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COVID-19-related myocarditis post-heart transplantation
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A B S T R A C T

This report describes the first heart transplantation recipient with acute biventricular heart failure
symptoms caused by a post-myocarditis state, late after a severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) infection. No other viral pathogens could be detected. Computed tomography
angiography did not show cardiac allograft vasculopathy, and myocardial biopsy demonstrated no
clinically relevant rejection. Subsequent cardiovascular magnetic resonance imaging revealed extensive
epicardial delayed enhancement without myocardial edema. Heart failure medication was initiated and
an implantable cardioverter defibrillator was implanted (due to non-sustained ventricular tachycardias),
leading to a partial recovery of the ejection fraction. Further studies are needed to investigate the number
of heart transplant recipients with myocardial damage after a SARS-CoV-2 infection.
© 2021 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.

This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Introduction

The coronavirus disease 2019 (COVID-19) pandemic continues,
with 122.5 million cases and over 2.7 million deaths reported by
the World Health Organization (WHO) on March 23, 2021 (World
Health Organisation (WHO, 2021). The virus has a greater impact
on immunocompromised patients such as cancer patients (Belsky
et al., 2021; Jindal et al., 2020), stem cell transplant patients (Belsky
et al., 2021; Sahu et al., 2020), HIV patients (Patel et al., 2021), and
solid organ transplant recipients (Belsky et al., 2021), including
heart transplant patients (Marcondes-Braga et al., 2021). A case of
COVID-19-related post-myocarditis state on magnetic resonance
imaging (MRI), occurring late after initial infection in a heart
transplant recipient, is reported.

Case report

A 50-year-old patient, six years post-heart transplantation (due
to dilated cardiomyopathy), who was scheduled for an annual

check-up in March 2020, called the outpatient clinic with
complaints of fever (38.5 �C), dyspnea, and malaise. The patient
was seen in the emergency room and was admitted with
desaturation (92%) and bilateral crepitations in the basal lung
fields. Chest computed tomography (CT) demonstrated lung
abnormalities with a high suspicion (CO-RADS 5) (Prokop et al.,
2020) for a severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) infection (severity score 15). A nasopharyngeal swab
tested positive for SARS-CoV-2 RNA by real-time polymerase chain
reaction (RT-PCR). Mycophenolate mofetil was temporarily
stopped and the patient’s prednisone dosage was increased, while
tacrolimus was continued. Furthermore, the patient received
chloroquine: a 600 mg loading dosage and 300 mg 12 h later,
followed by 300 mg chloroquine twice daily with a total treatment
duration of five days. No intubation was necessary during the
admission, however supplemental oxygen was administered
(maximum of five liters). The patient was discharged after six days.

In June, the patient had a delayed annual heart transplantation
check-up. Blood results demonstrated positive serology for SARS-
CoV-2 (Wantai SARS-CoV-2 Ab ELISA and Wantai SARS-CoV-2 IgM
ELISA) and a slightly elevated N-terminal prohormone of brain
natriuretic peptide (NT-proBNP) of 113 pmol/l compared to 26
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pmol/l the year before. Transthoracic echocardiography demon-
strated normal left and right ventricular function, with an E:E0 that
increased from 9 to 15 and no valvular abnormalities. Coronary CT
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isplayed an Agatston calcium score of 0 and a small eccentric
laque in the proximal left anterior descending artery, without
ignificant stenoses. No persistent abnormalities were seen in the
ung.

The patient’s mycophenolate mofetil dosage was increased and
 follow-up of NT-proBNP was planned. However, within six
eeks, the patient presented with acute symptoms of cardiac
ecompensation with an NT-proBNP of 212 pmol/l, which
ncreased to 519 pmol/l in two days, and a high-sensitivity
roponin of 55 ng/l. Transthoracic echocardiography demonstrated
iventricular failure and congestion. As rejection was suspected,
ethylprednisolone 1 g once daily was administered for three
onsecutive days, as were intravenous diuretics. A biopsy
emonstrated focal subendocardial fibrosis and no signs of
linically relevant rejection (International Society for Heart and
ung Transplantation grade 1R; Supplementary Material Figure
1). Donor-specific antibodies (DSAs) were determined, which
ame back negative.
As the cause of the sudden biventricular failure was unknown,

ardiovascular magnetic resonance imaging (CMR) was performed,
hich showed a left ventricular ejection fraction (LVEF) of 22% and

 right ventricular ejection fraction of 35%. Late gadolinium
nhancement (LGE) images showed a pattern of extensive
ubepicardial enhancement and several midwall to subepicardial
pots of enhancement of the left ventricle (Figure 1, Supplemental
aterial Video S1 and S2). Myocardial edema was absent on T2-
eighted images and T2 mapping. Furthermore, the native septal
1 value and extracellular volume were normal, indicating no
cute rejection (Vermes et al., 2018). The images did not match
ith abnormalities seen in stress cardiomyopathy (Eitel et al.,
011). The CMR findings were most likely the result of a post-
yocarditis state without signs of active myocarditis based on the
odified Lake Louis criteria (Ferreira et al., 2018).
Subsequently, a viral myocarditis work-up was initiated on

lood (antibody testing, antigen testing, and/or PCR): tests were
egative for HIV, hepatitis B virus, hepatitis C virus, hepatitis E
irus, and cytomegalovirus. No evidence was found for a recent
nfection with parechovirus, Parvovirus B19, human herpes virus
ype 6, Epstein–Barr virus, varicella zoster virus, adenovirus, or
nterovirus. PCR on plasma and heart biopsy tested negative for
ARS-CoV-2 RNA by RT-PCR. Considering the recent documented
ARS-CoV-2 infection, the lack of acute rejection or signs of
oronary pathology, and CMR findings, a COVID-19-related post-
yocarditis state was suspected as the final diagnosis.
The patient was initiated on heart failure medication, and an

mplantable cardioverter-defibrillator was implanted due to non-
ustained ventricular tachycardias. At discharge, the NT-proBNP
ad dropped to 49 pmol/l. Two months after discharge, the ejection
raction had partially recovered (LVEF 46%).

Discussion

The first report on heart transplantation patients and COVID-19
originated from China (Wuhan) and described a cohort at the
beginning of the pandemic. During this period, no patient had
tested positive for SARS-CoV-2 (Ren et al., 2020). However, after
this first publication, several single-center studies were published
on solid organ transplant recipients in general and specifically
heart transplantation patients with COVID-19 (Hoek et al., 2020;
Iacovoni et al., 2020; Singhvi et al., 2020). These reports
demonstrated a wide range of infection severity, from asymptom-
atic to ventilator support and even vasopressor support, and
varying clinical outcomes. Even a heart transplant recipient
needing re-transplantation was reported (Soquet et al., 2020).
These findings demonstrate that the follow-up of patients who
develop symptoms related to COVID-19 is essential. In a recent
Spanish study, acute heart failure was diagnosed in 2.1% of the
patients with a SARS-CoV-2 infection without a previous history of
chronic heart failure (Rey et al., 2020). The authors argued that due
to the restrictive use of non-invasive imaging, this percentage
could be an underestimation. Unfortunately, no additional imaging
was performed to determine the cause of the acute heart failure
due to a lack of resources (Rey et al., 2020). Furthermore, another
recently published case report demonstrated a patient with
myocarditis late after COVID-19 (Nicol et al., 2020). These findings
emphasize the need for close monitoring of cardiac function in the
follow-up of patients who have been suffering from SARS-CoV-2.

Recently, a case report was published on a pediatric heart
transplant patient who recovered from a SARS-CoV-2 infection but
developed de novo DSAs afterwards (Russell et al., 2020). Although
this was a single case, treating physicians should always think of
acute rejection due to de novo DSAs when a patient has impaired
cardiac function. In another study from Brazil that looked at long-
term outcomes in heart transplantation patients, the mortality rate
was 27.5%; an acute rejection period was seen in 10% and an
impaired left ventricular function with unknown cause in 12.5% of
patients (Marcondes-Braga et al., 2021). We believe additional
imaging should be performed when a clinically significant
rejection cannot be proven in a heart transplantation patient with
impaired heart function post-SARS-CoV-2 infection, preferably
CMR to clarify the cause of the left ventricular dysfunction.

Another study demonstrated a wide range of abnormalities on
CMR after a SARS-CoV-2 infection in an unselected and relatively
low cardiovascular risk patient population (Puntmann et al., 2020).
CMR revealed cardiac involvement in 78 of the 100 patients and
even ongoing myocardial inflammation in 60 patients, after
resolution of the infection (Puntmann et al., 2020). These
abnormalities were independent of the severity of the infection.
Endomyocardial biopsies were performed in three patients with
igure 1. End-diastolic four chamber cine image (A) and four chamber (B) and mid-ventricle short axis (C) late gadolinium enhancement images showing a pattern of
xtensive subepicardial enhancement (white arrow heads) and several midwall to subepicardial spots of enhancement in the left ventricle (orange arrow heads) consistent
ith a post-myocarditis state.
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severe abnormalities. None of the biopsies detected viral genome,
as was the case in our patient (Puntmann et al., 2020). In another
study, 26 competitive athletes who had a SARS-CoV-2 infection
with no or only mild symptoms had a CMR after quarantine (Rajpal
et al., 2021). Of these low-risk patients, four (15%) had signs of
myocarditis, confirming that even in these athletes, a relatively
large group suffers from myocardial damage (Rajpal et al., 2021).
Given the fact that a significant number of these athletes
demonstrated abnormalities on CMR, we believe that heart
transplant recipients who have suffered from COVID-19 should
undergo cardiac evaluation. As a minimum, patients who present
with a decrease in cardiac function, pericardial effusion, or raised
troponins should have a CMR to determine post-COVID-19
damage.

In conclusion, heart transplantation patients who develop
dysfunction of the allograft after a SARS-CoV-2 infection should be
screened for acute rejection, DSAs, and cardiac allograft vascul-
opathy. However, if no substrate for the allograft dysfunction is
found, additional testing with CMR should be performed to look for
myocardial damage due to SARS-CoV-2-related myocarditis.
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