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COVID-19 “Fulminant Myocarditis”

Successfully Treated With Temporary

Mechanical Circulatory Support
A previously healthy 44-year-old man was admitted
to our hospital for severe dyspnea and syncope on
March 25, 2020. Seven days before, during the esca-
lating coronavirus disease-2019 (COVID-19) pandemic
in our country, he presented at the Emergency
Department with fever, dry cough, diarrhea, and
myalgia, being diagnosed as presumed COVID-19
infection. He was discharged home with symptom-
atic therapy and isolation measures. However,
symptoms worsened over the following days and
finally he came back with severe bradycardia, hypo-
tension, and signs of peripheral hypoperfusion. The
electrocardiogram (ECG) showed a third-degree atrio-
ventricular block (Figure 1A) and an echocardiogram
revealed a nondilated but globally and severely
dysfunctional left ventricle (left ventricular ejection
fraction [LVEF] w15%) (Video 1). A temporary pace-
maker was implanted and both dobutamine and
norepinephrine perfusions were initiated but, even-
tually, intubation and mechanical ventilation were
required. High-sensitive troponin T peak was 745 ng/l,
creatine-kinase isoenzyme MB was 30 U/l, and N-ter-
minal pro–B-type natriuretic peptide increased to
24,167 pg/ml. Nasopharyngeal and oropharyngeal
swabs for polymerase chain reaction test of COVID-19
and other respiratory viral infections were obtained.
Only SARS-CoV-2 had positive results, whereas
influenza A virus, influenza A H1N1, influenza A H3N2,
bocavirus, adenovirus, rhinovirus, parainfluenza,
metapneumovirus, influenza B virus, other common
coronaviruses, and respiratory syncytial virus were
negative. Legionella pneumophilla, Mycoplasma
pneumoniae, and Chlamydophila pneumonia sero-
logical test results were negative. Chest X-ray showed
signs of bilateral pneumonia (Figure 1B). In spite of
increasing doses of vasoactive drugs, hemodynamic
derangement ensued and in this dramatic clinical
scenario urgent coronary angiography revealed
normal coronary arteries. Venous-arterial extracorpo-
real membrane oxygenation (Figure 1C) and an intra-
aortic balloon pump were implanted through femoral
cannulation with drastic improvement of the hemo-
dynamic condition. Several endomyocardial biopsy
samples were obtained (Figure 1D). A working diag-
nosis of “fulminant myocarditis” was made, and a
1,000-mg bolus of methylprednisolone was adminis-
tered followed by treatment with tocilizumab,
hydroxychloroquine, azithromycin, and lopinavir-
ritonavir. Blood test results showed abnormal values
of D-dimer (3.17 mg/ml), ferritin (1,135 ng/ml), and
circulating interleukin-6 (121.71 pg/l). Myocardial
samples showed no significant inflammatory in-
filtrates, even after CD3, CD20, and CD68 staining
(Figures 1E and 1F) and steroid therapy was
withheld. Clinical status improved during the
following days, with a rapid reduction of lactate levels
to normal values, normalization of kidney and liver
functions, and progressive recovery in left ventricular
systolic function (Video 2). Blood test results showed
reduction of high-sensitive troponin T levels to 221 ng/l
and N-terminal pro–B-type natriuretic peptide to
7,624 pg/ml. Venous-arterial extracorporeal mem-
brane oxygenation and the intra-aortic balloon could
be successfully withdrawn 6 days after implantation
and the patient could be eventually weaned from
ventilation 2 days later. On day 14 from admission,
cardiac magnetic resonance imaging was performed. A
nondilated left ventricle without regional wall motion
abnormalities was seen (LVEFw75%) (Video 3). Native
T1 (mean, 1,120 ms), T2 signal intensity ratio (myocar-
dium to serratus anterior muscle on T2 images pro-
cessed using a signal intensity correction algorithm),
and extracellular volume (mean, 36%) were diffusely
increased with slightly less involvement of the
inferolateral wall (Figures 1G to 1I). Late gadolinium
enhancement was negative (Supplemental Figure 1).
These findings were suggestive of diffuse edema
without macroscopic necrosis. Subsequent clinical
course was uneventful with a striking complete
recovery of left ventricular systolic function (LVEF
w70%) on echocardiography.

The year 2020 will be remembered for the world
pandemic due to COVID-19 infection. COVID-19
morbidity and mortality are mainly associated with
lung involvement. However, underlying cardiovas-
cular conditions play a major role in clinical outcomes
(1,2). Moreover, recent studies suggest that cardiac
injury has important prognostic implications. Eleva-
tions in cardiac troponin levels are frequently seen
with clinically evident myocardial damage demon-
strated in most severe cases (1,2). However, so far,
only a few cases of COVID-19–related myocarditis
have been described (3–5). Unspecific pathological
findings have been described in isolated reports with
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FIGURE 1 ECG, Radiographic, Angiographic, Myocardial Biopsy, and Cardiac Magnetic Resonance Findings
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(A) ECG showing complete atrioventricular block. (B) Chest X-ray depicting diffuse bilateral infiltrates. (C) Femoral access VA-ECMO. (D) Radiological image showing

the EMB forces. (E) EMB without necrosis, inflammation, or fibrosis (HEx200). (F) Isolated intersticial infiltrate with lymphocytes CD3þ (yellow arrows). (G,H)

T2-weighted and T2 signal intensity ratio mapping images (blue indicates a ratio more than 2) showing diffuse edema with slightly less involvement of the inferolateral

wall. (I) T1 mapping with diffuse increase of native T1 (septal T1 ¼ 1,120 ms) following the pattern of edema. AC ¼ arterial cannula; ECG ¼ electrocardiogram;

EMB ¼ endomyocardial biopsy; LV ¼ left ventricle; PM ¼ pacemaker; RV ¼ right ventricle; VA-ECMO ¼ veno-arterial extracorporeal membrane oxygenation;

VC ¼ venous cannula.
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only 1 necropsy study reporting mild inflammatory
infiltrate (5). However, we report the successful
treatment of cardiogenic shock with temporary me-
chanical circulatory support in a patient with a clear
diagnosis of COVID-19 infection presenting as
fulminant myocarditis. Takotsubo cardiomyopathy
remains a potential differential diagnosis consid-
ering the stressful situation, the myocardial edema,
and the transient left ventricular dysfunction. A
wide phenotypic presentation of myocardial damage
appears to exist in patients with COVID-19, ranging
from mild myocardial injury (asymptomatic troponin
elevation) to severe forms of myocarditis (likely
secondary to the cytokine storm). The absence of
scar might be a clinical marker of myocardial re-
covery. The fact that cardiac function fully recov-
ered after a few days of mechanical circulatory
support is of major interest, opening new avenues
for the management of patients critically ill with
COVID-19 with fulminant myocarditis because com-
plete recovery of the myocardial function can be
expected.
The patient provided informed consent to pub-
lish his data but institutional review board approval
was not requested considering that this was a
clinical observation obtained in a single patient who
was strictly treated according to standard clinical
practice.
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APPENDIX For a supplemental figure and videos, please see the
online version of this paper.
Right Ventricular Dilation in Hospitalized

Patients With COVID-19 Infection
Hospitalized patients with coronavirus disease-2019
(COVID-19) infection are at a high risk of progressive
respiratory failure, endotracheal intubation, and
mortality. The pathophysiology of COVID-19 infection
has not been elucidated, but cytokine storm, pro-
thrombotic state, and myocardial dysfunction have
been implicated (1). Echocardiography is an essential
bedside tool, which allows noninvasive assessment of
biventricular function in COVID-19 patients, and
echocardiographic findings can significantly influ-
ence decision making in the appropriate clinical set-
tings (2). We aimed at studying the association of
in-hospital mortality with right ventricular (RV) size
measured by a focused, time-efficient echocardiog-
raphy protocol (2).

In this retrospective study, we enrolled consecutive
patients hospitalized to Mount Sinai Morningside
Hospital (New York, New York) due to COVID-19
infection who underwent clinically indicated echo-
cardiograms from March 26, 2020 to April 22, 2020.
Echocardiograms were performed adhering to a
focused, time-efficient protocol with appropriate use
of personal protective equipment and limited viral
exposure time. Portable ultrasound machines were
used: CX50 (Philips Medical Systems, Bothell, Wash-
ington) and Vivid S70 (GE Healthcare Systems, Mil-
waukee, Wisconsin). Echocardiographic studies were
interpreted by experienced, board-certified echocar-
diography attending physicians. RV dilation was
defined as basal diastolic RV diameter exceeding
4.1 cm in the right ventricle–focused apical view and/or
basal right-to-left ventricular diameter ratio of $0.9 in
the apical 4-chamber view, and confirmed by visual RV
inspection in all obtained views. In-hospital mortality
was the study outcome. The comparisons were per-
formed using Student’s t-test or the Wilcoxon rank
sum test for continuous variables, and the chi-square
test for categorical variables. Univariate and multi-
variate regression analysis was used to explore the
associations of clinical and echocardiographic vari-
ables with mortality. The study protocol was approved
by the Mount Sinai Institutional Review Board.

Echocardiograms of 110 consecutive patients were
reviewed, and 5 were excluded due to inadequate
study quality. The mean age was 66.0 � 14.6 years,
and 38 (36%) patients were women. Thirty-one (30%)
patients were intubated and mechanically ventilated
at the time of the echocardiographic examination. RV
dilation was present in 32 (31%) patients. Patients
with RV dilation did not have significant differences
in the prevalence of major comorbidities (hyperten-
sion, diabetes, and known coronary artery disease),
laboratory markers of inflammation (white blood cell
count, C-reactive protein), or myocardial injury
(troponin I) but were more likely to have renal
dysfunction (creatinine >1.5 mg/dl; 72% vs. 41%;
p ¼ 0.01) compared with patients without RV dilation.
There were no differences between the groups in the
use of therapeutic anticoagulation (38% vs. 39%;
p ¼ 0.83) at the time of the echocardiographic ex-
amination. Similarly, there were no differences in the
measures of left ventricular size and function be-
tween the groups (mean left ventricular ejection
fraction 54% vs. 55%; p ¼ 0.61). RV hypokinesis (66%
vs. 5%; p ¼ 0.01) and moderate or severe tricuspid
regurgitation (21% vs. 7%; p ¼ 0.05) were more
prevalent in patients with RV enlargement.
Computed tomography angiography of the chest was
obtained in 10 (31%) patients with RV enlargement,
and 5 patients had evidence of pulmonary embolism.
At the end of the study period, 21 (20%) patients died:
13 (41%) deaths were observed in patients with RV
dilation, with 8 (11%) observed in patients without RV
dilation (Figure 1). On univariate analysis, mechanical
ventilation (p ¼ 0.003), vasoactive medication use
(p ¼ 0.007), and RV enlargement (p ¼ 0.001) were
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