated by gastric
acid following the compromise of the gastric mucosa. This results
in mucosal necrosis/ulceration and loss of glandular architecture,
with severe ischemic damage extending into the lamina propria
and beyond.!! This case effectively illustrates the pathophysiology
of gastric ischemic ulceration secondary to myocarditis-induced
cardiogenic shock, as well as the diagnostic challenges in a clini-
cally diverse disease process, such as myocarditis, especially in
the unprecedented setting of the 2019 SARS-CoV-2 epidemic.
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