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Abstract
Myocarditis is a concerning potential consequence of COVID-19 infection, attributed to ventricular dysfunction, cardiac fibro-
sis, ventricular arrhythmias, cardiogenic shock, and sudden cardiac death. Recently, the Israeli Health Ministry announced 
that a small number of cases of myocarditis may be linked to second dose of Pfizer’s BioNTech-partnered COVID-19 
vaccine. The long-term impact of COVID-19 myocarditis and coronary microthrombosis which has also been described 
and the best therapies for these complications remain unknown. Indeed, monomorphic ventricular tachycardia and regular 
ventricular arrhythmias have previously been found to be more common in those recovered from myocarditis than in acute 
myocarditis itself. Follow-up assessment of cardiac function has been suggested for this cohort to detect and possibly prevent 
further cardiac events in the rehabilitation phase. Functional capacity has been shown to be a better determinant of long-term 
morbidity than diagnostic testing alone, but integrated approach is likely the way forward in clinical follow-up. Assessment 
of residual complications in the post-COVID-19 recovery phase may identify the population burden of long-term cardiac 
disease as a direct consequence of COVID-19.
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Dear Editor,

Myocarditis is a concerning potential consequence of 
COVID-19 infection, attributed to ventricular dysfunction, 
cardiac fibrosis, ventricular arrhythmias, cardiogenic shock, 
and sudden cardiac death [1]. Recently, the Israeli Health 
Ministry announced that a small number of cases of myo-
carditis may be linked to second dose of Pfizer’s BioNTech-
partnered COVID-19 vaccine, with the majority discovered 
in men between 16 and 30 years. In their unpublished report, 
the Israeli Health Officials declared 27 cases of myocarditis 
were discovered following the first dose, out of a total of 
5,401,150 vaccinated individuals. One hundred and twenty-
one cases out of a total of 5,049,424 vaccinated individuals 
within 30 days of second dose were also revealed [2].

The long-term impact of COVID-19 myocarditis and cor-
onary microthrombosis, which has also been described, and 
the best therapies for these complications remain unknown. 
Indeed, monomorphic ventricular tachycardia and regular 
ventricular arrhythmias have previously been found to be 

more common in those recovered from myocarditis than in 
acute myocarditis itself [3]. A follow-up assessment of car-
diac function has been suggested for this cohort to detect and 
possibly prevent further cardiac events in the rehabilitation 
phase [4]. Functional capacity has been shown to be a better 
determinant of long-term morbidity than diagnostic testing 
alone, but integrated approach is likely the way forward in 
clinical follow-up [5]. Assessment of residual complications 
in the post-COVID-19 recovery phase may identify the pop-
ulation burden of long-term cardiac disease as a direct con-
sequence of COVID-19. This case-based review describes 
a patient who required critical care treatment for COVID-19 
pneumonitis and multi-organ failure. He was diagnosed with 
myocarditis during this critical period and is currently under 
surveillance in the COVID-19 ICU Survivorship Clinic. This 
letter should provide reassurance that this group may return 
towards their baseline in the medium term.

A 61-year-old gentleman was admitted to our intensive 
care unit (ICU) with coronavirus (COVID-19) pneumonitis 
during the first wave of severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2). His past medical history was 
significant for multiple cardiovascular risk factors such as 
hypertension, type 2 diabetes mellitus, and hyperlipidae-
mia; however, he had no history of previous myocardial 
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infarction. Additional medical background included asthma, 
chronic obstructive pulmonary disease, hypothyroidism, and 
rectal cancer requiring anterior resection in 2017.

Following a trial of high flow oxygen via nasal cannulae, 
he was intubated and ventilated for refractory hypoxaemia 
using lung-protective ventilation and prone positioning. He 
developed multiorgan failure with hypotension requiring vaso-
pressor support. He developed acute renal failure, which ulti-
mately required renal replacement therapy. His renal function 
subsequently recovered prior to discharge from ICU. Routine 
monitoring detected an increase in troponin T (TnT) 3 weeks 
after admission to ICU, and 5 weeks after his diagnosis with 
SARS-Cov-2. TnT peaked at 6142 ng/L following increase 
over four sequential days, as shown in Fig. 1. Pro-NT brain 
natriuretic peptide (BNP) serum level taken at that time was 
elevated at 2180 pg/ml. Differential diagnosis included acute 
coronary syndrome, sepsis-related cardiomyopathy, and 
stress-induced cardiomyopathy. There was no evidence of 
cardiac ischaemia or arrhythmia on electrocardiogram (ECG), 
and echocardiography depicted normal biventricular function 
with no regional wall motion abnormality, no significant valve 
abnormality, and no pericardial effusion. Cardiac angiography 
found no evidence of coronary artery disease.

A definitive diagnosis of myocarditis could not be 
made without cardiac magnetic resonance (CMR) or 
endomyocardial biopsy, neither of which was appropriate 
for the patient at this time. A presumptive diagnosis of 
COVID-19 myocarditis was made in view of this day-on-
day increase in cardiac enzymes, which was consistent 
with available literature, and pulsed methylprednisolone 
was commenced1. Cardiac enzyme levels improved after 

induction of steroids (Fig. 1); his ventilation was weaned, 
and he was discharged to the ward. A subsequent CMR 
performed at 3 months post-ICU discharge confirmed the 
diagnosis of myocarditis with fibrosis on the late gado-
linium enhancement (LGE) sequences observed in mid-
wall and subepicardial aspect of the basal segments of the 
septum, inferior septum, inferior and lateral walls. There 
was no evidence of myocardial oedema on the T2 STIR 
images and T2 maps. There was no evidence of suben-
docardial infarction on the late gadolinium enhancement 
sequence (Fig. 2).

He was discharged to the community and reviewed 
in the post-intensive care clinic at 6 months where he 
denied any cardiac symptoms relating to chest pain or 
dyspnoea. BNP was <50 pg/ml, and a repeat echocardio-
gram showed normal ventricular function with an ejec-
tion fraction of 55%. Pulmonary function tests showed a 
reduced FEV1/FVC at 68% and diffusion capacity of 55% 
predicted. There was evidence of resolution of COVID-
19 pneumonitis on computed tomography (CT) thorax, 
although some peribronchovascular nodularity remained. 
He managed 380 m on 6-min walk test (6MWT) without 
desaturation, and 11 repetitions in the 30-s sit-to-stand 
test, demonstrating both good muscle strength and func-
tional capacity. Grip strength was 27 kg on right, and 
30 kg on left (right hand dominant). His self-assessed 
health status was in the second highest level of health, 
‘very good’, which is higher than expected for his age 
and gender. Table 1 shows scores for the eight scales 
of SF36. On individual item questioning, he reported 
‘some’ limitations in terms of strenuous activities, but 
‘no’ limitations for moderate activities. He has not yet 
returned to work.

Fig. 1  Laboratory values of 
troponin T (ng/L) graph illus-
trating daily rise in troponin T 
levels. Troponin level peaked at 
6142 ng/L on day 35 in inten-
sive care. Troponin T levels 
began to normalise following 
administration of methylpred-
nisolone

1 This was prior to the publication of the recovery trial.
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Discussion

Myocarditis has been recognised as a cause of death in 
patients diagnosed with COVID-19 [6]. It is character-
ised by focal inflammation within the myocardium, with 
a subsequent risk of arrhythmias, fulminant heart failure, 
and cardiogenic shock [1, 7]. Putative pathophysiologi-
cal mechanisms behind COVID-19 myocarditis include 
the cytokine storm induced by an imbalance between T 
helper-1 and T helper-2 cells with resulting cytokine-
mediated cardiotoxicity, imbalance in the angiotensin 
converted enzyme (ACE)–angiotensin axis, direct viral 
myocardial and endocardial invasion-mediated via ACE 
tropism [8]. An additional mechanism of cardiac injury has 
been described by Pellegrini et al., from the Italian autopsy 
series. Cardiac myocyte necrosis from microthrombi was 

different in composition from thrombi from catheter aspi-
rates from patients with acute coronary syndrome [9].

Much has been learned regarding this novel viral myocar-
ditis since January 2020, and while the European Society of 
Cardiology (ESC) and American Heart Association (AHA) 
recommend endomyocardial biopsy as the definitive method 
for diagnosis in myocarditis, there is a risk of false-negatives, 
as the disease can present in a focal manner [10, 11]. More 
recently, CMR has been suggested as an accurate diagnostic 
tool [12, 13]. Importantly, there are increasing reports of sig-
nificant CMR changes in patients with COVID-19, despite 
clinically mild symptoms [14]. Based on these findings, it 
is now suggested that even patients with mild myocarditis 
should continue to be followed in the medium term, in par-
ticular in patients who had elevated cardiac enzymes and 
BNP [4]. Due to the novel nature of the disease, the literature 
is, of course, lacking in terms of medium-term and long-term 
outcomes of COVID-19 related myocarditis.

Prior literature from non-COVID-19 viral myocardi-
tis suggests that the rate of sudden cardiac death or life-
threatening ventricular arrhythmias may be as high as 
6.6% [15]. While CMR with LGE, post-infection, could 
identify the at-risk group [3], functional capacity has been 
shown to be both independently and incrementally associ-
ated with prognosis in patients with cardiac disease and is 
a better predictor of outcome than diagnostic testing alone 
[16]. The late risk of arrhythmias in these patients is cur-
rently unknown and perhaps Holter or telemetry monitor-
ing during rehab may be prudent.

Fig. 2  Cardiac MRI — short-
axis slices showing late gado-
linium enhancement (LGE). 
Left ventricle is normal in size 
and volume with normal wall 
thickness and normal systolic 
function (LVEF 59%). There is 
no evidence of prior infarction 
on the LGE, but there are small 
foci of mild wall fibrosis in the 
basal segments of the septum, 
inferior septum, inferior and lat-
eral walls and in the subepicar-
dium of the basal anterio-lateral 
and lateral walls. This is con-
sistent with prior myocarditis. 
There is non-specific mid-wall 
fibrosis at the basal superior 
and basal mid inferior RV-LV 
insertion points. Findings are 
consistent with prior myocardi-
tis with normal LVEF

Table 1  Eight domains of SF 36

Scores (/100)

Physical functioning 95
Role limitation physical 100
Role limitation emotional 100
Energy 95
Emotional well-being 100
Social functioning 100
Pain 70
General health 95
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Assessment of functional capacity is particularly impor-
tant for patients who have required critical care for multi-
organ failure either owing to, or concurrent with, their diag-
nosis of myocarditis. A relatively straightforward assessment 
of functional capacity can be performed in the outpatient 
clinic. While cardiopulmonary exercise testing remains the 
gold standard for prognostic stratification for long-term 
patients, the 6MWT can provide similar information [17]. 
The American Thoracic Society (ATS) has recommended 
6MWT as a measure of functional status, and for prognosti-
cation in patients with respiratory disease and cardiac failure 
[18]. Maximal distance walked during the 6MWT is an indi-
cator of submaximal exercise tolerance, and therefore similar 
to activity of daily living. A maximal distance of <300 m 
is predictive of morbidity in patients with mild-to-moderate 
heart failure [19].

Our patient managed 380 m, however, his functional limi-
tations were also limited by his post-ICU status and diag-
nosis of ARDS. A recent systematic review of the 6MWT 
in ICU survivors found that the pooled mean distance was 
360 m at 3 months post-ICU discharge, increasing to 395 
m at 6 months [20]. A previous small prospective cohort 
study of 56 patients found that median 6MWT distance was 
392 m [21]. Despite assumptions that ICU-related myopathy 
may be a driver of reduced distance, well-recognised risk 
factors such as severity of illness, use of steroids, and neu-
romuscular blockers have not been found to be associated 
with maximal distance achieved [20]. Therefore, the 6MWT 
is predominantly useful in assessing functional outcomes 
related to respiratory and cardiac disease in ICU patients.

The grip strength and sit-to-stand tests are a further reli-
able measure of functional capacity and muscle strength 
[22, 23]. Mean grip strength was shown to be 29.3 kg on 
the right and 27.3 kg on the left for cardiac patients already 
engaged in a rehab program [24]. Median grip strength in 
ICU survivors at 3 months was 20.4 kg [21]. Our patient’s 
grip strength was above these scores.

While there are few papers examining the sit-to-stand test 
for ICU survivors, a quasi-example is the GymNAST study 
which found that recovery of speed to stand (as opposed 
to repetitions) returned at 2 months post-ICU discharge for 
those with ICU-acquired muscle weakness [25].

The majority of papers examining SF36 scores in the 
cardiac literature relate to congestive heart failure, post-
myocardial infarction, and post-operative states, with no 
real evidence on quality of life scores for viral myocar-
ditis. However, the health outcomes research literature 
does examine the eight domains of the SF36 for ICU 
patients. One particularly relevant paper found that SF36 
scores were higher for Middle East Respiratory Syndrome 
(MERS) survivors than non-MERS ICU survivors [26]. 

Although there is an assumption that ICU survivors have 
poorer quality of life scores post-discharge than age and 
sex-matched population controls, a cross-sectional study 
from Sweden found that scores were relatively similar 
[27]. Those with worse outcomes than the population 
average were male, single, and on sick leave prior to ICU 
admission. Our patient had only one of these risk factors 
(although he has not yet returned to work post-discharge) 
and his scores are above expected values for all eight 
domains of the SF-36 survey.

While CMR is a useful tool to measure response to treat-
ment in selected patients, there is no evidence on the opti-
mal time to perform follow-up CMR [28] and there are no 
established myocarditis specific biomarkers that can predict 
outcome [29]. BNP has been shown to be associated with 
long-term outcomes for patients with cardiomyopathy [8] as 
well as medium- to long-term outcomes after ICU discharge 
[30]. Since BNP is recognised as an optimal means of guid-
ing treatment in the ambulatory setting for patients with heart 
failure [31], it is reasonable to consider that this as an addi-
tional tool in the follow-up of ICU patients with myocarditis.

Conclusion

Viral myocarditis in patients can occur with SARS-CoV-2 
infection, causing a fulminant cardiomyopathy. The diag-
nosis of COVID-19 associated myocarditis can be chal-
lenging, particularly in the critically ill population. This 
patient had no arrhythmogenic or anatomical insult. Cur-
rently, ESC guidelines do not recommend steroids in mild 
cases of COVID-19 myocarditis [32]. Aggressive treatment 
of isolated elevated troponin levels without cardiovascular 
compromise, in this case, may have prevented the develop-
ment of chronic myocarditis and subsequent inflammatory 
cardiomyopathy. This incidental diagnosis highlights the 
importance of regular serum screening in all COVID-19 
patients and the potential merits of early intervention.

As of June 2, 2021, the centre for disease control and pre-
vention continues to advise COVID-19 vaccination for per-
sons aged 12 years and older, taking into account the greater 
risk of COVID-19 illness possible severe complications.

Since even mild myocarditis is associated with long-term 
morbidity, it is important that this group of patients is fol-
lowed in the recovery phase. Outpatient assessment of func-
tional capacity can be used alongside diagnostic testing to 
detect the at-risk group. It is reassuring that good functional 
outcomes were observed in our patient who was affected by 
the double burden of myocarditis and COVID-19 pneumo-
nitis, with associated multi-organ failure.
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