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Summary

OBJECTIVES: We present an adolescent with cardiogenic 
shock due to ventricular tachycardia 2 weeks after SARS-
CoV-2 infection. Acute myocarditis or myocardial dysfunc-
tion is associated with SARS-CoV-2 infection, but diagno-
sis may be difficult, even including endomyocardial biopsy.

CASE REPORT: A 15-year-old healthy adolescent was 
admitted to our hospital 2 weeks after SARS-CoV-2 in-
fection with cardiogenic shock due to ventricular tachycar-
dia. After cardioversion, antiarrhythmic treatment, ventila-
tion, and inotropic support, the severely reduced myocar-
dial function recovered completely within 2 weeks. Car-
diac magnetic resonance imaging and cardiac catheter-
isation including right ventricular endomyocardial biopsy 
revealed an increased number of CD68+ macrophages in 
the myocardium, but nested (RT-) polymerase chain re-
action (PCR) investigations revealed no viral or bacterial 
DNA/RNA.

DISCUSSION: SARS-CoV-2 infection may be associated 
with myocarditis leading to life-threatening arrhythmia and 
severe myocardial systolic and diastolic dysfunction, 
which may be short lasting and completely recover. Al-
though former SARS-Cov-2 infection might suggest 
SARS-CoV-2-associated myocarditis, definite histological 
diagnosis including nested PCR investigations remains 
difficult.

Introduction

Children and adults with a severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) are at risk for my-
ocarditis [1, 2]. This myocarditis probably results from a 
combination of direct myocardial damage due to a down-
regulation of angiotensin II converting-enzyme (ACE-2) 
receptors caused by the viral spike proteins leading to local 
cell dysfunction and inflammation [1–4], and from a sys-
temic hyperinflammatory condition leading to a cardiotox-
ic catecholamine and cytokine storm [5].

Definite diagnosis of myocarditis normally results from
histological findings of endomyocardial biopsies [6], but
these are rarely performed in suspected cases of
COVID-19-associated and other forms of myocarditis po-
tentially triggered by viruses [1, 7]. Nevertheless, particles
of SARS-CoV-2 have been found in different types of cells
in the heart, supporting the likely cardiotropic nature of
COVID-19 [8, 9]. This includes SARS-CoV-2 viral parti-
cles in macrophages found in endomyocardial biopsies [8]
as well as virus in interstitial cells in the myocardium [9].
This may be associated with the viral entry mechanism of
SARS-CoV-2 using ACE-2 receptors, with down-regulat-
ed ACE-2 contributing to the cardiac pathology leading to
macrophage activation syndrome [10]. A combination of
advanced cardiac magnetic resonance (CMR) techniques,
clinical history, and serum biomarkers for acute cardiac
failure supports the diagnosis [1].

In this case report we discuss the clinical findings, the
endomyocardial biopsy and CMR results of a 15-year-old
boy with an active SARS-CoV-2 infection and a monomor-
phic ventricular tachycardia with severely reduced cardiac
function.

Case description

A Caucasian 15-year-old adolescent with a history of a
SARS-CoV-2 infection with mild respiratory symptoms
presented to an external paediatric emergency room on the
8th and 10th day after a polymerase chain reaction (PCR)
test positive for SARS-CoV-2, with reduced appetite, gas-
troenteritis, mild dyspnoea and dizziness without fever. On
both occasions, the patient was sent home in a haemody-
namically stable clinical state without signs of cardiac dis-
ease. Prior to the SARS-CoV-2 infection, the boy had been
healthy and free from cardiac symptoms. The family his-
tory was negative for rhythm disorders or other congenital
cardiac diseases.

Thirteen days after the positive PCR test, he was admitted
to our cardiac paediatric intensive care unit in decompen-
sated cardiogenic shock due to a monomorphic ventricu-
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lar tachycardia (fig. 1) and moderately to severely reduced
biventricular cardiac function with a biplane left ventric-
ular ejection fraction of 20%, right ventricular fractional
area change of 12%, and fractional shortening of 18% (fig.
2). He was afebrile and the second nasophyrangeal swab
for SARS-CoV-2 PCR was still positive after admission.
On admission troponin-T was 48 ng/l (reference <14 ng/l),
creatinine kinase (CK) 201 U/l (<168 U/l), CK-MB 7.3 µg/
l (<6.2 µg/l), and N-terminal-pro-B-type natriuretic pep-
tide (NT-pro-BNP) 10,738 ng/l (<360 ng/l). There were no
signs of thrombocytopenia, increased C-reactive protein,
and no elevation or decrease of white blood cells or ab-
normalities in the white blood cells subsets. The clinical
status showed no lymphadenopathy, conjunctivitis, mucus
membrane changes, rash, or swollen hands and feet. The
ventricular tachycardia was recurrent and required elec-
tric cardioversion on three occasions within the first 24
hours, in addition to amiodarone therapy. The severely re-
duced biventricular myocardial function led to progressive
pulmonary oedema, pericardial and pleural effusions, and
oxygenation failure requiring intubation, high ventilator
pressures, inhaled nitric oxide, and bilateral chest drains.
A suspected secondary bacterial pneumonia due to the se-
vere clinical (septic) course was treated empirically for 5
days with antibiotics, although cultures remained negative.
He was not given additional antiviral therapy due to lim-
ited evidence and spontaneous clinical recovery. Progres-
sive low cardiac output with cardiogenic shock and multi-
organ dysfunction (acute renal failure RIFLE-I [11], liver
dysfunction with coagulopathy) required high-dose inova-
sodilators. On day 4, creatinine kinase (maximum 2040
U/l) and myoglobin (maximum 669 ng/ml) were at their
highest level. The following ECG revealed altered repolar-
isation (negative T wave up to V6), but no signs of acute
infarction. The myocardial function measured by echocar-
diography improved rapidly, with a left ventricular ejection

fraction of 40–50% within 48 hours of admission. After 5
days of inotropic treatment and mechanical ventilation he
was transferred to the cardiac ward under treatment with
oral diuretics, enalapril, and amiodarone.

A broad spectrum of diagnostic tests was performed. A ge-
netic and metabolic cardiomyopathy as well as infection
other than SARS-CoV-2 were ruled out by serology, in the
biopsy, and with a multiplex PCR for respiratory pathogens
(BioFire®). So far, there had been no pathological evidence
for genetic and metabolic diseases after genetic coun-
selling and metabolic testing including hereditary storage
disease, carnitine deficiency disease and other metabolic
diseases affecting energy metabolism. The multiplex PCR
includes enterovirus, coxsackievirus A-B, echovirus, par-
vovirus B19, human herpesvirus 6, Epstein-Barr Virus,
adenovirus, human cytomegalovirus, herpes simplex virus
type 1 and 2, human herpesvirus 7, Toxoplasma gondii,
and Borrelia spp. He received one dose of intravenous
immunoglobulin (2 g/kg) as an immunomodulatory treat-
ment for suspected SARS-CoV-2 myocarditis.

Four days after admission, the patient underwent an exten-
sive cardiovascular MRI examination in a 1.5 T scanner for
assessment of ventricular function and myocardial tissue
characterisation. Both ventricles were dilated, and ejec-
tion fractions were markedly reduced (left ventricular ejec-
tion fraction 31%, right ventricular ejection fraction 42%).
There was a pericardial effusion (fig. 3). High-resolution
3D steady-state free precession (SSFP) sequence did not
reveal coronary abnormalities. No myocardial oedema or
myocardial contrast enhancement were detected using a
short-axis stack of fat-saturated T2 images and late-
gadolinium enhancement images acquired with an inver-
sion recovery gradient echo pulse sequence. However, T1
and T2 mapping revealed prolonged relaxation times of
1100 ms and 62 ms in comparison with normal values
[12–14], respectively.

Figure 1: Twelve-lead electrocardiography at admission showed the wide complex ventricular tachycardia with a heart rate of 176 per minute.
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Six days after admission, the cardiac haemodynamics was
invasively evaluated with a cardiac catheterisation and
showed a normal left ventricular end-diastolic pressure
without pulmonary hypertension. Coronary anomaly was
ruled out. A total of 12 endomyocardial biopsies were tak-
en from the lateral wall and septum of the right ventricle.
The histological results (fig. 4) were not consistent with an
acute/chronic lymphocytic, eosinophilic, or giant-cell my-
ocarditis, or dilated cardiomyopathy (fig. 4A and B). Mor-
phologically, the numbers of TCD3+ T cells (fig. 4C) were
normal, but CD68+ macrophages (fig. 4D) were increased
in the myocardium. Nested (RT-) PCR investigations re-
vealed no viral or bacterial DNA/RNA.

Ten days after admission, the patient showed a sinus
rhythm with normal de- and repolarisation on repeated
12-lead ECGs and 24-hour ECG. The cardiac biomarkers
normalised. The left ventricular ejection fraction (biplane)
improved to 55%, and the patient was discharged home in
a good clinical status on oral enalapril and amiodarone 17
days after admission.

Discussion

Taking the previously published literature into account,
we interpreted the patients’ ventricular tachycardia and se-
verely reduced cardiac function of our patient as signs of
a SARS-CoV-2-induced myocarditis [1, 2], although the

biopsy alone did not meet criteria for definitive diagnosis
of myocarditis according to the European Society of Car-
diology (ESC) criteria [15].

Acute myocarditis and myocardial dysfunction are report-
ed in patients with Paediatric Inflammatory Multisystem
Syndrome Temporally related to SARS-CoV-2 (PIMS-TS)
[16, 17]. Nevertheless, the absence of pathologies within
the coronary arteries, the absent clinical symptoms (e.g.,
no conjunctivitis, no rash), and the short time interval be-
tween the acute infection and ventricular dysfunction were
not suggestive for PIMS-TS [17]. In addition, ventricular
arrhythmia is not frequent in PIMS-TS patients, being
found in <2% of cases [17, 18]. However ventricular ar-
rhythmia has been described in the setting of acute
COVID-19 infection in childhood. Gozar et al. described
the case of a fetal and neonatal ventricular tachycardia as-
sociated with an acute neonatal COVID-19 infection [19].
A further case of a 5-year-old boy with a ventricular tachy-
cardia from acute fulminant myocarditis secondary to
acute COVID-19 infection has been described [20]. Both
these examples are consistent with our case. Normalisation
of the cardiac function in our case was more rapid than
would typically be seen in viral myocarditis with moder-
ate-to-severe reduced biventricular function. It seems like-
ly that the prolonged and recurrent ventricular tachycardia
induced further myocardial dysfunction in addition to
that from the myocarditis alone.

Figure 2: Transthoracic 2D echocardiography at admission showed severe reduced left ventricular function on M-mode with a fractional short-
ening of 18%.
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In conclusion, the diagnosis of PIMS remains difficult, es-
pecially because so far limited data are available of histo-
logical findings in both paediatric and adult patients with
PIMS-TS [17, 18, 21].

In our institution, endomyocardial biopsies are part of the
standard care in the case of suspected myocarditis or car-
diomyopathy. This is a safe procedure, even in the acute
phase of myocarditis if performed by experienced paedi-
atric interventionalists [22]. The results of our biopsy, re-
vealing increased numbers of macrophages, are consisted
with observations in adult COVID-19 patients with my-
ocarditis [23, 24]. In a series of 21 patients who died from
COVID and had cardiac histopathology available, lympho-
cytic myocarditis was observed only in 3 (14%) patients,
although interstitial macrophage infiltration was increased
in 18 (86%) patients including 2 of those with lymphocytic
myocarditis and 16 with no evidence of myocarditis [23].
In endomyocardial biopsies of patients with SARS-CoV-2
a substantial upregulation of MAPK-associated pathways
and of the complement system were observed, representing
pathogenetic factors in this disease, although the pathway
is not completely understood [24].

Two other case reports of endomyocardial biopsies in chil-
dren with SARS-CoV-2-associated myocarditis have been
described [25, 26]. First, a case of a 17-year-old boy
with eosinophilic myocarditis in a post-mortem biop-
sy [25] and second a case of an 11-year-old girl with acute

COVID-19 infection and cardiac dysfunction with inter-
stitial oedema, and increased macrophages and T-lympho-
cytes [26]. SARS-CoV-2 PCR in the endomyocardial biop-
sy was negative in both cases [25, 26]. In the second
case, myocarditis derived from central cytokine-driven
damage (in line with the interstitial oedema of the biopsy)
was postulated [26]. The potential therapeutic impact of in-
travenous immunoglobulins has been described in a young
adult [27].

Cardiovascular MRI plays an important role in evaluation
of COVID-19-related cardiac involvement including coro-
nary artery alterations, ventricular impairment, late-
gadolinium enhancement, and myocardial tissue and peri-
cardial abnormalities [28]. Given the wide range of po-
tential COVID-19-associated cardiac pathologies, it is im-
portant to include T1- and T2-mapping sequences in the
cardiac MRI protocol to detect subtle myocardial alter-
ations that could be missed otherwise. Our findings of pro-
longed T1 and T2 relaxation times are in line with the
current literature [29, 30]. T1 and T2 mapping abnormal-
ities seem to be frequent findings in COVID-associated
myocarditis [30]. Mapping techniques have recently been
added to the consensus recommendations (Lake Louise cri-
teria) for improved CMR diagnosis of myocardial inflam-
mation [31].

T1 and T2 mapping as tools for detecting diffuse myocar-
dial fibrosis and oedema may act as imaging biomarkers in

Figure 3: Four-chamber view of the magnetic resonance imaging examination in a 1.5 T scanner. Both ventricles are dilated, and ejection
fractions are markedly reduced (left ventricular ejection fraction 31%, right ventricular ejection fraction 42%). There was a pericardial effusion.
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Figure 4: Endomyocardial biopsy. Masson trichrome staining (A),haematoxylin-eosin staining (B), immunohistochemistry for detection of
CD3+ T cells (C) and CD68+ macrophages (D). Magnification x200.

COVID-19 myocarditis. The pathological mapping results
confirm the cardiac involvement in our patient, in addition
to ventricular dilation and impairment, as well as signs of
pericarditis.

The cardiac biomarkers do not help in the differential diag-
nosis between PIMS-TS and acute myocarditis since they
are usually high in all tested patients [1, 2].

Our patient recovered well and this is in line with most of
the reported SARS-CoV-2- myocarditis cases [1, 2].

Conclusions

We hypothesise that the ventricular tachycardia combined
with reduced ventricular function 2 weeks after an acute
SARS-CoV-2 infection may be considered as a result of an
acute SARS-CoV-2 myocardial affection. Endomyocardial
biopsy samples revealed macrophage-rich inflammation of
the myocardium. Nevertheless, the definitive diagnosis re-
mains challenging due to limited data on myocardial affec-
tion in children. Combined interpretation of clinical find-
ings, EMB results and advanced CMR assessment includ-
ing T1 and T2 mapping seems reasonable in patients with
documented recent SARS-CoV-2 infection and suspected
myocarditis.
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