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Background Coronavirus disease 2019 (COVID-19) spreading from Wuhan, Hubei province in China, is an expanding global
pandemic with significant morbidity and mortality. Even though respiratory failure is the cardinal form of severe
COVID-19, concomitant cardiac involvement is common. Myocarditis is a challenging diagnosis due to heterogen-
eity of clinical presentation, ranging from mild symptoms to fatal arrhythmia and cardiogenic shock (CS). The aeti-
ology is often viral and endomyocardial biopsy (EMB) is the gold standard for definite myocarditis. However, the
diagnosis is often made on medical history, clinical presentation, magnetic resonance imaging, and blood tests.

Case summary  We present a 43-year-old man with mixed connective tissue disease treated with hydroxychloroquine who rapidly
developed CS 4 days from symptom onset with fever and cough, showing positive polymerase chain reaction naso-
pharyngeal swab for severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) RNA. While computed tom-
ography of the thorax was normal, high-sensitivity troponin T was elevated and electrocardiogram showed diffuse
ST elevation and low voltage as signs of myocardial oedema. Echocardiography showed severe depression of left
ventricular function. The myocardium recovered completely after a week with mechanical circulatory support
(MCS). EMB was performed but could neither identify the virus in the cardiomyocytes, nor signs of inflammation.
Still the most probable aetiology of CS in this case is myocarditis as a sole symptom of COVID-19.

Discussion COVID-19 patients in need of hospitalization present commonly with respiratory manifestations. We present the
first case of fulminant myocarditis rapidly progressing to CS in a COVID-19 patient without respiratory failure, suc-
cessfully treated with inotropes and MCS.
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Learning points

hyde made electron microscopy non optional.

® Coronavirus disease 2019 (COVID-19) may come with a wide variety of clinical manifestations, even without respiratory symptoms.

® Mechanical cardiac support can be life-saving by relieving the heart and preventing multiorgan failure as in this case even without antiviral
therapy, but prevents further diagnostic evaluation with magnetic resonance.

® Endomyocardial biopsy can provide the nature of the aetiological agent and should be considered in cases with fulminant myocarditis.
When taken, preservation should be made so that different modalities for analysing are not precluded. In this case preservation in formalde-

Introduction

A large number of coronavirus disease (COVID-19) patients display-
ing cardiac involvement have been reported since the first cases of
COVID-19 in Wuhan, China in December 2019. The severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) pathogen is a
positive-sense single-stranded RNA virus with transmission primarily
via respiratory droplets.’ The clinical course is characterized by fever,
cough, fatigue, anosmia, and ageusia, sometimes complicated by acute
respiratory distress syndrome (ARDS).? Fulminant myocarditis is a
rare critical clinical condition with poor in-hospital outcome, whose
main characteristic is a rapidly progressive clinical course with the
need for haemodynamic support. Aetiology includes a variety of trig-
gers, often viral infections. Myocardial injury is common in patients
with COVID-19, including myocarditis, myocardial infarction, and
stress-induced cardiomyopathy. COVID-19-related myocarditis can
be caused by a combination of direct viral injury and cardiac damage
due to the host’s immune response.

We present a case of fulminant myocarditis rapidly progressing to
cardiogenic shock (CS) without pulmonary manifestations in a
COVID-19 patient.

Timeline

Case presentation

A 43-year-old non-smoking male with a history of Mixed Connective
Tissue Disease (MCTD) presented to the emergency room due to
chest pain. His drug history was hydroxychloroquine 400 mg once
daily (for the past 5 months), and he was otherwise healthy in excel-
lent physical condition. The patient presented with a 4 day history of
fever and cough. The patient’s wife was also suffering from similar
symptoms. Physical examination revealed no murmurs or rales, sys-
tolic blood pressure (BP) of 100 mmHg, a heart rate of 130 b.p.m,,
and oxygen saturations of 90-100% on 10-15L/min of oxygen.
Electrocardiograms showed sinus tachycardia and diffuse ST-
segment elevation. All electrocardiograms are presented in Figure
1A-C.

Thoracic computed tomography (CT) scan revealed no pathology.
High sensitivity Troponin T (hsTnT) was 590 ng/L [upper limit of nor-
mal (ULN) 15ng/L] and the patient was initially treated as non-ST-
elevation myocardial infarction (NSTEMI) with aspirin, ticagrelor, and
fondaparinux. Later, perimyocarditis was suspected and cefotaxime
and colchicine were administered. Treatment with cefotaxime was
not the hospitals’ policy, treatment was initiated to cover for a pos-
sible bacterial infection. The nasopharyngeal swab polymerase chain

Laboratory measurements, circulatory and respiratory support

Reference Day 0 Day 1a Day 1b
Haemoglobin, g/L 137-170 161 159 154
White blood cell count x10°/L 3.5-88 9.7 8.5 16.2
Platelet count x10°/L 140-350 245 236 197
Lymfocyte count x10%/L 1.1-4.8 18 NA
Sodium, mmol/L 137-145 136 129 134
Potassium, mmol/L 3544 36 45 44
Creatinine, pmol/L 60-105 73 77 69
C-reactive protein, mg/L <10 4 6 <5
Procalcitonin, pg/L <0.5 0.06 0.06 0.1
Creatine kinase-MB, ng/mL <5 NA NA 111
High-sensitivity troponin T, ng/L <15 590 730 1620
N-terminal pro-brain natriuretic peptide, ng/L <300 NA 6100 10100
Interleukin-6, ng/L <7 NA NA 30
D-dimer, mg/L <0.20 NA <0.5 0.56
Lactate dehydrogenase, pkat/L <35 NA 5.1 NA
Ferritin, pg/L 34-275 NA 220 NA
Lactate, mmol/L 0.5-2.2 NA 34 5.1
Impella X
VA-ECMO

Intubated

X

X

X

X

X

Day 4 Day 5 Day 6 Day 7 Day 9 Day 11 Day 12
131 125 107 96 97 97 94
9.5 114 15 14.4 11.5 114 16
139 82 65 70 59 88 131
NA 0.7 NA 0.5 12 16 NA
134 136 135 142 155 154 NA
5 42 45 4 4 4.1 NA
83 166 105 98 142 128 127
9 88 134 44 25 NA 38
0.9 9 17 10 26 0.6 0.4
37 NA NA NA NA NA NA
1820 NA NA NA NA NA NA
17300 28600 NA 3400 NA NA NA
300 NA 35 46 NA NA 25
0.67 0.19 0.28 0.24 0.54 NA NA
NA 6.4 NA 2 NA NA NA
261 NA 318 NA NA NA NA
4.7 4 5.8 NA 0.9 0.9 0.6
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Figure | (A) Electrocardiogram 2019, normal sinus rhythm, left axis deviation. (B) Electrocardiogram at admission, sinus tachycardia, low voltage
and diffuse ST-segment elevation in limb and precordial leads. (C) Electrocardiogram Day 24 at Coronary Care Unit during rehabilitation period.
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reaction (PCR) for SARS-CoV-2 was positive. During the night, the
patient was stable with 3L of O, (saturation 100%), BP 110/
75 mmHg, and heart rate 95 b.p.m.

Blood samples on the second day of admission showed an elevated
N-terminal pro-brain natriuretic peptide (NT-ProBNP) of 6100 ng/L
(ULN <300 ng/L). Echocardiography showed a normal sized left ven-
tricle with severely depressed systolic function, ejection fraction (EF)
10-15%. A 5 mm pericardial effusion was found along the right ven-
tricular wall. The central venous saturation (ScvO,) was 53% and the
patient was referred to the local Coronary Care Unit (CCU). Upon
arrival at the CCU, the patient was somnolent but did express signifi-
cant anxiety, and complained of chest and abdominal pain. He
showed signs of CS with cold extremities, oliguria, heart rate 120—
130 b.p.m., and BP 85/70 mmHg. Levosimendan and norepinephrine
infusions were started together with IV fluid. ScvO, had dropped to
36%. Immediate echocardiography confirmed the previous findings
(Figure 2) and the patient was referred to the cardiothoracic intensive
care unit (ICU). Inotropic support was enhanced with epinephrine
and milrinone. He received a Swahn-Ganz pulmonary artery catheter
as well as mechanical circulatory support (MCS) (Impella® CP Smart
Assist, Abiomed, Aachen, Germany), initially at 3.8 L/min later
increased to 4.2 L/min. Mixed venous gas saturation (SvO,) improved
to 57%. However, cardiac index remained low between 1.8 and
2.5 L/m* and norepinephrine in high doses was needed to maintain
mean arterial BP above 60 mmHg. During the night, he was bleeding
profoundly from the MCS access site and received massive transfu-
sions with 48E erythrocytes, 22E fresh frozen plasma and 3E platelets.
Hydroxychloroquine treatment was terminated upon his arrival to
ICU.

The next day the patient was anaesthetized, intubated and surgical
revision of the access site was performed as well as endomyocardial
biopsy (EMB) via the right internal jugular vein. Milrinone was termi-
nated and vasopressin added because of vasodilatation.
Hydrocortisone, 100 mg three times/day, was started due to clinical
suspicion of Addison crisis, as he periodically had been on cortisone
due to MCTD. The biopsies showed no histopathological signs of
myocarditis and the myocardial samples tested negative for SARS-
CoV-2 RNA. Repeated PCR tests for SARS-CoV-2 were positive,
both in tracheal secretion and a few days afterwards even in urine
culture. In total, the patient was positive for SARS-CoV-2 in three dif-
ferent tests.

Despite massive inotropic and vasopressor support as well as
Impella®, pre-shock signs remained. It was felt that this mandated an
upgrade of MCS to include veno-arterial extracorporeal membrane
oxygenation (VA-ECMO, Cardiohelp’" Magquet Cardiovascular,
Bridgewater, NJ, USA) in combination with the Impella®. Within
hours the circulation stabilized (initially blood flow of 3.7 L/min,
sweep gas flow of 2.5 L/min at 100% oxygen) and inotropic support
could gradually be decreased.

A new CT scan could not demonstrate any pulmonary infiltrates,
and laboratory parameters improved. Within 24 h after the VA-
ECMOQO institution, renal function improved.

After 3 days, while weaning MCS, transthoracic echocardiography
confirmed biventricular systolic improvement. After a multidisciplin-
ary meeting on Day 7, the patient was successfully weaned off MCS,
the left ventricular function normalized (Figure 2B), and he was later

moved to the CCU. At Day 25, he was referred to his local county
hospital being treated for an infection of unclear focus.

Discussion

We describe a case of isolated fulminant SARS-CoV-2 associated
myocarditis rapidly progressing to CS in need of and successfully
treated with temporary MCS. Our main finding reflects that
which has been previously reported by Inciardi et al.? that severe car-
diac involvement may be the only clinical manifestation of SARS-
CoV-2.

The first case report of myocarditis associated with COVID-19
was a 63-year-old male who after travelling to Wuhan, developed
fever, shortness of breath and chest ‘cightness.4 He was considered to
have fulminant myocarditis (EF 32%) along with ARDS and needed
respiratory support by veno-venous (VV) ECMO." Later, a similar
case was reported from Lombardy, with SARS-CoV-2 associated
myocarditis in a 69-year old man with ARDS requiring mechanical
ventilation. Magnetic resonance imaging (MRI) showed regional sub-
epicardial late gadolinium enhancement suggestive of myocarditis. In
addition, several mild cases of myocarditis without need of circula-
tory or respiratory support have been reported.‘s'7 EMB was not per-
formed in these cases.

Hydroxychloroquine has been reported as causing cardiotoxicity
in rare cases, mainly after many years of treatment.® The rapid pro-
gress of fulminant heart failure together with the fact that our patient
had only been treated for 5 months made this differential diagnosis
unlikely. Although MCTD is recognized as being associated with pre-
capillary pulmonary hypertension and pericarditis, the lack of associ-
ation with fulminant myocarditis, as in this case, pointed us away from
MCTD as a factor.” The initial clinical suspicion of NSTEMI was
rejected as the patient rapidly deteriorated. The patient had no his-
tory of angina symptoms and he exercised regularly. The reduced
QRS amplitudes were interpreted as a sign of myocardial oedema
that together with signs of acute heart failure made myocarditis plaus-
ible, as well as the echocardiographic findings of severe global reduc-
tion of the left ventricular function without any regional differences.
The need for MCS precluded the possibility of an MRI scan, and
strengthened the decision for EMB, especially in the absence of re-
spiratory symptoms and lymphopenia. Unfortunately, the biopsies
did not result in histological evidence for myocarditis and preserva-
tion in formaldehyde precluded further analysis with electron micros-
copy that has been described in a case report by Sala et al."

Even though we cannot prove SARS-CoV-2 as the aetiology, which
is the main limitation of this case report, the fast recovery of systolic
function while on MCS strongly supports viral myocarditis. It is of im-
portance to highlight that the patient tested positive to SARS-CoV-2
three times in total. To the best of our knowledge, this is the first
case of isolated fulminant myocarditis in a patient testing positive for
COVID-19 needing MSC because of CS. We have found one other
case report on a COVID-19 patient treated with Impella® and VA-
ECMO, but this was due to ARDS decompensating chronic heart fail-
ure.!’ Although VV-ECMO is an established treatment for ARDS,
including COVID-19 with serial published reports,n'13 there are few
published cases of VA-ECMO and other MCS and no case without
concomitant respiratory failure. In viral myocarditis, MCS can be



Fulminant myocarditis in a COVID-19 positive patient treated with MCS 5

GS=-16.5%

Strain

GS=-3.8%

Figure 2 (A and B) Longitudinal strain at admission and after 15 Days.

lifesaving, in its ability to support the circulation, thereby preventing © be offered to SARS-CoV-2 associated fulminant myocarditis is yet to
multi-organ failure, and allowing the myocardium, most often, to heal :  be proven,” and it is of importance to note that our patient recov-
spon‘caneously.14 If other supportive or antiviral treatments should - ered without antiviral treatments.
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