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Pathological Substratum for a Case of Fulminant Myocarditis
Treated with Extracorporeal Membrane Oxygenation and
Subsequent Heart Transplantation

In Ae Kim," Hyun Suk Yang,?
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Fulminant myocarditis has been defined as the clinical manifestation of cardiac
inflammation with rapid-onset heart failure and cardiogenic shock. We report on the case

of a 23-yr-old woman with pathology-proven fulminant lymphocytic myocarditis
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presenting shock with elevated cardiac troponin | and ST segments in Vi, following
sustained ventricular tachycardia and a complete atrioventricular block. About 55 min of
intensive cardio-pulmonary resuscitation, with extracorporeal membrane oxygenation
support, bridged the patient to orthotopic heart transplantation. The explanted heart
revealed diffuse lymphocytic infiltration and myocyte necrosis in all four cardiac chamber
walls. Aggressive mechanical circulatory support may be an essential bridge for recovery or

even transplantation in patients with fulminant myocarditis with shock.
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INTRODUCTION

The clinical manifestations of acute myocarditis vary from as-
ymptomatic changes in an electrocardiogram to fulminant heart
failure with life-threatening arrhythmia. Fulminant myocarditis
may be considered a kind of acute myocarditis due to various
causes and pathogenic processes. Because the diagnosis is nei-
ther etiological nor histopathological, the clinical manifestations
of cardiac inflammation with acute heart failure and severe he-
modynamic compromise have been diagnostic keys. Not only
medical treatment of heart failure or arrhythmia but also he-
modynamic support with extracorporeal membrane oxygen-
ation (ECMO), intraaortic balloon pumps, or ventricular assist
devices (VAD), have been reported as beneficial bridges to re-
covery (1-3). The long-term outcome of children with fulminant
lymphocytic myocarditis seems good if they can be supported
through the acute phase, though some require transplantation
(3, 4). We report on a fulminant myocarditis patient presenting
shock mimicking acute coronary syndrome, finally bridging to
orthotopic heart transplantation; the pathological substratum
revealed diffuse lymphocytic infiltration and myocyte necrosis
in the all four cardiac chambers.
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CASE DESCRIPTION

A 23-yr-old woman with no prior medical history was transferr-
ed to our emergency department in shock on December 9th
2013. Three days earlier she had a feeling of having a common
cold, general weakness, and epigastric discomfort; immediately
before presentation, a sudden dyspnea developed after intrave-
nous fluid therapy on the suspicion of gastroenteritis in the lo-
cal clinic. At the time of presentation, her blood pressure was
61/40 mmHg, heart rate 50 beats per minute, respiratory rate 20
breaths per minute, and body temperature 36.9°C. She looked
acutely ll, and there were inspiratory crackles and coarse breath-
ing sounds in the whole lung field.

The initial electrocardiogram showed a 2:1 atrioventricular
block with ST segment elevation at Vi, (Fig. 1A). Her chest X-
ray showed pulmonary edema. Laboratory data was significant
for elevated cardiac troponin I at 10 ng/mL, BNP at 459 pg/mL,
creatinine at 2.33 mg/dL, and AST/ALT at 1,440/1,174 IU/L. Sub-
sequent emergency coronary angiography revealed normal
coronary arteries. The portable echocardiogram showed global
hypokinesis with a left ventricular (LV) ejection fraction of 15%
(LV end-diastolic dimension of 47 mm, end-systolic dimension
of 44 mm, and wall thickness of 8-9 mm). Under the clinical di-
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Fig. 1. Electrocardiograms before the orthotopic heart transplantation. (A) In the emergency room there was a 2:1 atrioventricular block with an elevated ST-T segments at V-
and reciprocal ST depression in leads II, lll, aVF, and V... (B) Before the ECMO support, there was sustained ventricular tachycardia. (C, D) At hospital days 3 and 4, there was a

complete atrioventricular block with a progress of low voltage R waves.

agnosis of acute fulminant myocarditis she was admitted to the
medical intensive care unit.

Intravenous positive inotropes (dopamine, dobutamine) and
amiodarone were applied due to hemodynamic instability and
ongoing sustained ventricular tachycardia (Fig. 1B). Her blood
pressure was 75/53 mmHg. She was conscious and tachypneic,
with an oxygen saturation of 88% despite the oxygen face mask
with reservoir bag and a 10 L/min flow rate. Due to the severe
pulmonary edema with failure to oxygenate, subsequent rapid-
sequence endotracheal intubation and mechanical ventilatory
care were planned. Early after administration of weight-based
doses of an etomidate and endotracheal intubation, there was
a prolonged cardiac arrest and intensive cardio-pulmonary re-
suscitation (CPR) (total 55 min) with immediate veno-arterial
ECMO support leading to successful resuscitation. Laboratory
data for polymerase chain reaction (PCR) was negative in cyto-
megalovirus (CMV) IgM, Epstein-Barr virus (EBV) VCA or EA
IgM, Adenovirus PCR, Influenza A or B virus PCR, Parvovirus
B19 PCR, etc.

On the 4th day of ECMO support, the patient was alert enough
to recognize her family members and obey simple commands,
but the arterial pulsation curve completely disappeared. An-
other echocardiogram showed an increase of LV cavity dimen-
sions without any effective contraction, with severe spontane-
ous echo-contrast in the LV cavity, and borderline thickened LV
walls (11 mm). It also presented a lower voltage with a persis-
tent complete atrioventricular block (Fig. 1C, D). Laboratory
data revealed elevated cardiac troponin I (> 22.78 ng/mL), CK-
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MB at 38.7 ng/mL, and AST/ALT at 1,596/967 IU/L, with a pro-
gressive thrombocytopenia despite platelet transfusions. The
patient was registered as an orthotopic heart transplantation
candidate with blood type B+ and KONOS status 0.

On the 5th day of ECMO, she successfully underwent ortho-
topic heart transplantation. A gross examination of the explant-
ed heart showed multiple petechiae or bruises on the epicardi-
um and necrotic spots on the endocardium (Fig. 2). Histologic
findings reveal numerous foci of lymphocytic inflammatory cells
and necrotic myocytes in the atrial and ventricular walls which
were compatible with fulminant lymphocytic myocarditis of
Dallas criteria (5) (Fig. 3). The left ventricular wall showed focal
caseous necrosis and hemorrhage. There was a mild degree of
endomyocardial fibroelastosis and myocardial interstitial fibro-
sis but no evidence of ischemic damage. To find the pathogen,
PCR and immunohistochemical stain analysis were performed.
PCR for CMV DNA, EBV, Pneumocystis jirovecii, and Herpes sim-
plex virus type 1 and 2 DNA as well as the immunohistochemi-
cal strain of CMV, EBV, Adenovirus, BK virus, and Prneumocystis
Jjirovecii, were all negative.

The immediate after-transplantation period was complicated
with acute renal failure and pneumonia requiring intermittent
hemodialysis or continuous renal replacement therapy and in-
travenous antibiotics. ECMO weaning was successful on post-
operative day 2. The acute renal failure was completely resolved
after a few weeks. The routine one year following work-up re-
vealed no evidence of acute cellular rejection (Grade 0 R, AMR
0) and normal LV systolic function.
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Fig. 2. Gross findings of the explant heart. The heart measured 10.2 x 7.8 x 7.2 ¢cm, and weighed 236 grams. (A) On inspection, the external surface shows multiple petechia-
like lesions (black arrows). (B) A longitudinal cut section of the left ventricle (LV) endocardium reveals multiple erythematous and dark hemorrhagic spots (white asterisk). (C)
The right ventricle (RV) endocardium shows a bright brown and relatively homogeneous appearance. (D) An axial cut section of both ventricles shows multifocal areas of mot-
tling (empty arrowheads).

DISCUSSION

Fulminant myocarditis is a rare clinical syndrome of all types of
myocarditis, presenting acute heart failure and severe hemody-
namic compromise requiring pharmacological or mechanical
support. The prevalence was reported as 11% in biopsy-proven
myocarditis (6), with a higher incidence in children or young
adults (7) who were previously healthy.

With an abrupt circulatory collapse there is a rapid diagnos-
tic challenge for fulminant myocarditis. In this case, in the set-
ting of cardiogenic shock with high cardiac troponin I and ST
segment elevation, acute myocardial infarction should be ruled
out. Among the cardiac imaging studies, portable echocardiog-
raphy seems essential to evaluate initial suspicions of fulminant
myocarditis; other modalities such as cardiac MRI can be more
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promising in principle to evaluate an inflamed myocardium (8)
but are often limited in real clinical practice due to the patients’
hemodynamic instability or the requirement for mechanical
support devices. Portable echocardiography is also helpful to
give an immediate report of the myocardial functional recovery
status (the LV dimension and function), to detect complications
(thrombus, pericardial effusion), and to understand flow he-
modynamics (aortic regurgitation, or formation of mixing cloud
along the aorta), especially in patients with ECMO support.

The underlying etiologies of the acute fulminant myocardial
inflammatory process are various - viral, bacterial, toxic, or even
autoreactive. The prevalence of cardiotropic viruses in endo-
myocardial biopsies in inflammatory myocarditis also varies
widely: enterovirus in 3% to 53%, CMV DNA in 3% to 40%, and
adenoviruses in 3% to 23% of the patients (9). It is important to
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Fig. 3. Histologic findings of the explant heart. (A) Left ventricle, (B) Right ventricle, (C) Left atrium, and (D) Right atrium. Both atrial and ventricular walls show fulminant lym-
phocytic myocarditis. There are no giant cells or evidence for vasculitis or granulomas (H&E stain x 200).

have histopathologic findings to treat rare but specific cases of
fulminant myocarditis, such as giant cell myocarditis, cardiac
sarcoidosis, or eosinophilic heart disease (10). In this case, an
initial endomyocardial biopsy was missing due to prolonged
CPR and ECMO support; however, a blood test with PCR and
all ancillary studies from the explanted heart failed to reveal any
specific etiology or pathogen. Hence, the treatment strategies
could not have been pathogen-specific, being based instead on
aggressive heart failure and anti-arrhythmic management with
early utilization of mechanical circulatory support.

Favorable outcomes have been reported using either ECMO
or VAD (LV or Biventricular) (1-3, 11, 12). The generically best
option is not clear, but if the duration is shorter, ECMO may be
better since it is easier to wean the patient off of it; for a longer
period, biventricular VAD seems reasonable. In Korea, a VAD is
not typically available, resulting in a default choice for ECMO.
In one registry of 514 pediatric patients with myocarditis, ECMO
was applied in 18.9%, VAD in 4.3%, both ECMO and VAD in 2.9%,
and heart transplantation in 4.1% (4).
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The optimal criteria for heart transplantation in patients with
fulminant myocarditis on ECMO are not universally agreed upon.
Although results of ECMO are excellent (2, 3), prolonged sup-
port is associated with significant morbidity such as peripheral
vascular, hemolytic, or thromboembolic complications. The bri-
dge to transplantation is crossed if there is not sufficient myo-
cardial functional recovery within the limited, tolerable ECMO
period. Fulminant myocarditis, although a serious illness, may
be more likely to lead to full recovery than other types of acute
myocarditis (6), often within 2 weeks (13), and recurrent myo-
carditis has also been reported in the transplanted heart (14).
We authors think heart transplantation should be the very last
option for patients who fail to recover despite mechanical sup-
port.

Deciding that there is no hope for myocardial recovery with
impending clinical death and so deciding to replace the heart is
still clinically challenging, especially in oriental cultures with a
relative lack of heart transplantation donors. In particular, if the
decision is too late, it may take too long to have the next avail-
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able cardiac donor - weeks to months. In this case, there was
no critical hemolytic or thromboembolic complication, but the
daily troponin I level was not decreased and there was progres-
sive thrombocytopenia despite several transfusions. Although
not conclusive, the electrocardiographic changes were signifi-
cant, from sustained ventricular tachycardia to a complete atrio-
ventricular block, and the loss of the R-wave which may reflect
a lack of myocardial recovery (15). The daily echocardiograms
revealed no contractile improvement of the LV myocardium.
All these led to a subsequent bridge to orthotopic heart trans-
plantation.

In addition to ECMO support, we considered other proce-
dures such as cardiac decompression via additional LV cannu-
lation or atrial septostomy (16). Even though her non-contrac-
tile LV cavity stepwise increased with profound spontaneous
echo-contrast, the actual measured LV dimension was still in
the normal range - the stasis seemed to arise mainly from alack
of LV movement rather than significantly elevated end-diastolic
pressure. After watching very closely, we ultimately decided not
to use additional venting.

To our knowledge this is the first case to show the gross patho-
logic features of both ventricles in fulminant lymphocytic myo-
carditis. It was fascinating to see the diseased heart in vitro and
to do the PCR and immunohistochemical stain to find patho-
gens in the heart. The size and weight of the explanted heart
was normal in an ethnic context (17). The external surface pete-
chiae-like lesions might have come from the prolonged CPR.
On gross inspection, endomyocardial mottled changes were
more prominent in the left than the right ventricle, but the mi-
croscopic evaluation of the right ventricular wall revealed nu-
merous lymphocytic infiltrations. The right heart involvement
in myocarditis is reported at over 70% (13). All four cardiac cham-
ber walls showed lymphocytic infiltration and myocyte necro-
sis fitting the Dallas histopathological criteria (5) of fulminant
myocarditis.

In summary, fulminant myocarditis is well known but still
involves both diagnostic and therapeutic challenges, the condi-
tion sometimes leads suddenly to a critical circulatory collapse
that requires immediate, aggressive, and prolonged mechani-
cal-device support to bridge to recovery, or even to transplanta-
tion. The physician needs to ensure the spontaneous availabili-
ty of that support for such patients.
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