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Introduction: Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), also referred to as COVID-19, was
declared a pandemic by the World Health Organization in March 2020. The manifestations of COVID-19 are
widely variable and range from asymptomatic infection to multi-organ failure and death. Like other viral ill-
nesses, acute myocarditis has been reported to be associated with COVID-19 infection. However, guidelines for
the diagnosis of COVID-19 myocarditis have not been established.
Methods: Using a combination of search terms in the PubMed/Medline, Ovid Medline and the Cochrane Library
databases and manual searches on Google Scholar and the bibliographies of articles identified, we reviewed all
cases reported in the English language citing myocarditis associated with COVID-19 infection.
Results: Fourteen records comprising a total of fourteen cases that report myocarditis/myopericarditis secondary
to COVID-19 infection were identified. There was a male predominance (58%), with the median age of the cases
described being 50.4 years. The majority of patients did not have a previously identified comorbid condition
(50%), but of those with a past medical history, hypertension wasmost prevalent (33%). Electrocardiogram find-
ings were variable, and troponin was elevated in 91% of cases. Echocardiography was performed in 83% of cases
reduced function was identified in 60%. Endotracheal intubation was performed in the majority of cases. Gluco-
corticoids were most commonly used in treatment of myocarditis (58%). Majority of patients survived to dis-
charge (81%) and 85% of those that received steroids survived to discharge.
Conclusion: Guidelines for diagnosis and management of COVID-19 myocarditis have not been established and
our knowledge on management is rapidly changing. The use of glucocorticoids and other agents including IL-6
inhibitors, IVIG and colchicine in COVID-19myocarditis is debatable. In our review, there appears to be favorable
outcomes related tomyocarditis treated with steroid therapy. However, until larger scale studies are conducted,
treatment approaches have to be made on an individualized case-by-case basis.

© 2020 Elsevier Inc. All rights reserved.
1. Introduction

Infection with the novel pathogen severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2), also referred to as COVID-19, was
first reported in Wuhan, China in December 2019 and declared a pan-
demic by the World Health Organization (WHO) in March 2020 [1].
SARS-CoV-2 is one of the zoonotic coronaviruses similar to severe
acute respiratory syndrome coronavirus (SARS-CoV) and the Middle
East respiratory syndrome coronavirus (MERS-CoV) and believed to
Medical School-Baystate Medical Ce
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have resulted from a zoonotic transmission to humans from bats [2].
The manifestations of COVID-19 are widely variable and range from
asymptomatic infection tomulti-organ failure and death. Pulmonary in-
volvement is the most dominant clinical manifestation of COVID-19 in-
cluding acute respiratory distress syndrome (ARDS)which is associated
with higher mortality, up to 52.4% in one series [3]. With rapidly evolv-
ing research on COVID-19, cardiovascular manifestations were found to
occur in 20–30% of hospitalized patients and associatedwithworse out-
comes [4,5]. COVID-19 related viral myocarditis has been reported in
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multiple case reports and review articles. The mechanism of cardiac in-
jury remains poorly understood which makes management challeng-
ing. Multiple institutions have established guidelines for the
management of COVID-19 however focus on respiratory distress and
ARDS management. No guidelines for the management of myocarditis
currently exist. Current practice is limited to case reports and our under-
standing of the pathophysiology of the disease is still to be determined.

Several reviews on cardiovascular complications have been done re-
cently, yet the management and outcomes of myocarditis was not
discussed in details. In this paper, we present an extensive systematic
review of the reported cases of COVID-19 related myocarditis. We aim
to describe the clinical characteristics and management of currently
published COVID-19 myocarditis patients. We also aim to investigate
themost common presenting features, workup and outcomes in the re-
ported cases to identify a common pattern to aid in the diagnosis and
management.
Fig. 1. PRISMA flowchart showing stud
2. Methods

We conducted a systematic search of themedical literature of online
databases including PubMed/Medline, Ovid Medline and the Cochrane
Library from December 1st 2019 to June 30th 2020. We searched for
the following medical subjects heading (MeSH) terms: (((COVID-19
OR coronavirus OR novel coronavirus OR SARS-CoV-2 OR SARS CoV
2))) in combination with terms “Myocarditis”, “Pericarditis”, and
“myopericarditis”. We also screened all primary articles bibliography
for addition cases. We limited our search to articles written in the En-
glish language. We limited our search to case reports only. Our search
was in line with PRISMA guidelines and the flowchart in Fig. 1 portrays
the search and screening process. A total of 64 records were identified
through our literature search. Two reviewers (K.S andM.A) reviewed
all retrieved titles, abstracts and manuscripts and identified eight
relevant manuscripts. Another four eligible cases were identified by
y screening and selection process.

Image of Fig. 1
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a manual search on Google scholar, Google search engine, and the
bibliographies of the primary articles which resulted in a total of 12
cases. One of the identified manuscripts reported two cases however
only one of them reported a case of myocarditis and the second
discussed a case of stress cardiomyopathy which was excluded. For
each case identified, we collected patient demographics including
age and gender and clinical information such as presentation, labora-
tory results, electrocardiogram, echocardiography and advanced
cardiac imaging results.

3. Results

Fourteen records comprising a total of fourteen cases that report
myocarditis/myopericarditis believed to have occurred secondary to
COVID-19 infection were identified from December 1st 2019 to June
30th 2020 [6–19]. There was a male predominance (58%), with theme-
dian age of the cases described being 50.4 years. A third (33%) of all
cases were younger than 40 years of age. The majority of patients did
not have a previously identified comorbid condition (50%), but of
those with a past medical history, hypertension was most prevalent
(33%). Shortness of breath and/or dyspnea were the commonest pre-
senting features (75%) along with fever (75%).Comorbidities and pre-
senting symptoms were summarized in table-4. Of the 11 cases with
documented hemodynamic status, the majority were in shock (64%),
with cardiogenic shock being the most commonly identified cause
(71% cardiogenic and 29% mixed cardiogenic and septic shock). Exami-
nation findings beyond vital signs were rarely reported and so their
findings were not included. Around 42% of all patients either presented
in acute respiratory distress syndrome (ARDS), or developed it during
their hospitalization (Table 1).

Electrocardiogram findings were variable and included diffuse ST-
segment elevation, ST-segment depression, and T-wave inversion oc-
curring equally at 25% each. Troponin was elevated in 91% of cases,
whereas CK-MB and pro-brain natriuretic peptide (pro-BNP) were
checked less frequently Endomyocardial biopsy was performed in one
case which showed virus-negative lymphocytic myocarditis. Echocardi-
ographywas performed in most cases (83%) and 60% had reduced ejec-
tion fraction. Cardiac tamponade physiology was reported in 20% of all
echocardiograms, with diffuse hypokinesis occurring 30% of the time.
Advanced cardiac imaging with MRI was performed in 43% of cases
which showed diffuse gadolinium enhancement. Coronary artery diag-
nostic work-up included CT angiography (17%) and invasive coronary
angiography (25%). No patientswere found to have any obstructive cor-
onary disease. (Table 2).
Table 1
Baseline characteristics and clinical presentation.

Case Age and
gender

Past medical history Presenting compla

Cizgici et al. 78 Male Hypertension Chest pain and sh
Coyle et al. 57 Male Hypertension Shortness of breat
Dabbagh et al. 67 Female Non-ischemic cardiomyopathy; LVEF 40% Cough, mild short
Doyen et al. 69 Male Hypertension Vomiting and diar

7 days later
Hu et al. 37 Male None reported Chest pain and dy
Hua et al. 47 Female None reported Breathlessness, ch
Inciardi et al. 53 Female None Severe fatigue, pre
Irabien-Ortiz et al. 59 Female Hypertension, lymph node tuberculosis,

migraines
Fevers, squeezing

Kim et al. 21 Female None Fevers, productive
diarrhea

Radbel et al. 40 Male None Fever, dry cough,

Yuan et al. 33 Male None reported Chest pain, fever,
Zeng et al. 63 Male Allergic cough, tobacco smoking Productive cough,

exertional chest ti
Rehman et al. 39 Male None Midsternal chest p
Sala et al 43 Female None Chest pain and dy
Around 50% of the patients required Vasopressor support and 25% of
them requiring inotropic support. Mechanical support was also utilized
(17%), with the commonest modality being extracorporeal membrane
oxygenation. Medical management included therapies targeted at
COVID-19, therapies for management of myocarditis/myopericarditis,
and therapies targeted cytokine storm. Many treatment modalities
were also utilized to manage myocarditis/myopericarditis specifically,
with glucocorticoids being the most commonly used (58%), followed
by immunoglobulin therapy (25%) and colchicine (17%). Of the 7 cases
in which glucocorticoid therapy was used, 71% started therapy on day
1 of admission. Additional therapy targeting the cytokine storm were
used such as tocilizumab (17%) and interferon (17%) (Table 3).

Therewas no report of outcomeswhatsoever in 3 cases (25%). At the
time of submission of the case reports, the majority had survived to dis-
charge (81% of those with reported outcomes) with only a minority of
cases not surviving (19% of thosewith reported outcomes). All of the pa-
tients that reportedly passed away were noted to have both ARDS and
myocarditis (Table 4).

4. Discussion

Our study shows several trends across all cited cases. Hypertension
was the most common comorbidity noted amongst cases (33%). Ste-
roids were used in 50% of cases andmultiple second-line agents includ-
ing Tocilizumab (14%), immunoglobulins (21%) and interferon (14%)
were used in addition to steroids. Echocardiography showed reduced
ejection fraction in the majority of cases. The overall survival rate was
81% and survival rate in those who received steroids was 85%.

SARS-CoV-2 is a beta coronavirus comprised of an enveloped posi-
tive single-stranded ribonucleic acid (RNA) structure that belongs to
the Coronavirinae subfamily [17]. The virus can invade the human
host cell by binding to angiotensin-converting enzyme 2 (ACE2). The
ACE2 is amembrane-bound protein that is expressed inmany organ tis-
sues, including cardiovascular epithelium, renal and lung tissues. After
penetration, viral RNA enters the cell nucleus for replication and apo-
ptosis [20]. The human immune response to the virus is variable
which explains the variable clinical presentation. Higher plasma level
of cytokines has been found in severe cases such as ARDS [21]. To
date, no definitive cure is available for COVID-19 and most of the med-
ications used or currently being studied are targeting the activation of
inflammatory cells and proinflammatory cytokines.

Cardiovascular involvement has been prominent in COVID-19
cases. However, despite rapidly developing data and information,
little is known about the incidence and outcomes of cardiovascular
int Shock? Acute respiratory distress
syndrome?

ortness of breath No Yes; on arrival
h, fevers, cough, nausea, diarrhea Yes; cardiogenic, day 4 Yes; day 3
ness of breath, left shoulder pain No No
rhea; fever, cough, and dyspnea No Yes

spnea, diarrhea Yes; cardiogenic, day 1 No
est pain, dry cough, fevers Yes; cardiogenic, day 1 No
ceded by cough and fever Yes; cardiogenic, day 1 No
chest pain Yes; cardiogenic, day 1 No

cough, shortness of breath, – –

dyspnea on exertion Yes; septic day 4,
cardiogenic day 5

Yes; day 3

myalgias No No
fever, shortness of breath,
ghtness

Yes; cardiogenic day 11,
septic day 26

Yes; day 1

ain No No
spnea No No



Table 2
Laboratory investigations and cardiac imaging.

Case report Electrocardiogram Cardiac biomarkers Inflammatory
markers

Echocardiogram Additional cardiac testing

Cizgici et al. Atrial fibrillation, 150 bpm, diffuse
concave ST elevation

Troponin T 998.1 ng/L CRP 94.6 mg/L Coronary angiography without
obstructive CAD
CT chest showed small pericardial
effusion suggestive of pericarditis

Coyle et al. Sinus tachycardia, no ST/T changes Troponin I 7.33 peak
(day 3), pro-BNP 1300
peak (day 5)

CRP 20.7 mg/dL
peak (day 5), IL-6
18

Diffuse hypokinesis with relative apical
sparing, LVEF 35–40%, no pericardial
effusion

Cardiac MRI with LVEF 82%, diffuse
bi-ventricular and bi-atrial edema, and
small area of late gadolinium
enhancement

Dabbagh
et al.

Low voltage limb leads, non-specific
ST changes

Troponin I < 18 ng/L,
pro-BNP 54 pg/mL

CRP 15.9 mg/dL,
IL-6 8 pg/mL

Large circumferential pleural effusion,
signs of early right ventricular diastolic
collapse, dilated but collapsing inferior
vena cava, LVEF 40%

–

Doyen et al. Diffuse T-wave inversion, LVH Troponin I 9002 ng/L – Mild LVH, LVEF normal Coronary angiography negative
Cardiac MRI with subepicardial late
gadolinium enhancement (apex and
inferolateral wall)

Hu et al. ST elevation leads III and aVF, ST
depression V4-V6

Troponin
T > 10,000 ng/L
CK-MB 112.9 ng/L,
pro-BNP 21,025 ng/L

– Enlarged heart, LVEF 27%, 2 mm
pericardial effusion

CTA coronaries without stenosis

Hua et al. Sinus tachycardia, concave
inferolateral ST elevation

Troponin T peak
253 ng/L

– LVEF normal, pericardial effusion
11 mm, no tamponade; repeat Echo
with 20 mm effusion and tamponade

–

Inciardi et al. Diffuse ST elevation, ST depression
and T inversion V1 and aVR

Troponin T 0.89 ng/mL
peak, CK-MB
39.9 ng/mL peak, BNP
8465 pg/mL peak

CRP 1.3 mg/dL Diffuse hypokinesis, LVEF 40%,
circumferential pericardial effusion
11 mm, no tamponade

Coronary angiography without
obstructive CAD
Cardiac MRI fulfilled Lake Louise criteria

Irabien-Ortiz
et al.

Diffuse ST elevation and PR
depression

Troponin T 1100 ng/dL
peak, BNP 4421 ng/L

CRP 10 mg/L Concentric hypertrophy, diminished LV
volumes, normal LVEF, moderate
pericardial effusion, no tamponade

–

Kim et al. Non-specific IV conduction delay,
multiple PVCs, T wave inversions in II,
III, aVF, V3-V6

Troponin I 1.26 ng/mL,
BNP 1929 pg/mL

– Severe LV dysfunction Cardiac CT/CTA with normal coronary
arteries; edematous myocardium and
subendocardial perfusion defect lateral LV
Cardiac MRI with high T2 signal intensity
and increased T1 extracellular volume

Radbel et al. ST depressions in V4-V6; day 5 Troponin
T < 0.01 ng/mL day 4;
rose to 5.21 day 5

CRP 18.3 mg/dL,
IL-6 74.3 pg/mL

Mild global hypokinesis –

Yuan et al. Ventricular tachycardia – – – Cardiac MRI day 3 with increased T2WI
signal intensity, normal early and late
gadolinium enhancement

Zeng et al. Sinus tachycardia, left axis deviation,
no ST elevation

Troponin I 11.37 g/L
peak, myoglobin
>600 ng/mL peak, BNP
22,500 pg/mL peak

IL-6272.4 pg/mL
peak

Enlarged LV, diffuse myocardial
dyskinesia, LVEF 32%, pulmonary
hypertension, normal RV function, no
pericardial effusion

–

Rehman
et al.

1 to 2 mm ST elevations in lead I and
aVL, ST depression in aVR, mild
J-point elevation, and T-wave
inversion in leads II, III and aVF

Troponin 5.97 ng/mL ESR 44 mm/h,
LDH 926 units/L,
CRP 3.3 mg/dL,
CPK 366unit/L

No wall motion abnormalities and
normal ejection fraction at 55%–60%

Coronary angiography without
obstructive CAD

Sala et al. Mild ST-segment elevation in leads
V1–V2 and aVR, reciprocal ST
depression in V4–V6

Troponin T 135 ng/L,
NT-proBNP 512 pg/mL

– Mild left ventricular systolic
dysfunction (LVEF 43%) with
inferolateral wall hypokinesis

Cardiac MRI showed diffuse myocardial
edema and wall pseudo-hypertrophy on
T1
Endomyocardial biopsy: diffuse
T-lymphocytic inflammatory infiltrates
(CD3+ >7/mm2) with huge interstitial
edema and limited foci of necrosis

CAD: coronary artery disease; LV: left ventricle; LVEF: left ventricular ejection fraction; MRI: magnetic resonance imaging; RV: right ventricle.
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manifestations in COVID-19. There are several cardiac presenta-
tions that have been noted, including acute myocardial infarction,
acute heart failure, cardiogenic shock, myocarditis, and malignant
arrhythmia [22]. Patients with underlying cardiovascular disease
(CVD) have a higher risk of developing cardiac injury. In a single-
center retrospective study from Wuhan including 187 patients,
the mortality rate was higher in patients with underlying CVD
compared to patients without CVD (54.5% vs 13.2%). It also showed
that 37.5% of patients who died had cardiac injury with elevated
troponin and mortality was 69.4% in those with a history of CVD
[23]. In most studies, cardiac injury was evident by elevated tropo-
nin and pro-BNP. The levels of these markers were higher in criti-
cally ill patients admitted to the ICU [24]. Given that the exact
mechanism of cardiac involvement is not well understood, man-
agement of this entity is more challenging. Like other viral ill-
nesses, acute myocarditis has been reported to be associated with
COVID-19 infection. Guidelines for the diagnosis of COVID-19 myo-
carditis have not been established. Current literature on this man-
ifestation is limited to case reports and a small number of patients
in cohort studies. However, a workup including cardiac biomarkers
and electrocardiogram are initially recommended [25]. Our results
revealed that ECG changes were non-specific and highly variable.
This is consistent with non-specific ECG findings in myocarditis
cited in the literature [26]. Serial ECGs may be a tool to provide a
relatively quick, cost-effective, and non-invasive means at
outlining and intervening in early stages of the disease process.



Table 3
Management and outcomes.

Case Vasopressor/mechanical support Glucocorticoid therapy Immunoglobulin therapy IV tocilizumab Outcome

Cizgici et al. – – – – Transferred back to
hospital

Coyle et al. Milrinone day 4, norepinephrine day 4 IV methylprednisolone 500 mg daily x 4 days,
followed by taper

– 400 mg once,
day 5

Discharged on day 19

Dabbagh et al. – Glucocorticoids – – Discharged
Doyen et al. – IV hydrocortisone for 9 days; started day 11 – – Discharged from ICU after

3 weeks
Hu et al. Norepinephrine and milrinone IV methylprednisolone 200 mg daily x 4 days IVIG 20 g daily x 4 days – Improved
Hua et al. Vasopressors – – – Improved/survived
Inciardi et al. Dobutamine IV methylprednisolone 1 mg/kg x 3 days – – Improved
Irabien-Ortiz
et al.

Norepinephrine; additional vasopressors
unspecified
IABP and ECMO day 1

IV methylprednisolone 500 mg daily at tapering
doses x 14 days

IVIG 80 mg daily x
4 days
Interferon-β 0.25 mg
q48 hours

– Not reported

Kim et al. – – – – Not reported
Radbel et al. Norepinephrine day 4 – – 400 mg once,

day 4
Passed away day 7

Yuan et al. – – – – Discharged
Zeng et al. ECMO day 11

Vasopressors day 26
IV methylprednisolone; IVIG

Interferon-α1b;
– Passed away day 33

Rehman et al. – – – – Recovery
Sala et al. – – – – Recovery

ECMO: extracorporeal membrane oxygenation; IABP: intra-aortic balloon pump IVIG: intravenous immunoglobulin.
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Echocardiography is an important tool in evaluating structural and
functional changes secondary to myocarditis [27,28]. However, no spe-
cific echocardiographic features of myocarditis exist, but it allows the
physician to exclude other causes of heart failure, pericardial effusion,
and intracavitary thrombi [29]. Patterns consistent with dilated, hyper-
trophic, and ischemic cardiomyopathies have all described in biopsy-
proven myocarditis [30]. In our study, no trend was appreciated with
regards to echocardiogram findings on presentation, with 50% showing
reduced ejection fraction and 42% showing evidence of pericardial effu-
sion. Diffuse hypokinesis was also seen in 25% of cases. Cardiac MRI is
the noninvasive gold standard test for myocarditis. It was done in six
of the reported cases of which all showed gadolinium enhancement
and two showed evidence of myocarditis as fulfilled by the Lake Louis
criteria for MRI based diagnosis of myocarditis.

The mechanism of cardiac injury in COVID-19 remains poorly
understood. There are several potential hypotheses on the patho-
genesis of COVID-19 myocarditis including: (a) direct damage to
cardiomyocytes by circulating virus through binding to ACE2 re-
ceptors [31] (b) severe cytokine release syndrome by dysregulated
response by types 1 and 2 helper T cells which leads to severe sys-
tematic inflammatory response resulting in cardiomyocytes hyp-
oxia and apoptosis, and (c) overactivation of the autoimmune
system with possible interferon mediated hyperactivation of in-
nate and adaptive immune systems [32,33].

To date, there is no clear data on the role of ACE2 receptors in the
pathogenesis of COVID 19 myocarditis, but may serve as a portal for
entry of COVID-19. A previous study from the SARS-CoV outbreak in To-
ronto showed that the virus RNA was detected in 35% of autopsied
hearts [34]. Another animal study done in 2009 showed that SARS-
CoV pneumonia can increase expression of ACE2 receptors and cause
myocardial injury [35]. The role of these receptors has led to postula-
tions on the potential benefits or harms of the use of angiotensin-
converting enzyme inhibitors. However, given the lack of conclusive
data, continuation of clinically indicated angiotensin receptor blocker
medications is recommended, unless clinically contraindicated [36].

Another proposed hypothesis of the pathogenies of myocarditis in
COVID-19 is severe systemic inflammation and cytokine storm. Cyto-
kine storm is an exaggerated immune response to stimulus or pathogen
and is associated with rapid deterioration and high mortality. Several
studies on previous coronavirus outbreaks such as MERS-CoV and
SARS-CoV revealed that serum cytokine and chemokine levels are sig-
nificantly higher especially in critically ill patients and patients who de-
veloped ARDS [37].When a host is infected with COVID-19, the primary
immune system responds by secretion of interferons (IFNs) and proin-
flammatory cytokines. The release of interferons (the first line defense
against viral infections) is delayed in the early stages infection, allowing
to continue replicating and attracting inflammatory cells to tissue, lung
or cardiac, which results in severe inflammation.

The current data on the use of glucocorticoids in COVID-19 infection
remains controversial and to our knowledge, no current studies have
been conducted to assess the efficacy of corticosteroid therapy on
COVID-19myocarditis. Corticosteroid therapywas ineffective in treating
viral myocarditis according to a Cochrane systematic review published
in 2013 [40]. Furthermore, it has been reported that corticosteroid ther-
apy might delay the clearance of the virus. In a study that was recently
done on COVID-19 patients, the duration of viral RNA detection for oro-
pharyngeal swabs and feces was longer in patients who were treated
with corticosteroids [41]. Moreover, there is concern for increasing sec-
ondary infection and adrenal insufficiency as a result of steroid therapy.
Two studies fromChina showed that IVmethylprednisone has no signif-
icant benefit in COVID-19 patients [42] and was associated with higher
ICU admissions [43]. However, these findings might be cofounded
given that steroids were used on sicker patients and likely for separate
treatment purposes. On the contrary, a study from Wuhan involving
84 -patients with ARDS secondary to COVID-19, administration of corti-
costeroids decreased the risk of mortality [3]. Additionally, A recent
press release from a large clinical trial on COVID-19 patients, the
RECOVERY (Randomized Evaluation of COVid-19 thERapY), Dexameth-
asone was shown to reduce mortality in one third of the ventilated pa-
tients (rate ratio 0.65 [95% CI 0.48 to 0.88]; p = 0.0003). In our
review, five out of seven patients who were treated with cortico-
steroid recovered; one passed away and the other case did not re-
port outcomes. We cannot confirm if it is due to a true treatment
effect or by chance only, yet based on recent data, steroid might
be associated with favorable outcomes in critically ill COVID19 pa-
tients [44].



Table 4
Grouped characteristics and outcomes identified across cases.

N = 14 cases; mean age:
50.4 years; males 58%, females 42%

N (%)

Comorbidities
None 7 (50)
Cardiomyopathy 1 (8)
Hypertension 4 (33)
Smoking 1 (8)
Other (lymph node tuberculosis,
allergies)

2 (17)

Presenting symptoms
Chest pain 8 (57)
Shortness of breath/dyspnea 10 (71)
Fever 9 (75)
Upper respiratory tract symptoms
(cough mainly)

8 (67)

Gastrointestinal symptoms 4 (33)
Shock 7 (58)

Purely cardiogenic 5 (42)
Mixed cardiogenic and septic 2 (17)

ARDS 5 (42)
EKG findings 14 (100)

ST elevation; in a coronary vessel
distribution

4 (28)

ST elevation; diffuse 3 (25)
ST depression 3 (25)
T-wave inversion 3 (25)
Arrhythmia 2 (17)

Cardiac biomarkers 13 (93)
Elevated troponin (I or T) 12 (86)
Elevated CK-MB 2 (17)
Elevated pro-BNP 6 (50)

Inflammatory markers 7 (58)
Elevated CRP 7 (50); 100% of all cases where it was reported
Elevated IL-6 4 (33); 100% of all cases where it was reported

Echocardiogram findings 12 (83)
Reduced left ventricular ejection
fraction (LVEF)

6 (50)

Pericardial effusion 5 (42)
Cardiac CT/CTA 3 (21)
Cardiac MRI findings 6 (43)
Coronary angiography 4 (29)
Endomyocardial biopsy 1 (7)
Management

Endotracheal intubation and
ventilation

7 (50)

Vasopressor support 6 (43)
Inotropic support 3 (21)
Hydroxychloroquine 5 (36)
Azithromycin 2 (14)
Glucocorticoids 7 (50)
Immunoglobulin 3 (21)
Interferon 2 (14)
Tocilizumab 2 (14)
Mechanical support 2 (14)

Combined therapy
Corticosteroid only 3 (21); 100% survival amongst those who

received corticosteroids only
Corticosteroid + IVIG 3 (21); 66% survival amongst those who

received corticosteroids + IVIG therapy
Corticosteroid + tocilizumab 1 (7); patient survived to discharge
Tocilizumab alone 1 (7); patient ultimately died

Outcome at time of case submission; not reported in 3 cases (Cizgici et al., Hua et al.,
and Kim et al.)
Survival 9 (64); 81% of all reported outcomes
Death 2 (14); 18% of all reported outcomes

Bold illiac is the main variable and normal font is subanalysis of the variable.

112 K. Sawalha et al. / Cardiovascular Revascularization Medicine 23 (2021) 107–113
Intravenous immunoglobulin was used in three reported cases
with variable outcomes. There is strong evidence on the efficacy of
IVIG in the treatment of acute myocarditis. A meta-analysis pub-
lished in 2019 comparing IVIG to corticosteroid for acutemyocarditis
showed that IVIG therapy improved mortality and recovery of left
ventricular function [45]. It was difficult to notice a specific trend
on IVIG in our review because it was used only in three patients
and more studies are needed to prove its efficacy on COVID-19
myocarditis.

Tocilizumab is an IL-6 receptor antagonist that is used more com-
monly in rheumatoid arthritis treatment. It is also approved to be used
for cytokine release syndrome based on multiple studies that proved
its efficacy [46]. In a single center case series including 15 patients, 11
patients improved or stabilized after starting tocilizumab however, the
study included a small number of patients and reported the outcomes
after 7 days post treatment only [47]. In the reported cases, four report
high IL-6 levels, and 50% of those with high IL-6 levels received Toci-
lizumab with variable outcomes resulting. There are currently several
ongoing clinical trials [48–50] evaluating the efficacy of IL-6 antagonists
in COVID-19 patients.

Guidelines for diagnosis and management of COVID-19 myocar-
ditis have not been established and our knowledge on management
is rapidly changing. Several treatments have been used in COVID-
19 myocarditis based on our understanding of the pathogenesis
and from previous experience in treating viral and fulminant myo-
carditis. Since hyperinflammation and cytokine release syndrome
are a likely mechanism of injury in COVID-19 myocarditis, glucocor-
ticoids have been used despite lack of proven clinical efficacy. Other
possible treatments currently under study are plasma exchange
therapy, immunosuppression with IVIG and cytokine inhibitors and
antiviral agents such as Remdesivir. In early trial results, Remdesivir,
was found to be superior to placebo in shortening the time to recov-
ery in adults hospitalized with COVID-19 [51]. It was also found to
prevent and reduce disease severity inMERS coronavirus in primates
[52]. Until prospective studies and trials establish guidelines for the
management of COVID-19 myocarditis, treatment has to be catered
to individual case presentations.
5. Limitations

The limitations of this study are characteristic to studies based on
case reports. First, our study is limited to cases reports which im-
parts potential selection bias since reported cases are usually unique
cases in presentation and management. Since the COVID-19 pan-
demic impacted routine clinical practice and diagnostic approaches,
many cases did not undergo further diagnostic workup done such as
cardiac MRI and endomyocardial biopsy. In addition, publication
bias on the part of authors reporting these cases is another factor
to account for. Despite these limitations, we believe the use of case
reports in our review is fundamental in detecting trends and gener-
ating hypotheses.
6. Conclusion

Our knowledge on the complications andmanagement of COVID-19
is exponentially growing. Myocardial injury and myocarditis have been
shown to be associated with higher morbidity and mortality. Despite
the rapidly growing research onmanagement of COVID-19 and its com-
plications, there are many unanswered questions and areas to explore.
Currently, most of the ongoing research is focusing on the respiratory
complications of COVID-19 and little is known about myocarditis man-
agement. The use of glucocorticoids in COVID-19 myocarditis is debat-
able. In our review, there appears to be favorable outcomes related to
myocarditis treated with steroid therapy. However, until larger scale
studies are conducted, treatment approaches have to be made on an in-
dividualized case-by-case basis.
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