
Successful heart transplantation for COVID-19-
associated post-infectious fulminant myocarditis

Baptiste Gaudriot1* , Alexandre Mansour1,2, Vincent Thibault2,3, Mathieu Lederlin2,4, Aurélie Cauchois5,
Bernard Lelong7, James T. Ross6, Guillaume Leurent7, Jean-Marc Tadié2,8, Matthieu Revest2,8,
Jean-Philippe Verhoye2,9, Erwan Flecher2,9 and Nicolas Nesseler1,10,11

1Department of Anesthesia and Critical Care, University Hospital of Rennes, Rennes, F-35000, France; 2Univ Rennes, CHU de Rennes, Rennes, France; 3Department of
Virology, University Hospital of Rennes, Rennes, France; 4Department of Radiology, University Hospital of Rennes, Rennes, France; 5Department of Pathology, University
Hospital of Rennes, Rennes, France; 6Department of Surgery, University of California, San Francisco, CA, USA; 7Department of Cardiology, University Hospital of Rennes,
Rennes, France; 8Infectious Diseases and Intensive Care Unit, University Hospital of Rennes, Rennes, France; 9Thoracic and Cardiovascular Surgery, University Hospital of
Rennes, University of Rennes 1, LTSI, National Institute of Health and Medical Research U1099, Rennes, France; 10Univ Rennes, CHU de Rennes, Inra, Inserm, Institut
NUMECAN – UMR_A 1341, UMR_S 1241, Rennes, France; and 11Univ Rennes, CHU Rennes, Inserm, CIC 1414 (Centre d’Investigation Clinique de Rennes), Rennes, France

Abstract

Various clinical presentations of the 2019 coronavirus disease (COVID-19) have been described, including post-infectious acute
and fulminant myocarditis. Here, we describe the case of a young patient admitted for COVID-19-associated post-infectious
fulminant myocarditis. Despite optimal pharmacologic management, haemodynamic status worsened requiring support by
veno-arterial extracorporeal membrane oxygenation. Emergent heart transplantation was required at Day 11 given the
absence of cardiac function improvement. The diagnosis of post-infectious COVID-19-associated myocarditis was made from
both pathologic examination of the explanted heart and positive SARS-CoV-2 serology.

Keywords Fulminant myocarditis; COVID-19; Cardiogenic shock; Extracorporeal membrane oxygenation; Heart transplantation

Received: 8 February 2021; Revised: 12 March 2021; Accepted: 19 March 2021
*Correspondence to: Baptiste Gaudriot, MD, Service d’Anesthésie-Réanimation CTCV, Centre Cardio-Pneumologique, Hôpital Pontchaillou, 2 rue Henri Le Guilloux, 35033
Rennes Cedex 9, France. Email: baptiste.gaudriot@chu-rennes.fr

Introduction

Various clinical presentations of the 2019 coronavirus disease
(COVID-19) have recently been described, including
post-infectious acute and fulminant myocarditis.1–4

Here, we describe the clinical presentation and management
of a young patient admitted for COVID-19-associated post-
infectious fulminant myocarditis, which ultimately led to a
successful heart transplantation.

Case report

A 38-year-old man presented to a primary hospital on 27
April 2020, with a 2 day history of chest pain and vomiting.
Initial evaluation revealed an isolated sinus tachycardia
(130 b.p.m.) without hypotension, respiratory symptoms, or
fever. The electrocardiogram demonstrated an inferior and

lateral QS aspect, with incomplete right bundle branch block.
Initial laboratory workup revealed an elevated C-reactive pro-
tein (60 mg/L) and high-sensitivity cardiac troponin T
(1600 pg/mL > 14 pg/mL). A loading dose of aspirin and
fondaparinux was administered before admission to cardio-
logic department for suspicion of acute coronary syndrome.

The patient was native from Democratic Republic of the
Congo and had been living in France for 10 years. He had
no medical history, but prior laboratory testing suggested
chronic lymphopaenia, which had not been worked up. He
was a non-smoker. Anamnesis revealed a close contact to a
COVID-19 case during a travel in Spain 5 weeks before his ad-
mission. The patient then developed fever, shortness of
breath, and vomiting 4 weeks before his admission, which
had resolved without treatment.

Upon admission, further workup revealed acute kidney
injury (serum creatinine 130 μmol/L), a 10-fold increase in se-
rum transaminases level, and serum ferritin at 6200 μg/L.
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Troponin level increased to 2600 pg/mL with N-terminal pro-
brain natriuretic peptide at 10 500 pg/mL (>300 pg/mL).
Transthoracic echocardiography demonstrated a biventricular
infiltrative myocardial hypertrophy, associated with a circum-
ferential non-compressive pericardial effusion and a restric-
tive mitral inflow profile. There was no systolic dysfunction,
and the patient’s blood pressure remained stable. No
coronary angiography was performed. SARS-CoV-2 reverse
transcriptase polymerase chain reaction (RT-PCR) performed
in nasopharyngeal swab was negative.

Over the first 24 h, the patient became hypotensive and
hypoxaemic (nasal cannula, oxygen 4 L/min) with clinical
signs of pulmonary oedema. Arterial blood gases showed
moderate hypoxaemia (PO2 62 mmHg) and metabolic
acidosis (bicarbonate 20 mmol/L) with hyperlactataemia
(4.3 mmol/L). Chest computed tomography angiography
(Figure 1) revealed a heterogeneous enhancement and thick-
ening of the myocardium, pericardial effusion, bilateral
ground glass opacities, posterior consolidations, septal lines,
and a moderate right pleural effusion. No evidence of pulmo-
nary embolism was found. A second transthoracic
echocardiography demonstrated an enlarged pericardial
effusion with evidence of cardiac tamponade. Emergency

pericardiocentesis with removal of 300 mL of serosanguinous
exudative fluid allowed clinical and biological improvement
with normalization of liver function and lactataemia.

Over the next 48 h, clinical and biological status worsened
due to a rapidly progressive biventricular hypokinetic
non-dilated cardiomyopathy. Left ventricular ejection fraction
was 40% at Day 2 and 25% at Day 3, with major myocardial
oedema and increased wall thickness. We were therefore
facing a fulminant myopericarditis, with an increasing oxygen
requirement and low cardiac output leading to kidney and
liver dysfunction.

Cardiac magnetic resonance (CMR) imaging was per-
formed despite patient’s tachycardia and inability to hold
the breath. T2 sequences showed diffuse hyperintense
myocardium but suffered from too many artefacts to be
considered diagnostic quality. Steady-state free precession
cine images demonstrated a biventricular cardiomyopathy
(left ventricular ejection fraction: 25%) with myocardial wall
thickening. First-pass contrast-enhanced CMR did not reveal
subendocardial perfusion defect. Late gadolinium enhance-
ment images demonstrated massive, heterogeneous, and
predominantly subepicardial enhancement of the left ven-
tricular myocardium indicating a severe inflammation,

Figure 1 Computed tomography (CT) pulmonary angiography. (A, B) Axial CT images (lung window: W 1600/L–500 HU) show peripheral ground-glass
opacities (white arrows) suggestive of COVID-19 pneumonia as well as right pleural effusion (black arrow) and septal lines (white arrowheads) related
to a left ventricular dysfunction. (C) CT pulmonary angiogram in the coronal plane shows no pulmonary embolism. (D) Axial post-contrast CT image
shows thickening and heterogeneous enhancement of left ventricular myocardium (black arrowheads). Note pleural and pericardial effusion.
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without evidence for ischaemic heart disease (Figure 2,
Videos S1-S2). Urine toxicology, blood alcohol, and serum
thyroid stimulating hormone were all normal. Serological
testing for hepatitis A, C, and E viruses, syphilis, HIV, adeno-
virus, and enteroviruses were all negative, while Epstein–
Barr virus, cytomegalovirus, Varicella Zoster Virus, and B19
erythrovirus testing revealed former immunization. Viremia
for B19 erythrovirus was negative. HBs antigen (Ag)
returned positive, and the profile indicated an inactive
carriage of hepatitis B virus (HBV) with low-level HBs Ag
(630 IU/mL), low HBV replication (580 IU/mL), and a
negative HBe Ag. Hepatitis D virus serology was negative.
SARS-CoV-2 was detected neither in a second nasopharyn-
geal swab nor in pericardial fluid, and both isolation and
personal protection equipment were withdrawn. No other
respiratory virus infection tested through multiplex PCR,
including influenza, para-influenza, coronaviruses 229E –
HKU1 – NL63 – OC43 – MERS, adenovirus, enteroviruses,
and syncytial respiratory virus, was detected. Pneumococcal
and Legionella urinary antigen tests were negative.

At Day 3, despite optimal pharmacologic management,
haemodynamic status worsened requiring support by
veno-arterial extracorporeal membrane oxygenation
(VA-ECMO) in combination with intra-aortic balloon pump
and intravenous dobutamine for left ventricle venting. The
patient responded well to VA-ECMO and was successfully
extubated. However, left ventricular function remained
profoundly altered, requiring inscription onto the list of
emergent heart transplantation. After Entecavir initiation to
avoid HBV replication, he underwent transplantation on 8
May (Day 11), without any previous sign of cardiac improve-
ment. Standard immunosuppression was introduced, using
antilymphocyte serum, high-dose corticosteroids (CS), and
mycophenolate mofetil; maintenance used decreasing dose
of CS, mycophenolate mofetil, and cyclosporine.

Pathologic evaluation of the explanted heart demon-
strated pericarditis and myocarditis with large areas of
myocardial necrosis, suppurated lesions, and lymphocytic
infiltration (Figure 3). There was no SARS-CoV-2 ribonucleic
acid (RNA) detected in the explanted heart. The diagnosis of

Figure 2 Cardiac magnetic resonance imaging. (A, B) Four-chamber steady-state free precession cine images at end-diastole (A) and end-systole (B)
demonstrate a left ventricular dysfunction (ejection fraction: 25%) with myocardial wall thickening (17 mm), as well as bilateral pleural effusion (white
arrowheads). (C, D) Four-chamber (C) and two-chamber (D) late gadolinium enhancement images show massive and heterogeneous enhancement of
the left ventricular myocardium (white arrows). Note image artefacts related to patient’s tachycardia and inability to hold the breath during cardiac
magnetic resonance examination.
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COVID-19 was retrospectively established by serology
(Figure 4). Specific immunoglobulin M (IgM) and total anti-
bodies were detected on the first serum sample (27 April).
On follow-up sera, IgM started to decrease while total anti-
bodies (Ab) reached a peak on 4 May.

The patient fully recovered and was discharged from the
hospital for cardiovascular rehabilitation without any persis-
tent respiratory or cardiac symptom.

Specimen collection, SARS-CoV-2
detection, and pathology

Nasopharyngeal specimens were collected according to CDC
guidelines.5 SARS-CoV-2 real-time RT-PCR assays were per-
formed using Allplex 2019-nCoV Assay® (Seegene, Eurobio).
SARS-CoV-2 RNA detection was also performed in paraffin-
embedded heart tissue.

Total anti-SARS-CoV-2 antibodies detection was performed
with Cobas® SARS-CoV-2 test (Roche Diagnostics), and anti-
SARS-CoV-2 IgM was detected using Wantai® SARS-CoV-2
IgM ELISA (Eurobio).

Discussion

To our knowledge, we report the first case of COVID-19-
associated post-infectious fulminant myocarditis
successfully bridged to heart transplantation using
VA-ECMO support.

Acute myocardial injury has previously been characterized
as a frequent complication during COVID-19 course and is
associated with morbidity and mortality.6–10 While patho-
physiological aspects remain unclear, histologically proven
COVID-19-associated myocarditis has already been reported
during SARS-CoV-2 active replication states.11–13

Figure 3 Pathological analysis of the explanted heart. Explanted heart was first fixed in 4% formalin solution for macroscopic examination. Multiple
samples were then realized (on each ventricle, apex, septum, and coronary vessels), embedded in six paraffin blocks and stained with haematoxylin–
eosin–saffron before microscopic examination. Special stained were used on the more representative samples (PAS, GRAM, Grocott, Ziehl), and immu-
nohistochemistry was also performed on 4-μm-thick tissue sections cut and mounted on glass slides. The preparations were dried for 1 h at 58°C and
overnight at 37°C. Then the tissue sections were deparaffinized with xylene, rehydrated with ethanol, and finally pretreated and immunostained using
Ventana Benchmark XT® (Ventana Roche, Switzerland). Macroscopic examination showed focal fibrinous deposits on pericardium, no valvular or cor-
onary abnormality after dissection, but haemorrhagic suffusions in the subendocardial area. Microscopic examination demonstrated a polymorphic
inflammatory infiltrate, mostly in myocardium areas but focally extended to endocardium and pericardium. Lymphocytes were predominant. Infiltrate
also contained plasmocytes, neutrophils, eosinophils, and histiocytic and giant cells. Clusters of neutrophils with leucocytoclasia suggested suppurated
lesions. Myocardial cells were suffering with clarified cytoplasm, sometimes fibrillary or eosinophil, and with enlarged dystrophic nucleus. Large areas
of necrosis and haemorrhage were seen among these inflammatory areas. Adjacent myocardium showed interstitial oedema and focally recent inter-
stitial fibrosis. Ziehl, Grocott, Gram, and EBER ISH stains were negative. Most of lymphocytes were T phenotype CD5+, with only a few associated B
lymphocytes CD20+. Numerous histiocytic cells were revealed by CD163 immunostaining. Cytomegalovirus immunostaining was negative as well as
Epstein–Barr virus in situ hybridization. A (×2) and B (×20): necrosis and polymorph inflammatory infiltrate with haematic suffusion in endocardium
and myocardium. C (×10) and D (×20): pericardial inflammatory reaction.
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Our patient met previously published echocardiographic
abnormalities associated with myocardial injury in COVID-19
patients10 and CMR diagnostic criteria for myocardial
inflammation.14 Despite an unstable haemodynamic status
since admission, CMR has been contributive to the diagnosis,
and we did not perform any endomyocardial biopsy. Typical
acute lymphocytic myopericarditis was conclusively diag-
nosed by pathologic examination of the explanted heart.15,16

Aetiological diagnosis of COVID-19 was made after heart
transplantation from surprising positive SARS-CoV-2 serology,
performed as soon as validated assays were available in our
hospital on 16 May.17 Serological profile was in favour of a
recent COVID-19. SARS-CoV-2 RT-PCR remained negative in
respiratory and cardiac samples. Taken together, those re-
sults are consistent with COVID-19-associated post-infectious
myocarditis, as recently described by Hékimian et al.4

Veno-arterial extracorporeal membrane oxygenation sup-
port has been initially reported as a bridge to recovery for
COVID-19-associated cardiogenic shock.4,18 Conversely, a
COVID-19-associated myocarditis supported 50 days by
VA-ECMO who died without myocardial recovery has been re-
cently reported.4 Updated French heart allocation system only
allows emergent heart transplantation up to 16 days since
VA-ECMO initiation, while providing high priority during the
first 12 days of VA-ECMO support.19 In this case, heart trans-
plantation was required given the absence of clinical and
echocardiographic recovery, and the final decision was made
after Heart Team discussion, taking into account the prefera-
ble timing in the context of a lack of donors and grafts during
the first wave of the pandemic. The patient underwent heart
transplantation only 3 days before losing its national priority
and ability to be transplanted. The intense immunosuppres-
sion protocol used did not result in COVID-19 rebound or in

early nosocomial infection. At the opposite, we did not try
CS as a potential therapeutic option for myocarditis16,20,21

due to a lack of aetiologic diagnosis before transplantation.
Of note, most of the reported COVID-19 myocarditis have
been treated by CS with favourable outcomes,22 and a
preliminary report of the RECOVERY trial recently showed
survival benefits in severe COVID-19 pneumonia.23

We believe this description increases the knowledge about
post-viral COVID-19-associated myocarditis and emphasizes
the use of VA-ECMO support as a bridge to heart
transplantation.
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Supporting information

Additional supporting information may be found online in the
Supporting Information section at the end of the article.

Video S1. Supporting Information.
Video S2. Supporting Information.

Figure 4 SARS-CoV-2 antibodies (Ab) evolution over time. Horizontal axis shows the dates of serum samples. Left vertical axis stands for anti-SARS-
CoV-2-specific immunoglobulin M (IgM), represented with black squares. Right vertical axis stands for total anti-SARS-CoV-2 antibodies, represented
with white circles. The vertical dashed line represents the day of heart transplantation. Serological assays following the heart transplantation should be
interpreted cautiously.
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