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Original Article

Introduction

Coronavirus disease 2019 (COVID-19) has led to fright 
among populations worldwide since it was first reported.1 
The severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) was initially only considered to be a respi-
ratory illness, but it is now recognized as a complex multi 

systems disease.2,3 Current literature suggests that the 
increased expression of angiotensin-converting enzyme 2 
(ACE2) receptors of SARS-CoV-2 in cardiac myocytes 
accounts for the relatively high cardiovascular involvement 
in COVID-19.4 Comorbidities such as pre-existing cardio-
vascular diseases, hypertension and diabetes mellitus have 
led to worse prognosis among patients infected with 
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Abstract
Background: COVID-19 was initially considered to be a respiratory illness, but current findings suggest that SARS-
CoV-2 is increasingly expressed in cardiac myocytes as well. COVID-19 may lead to cardiovascular injuries, resulting 
in myocarditis, with inflammation of the heart muscle. Objective: This systematic review collates current evidence 
about demographics, symptomatology, diagnostic, and clinical outcomes of COVID-19 infected patients with myocarditis. 
Methods: In accordance with PRISMA 2020 guidelines, a systematic search was conducted using PubMed, Cochrane 
Central, Web of Science and Google Scholar until August, 2021. A combination of the following keywords was used: SARS-
CoV-2, COVID-19, myocarditis. Cohorts and case reports that comprised of patients with confirmed myocarditis due to 
COVID-19 infection, aged >18 years were included. The findings were tabulated and subsequently synthesized. Results: In 
total, 54 case reports and 5 cohorts were identified comprising 215 patients. Hypertension (51.7%), diabetes mellitus type 
2 (46.4%), cardiac comorbidities (14.6%) were the 3 most reported comorbidities. Majority of the patients presented with 
cough (61.9%), fever (60.4%), shortness of breath (53.2%), and chest pain (43.9%). Inflammatory markers were raised in 
97.8% patients, whereas cardiac markers were elevated in 94.8% of the included patients. On noting radiographic findings, 
cardiomegaly (32.5%) was the most common finding. Electrocardiography testing obtained ST segment elevation among 
44.8% patients and T wave inversion in 7.3% of the sample. Cardiovascular magnetic resonance imaging yielded 83.3% 
patients with myocardial edema, with late gadolinium enhancement in 63.9% patients. In hospital management consisted of 
azithromycin (25.5%), methylprednisolone/steroids (8.5%), and other standard care treatments for COVID-19. The most 
common in-hospital complication included acute respiratory distress syndrome (66.4%) and cardiogenic shock (14%). On 
last follow up, 64.7% of the patients survived, whereas 31.8% patients did not survive, and 3.5% were in the critical care 
unit. Conclusion: It is essential to demarcate COVID-19 infection and myocarditis presentations due to the heightened 
risk of death among patients contracting both myocardial inflammation and ARDS. With a multitude of diagnostic and 
treatment options available for COVID-19 and myocarditis, patients that are under high risk of suspicion for COVID-19 
induced myocarditis must be appropriately diagnosed and treated to curb co-infections.
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COVID-19.5 However, infected patients may experience 
added-on cardiovascular injuries, even in the absence of 
pre-existing cardiac disease.6 Myocarditis is an inflamma-
tion of the heart muscle with symptoms such as chest pain, 
shortness of breath, and palpitations.7 A study identified 42 
COVID-19 patients with myocarditis, where fever was the 
most common presenting sign in 57% patients, and hyper-
tension was the most pervasive comorbidity.8

SARS-CoV-2 is posited to gain entry into human cells by 
binding the spike protein to the membrane protein angioten-
sin-converting enzyme 2 (ACE2).9,10 As depicted in Figure 
1, SARS-CoV-2 gains entry into the bloodstream, making 
its way to the heart and cardiac muscle. In the cardiomyo-
cytes, the binding to ACE2 upregulates the receptor eventu-
ally leading to apoptosis, releasing viral and cardiac 
antigens. These antigens, when fixed to the antigen present-
ing cells (APCs), lead to the release of interleukins (IL1, 
IL6, IL12, TNF alpha), which when presented to CD4+ T 
helper cells, CD8+ T cells, and B cells, lead to autoreactive 
virus specific antibodies. The entire mechanism is posited 
to lead to myocarditis, with elevated inflammatory bio-
markers, cardiac biomarkers, EKG changes, and symptoms 
such as shortness of breath and chest pain (Figure 1).

While our systematic review does not delve into the 
myocardial effects of COVID-19 vaccines, a report in the 
New England Journal of Medicine identified 2 cases of 
histologically confirmed, fulminant myocarditis within 
2 weeks of COVID-19 vaccination.11 As of September 1 
2021, the Centers for Disease Control and Prevention 
writes that the risk of myocarditis is far higher after 
COVID-19 infection as opposed to the mRNA virus.12 
Based on a study that identified 1.5 million inpatient 
records with COVID-19, myocarditis was uncommon 
among patients with or without COVID-19, however, 
there was a relatively higher risk in the 50 to 75 and over 

age groups.12 The under 16 age group could be more prone 
due to the related multisystem inflammatory syndromes.12 
The paper also noted an 18-fold higher chance of develop-
ing myocarditis due to COVID-19.12

The objective of this systematic review is to collate evi-
dence about demographics, symptomatology, diagnostic 
techniques, and clinical outcomes of COVID-19 infected 
patients with myocarditis.

Methods

This systematic review was conducted and reported in con-
formity with the Cochrane and PRISMA (Preferred 
Reporting Items for Systematic review and Meta-Analyses) 
2020 guidelines (Figure 2). A comprehensive literature 
search was done using the search engines PubMed, Google 
Scholar, Cochrane CENTRAL, and Web of Science data-
base from their inception up until August 31, 2021. The 
search terms included “SARS-CoV-2” and/or “COVID 19” 
and/or “myocarditis.” Reference lists of included studies 
were also manually screened to identify any relevant stud-
ies that may have been missed during the search (umbrella 
review).

Articles retrieved from the systematic search were 
exported to EndNote Reference Library software 
(Clarivate), where duplicates were removed. 2 authors 
(V.J. and S.Y.) carried out an independent search and 
screened the titles and abstracts of the identified articles for 
inclusion. Afterward, full-text articles were reviewed to 
validate if they satisfied the inclusion criteria. Any discrep-
ancies were resolved by discussion till consensus was 
achieved. Articles were included if they met  all the pre-
specified eligibility criteria: (1) Patients with confirmed 
myocarditis in association with COVID-19; (2) Age 
groups > 18 years; (3) Cohorts, case series and case reports. 
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Figure 1.  A schematic representation of the pathophysiology leading to COVID-19 induced myocarditis.

Studies with post-mortem findings consistent with acute 
myocarditis were also included. All other studies were 
excluded.

Data extracted from articles included publication related 
characteristics (i.e. author/s, study design, number of 
patients, year of publication, and country) and patient 
related characteristics. In specific, demographics (age in 
years, gender, comorbidities), and clinical characteristics 
along with laboratory findings (particularly, inflammatory 
markers and cardiac enzymes) were documented (Tables 1-
3). Additionally, features of imaging modalities including 
Chest X-ray/CT scan, ECG, ECHO, CMR, and endomyo-
cardial biopsy were noted. Management pertaining to both 
COVID-19 and myocarditis, complications, and final clini-
cal outcomes were also recorded. All data was extracted 
onto a predesigned Excel spreadsheet.

Results

In total, 54 case reports and 5 cohorts were identified com-
prising 215 adult patients. Among the 59 studies, the fol-
lowing comorbidities were noted among 178 patients. 
Hypertension (n = 92, 51.7%), diabetes mellitus type 2 
(n = 47, 46.4%), cardiac comorbidities (n = 26, 14.6%), 

hyperlipidemia (n = 6, 3.4%), obesity (n = 5, 2.8%), isch-
emic stroke (n = 2, 1.1%), asthma (n = 2, 1.1%), hypothy-
roidism (n = 2, 1.1%), smoking (n = 2, 1.1%), cancer (n = 2, 
1.1%), sarcoidosis (n = 1, 0.6%), epilepsy (n = 1, 0.6%), 
multiple sclerosis (n = 1, 0.6%), tuberculosis (n = 1, 0.6%), 
migraine (n = 1, 0.6%), spondylitis (n = 1, 0.6%), renal 
transplant (n = 1, 0.6%), and sleep apnea (n = 1, 0.6%) 
(Table 1).

Presenting symptoms on admission were acquired from 
139 of 215 patients. They include cough (n = 86, 61.9%), 
fever (n = 84, 60.4%), shortness of breath (n = 74, 53.2%), 
chest pain (n = 61, 43.9%), diarrhea (n = 43, 30.9%), fatigue 
(n = 37, 26.6%), myalgia (n = 34, 24.5%), dyspnea (n = 17, 
12.2%), hypoxia (n = 7, 5%), syncope (n = 6, 4.3%), tachy-
cardia (n = 6 4.3%), hypotension (n = 4, 2.9%), tachypnea 
(n = 4, 2.9%), malaise (n = 4, 2.9%), vomiting (n = 4, 2.9%), 
ARDS (n = 1, 0.7%) (Table 1).

Of 215, inflammatory markers were reported among 185 
patients. The inflammatory markers were elevated among 
181 (97.8%) patients, and were normal in the remaining 4 
(2.2%) patients. The cardiac markers were documented in 
212 patients, of which 201 (94.8%) had elevated levels, 
whereas, 11 (5.2%) patients had normal cardiac markers. 
The mean value of CRP was 91.6 mg/L (Normal: Less than 
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10 mg/L. High: Equal to or greater than 10 mg/L).71 The 
mean D-dimer value was 2419.2 ng/ml (reference concentra-
tion of D-dimer is < 500 ng/mL).72 Mean ferritin laboratory 
values of 908.9 ng/ml (the normal range for ferritin in blood 
serum is: 20 to 250 ng/mL for adult males. 10 to 120 ng/mL 
for adult females)72; and Interleukin 6 of 271.2 pg/mL (nor-
mal values: 5-15 pg/ml) were reported.73 Troponin values 
were reported as 44.85 ng/ml (normal range for troponin I is 
between 0 and 0.04 ng/mL but for high-sensitivity cardiac 
troponin (hs-cTn) normal values are below14ng/L).74

Radiographic imaging studies particularly, CT and Chest 
X-ray were indicated in COVID-19 patients (Table 2). 
Radiographic findings were obtained from 120 individuals 
with COVID-19 myocarditis. Variable features were 
noticed, of which cardiomegaly (32.5%) was the most 
prominent. Precisely, 120 patient radiographic findings 
were noted, of which cardiomegaly (n = 39, 32.5%) was the 
most common occurrence. This was followed by pulmonary 
venous congestion (n = 27, 22.5%), ground glass opacity 
(n = 23, 19.2%), consolidation (n = 9, 7.5%), pericardial 

Figure 2.  PRISMA flowchart.
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effusion (n = 3, 2.5%), pleural effusion (n = 1, 0.83%), and 
no abnormal finding (n = 5, 4.2%) were noted in the cohort 
of included patient (Table 2).

Electrocardiography (ECG) findings were obtained for 
96 patients, which were normal in 2 (2%) patients while 
other patients had varied ECG findings comprising of ST 
segment elevation among 43 (44.8%) patients, T wave 
inversion in 7 (7.3%) patients, ST depression in 5 (5.2%) 
patients, sinus tachycardia in 11 (11.5%) patients, atrial 
fibrillation in 3 (3.1%) patients, sinus bradycardia in 1 (1%) 
patient, ventricular tachycardia in 2 (2%) patients, and 
finally LBBB was reported in 1 (1%) patient as well (Table 
2). Echocardiography was conducted in 175 patients, where 
9 (51.4%) patients showed normal ejection fractions while 
55 (31.4%) patients demonstrated reduced ejection fraction 
with a mean EF% of 35. Pericardial effusion was demon-
strated in 12 (6.9%) patients, left ventricular hypertrophy in 
7 (4%) patients, cardiomegaly in 7 (4%) patients, myocar-
dial dyskinesia in 19 (10.9%) patients, and LV thrombus in 
1 (0.6%) patient (Table 2).

Cardiovascular magnetic resonance (CMR) imaging is a 
non-invasive, gold standard test for diagnosing myocarditis. 
Our synthesis identifies that 42 of 215 patients underwent 
CMR and 36 of them were diagnosed with Myocarditis by 
the Lake Louis Criteria. The most common findings were 
increased signal intensity in T2 weighted imaging that is, 
myocardial edema (30/36; 83.3%) suggestive of myocardial 
inflammation and/or ischemia. Late Gadolinium enhance-
ment was observed in 23/36 (63.9%) patients in both isch-
emic and non ischemic patterns. Hypokinesis and decreased 
systolic function were present in 8/36 (22.2%) and 6/36 
(16.7%) patients respectively. Myocardial fibrosis was 
found in 1/36 (2.8%) patients. In total, 6 (14.3%) of 42 
patients were found to have normal CMR findings (Table 2).

On noting the biopsy and histopathological examination 
findings, and considering the invasive in nature, these find-
ings were reported in 9 (4.2%) patients out of 215 (Table 2). 
The most common findings were multifocal or diffuse lym-
phocytic infiltrates in the myocardium and endothelium 
along with myocardial edema and necrosis. Other findings 
included positive myocardial anti-SARS COV nucleocap-
sid protein antibodies, cardiac hypertrophy, and multiple 
sites of ischemia and thrombosis with a left atrial and left 
pulmonary artery thrombus in one patient.37 Only 1 (11.1%) 
patient had normal findings on biopsy.

The in-hospital management acquired from 165 patients 
comprised of azithromycin (n = 42, 25.5%), hydroxychloro-
quine (n = 41, 24.9%), methylprednisolone/steroid (n = 14, 
8.5%), norepinephrine (n = 10, 6%), dobutamine (n = 7, 
4.3%), tocilizumab (n = 6, 3.6%), and remdesivir (n = 1, 
0.6%) (Table 3). Standard care of treatment for COVID-19 
was used for majority of the patients.

Complications during in-hospital stay reported in 128 
patients included ARDS (n = 85, 66.4%), cardiogenic shock 

(n = 18, 14%), pleuritic chest pain (n = 6, 4.7%), multiorgan 
failure (n = 4, 3.1%), septic shock (n = 3, 2.3%), distributive 
shock (n = 2, 1.6%), sepsis (n = 2, 1.6%), bells palsy (n = 1, 
0.8%) (Table 3). Of 85 patients, 55 (64.7%) survived, 
whereas 27 (31.8%) died. Three patients (3.5%) were in 
critical care unit on the last follow-up (Table 3).

Discussion

This systematic review aimed to describe the symptomatol-
ogy, prognosis, and clinical findings of patients with prob-
able and confirmed COVID-19-related myocarditis. 
Frequent clinical findings of COVID-19 infection consti-
tute fever, cough, shortness of breath, and fatigue.75 The 
World Health Organization has cited fever and cough as 
striking features of COVID-19.76 Fever, dyspnea, and/or 
chest pain are typical manifestations of myocarditis that 
tend to overlap with COVID-19 symptomatology, thus 
making the diagnosis challenging.77,78 Laboratory investi-
gations such as rising levels of cardiac biomarkers and elec-
trocardiogram findings may assist in diagnosing COVID-19 
induced myocarditis.

Our systematic review finds hypertension was the most 
common comorbidity with prevalence among 51.7% 
patients. This was followed by diabetes mellitus type 2 
(46.4%) and cardiac comorbidities (14.6%). Our synthesis 
also finds that the most common presenting symptoms on 
admission comprised of 61.9% patients with cough, 60.4% 
with fever, and 53.2% with shortness of breath. The inflam-
matory markers were elevated among 97.8% patients, and 
the cardiac markers were increased in 94.8% of patients. 
The mean CRP levels were 91.6 mg/L, mean D-dimer val-
ues were 2419.2 ng/ml, and mean ferritin was 908.9 ng/ml. 
Mean Interleukin 6 values were 271.2 pg/mL and troponin 
values were identified as 44.85 ng/ml. The most distinct 
radiographic findings were cardiomegaly noted in 32.5% 
patients, followed by pulmonary venous congestion 
(22.5%), and ground glass opacity (19.2%). On noting ECG 
findings, ST segment elevation was reported in 44.8% 
patients, sinus tachycardia in 11.5%, and T wave inversion 
in 7.3% patients. Echocardiography noted normal ejection 
fractions in 51.4% patients, but 31.4% had reduced ejection 
fraction with a mean percentage of 35%. CMR imaging 
identified increased signal intensity in T2 weighted imag-
ing, with myocardial edema in 83.3% patients, suggesting 
myocardial ischemia/inflammation. Late gadolinium 
enhancement was observed in 63.9% patients. The biopsy 
and histopathological examination findings found multifo-
cal or diffuse lymphocytic infiltrates in the myocardium and 
endothelium along with myocardial edema and necrosis. 
In-hospital management comprised of 22.5% patients 
treated with azithromycin, 24.9% with hydroxychloroquine, 
8.5% with methylprednisolone/steroid and 6% with norepi-
nephrine. Standard of care and treatment was used for the 
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majority of patients. complications during in-hospital stay 
included 66.4% patients acquiring ARDS and 14% with 
cardiogenic shock, in addition to others. Overall, 64.7% 
patients survived. A summary of the findings obtained is 
depicted in Figure 3.

Pirzada et  al79 elucidated the features of myocarditis 
found during the initial waves of the COVID-19 pan-
demic. The authors write that while the exact pathophysiol-
ogy of severe COVID-19 was still elusive, a consistent 
observation of the pro-inflammatory surge, namely the 
cytokine storm was made.79 Observations of elevated inter-
leukins (IL-2R, IL-6, IL-10, TNF- α) were presented in a 
single-center cohort.80 Viral myocarditis may be considered 
a direct response of autoimmunity, inflammation, or both.81 
Based on a cohort of 416 patients at the Renmin Hospital of 
Wuhan University conducted from January 20, 2020 until 
February 10, 2020, 82 (19.7%) patients had cardiac injury.82 
The cardiac involvement in the cohort of patients had a haz-
ard ratio of 4.26, which is notably high.82 Mortality in the 
myocardial injury group versus the general group was sig-
nificantly higher (51.2% vs 4.5%, P < .001).82 The symp-
toms of myocarditis among COVID-19 patients range from 
mild symptoms such as chest pain, fatigue, and palpitations 
to life-threatening symptoms such as sudden cardiac death 
associated with ventricular arrythmia or cardiogenic shock. 
Classically, myocarditis has a viral prodrome including 
myalgias, fever, and gastrointestinal/respiratory symptoms, 
with ranges of 10% to 80%.79

Sawalha et al83 identified COVID-19 related myocarditis 
focusing on management and outcomes until June 30, 2020, 
including a total of 14 cases. The authors found a male pre-
dominance (58%), with a median age of 50.4 years.83 One 
thirds of all cases were younger than 40 years, and a major-
ity of patients did not have comorbidities (50%), but among 
those that did have pre-existing conditions, hypertension 
was the most prevalent (33%).83 Among the 14 patients, 
dyspnea/shortness of breath were the most common pre-
senting features (75%), in addition to fever (75%).83 On 
noting the hemodynamic status, 64% patients were in shock, 
of which 71% of the patients had cardiogenic shock, 
whereas 29% had a mixed septic and cardiogenic shock.83 
Around 42% of the patients had acute respiratory distress 
syndrome or developed it during the in-hospital period.83 
ECG findings were variable with ST-segment depression, 
ST-segment elevation, and T wave inversion occurring at 
25% each.83 Troponin was elevated in 91% of the cases, 
whereas pro-BNP and CK-MB were less frequently 
checked.83 Among the 14 patients, echocardiography was 
performed in 83% of the case and 60% had a reduced ejec-
tion fraction.83 Cardiac tamponade was reported in 20% of 
all echocardiograms, where diffuse hypokinesis was preva-
lent among 30% patients.83 None of the patients had obstruc-
tive coronary disease. Around 50% patients required 
vasopressor support, with 25% of them warranting inotropic 

support.83 Mechanical ventilation was utilized for 17% of 
the patients, of which ECMO was the most commonly used 
modality.83 Many treatment modalities were used to man-
age myocarditis of which glucocorticoids (58%) were 
mostly used, followed by immunoglobulin therapy (25%) 
and colchicine (17%). Therapies to mitigate cytokine storm 
were interferon and tocilizumab (17% each).83 Sawalha 
et al83 found that 81% survived to discharge whereas 19% 
did not survive; the patients who did not survive were noted 
to have both myocarditis and ARDS.

Castiello et al84 identified 38 case reports of COVID-19 
patients with myocarditis based on the WHO/IFSC or ESC 
criteria. Around 45% of the cases had fever or a mild tem-
perature increase; 21.1% had gastrointestinal symptoms, 
and 10.5% had a presenting or previous syncope.84 Troponin 
levels varied substantially whereas BNP was raised in 
57.9% patients. ECG findings were normal in 10.5% 
patients with variations among the rest.84 Of 34 patients, 
only 18.4% patients had no functional or structural abnor-
mality.84 On noting CMR findings, myocardial inflamma-
tion and diffuse edema were captured in 50% patients.84 
EMB was performed only in 21.2% patients, where only 1 
case reported the presence of SARS-CoV-2 in the cardio-
myocytes.84 Histological data obtained from autopsies were 
available for 10.5% patients, of which inflammatory infil-
trates, accumulated inflammatory cells in the endothelium 
and signs of ferroptosis were noted.84 The medical treat-
ment was variable ranging from hydroxychloroquine 
(26.3%), tocilizumab (10.5%), lopinavir/ritonavir (7.9%), 
antibiotics (36.8%), steroids (34.2%), heart failure medica-
tions (36.8%), and anticoagulants (21.1%). Of 33 cases 
with reported outcomes, 84.8% patients survived, whereas 
15.2% did not survive.84

Rathore et al8 present recent data, until January 5, 2021, 
of 42 patients with myocarditis and COVID-19, with 71.4% 
being males, and with a median age of 43.4 years. Hypertension 
was the most common finding in these patients, where car-
diac biomarkers BNP and troponin were raised in 87% and 
90% of the patients respectively.8 ECG findings were non-
specific with T-wave and ST-segment changes noted. 
Echocardiogram commonly showed ventricular systolic 
dysfunction with cardiomegaly.8 The commonest histopath-
ological feature was diffuse lymphocytic inflammatory 
infiltrates.8 Moreover, corticosteroids and antivirals were 
most frequently used. Around 40% of the patients required 
vasopressor support.8 Of 41 patients, 67% survived, whereas 
33% died.8 Due to the sudden risk of worsening patient con-
ditions and associations with myocarditis, knowledge of 
this cardiac complication due to COVID-19 is critical for 
healthcare workers across all settings. Kamarullah et  al85 
also conducted a search until January 2021 where 18 
patients were included. The findings were suggestive of the 
beneficial effects of corticosteroids in treating myocarditis 
associated with COVID-19; the most commonly applied 
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steroids were hydrocortisone (5.5%), methylprednisolone 
(89%), and prednisolone (5.5%), with the intravenous route 
being the most common and duration of treatment ranging 
from 1 to 14 days.85,86

Strengths and Limitations

This systematic review synthesizes the most recent evi-
dence of COVID-19 infection and myocarditis, until August 
31, 2021. Published literature obtained during the system-
atic search presents data collected until January 2021, 
enabling our collated findings, obtained until August 2021, 
to be a critical piece of information for healthcare workers 
worldwide. We present key findings about demographics, 
COVID-19 and myocarditis symptomatology, essential 
diagnostic techniques of use to clinicians, and clinical out-
comes of interest of COVID-19 infection and myocarditis. 
The findings further strengthen the benefits of evidence-
based healthcare where we gather evidence from reliable 
published literature to inform healthcare decisions, and 
reduce variations in healthcare delivery during the COVID-
19 pandemic.

This systematic review has certain limitations. First, 
COVID-19 and myocarditis symptomatology may be over-
lapping, suggesting difficult clinical demarcations. Second, 
COVID-19 infections compounded with myocarditis were 
expected to be underreported as patients who did not previ-
ously have comorbidities presented with newly diminished 
ejection fractions and elevated myocardial markers. Thirdly, 

our systematic review presents that a low proportion of pat-
ents had confirmed myocarditis via MRI/endomyocardial 
biopsy. A plausible reason was the fear of contracting 
COVID-19 infection on undergoing MRI/endomyocardial 
biopsy. Fourthly, ECG and echocardiography were consid-
ered to be reliable screening tests, but not diagnostic tests, 
except for pericardial effusion. Lastly, while biomarkers 
such as troponin, BNP, and CK-MB were useful in diagnos-
ing myocarditis, they are non-specific because the levels 
may also rise in other conditions such as demand ischemia 
and acute heart failure.

Conclusion

This systematic review presents findings about demo-
graphics, symptomatology, diagnostic techniques, and 
clinical outcomes of adult COVID-19 patients with myo-
carditis. A total of 229 patients were included in this analy-
sis, who were diagnosed with myocarditis. The patients 
commonly presented with fever, cough, and shortness of 
breath making the clinical presentations difficult to differ-
entiate. Elevated inflammatory and cardiac marker in addi-
tion to ECG and echocardiographic findings were useful 
indicators of myocardial disease. Gold standard testing 
such as MRI and endomyocardial biopsy were under-uti-
lized suggesting that a definitive diagnostic approach may 
be required for those patients who fall under a high risk of 
suspicion for COVID-19 induced myocarditis. Due to the 
peaked risk of death among patients contracting both 

Figure 3.  A summary of COVID-19 infection induced myocarditis.
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ARDS and myocardial inflammation, it is essential that 
healthcare workers are aware that myocarditis may be 
associated with COVID-19 infections. While the treatment 
approaches were variable across the cohort of patients 
included in this systematic review, further large-scale ran-
domized controlled trials may help in establishing the best 
care of treatment for those with a definitive diagnosis of 
myocarditis with COVID-19.
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