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Abstract

Background: Primary viral myocarditis associated with severe acute respiratory syndrome coronavirus 2 (SARS-Cov2)
infection is a rare diagnosis.

Case presentation: We report the case of an unvaccinated, healthy patient with cardiogenic shock in the context of
a COVID-19-associated myocarditis and therapy with simultaneous veno-arterial extracorporeal membrane oxygena-
tion (VA-ECMO) and percutaneous left ventricular decompression therapy with an Impella. The aim of this review is to

provide an overview of therapeutic options for patients with COVID-19-associated myocarditis.

Conclusions: The majority of patients required a combination of two assist devices to achieve sufficient cardiac
output until recovery of left ventricular ejection fraction. Due to the rapid onset of this fulminant cardiogenic shock
immediate invasive bridging therapy in a specialized center was lifesaving.
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Background
COVID-19-associated myocarditis in non-mRNA-vac-
cinated patients without cardiovascular comorbidities
has been reported recently [1]. However, the majority of
described cases of myocarditis have been associated with
mRNA (messenger ribonucleic acid) vaccinations in a
younger population [2, 3].

A meta-analysis demonstrated myocardial impairment
as measured by troponin I in up to 22% of critically ill
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COVID-19 (coronavirus disease) patients [4]. A study by
Guarracino et al. gives an overview of cardiac involve-
ment in critical COVID-19 patients based on echo-
cardiography results [5]. Nevertheless, primary viral
myocarditis associated with severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) infection is a very
rare, albeit a life-threatening, disease. While the cause of
myocarditis associated with mRNA vaccination remains
unclear, it is well known that several viral diseases can
cause severe acute myocarditis. This was also observed
for SARS-CoV-2. However, cardiac failure primary due to
virus-associated myocarditis under COVID-19 infection
must be distinguished from other causes of cardiac fail-
ure under COVID-19 infection [6].
COVID-19-associated myocarditis has been described
several times and repeatedly led to fulminant biventricu-
lar failure [7, 8]. Cardiorespiratory assist devices such
as veno-arterial extracorporeal membrane oxygenation
(VA-ECMO) are frequently used in patients with cardiac
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failure under COVID-19 infection. These are mostly
patients that require the use of cardiac assist devices due
to complicating secondary organ failure (e.g., as a result
of obstructive shock in pulmonary artery embolism)
with pre-existing COVID-19 infection. However, we will
report a case of primary COVID-19-associated myocar-
ditis embedded in our literature review.

Due to the diverse causes of acute heart failure in criti-
cally ill COVID-19 patients other than myocarditis an
appropriate distinction appears to be essential [9]. Unlike
other causes, covid-19-associated myocarditis often leads
to rapidly progressive cardiogenic shock. Due to severe
biventricular heart failure which requires sophisticated
use of multiple extracorporeal devices in a specialized
center [10]. With our case report and a literature review,
we aim to provide insight into the different treatment
options and the available literature.

Case presentation

Case report

With the written consent of the patient we summarised
the case data from the hospital’s internal documentation.
The study and all methods were performed in accord-
ance with the guidelines of the Declaration of Helsinki.
We conducted our literature search for case reports and
case series according to the PRISMA Guideline. This case
report was conducted according to the CARE Guideline.

Clinical manifestation

A 38-year-old female patient (170cm, 65kg, body mass
index (BMI) 22.5), without pre-existing comorbidities
or a family history for cardiac pathologies, presented to
the emergency department with cold-like symptoms and
relapsing syncope. The unvaccinated patient had been
diagnosed with SARS CoV-2 infection 5 days prior to
admission.

Laboratory results showed an increased troponin T
(140pg/ml [reference range: <14pg/ml]; Fig. 1E) and
a transthoracic echocardiography (TTE) revealed a
severely impaired cardiac function. Electrocardiography
(ECG) showed no signs of acute coronary syndrome.
The SARS-CoV-2 RNA E-Gen cycling time was meas-
ured with 20.7 on day 2. Due to these clinical, laboratory
and sonographic findings the suspected diagnosis of a
COVID-19 associated myocarditis was uttered.

On admission, the patient was awake, fully orientated,
in a reduced general condition, cold sweating, with sinus
tachycardia (122 /min) and without oxygenation disorder.
TTE showed a severely impaired left ventricular ejection
fraction (LVEF ~20%), signs of concentric left ventricu-
lar hypertrophy (interventricular septum thickness (IVS)
14mm), a moderately reduced right ventricular func-
tion (TDI PW-doppler s-wave <9.5cm/s) and circular
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pericardial effusion (<8 mm end-diastolic) (Fig. 2A).
The patient swiftly deteriorated into cardiogenic shock
with lactatemia (6.9 mmol/L) and severely impaired cen-
tral venous oxygen saturation (ScvO, 36%). Lactatemia
quickly disappeared under sufficient circulatory support.
Transpulmonary thermodilution revealed a cardiac index
<1L/min/m*

Drug and assist device Inotropy support

Inotropic support by means of epinephrine was initi-
ated and awake femoro-femoral veno-arterial ECMO
was provided (Cardiohelp; Getinge AB, Goteborg, Swe-
den) (Fig. 1 A4C). After initiation, aortic valve opening
decreased severely. High dose vasopressors were needed
to provide sufficient perfusion pressure (Fig. 1A). Due
to reduced vigilance and ongoing hemodynamic insta-
bility the patient was intubated and ventilated (Fig. 1
A+C). In order to decompress the left ventricle (Iv) and
allow lv-unloading an Impella CP (Cardiac Power) device
(ABIOMED; Danvers, Massachusetts, USA) was imple-
mented (known as ECMELLA). Thereafter, hemodynam-
ics initially stabilised. However, soon after re-admission
from the heart catheter laboratory severe bleeding from
the Impella cannulation site evolved, necessitating for
differential coagulation analysis (thrombelastometry,
impedance aggregometry) and differential therapy with
colloids, crystalloids, blood products and coagulation
factors (Fig. 1 B+D+F). During day 1 after ECMELLA
initiation hemodynamic stabilisation could be achieved
and vasopressor were reduced (Fig. 1A). Inotropic sup-
port with epinephrine was seized after ECMELLA initia-
tion and 12.5 mg of levosimendan, was administered over
a 24-hour period. Thereafter, tachycardia was treated
with ivabradine 5 mg twice daily (Fig. 1A).

Cardiac function deteriorated with an increase in echo-
cardiographic hypertrophy, most likely attributed to pro-
gressive myocardial edema (IVS 21 mm), an increase in
pericardial effusion (11 mm) and a decrease in left and
right ventricular contractility (Fig. 2B).

Increasing pleural effusions due to heart failure were
drained. Pulmonary function remained unaffected with
no clinical or radiological signs of SARS-CoV2-associ-
ated pneumonia. Figure 1 D depicts volume manage-
ment, volume balance and urine production.

On day 6, a significant improvement in cardiac func-
tion, a decrease in myocardial edema and pericardial
effusion was detected (Fig. 1 A+C). After gradual wean-
ing of the extracorporeal support, the VA-ECMO was
explanted on day 7 and the Impella on day 8 (Fig. 1
A+C). Based on the pulmonary gas exchange (Horovitz
index: 460) the patient was extubated.

The patient recovered quickly, was transferred to the
intermediate care unit on day 12 and finally discharged
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Fig. 1 Clinical and laboratory findings Figure 1 depicts laboratory results, dosing, measurement results and ECMO settings. Abbreviations: MAP,
mean arterial pressure; HR, heart rate; IVS, interventricular septum thickness; NTG, nitroglycerine; LPM, liter per minute; FiO2, inspirational oxygen
concentration; TropT, troponin T; CKMB, Creatine kinase myocardial band; CK, Creatin kinase; pip/Taz, piperacillin tazobactam; Hb, Haemoglobin;
RBC, red blood count; TC, thrombocyte count; FFP, fresh frozen plasma; PPSB, prothrombin complex concentrate; ASS, aspirin; aXa, anti-Xa activity;
aPTT, activated partial thromboplastin time; IL-6, interleukin 6; CRP, C-reactive protein

Fig. 2 Transthoracic echocardiography. A Day 1. Severely impaired cardiac function, left ventricular ejection fraction ~ 20%, interventricular septum
thickness (IVS) 14 mm, circular pericardial effusion (<8 mm end-diastolic). B Day 2. IVS 21 mm, lateral wall thickness 25 mm, pericardial effusion
(11 mm). C Day 15. Normalized cardiac function, left ventricular ejection fraction 65%, IVS 8 mm, no pericardial effusion.

home on day 15. Transthoracic echocardiogram per-
formed on discharge revealed a normalized cardiac func-
tion with no sign of persisting heart failure (Fig. 2C).
ECG showed discordant terminal negative T-waves in

leads V4-6 on day 13 with no change in echocardio-
graphic function.

With appropriate rehabilitation the patient was able to
fully reintegrate into her previous life.
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Antiviral, antibacterial and immunomodulatory therapy
With stationary admission, the signs of inflammation were
unremarkable (C-reactive protein 0.11 mg/dl, Interleukin-6
15.4pg/ml and Procalcitonin 0.06 ng/ml; see Fig. 1G). The
patient received dexamethasone as an immunomodulatory
therapy in accordance with current guidelines (Fig. 1G)
[11]. In addition, the patient received intravenous immu-
noglobuline (Pentaglobin, Biotest, Dreieich, Germany) 75g
over a period of 75hours (Fig. 1G).

It is assumed that direct viral damage is the cause of
COVID-19 associated myocarditis [12]. Therapy with
SARS-CoV-2 specific monoclonal antibodies (1200 mg
casivirimab/1200mg imdevimab, Roche Pharma AG,
Grenzach-Wyhlen, Germany) was initiated on day 2.

Serologic and PCR-testing showed no sign of viral or
parasitic infection other than SARS-CoV-2. Microbial
testing showed no sign of bacterial infection through-
out the complete clinical course.

A myocardial biopsy was not performed because of
proven suspected diagnosis, good response of therapy
and the increased risk of bleeding under therapeutic
anticoagulation.

Discussion and conclusions

Review of the literature

In order to evaluate the case, we conducted a search of
the literature available.

We detected 13 cases of COVID-19 myocarditis requir-
ing invasive cardiac organ support (Table 1) [13-24].

The literature search was performed (01.05.2022) by
searching the MEDLINE, EMBASE, and PubMed databases
using the search terms: “Myocarditis” AND “COVID-19”
AND/OR “Device” AND/OR “ECMO” AND/OR “Impella”
AND/OR “IABP” (intra-aortic balloon pump) were
included. In a subsequent study selection we considered all
case series and case reports that reported primary COVID-
19 myocarditis. Case series and case reports that included
myocarditis associated with mRNA vaccination against the
novel COVID-19 virus were excluded.

In a secondary analysis only cases reporting severe events
requiring cardiac replacement therapy were included.

Inclusion criteria
Mechanical heart support due to presumed severe
COVID-19 associated myocarditis.

Exclusion criteria

1. Myocarditis from a cause other than SARS-CoV-2
infection.

2. Solely pharmacologic cardiogenic support

3. Association with SARS-CoV-2 vaccination
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The PRISMA flow diagram is shown in Fig. 3.

The time between first symptoms and cardiogenic
shock with device implantation varied between 4 and
14.days (median 7 days, interquartile range 4—11.75 days).
Only in two patients myocarditis symptoms appeared
after a prolonged period with 21 days and 8 weeks.

Echocardiography revealed severely impaired LVEF
in all patients. An enlarged end-diastolic diameter was
described in 3 patients and pericardial effusion was only
described in 2 patients.

All patients required a cardiac assist device due to ful-
minant impaired left ventricular ejection fraction. 12 of
13 patients received VA-ECMO therapy with additional
intra-aortic balloon pump (IABP) therapy in 5 patients
and Impella-CP therapy in 3 patients. One of 13 patients
only received Impella therapy without VA-ECMO sup-
port. Nine patients showed cardiac recovery with extra-
corporeal device explantation within 1 week (7 patients)
or 2 weeks (2 patients) (median 6.5days, interquartile
range 4.5-8.5days). Two patients also required an exter-
nal pacemaker due to third degree atrioventricular block.

Four patients died in the course of the disease. Two of
those showed full cardiac recovery but died due to fulmi-
nant sepsis. Both had a pulmonary manifestation in the
form of ARDS. The other two patients died due to multi
organ failure. One of them was diagnosed with ischemic
heart disease before COVID-19 myocarditis and the
other one had a pulmonary manifestation in the form of
ARDS.

Discussion

We are reporting a characteristic case of an acute
COVID-19-associated myocarditis. Although this form
of COVID-19 disease is rare a differentiated considera-
tion of the treatment options seems to be of high impor-
tance due to the great potential for recovery [7, 25]. If
primary COVID-19 myocarditis is the main disease
entity a foudroyant course with dramatic deterioration
of cardiac function should be anticipated. From the pre-
vious reports, the development of a pronounced myo-
cardial edema with lymphocytic infiltrate is evident [26].
This phenomenon could also be shown sonographically
in the case treated at our clinic. This is typically asso-
ciated with a marked restriction of the left ventricular
ejection fraction. As in the case we described this can
lead to the need for extracorporeal cardiovascular sup-
port [12, 27]. Accordingly, early allocation to a center
with an appropriate expertise in cardiac assist device
(VA-ECMO, Impella, IABP) should be considered. Thus,
timely intervention with one or two ventricular assist
devices is possible when conservative pharmacologic
therapeutic approaches fail.
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Fig. 3 PRISMA flow diagram. Graphical representation of the systematic literature review according to the PRISMA reporting guideline.
Abbreviations: SARS-CoV-2, severe acute respiratory syndrome coronavirus 2. Most of the patients in the case studies were male (m 10, f 3) and
the median age was 42.6 years (interquartile range 22.5-56 years). Only three patients had reported cardiovascular risk factors diabetes and
hypertension in their medical history. One of them already had two previously implanted permeable stents and an ischemic heart disease without
chronic heart failure before COVID-19 myocarditis. Pulmonary manifestation in the form of pneumonia was only reported in one patient and acute
respiratory distress syndrome (ARDS) was only reported in four patients of 13 cases [13-16, 21]. One of these four patients with ARDS requiring
veno-arterio-venous ECMO (VAV-ECMO) due to ARDS [13].

In the review we analyzed that total failure of left
ventricular function occurred repeatedly. With single
VA-ECMO therapy, inadequate aortic valve opening
or lack of left ventricular ejection was reported sev-
eral times, requiring dual cardiac assist devices such
as VA-ECMO with Impella or VA-ECMO with IABP
for adequate ventricular unloading. In the majority of
the reported cases recovery was very quick, so that the
inserted devices could be explanted within 1 week and
the patients could leave the hospital with an almost
completely normal cardiac function in the absence of
complicating circumstances.

The occurrence of additional ARDS or bacterial
superinfection appears to be of particular importance
for the clinical outcome.

Although direct infection of myocytes through
expressed ACE-2 receptors is possible, detection of
viral RNA from the myocardium is usually not success-
ful [28]. As long as pulmonary involvement is low the
majority of patients survive with excellent recovery of
left ventricular ejection fraction.

Conclusion
Refractory cardiogenic shock in patients with COVID-
19-associated myocarditis is a rare condition and
requires rapid invasive therapy in a specialized center.
The initially acute fulminant course of a myocarditis
and the LVEF can recover within days. Therefore, rapid
invasive bridging therapy may save lives in patients
with a SARS-CoV-2 associated myocarditis.
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