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Abstract
Cardiovascular complications (especially myocarditis) related to COVID-19 viral infection are not well understood, nor do they possess
a well recognized diagnostic protocol as most of our information regarding this issue was derived from case reports. In this article we
extract data from all published case reports in the second half of 2020 to summarize the theories of pathogenesis and explore the value
of each diagnostic test including clinical, lab, ECG, ECHO, cardiac MRI and endomyocardial biopsy. These tests provide information
that explain the mechanism of development of myocarditis that further paves the way for better management.
Keywords: COVID-19; Myocarditis; SARS-CoV-2

1. Introduction
In December 2019, coronavirus disease 2019
(COVID-19) was first discovered in Wuhan, China [1].
The disease is caused by SARS-CoV-2. It presents with
cough, fever, sore throat, fatigue and headache [2]. In
early March 2020, World Health Organization has declared
COVID-19 as a pandemic [3]. As of 30th of Jan 2021, the
number of COVID-19 cases worldwide according to WHO
is 102 M and number of deaths related to COVID-19 is
2.2 M [4]. COVID-19 causes a spectrum of complications
involving different systems in the body including the
cardiovascular system such as acute MI, acute pericarditis,
dysfunction of left ventricle, arrythmia and heart failure
that can develop newly or worsen, acute right sided
heart failure due to massive pulmonary embolism [5] and
cardiomyopathy, either due to stress or myocardial injury
related to sepsis [6]. A bidirectional relationship between
COVID-19 infection and cardiovascular diseases exists;
infection with SARS-CoV-2 virus can worsen pre-existing
cardiac conditions and develop new emerging ones [7]. Patients who had myocardial injury/myocarditis have shown
a higher mortality rate and a higher risk of mechanical
ventilation during hospitalization [8]. According to CDC,
patients who had COVID-19 between March 2020 to
January 2021 were at risk of developing myocarditis 15.7
times more than those without COVID-19 [9]. A study
in patients with COVID-19 reported new onset arrythmia
requiring intensive care in 16 patients out of 36 patients
[2]. COVID-19 related myocarditis has been reported in
case reports and reviews; however, the pathophysiology
remains unclear.

Although COVID-19 cardiac injury and myocarditis
increase morbidity and mortality [10,11], the exact pathophysiology is yet to be fully understood and that renders
the management challenging. Several hypotheses to understand the pathogenesis of myocarditis caused by SARSCOV-2 include: (A) Direct damage to cardiomyocyte by
the virus. SARS-COV-2 can enter cardiomyocyte through
the binding of the virus S spike protein to angiotensin converting enzyme 2 (ACE2) that can be found on the epithelium of type 2 pneumocyte in lungs and on cardiomyocytes
[11–13]. SARS-CoV-2 could impair stress granule formation once it is intracellular, leading to viral replication and
cell damage [7]. The use of ACE2 receptor type 1 blockers
and ACE inhibitors during treating COVID-19 hypertensive patients is a matter of controversy because the viral interaction with ACE2 downregulates the anti-inflammatory
function and increase angiotensin 2 effect in predisposed
patients [14]. However, the current recommendation of the
Council on Hypertension of the European Society of Cardiology is to continue using these medications as prescribed
without changes due to lack of evidence to do otherwise,
but with further research and assessment [15]. (B) Severe
inflammation and cytokine storm with overproduction of
inflammatory cytokines attributed to loss of negative feedback within the immune system. Here, an overwhelming
immune response to a trigger ensues, and results in a rapid
clinical decline and high mortality [16]. The disorganized
T1 and T2 helper cells’ response leads to severe systemic
inflammation causing cardiomyocyte hypoxia and apoptosis. Once a cell is infected with COVID-19, primary immune system secretes proinflammatory cytokines and inter-
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ferons [17]. SARS-CoV-2 has a non-structure protein that
is 92% identical to a protein in SARS-CoV-1. The function
of this protein is to hide the virus from the double stranded
RNA pattern recognition receptors on host cells. This protein shares in inhibiting interferons production [16]. Interferons act as the first line of defense against viral infections, and since there is a delayed secretion of interferons
from SARS-CoV-2 infected cells in early stages of infection, viral replication continues and attraction of inflammatory cells to involved tissues increases. This mechanism leads to severe inflammation and damage in lung and
heart [17]. (C) Type II Hypersensitivity, antibody mediated autoimmunity. This theory is based on the effects of B
cells and their antibody products in animal models with myocarditis [18–23]. Immune system could produce autoantibodies due to molecular mimicry between viral antigens
and self-antigens, and release of self-antigens from virally
infected cardiomyocytes [18].
There is no clear diagnostic approach to COVID-19
myocarditis. After reviewing case-reports and review articles, in this paper we summarize the theories of COVID-19
related cardiac injury pathogenesis and the diagnostic workup.

2. Materials and methods
For theories explaining how COVID-19 infection
can affect the cardiac muscle and cause myocarditis, we
searched electronic databases including PubMed/Medline
and google scholar using the keywords “COVID-19”, “Myocarditis”, “SARS-CoV-2”, and “pathogenesis”.
For the case reports, we searched PubMed/Medline
from July 1, 2020 to May 29, 2021. We used the following
keywords in different combinations: (COVID-19, SARS
CoV 2, SARS-CoV-2 coronavirus or novel coronavirus)
with “myocarditis” or “myopericarditis”. Our search was
limited to case reports, and our exclusion criteria included
case reports in a language other than English and patients
less than 19 years old. Our search followed PRISMA guidelines, and the flowchart summarizes our search process in
Fig. 1. We found 57 case reports, and one reviewer identified 32 relevant case reports. Two case reports reported
2 cases each, but in one of the reports the second patient
was excluded due to age limitation (less than 19 years old).
Thus, the total number of patients included in our review is
33. For all the included cases, we collected age and gender besides clinical data including clinical presentation, inflammatory markers, cardiac-related markers, cardiac testing (ECG and EMBs) and cardiac imaging (Echocardiography, CMRI, coronary angiogram and CT).

3. Results
Thirty two case reports describing a total of thirty three
cases that document myocarditis/myopericarditis attributed
to COVID-19 infection reported from July 1, 2020 to May
29, 2021 [3–17,24–40]. Occurrence of myocarditis related
2

Fig. 1. The flowchart of our search process.

to COVID-19 in males was higher than females (72.7%),
and the median age of the reported cases was 49 years.
48.27% of cases didn’t have past medical history
of significant co-morbidity. In cases with positive past
medical history, obesity and hypertension history were
equally predominant (33.3%), and respiratory disease history came after (20%). The common presenting symptoms
included dyspnea and/or shortness of breath (51.5%), Fever
and/or chills (51.5%), and chest pain and/or chest tightness
(33.3%). We included full medical history and presenting
symptoms in (Table 1, Ref. [24–54]). Fourteen patients developed shock, 4 patients developed septic or distributive
shock and 7 patients developed cardiogenic shock. Five
cases presented with acute respiratory distress syndrome
(ARDS) or developed it during hospitalization. Outcome
was recorded for 26 patients, of which 21 patients fully
recovered or recovered with residual exercise intolerance
(80.8%).
PCR testing for COVID-19 diagnosis was performed
in 27 cases (81.8%). 19 cases (70.37% of those who were
tested) were positive for COVID-19 RNA, and 8 cases were
negative.

Table 1. Demographic features and clinical presentations.
Case report
Jia-Hui Zeng et al. [6]

Age and gender Past medical history
63 Male

allergic cough, history of smoking

Presentation

Shock: Y/N

ARDS: Y/N

Outcome

Y; septic

Y

Death

N

N

Recovery

Y; septic

Y

Death

N

N

Not reported

Not reported

Y

Not reported

Shortness of breath

N

N

Recovery

N

N

Recovery

N

Death

N

Recovery

Fever, shortness of breath, chest tightness
after activity

35 Male

Overweight (BMI: 29 kg/m2 )

Chest pain, fatigue

Jared Radbel et al. [36]

40 Male

None

Fever, dry cough, dyspnea on exertion

Richa Purohit et al. [37]

82 Female

Jean-François Paul et al.
[35]

Multiple co-morbidities (not specified) Productive cough, fever with chills, intermittent diarrhea

Ahmet Yasar Cizgic et al.
[38]

78 Male

(A) 39 Male
Philip Wenzel et al. [39]

Hypertension
Obesity, history of upper airway infection 4 weeks before admission
(suspected COVID-19)

(B) 36 Male

Chest pain, shortness of breath

Obesity, CAD, history of upper airway
infection 4 weeks before admission
(suspected COVID-19)

Muhammed Said Beşler et

20 Male

None

Febrile sensation, chest pain

50 Male

Hypertension, ischemic stroke

Fevers, chills, generalized malaise, non- Y; cardiogenic and distributive
productive cough, dyspnea for 3–4 days, an

al. [40]
Akshay Khatr et al. [45]

episode of near-syncope
Havard Dalen et al. [46]

55 Female

Not reported

Fatigue, near-syncope, body and chest dis-

Y

comfort
Meylin Caballeros Lam et
al. [47]

26 Female

Gestational DM

(A) Chest pain radiating to her left arm,
tachycardia

(A) Not reported

Tamara Naneishvili et al.
[48]

44 Female

None

Febrile illness, lethargy, muscle aches, two
episodes of syncope

Y; cardiogenic

(A) Not reported (A) Not reported
N

Recovery
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Table 1. Continued.
Case report

Age and gender Past medical history

Alexandra Othenin-Girard

22 Male

None

et al. [49]
Juan

Presentation

Shock: Y/N

Asthenia, chills, diffuse myalgia, abdomi- Y; cardiogenic

ARDS: Y/N

Outcome

N

Recovery

N

Death

N

Recovery

nal pain and diarrhea
Carlos

Ruiz-

65 Male

None

Rodríguez et al. [50]
Jorge Salamanca et al. [51]

Community acquired pneumonia by SARS- Y; distributive
CoV-2

44 Male

None

Fever, dry cough, diarrhea, myalgia before
admission. Followed by severe dyspnea,

Y

syncope, severe bradycardia, hypotension,
signs of peripheral hypoperfusion
Giancarlo Spano et al. [52]

49 Male

None

Dyspnea, general weakness, intermittent Not reported Not reported Not reported
epigastric pain, nocturia

Heiko Pietsch et al. [53]

59 Female

None

Dyspnea

N

Y

Recovery

Sebastiano Recalcati [54]

19 Female

None

Fever for 4 days, cutaneous rash, chest pain

N

N

Recovery

G. Perez-Acosta et al. [41]

61 Male

Obesity

Progressive dyspnea of 5 days, severe hy-

Y

N

Recovery

N

Recovery

posemic respiratory failure
Hammam Rasras et al. [42]

47 Female

Daniel Z. Hodson et al. [24]

29 Mal

None

Fever, cough for 20 days, severe dyspnea, Y; cardiogenic
pain in both lower limbs

Asthma

Shortness of breath, whezzing, tachycarida, Not reported Not reported Not reported
exercise intolerance after previous admission with confirmed COVID-19 2 months
before

Nicholas Berg et al. [43]

66 Male

Heart transplant, dystonic muscle dys- Shortness of breath, dyspnea on exercion, Not reported Not reported Not reported
trophy type 2, hypertension, chronic fatigue
kidney disease, prostate cancer

Table 1. Continued.
Case report
Stefan Roest et al. [44]
Yale Tung-Chen et al. [25]

Age and gender Past medical history
50 Male
25 Male

Presentation

Dilated cardiomyopathy, heart trans- Cardiac

decompensation

after

several

Shock: Y/N

ARDS: Y/N

Outcome

N

N

Recovery

N

Recovering

N

N

Recovery

N

N

Recovery

N

N

Recovery

N

Recovery

Y

Y

Recovery, exercise intolerance

Y; cardiogenic

N

Death

plant

months of positive COVID-19 infection

None

Diffuse abdominal pain, nausea, fever, fa- Not reported
tigue, anosmia, orthopnea, sore throat

Abu Baker Sheikh [26]

28 Male

None

Cough, shortness of breath, chest pain, mild
headache and nausea, COVID-19 infection
a month before these complains

Ina Volis et al. [27]
Suzan Hatipoglu et al. [28]
Lauren Cairns et al. [29]

21 Male

None

Fever

63 Male

Not reported

Exercise induced chest pain 50 days after

58 Female
37 Male

Type 2 diabetes mellitus, hypertension diagnosis of COVID-19
None

Fever for 10 days, diarrhea for 7 days, vom- Y; cardiogenic
itting, poor oral intake

Elin Hoffmann Dahl et al.

21 Male

None

[30]

Fever, headache, unilateral painful neck
swelling

Guillaume Gauchotte et al.
[31]

69 Male

Diabetes mellitus, hypertension, is- Fever, asthenia, abdominal pain
chemic heart disease

Andrea Baggiano et al. [32]

59 Male

Nor reported

Worsening dyspnea

Childhood asthma, obesity class I

1 day of fever and left sided chest pain Y; cardiogenic
(worse with inspiration), shortness of

Moti Gulersen et al. [33]

31 Female

Not reported Not reported
N

Not reported
Recovery

breath, +ve COVID-19 infection 4 weeks
before this complain
Pierre Gravinay et al. [34]

51 Male

Not reported

Fever, arthromylagia, dyspnea, atypical Not reported Not reported
chest pain

Not reported
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Table 2. COVID-19 diagnostic PCR, cardiac imaging and laboratory investigation.
Case

COVID-19 test

Electrocardiogram

Jia-Hui Zeng et +ve Sputum testing Sinus tachycardia,
al. [6]
segment elevation

Echocardiogram

Cardiac biomarkers

Additional cardiac testing

no ST- Enlarged left ventricle (61 mm), Troponin I 11.37 g/L, myo- None
diffuse myocardial dyskinesia, globin 390.97 ng/mL, NT-BNP

Inflammatory markers
IL-6 272.40 pg/mL

low LVEF 32%, pulmonary hy- 22,600 pg/mL
pertension, No right cardiac
function decline, no pericardial
effusion
Jean-François
Paul et al. [35]

PCR: +ve Speci- Repolarization changes in the Normal systolic function with hs-cTnI levels 2885 ng/L peak
men unspecified
precordial ECG leads
no pericardial effusion

CMRI: late subepicardial en- None
hancement predominating in
the inferior and lateral walls

Jared Radbel et
NP-PCR: +ve
al. [36]

ST segment depression in leads
Not done
V4-V6, mild global hypokinesis

Troponin T peak 30.39

Richa Purohit PCR: +ve Unspeci- Diffuse T-wave inversions and a Preserved LV function, small Mildly elevated Troponin
et al. [37]
fied specimen
prolonged QT interval
global pericardial effusion, api-

Swan-Ganz catheter measure- CRP peak 44.1 mg/dL
ments confirmed a reduced car- IL-6 peak 345 pg/mL,
Ferritin 38,299 ng/mL
diac index
LDH 5517 IU/L
None

None

cal hypokinesis
Serial echocardiogram: enlarging circumferential pericardial
effusion, pacemaker wire reported as ‘piercing’ RV apex,
early diastolic collapse of the
RV, suggesting tamponade
Ahmet Yasar
Cizgic et al.
[38]

Not done, Dx by CT
finding

Atrial fibrillation, 150 bpm,
concave ST elevation except
for aVR lead

Not done fear of COVID-19
transmission

-Coronary angiography: no sigTroponin T 998.1 ng/L

CRP 94.6 mg/L
nificant pathology
-CT Chest: mild pericardial effusion
-CMRI: not done due to precautions for COVID-19 transmission

Table 2. Continued.
Case

COVID-19 test

Electrocardiogram

Echocardiogram

Cardiac biomarkers

Additional cardiac testing

Inflammatory markers

Philip Wenzel (A) NP PCR: -ve

(A) T-wave inversion in the an- (A) preserved LV systolic func- (A) elevated natriuretic pep- (A)-CMRI: prolonged T1 relax- (A) Not reported

et al. [39]

terolateral leads

tion, EF 60%, no wall mo- tides, elevated cardiac troponin ation times in the posterior IVS
tion abnormalities, focal echo- I
and corresponding LGE with
bright appearance of the IVS
and slightly impaired global

enhancement in the posterior
septum, consistent with acute

longitudinal strain

myocarditis
-EMB: (1) myocardial inflammation in the absence of cardiomyocyte necrosis
(2) RT–PCR for SARS-CoV-2specific nucleic acid: +ve
(-ve NP PCR for COVID-9)

(B) NP-PCR: -ve

(B) T-wave inversions in the an- (B) LV dysfunction, reduced (B) elevated natriuretic pep- (B)-CMRI: diffuse myocardial (B) Not reported
terolateral leads

LVEF 30%, decreased global tides, elevated cardiac troponin edema, LGE image with suband regional longitudinal strain, I
tle subepicardial enhancement
increased LVED diameter

of the lateral wall
-EMB: (1) myocardial inflammation in the absence of cardiomyocyte necrosis
(2) RT–PCR for SARS-CoV-2specific nucleic acid: +ve
(-ve NP PCR for COVID-19)

Muhammed
Said Beşler et
al. [40]

NP-PCR: +ve

Not reported

Not reported

Troponin I 7.621 ng/mL, CK– -CMRI:

myocardial

edema CRP 81.2 mg/L

MB 21.92 µg/L, NT-proBNP and LGE compatible with
1525 ng/L
myocarditis
-T2 short tau inversion recovery (STIR) sequence: myocardial wall edema
Suggested by subepicardial
high signal intensity in the mid
posterolateral wall of the LV
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Table 2. Continued.
Case

Akshay Khatr
et al. [45]

COVID-19 test

Electrocardiogram

NP-PCR: +ve

severe global LVSD, RVSD and
Sinus tachycardia, ST-elevation enlargement Moderate-to-large High Sensitivity Troponin
in leads II, III, aVF, STinflammatory pericardial effu- 544 ng/L, CK 2135 U/L, CKdepression in I, aVL

Echocardiogram

sion anterior to the RV, inter-

Cardiac biomarkers

MB 54.3 ng/mL

mittent RV impaired filling and
collapse, suggestive of tampon-

Additional cardiac testing
dominant circulation, normal
coronary vessels
-Cytologic analysis of pericardial fluid: reactive mesothelial
cells

ade
Sinus tachycardia, insignificant Moderate concentric LVH with
Havard Dalen

+ve Unspecified

et al. [46]

specimen

ST-elevation in inferior leads,
T-wave inversion in precordial

a small cavity, EDV <70 mL,
endocardial hyperechogenic

leads, low-voltage ECG with

pattern. epicardial signs of a

peak-to-peak QRS amplitude
less than 5 mm in the standard

tamponade: compres-sion of
the RA, dilated IVC without

leads and 10 mm in V5 and V6

inspiratory diameter reduction,
respiratory variation in volumes
and flow velocities

Troponin T 198 ng/L, NTproBNP 2038 ng/L

Inflammatory markers

-Coronary angiography: right CRP 11.85 mg/dL

ESR 46 mm/hr
LDH 3332 U/L
ESR 46 mm/hr
Ferritin 66,165 ng/mL

-Cardiac US: moderate concenCRP 89 mg/dL
tric LVH, reduced LVEF, dilated IVC with reduced respiratory variation and pericardial effusion at a maximum of
18 mm, a small RV and a slight
impression of the RA
-Pericardial fluid PCR COVID19 testing: -ve
-CMRI: consistent with the diagnosis of acute perimyocarditis. T1-mapping: relaxation
times of 1260–1270 ms in the
anterolateral wall compared
with 1090 ms in the septum.
T2-mapping: relaxation times
were 60–61 ms and 52–53 ms,
respectively
-Inversion recovery sequences:
moderate epicardial LGE in the
anterolateral wall
EMB: postponed due to rapid
improvement and COVID-9
precautions

Table 2. Continued.
Case
Meylin

COVID-19 test
Ca- +ve PCR

Electrocardiogram

Echocardiogram

Cardiac biomarkers

Additional cardiac testing

Normal

Normal

Troponin T 319.4 ng/L

-CMRI: High signal intensity Not reported

balleros Lam et
al. [47]

Inflammatory markers

on T2 maps (53 ms, normal
value <48 ms), prolonged
native T1 values in basal and
mid-inferoseptal and inferior
myocardial segments (1303 ms,
normal value <1200 ms).
LGE showed mesocardial and
subepicardial enhancement of
those segments, representing
14.2% of the total ventricular
mass
CMRI suggested Dx of myocarditis.
-EMB: not done

Tamara

NP-PCR: +ve

Naneishvili
et al. [48]

Atrial fibrillation with 177 bpm Moderate concentric biventric- Troponin
ventricular rate

ular hypertrophy, diffuse LV 1403 U/L
hypokinesia, moderate to se-

I

639 ng/L,

CK -CMRI was not feasible due to

CRP 126 mg/L

the patient’s critical condition
and was deferred for a later date

vere LVSD, estimated LVEF
37% by Simpsons, pericardial
effusion with no signs of tamponade
Alexandra
NP-PCR: +ve
Othenin-Girard

Third-degree AV block, tran- Not done
sient ST segment elevation in

et al. [49]

the anterolateral leads

Troponin T 2718 ng/L, CK 768 -EMB: (1) severe myocardial CRP 275 mg/L
U/L, MB fraction 16%
inflammation with several foci
High

of myocyte necrosis
(2) PCR for COVID-19: -ve
-Coronary
angiogram:
aneurysm of the proximal
left anterior descending coronary artery
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Table 2. Continued.
Case
Juan

COVID-19 test
Car- +ve Not specified

Electrocardiogram

Echocardiogram

Cardiac biomarkers

Additional cardiac testing

Not reported

No abnormalities

hs-cTnI 192 ng/L

-Transthoracic

US:

a

Inflammatory markers
3- IL-6 996 pg/mL

los
RuizRodríguez et

centimeter-thick
pericardial
effusion in the anterior and

al. [50]

posterior compartment without
RV dilation
-Pericardial fluid culture: -ve
for COVID-19
-EMB: not done

Jorge Salamanca et al.
[51]

NP and OP PCR:
+ve

Nondilated LV with difThird-degree AV block

hs-cTnT peak 745 ng/L, CK-

fuse and severe dysfunction,

MB 30 U/L, NT-proBNP

LVEF∼15%

24,167 pg/mL

-Coronary angiography:

nor-

mal coronary arteries
IL-6 121.71 pg/L
-CMRI: A nondilated LV without regional wall motion abnormalities, LVEF ∼75%. Native
T1 (mean, 1120 ms), T2 signal intensity ratio (myocardium
to serratus anterior muscle on
T2 images processed using a
signal intensity correction algorithm), and extracellular volume (mean, 36%) were diffusely increased with less involvement of the inferolateral
wall. LGE was negative
CMRI findings suggesting
diffuse edema without macroscopic necrosis
-EMB: no significant inflammatory infiltrates, necrosis, inflammation, or fibrosis

Table 2. Continued.
Case

COVID-19 test

Giancarlo

Nasal PCR: -ve

Spano et al.
[52]

Electrocardiogram

Echocardiogram

Dynamic T-wave changes

Cardiac biomarkers

Additional cardiac testing

Diffuse hypokinesia with

elevated troponin and NT-

severely depressed RV and LV
function

proBNP

-CT of lungs: no pulmonary
High CRP
embolism, no infiltrates, left

Inflammatory markers

heart congestion
-CMRI: edema causing diffuse

IgG blood test: +ve

thickening of the myocardium
and pericardium, pericardial effusion could be seen, tissue
characterization revealed diffuse LGE, elevated T1 mapping
values and an elevated extracellular volume fraction of 38%
(normal value: <30%), indicating diffuse fibrosis. Global myocardial strain of all heart chambers was diffusely impaired diagnosing peri-myocarditis
Heiko Pietsch
et al. [53]

NP-PCR: -ve

Not reported

Severe diastolic dysfunction III, hs-cTnT 83.6 pg/mL, CK
increased wall thickness (IVS

EMB: +ve SARS-CoV-2 RNA,

14 mm), minimal pericardial ef-

without signs of necrosis
-follow-up EMB, 3 weeks after

fusion

125 U/L, CK-MB 43 U/L

intramyocardial inflammation

Not reported

the first EMB: -ve SARS-CoV2 RNA, reduction of inflammatory cell infiltration
Sebastiano Re- NP PCR: +ve
calcati [54]

sinus tachycardia,
ST‐segment elevation

G.
Perez- PCR: +ve
Acosta et al.

Generalized concave ST eleva- Adequate LVEF, Mild to mod- Elevated cardiac damge mark- None
tion
erate pericardial effusion
ers (not specified)

[41]

diffuse normal ventricular function, no Troponin T 367 ng/L
pericardial effusion

None

CRP 23.10 mg/L
None
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Table 2. Continued.
Case

COVID-19 test

Hammam Ras- PCR: +ve

Electrocardiogram

Echocardiogram

Not reported

Biventricular

ras et al. [42]

Daniel Z. Hodson et al. [24]

+ve, Not specified

Nor reported

DCM,

Cardiac biomarkers

Additional cardiac testing

severe Troponin 734 ng/L, proBNP None

Inflammatory markers
CRP 147 mg/L, pro-

biventricular
dysfunction, 2215 pg/mL
LVEF 10%, low cardiac index,

calcitonin 2.9 mg/L,
fibrinogen 8.7 g/L,

large LV thrombus

LDH 1542 g/mol,
ferritin 2150 mg/L

Severe global hypokinesia, severe reduction in RVEF and
LVEF, biventricular thrombi

Not reported

-CXR: Enlarged cardiacd sil- LDH 1542 g/mol, ferhouette
ritin 2150 mg/L
-CMRI: global hypokinesia,
LVEF 13%, large ventricular
thrombi, foci of myo and
pericardial fibrosis with nonischmeic pattern confirming
myopericarditis

Nicholas Berg +ve, Not specified
et al. [43]

Diffuse T wave inversions.

LVEF 37%, RVD, decreased Troponin-I 0.04 ng/mL, BNP -EMB: no evidence of acute None
RVEF
47 pg/mL (normal)
cellular or antibody-mediated
rejection of the transplanted
heart, subendocardial fibrosis
and quilty leison

Stefan Roest et
al. [44]

NP-PCR: +ve

First time: Normal left and right First evaluation: NT-ptoBNP -CT coronary:
Not reported

ELISA IgM: +ve

ventricular function, no valvu- 113 pmol/L
lar abnormalities
Second time (6 weeks after) : Second evaluation (6 weeks afbiventricular failure and con- ter) : 212 pmol/L and 519
gestion

sall eccentric
plaque I the proximal LAD, no Not reported
significant stenosis
-EMB: focal subendocardial fibrosis, no signs of heart trans-

pmol/L, 2 day after hs-cTn 55 plant rejection, negative for
ng/L
COVID-19
-CMRI: LVEF 35%, LGE
with extensive subepicardial
enhancemet, signs of no acute
heart trnasplant rejection.
Finding likely due to postmyocarditis without signs of
active myocarditis

Table 2. Continued.
Case

COVID-19 test
NP-PCR: -ve
COVID-19 ab: +ve

Yale TungChen et al. [25]

IgG and IgM

Electrocardiogram

Echocardiogram

Cardiac biomarkers

normal LV dimensions, severe
global hypokinesis and severe
Sinus tachycardia with no other LV dysfunction
abnormalities

Additional cardiac testing

Inflammatory markers

-FoCUS: normal left and right
hs-TnI 6182.1 ng/mL,
NT-proBNP 1340 pg/mL

ventric-ular dimensions, severe global hypokinesis and
moderate-severe LV dysfunction, small pericardial effusion

CRP 337.1 mg/L, elevated fibrinogen >1200
mg/dL

without signs of cardiac tamponade
Abu
Baker PCR: +ve a month Accelerated junctional rhythm LV dysfunction,
Sheikh [26]
before
with retrograde conduction, LVEF: 30%

decreased BNP 19600 pg/mL, Troponin -CT angiogram of chest: no pul- CRP 32.5 mg/dL, ESR
0.43 ng/mL
monary emboli
88 mm/h, Lactate 3.5

nonspecific T wave changes

mmol/L, procalcitonin
1.4 ng/mL

Ina Volis et al. PCR: +ve

Non specific findings, minimal Not done at time of diagnosis

[27]

ST depressions, T wave inver-

monary emboli, no signs of car-

sion in lead III

diac enlargment or congestion

Suzan
Hati- PCR: +ve
poglu et al.
[28]

Not reported

Not reported

Troponin-I 965 ng/L

CT angiogram of chest: no pul- CRP 3.87 mg/dL

Troponin and NT-pro BNP nor- -CMRI: high-normal left ven- Not reported
mal
tricular volumes, low-normal
LVEF 60%, mild hypokinesia
in the basal lateral wall. findings diagnostic for myocardial
oedema and acute-subacute myocarditis without ischaemia infarction
-CT pulmonary angiography
normal
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Table 2. Continued.
Case

COVID-19 test

Electrocardiogram

Echocardiogram

Cardiac biomarkers

Lauren Cairns NP-PCR: +ve
et al. [29]

Not reported.

pericardial effusion,
tamponade

Elin Hoffmann NP-PCR: +ve

Sinus tachycardia, flattened T Decreased LV function 40%

TnT 1959 ng/L, NT-pro BNP -CMRI:

Dahl et al. [30]

waves

11,169 ng/L

cardiac hs-Tn 3532.9 ng/L

Additional cardiac testing

Inflammatory markers

CT chest: pericardial effusion

Elevated ferritin, elevated LDH

diffuse

myocardial CRP 334 mg/L, pro-

edema, suggesting acute my- calcitonin 12.9 microocardial injury
gram/L
-Ct angiogram: no coronary
artery stenosis

Guillaume
Gauchotte et al.
[31]

NP-PCR: -ve

No signs of ischemia

Severe diffuse LV hypokinesia,
LVEF 20%, pericardial effusion
around the right cardiac cham-

Normal BNP, hs-TnI normal

ber, no tamponade, cardiac dysfunction

-Coronary angiogram: no sig- CRP 329 mg/L, lactate
nificant lesions
6 mmol/L
-Myocardial autopsy: multifocal inflammatory infiltration,
dystrophic
cardiomyocytes
without necrosis, immunohistochemical assay for COVID-19
positive, PCR for COVID-19
positive

Andrea Baggiano et al.

NP-PCR: -ve

[32]

No significant findings

Moderate LV dilatation, Mild
septal hypertrophy, diffuse
hypokinesia, decreased LVEF
42%

Serum COVID-19
IgG: +ve

Normal BNP, hs-TnI normal

CMRI: moderate LV dilatation,
hypertrophy in mid-inferior
septum, moderate decrease in
LVEF 37%, findings suggesting
acute/subacute myocarditis
-EMB: focal areas of fibrosis,
increased cardiac myocyte
diameter with nuclear changes,
lymphocyte aggregation and
myocyte necrosis.
Findings
diagnosing chronic active
myocarditis.
+ve PCR for
COVID-19

CRP normal

Table 2. Continued.
Case

COVID-19 test

Electrocardiogram

Echocardiogram

Cardiac biomarkers

Additional cardiac testing

Inflammatory markers

Moti Gulersen PCR: +ve, Serology Sinus tachycardia without is- Severe global biventricular dys- Troponin T 146 ng/L, CK-MB 4 -CMRI: Not done during active CRP: 31.46 mg/dL, fibet al. [33]
IgG: +ve
chemic changes
function, trace pericardila effu- ng/mL, Pro BNP 1668 pg/mL
disease period
rinogen 1225 ng/dL, ILsion
NP PCR: -ve
Pierre Gravinay
Serology: +ve IgG Non specific T wave changes
et al. [34]
and IgM

No significant changes

6 8.3 pg/mL
Troponin I 2900 ng/mL, NTproBNP 900 ng/pg/mL

-CT chest: no changes
CRP 270 mg/L, fibrino-CMRI: subepicardial edema
gen 10 g/L
on lateral, inferior LV wall,
LV apical thrombus, no wall
motion abnormalities, normal
LVEF, LGE suggesting acute
myocarditis

IVS, interventricular septum; NT-BNP, n-terminal brain natriuretic peptide; NT-proBNP, N-terminal pro-B-type natriuretic peptide; CK, creatine kinase; CK-MB, creatine kinase myocardial band;
hs-cTnI, high-sensitive troponin I; hs-cTnT, high-sensitive cardiac troponin T; LV, left ventricle; LVEF, left ventricular ejection fraction; LVSD, left ventricular systolic dysfunction; LVH, left
ventricular hypertrophy; RV, right ventricle; RVSD, right ventricular systolic dysfunction; CMRI, cardiac magnetic resonance imaging; EMB, endomyocardial biopsy; LGE, late gadolinium
enhancement; EDV, end diastolic volume; TR, tricuspid regurge; LDH, lactate dehydrogenase; RVEF, right ventricular ejection fraction; CXR, chest x-ray; LAD, left anterior descending artery;
FoCUS, focused cardiac ultrasound.

15

Eight cases didn’t include the ECG findings. ECG
findings in 25 cases were variable with sinus tachycardia as
the most frequent finding (28%), followed by T-wave inversion and diffuse or localized ST-segment elevation equally
at 24%. Less frequent findings included diffuse or localized ST-segment depression, 3rd degree AV block, repolarization changes and no significant changes.
Thirty two out of 33 cases were tested for Troponin
(including hs-cTnI, hs-cTnT, Troponin T and I) and it was
elevated in 30 cases (93.7%) and the level was normal in
two cases. Other cardiac markers like CK-MB, pro-BNP
and myoglobin were tested less often.
Echocardiography was performed in 27 cases
(81.8%). Five cases had no significant changes or normal
findings in their echocardiography. The most frequent
finding in the cases with significant changes was left
ventricular systolic dysfunction (LVSD) occurring at
68.2%, followed by reduced ejection fraction at 50%,
cardiac dyskinesia or hypokinesia and pericardial effusion
equally at 36.4% each, and cardiac tamponade in 18.2% of
cases.
Cardiac MRI (CMRI) was done for 14 cases (42.4%);
findings included diffuse and regional late gadolinium enhancement suggesting myocarditis in 11 cases (87.6%), 2
cases had findings suggesting myocardial edema and one
case had negative late gadolinium enhancement.
Endomyocardial biopsy (EMB) or autopsy was performed in 9 cases only (27.27%). 4 cases showed inflammation without necrosis, 2 case showed inflammation with
necrosis, 2 cases with fibrosis and one cases didn’t show inflammation nor necrosis. Two biopsies for 2 patients who
had heart transplant did not show any signs of rejection of
the transplanted hearts, but both EMBs showed fibrosis.
EMB PCR testing for SARS-COV-2 RNA was performed
on 7 cases; 5 biopsies tested positive for COVID-19 with
negative NP PCR testing of corresponding patients, and two
biopsies tested negative with positive results of the NP PCR
testing of the patients. Follow-up EMB was done only for
one case; biopsy PCR testing for SARS-COV-2 RNA came
back negative after being positive 3 weeks earlier. Only
one EMB was tested by immunohistochemical assay for
COVID-19 and was positive.
To exclude obstructive coronary artery disease as a
part of the workup, 7 cases (21%) underwent coronary angiography procedure and they all came back negative for
acute obstructive coronary artery disease, and one case
showed aneurysm of the proximal LAD coronary artery.
All the details of the procedures and tests performed are
demonstrated in Table 2 (Ref. [24–45]).

4. Discussion
Cardiovascular complications caused by COVID-19
infection include myocarditis, myocardial infarction, sepsis related cardiac injury, stress induced cardiomyopathy
(takotsubo cardiomyopathy), and arrythmia [7]. However,
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the exact incidence of myocardial injury and myocarditis is unknown; the only insight we have is through the
small number of published case reports. A single-center
retrospective study at the Seventh Hospital of Wuhan City,
China demonstrated that among 187 patients with COVID19, 27.8% of patients showed myocardial injury. They
found higher mortality rate in patients with elevated troponin T levels compared to patients with normal troponin
T levels (59.6% to 8.9%) [10].
In the current study, the most common comorbidities
in all cases were obesity and respiratory disease history
(38%). Overall recovery rate was 72%. All the patients
who died had developed either distributive/septic shock or
cardiogenic shock.
There is no established framework for COVID-19 myocarditis diagnosis. However, we can divide the diagnostic
approach into three categories:
(A) Cardiac biomarkers: Troponin was elevated in
30 cases out of the 32 tested cases in this study. However,
troponin is elevated in critical and severe pneumonia including severely ill COVID-19 patients owing to supplydemand imbalance myocardial injury. Thus, troponin can’t
be used as a diagnostic tool by itself, instead it can be used
as a prognostic tool because higher levels are associated
with mortality [55]. On the other hand, Natriuretic peptides are not sensitive nor specific in diagnosing myocarditis [56].
(B) Electrocardiogram and echocardiography:
ECG findings were variable with sinus tachycardia as the
most common finding, followed by ST segment elevation
similar to common documented findings of ECG in myocarditis [57]. Because of the high variability of ECG findings in myocarditis, its diagnostic value is low and it is considered nonspecific [58,59]. Some cases can also have normal ECG findings with myocarditis [20]. Echocardiography can evaluate functional and structural abnormalities of
the heart like pericardial effusion, systolic function and wall
motion abnormalities [56,59,60], but like ECG, there is no
specific findings, and myocarditis patients can present with
normal echocardiography [58,59,61]. On the other hand,
echocardiography could exclude other cardiac diseases in
the workout of myocarditis diagnosis [17]. The prevalent
echocardiographic finding was LVSD followed by reduced
ejection fraction and then pericardial effusion and cardiac
dyskinesia or hypokinesia with equal occurrence.
(C) Advanced cardiac procedures:
1-Cardiac magnetic resonance imaging (CMRI):
This is considered the gold standard diagnostic tool for myocarditis with high diagnostic accuracy (78%) [59,60]. Myocardial damage is diagnosed based on Lake Louis criteria that includes positive LGE (necrosis and fibrosis), regional cardiac edema on T2- weighted and early gadolinium
enhancement denoting hyperemia and early capillary leakage. Presence of 2 out of 3 CMR findings raises the specificity of CMRI [59]. In the current study, CMR findings

in patients with COVID included diffuse and regional late
gadolinium enhancement, myocardial edema manifested by
myocardial wall thickening and high SI in T2 WI, high values in T1 mapping and high values of extracellular fluid.
Only 42% of cases had CMRI, owing to difficult application
of COVID-19 spread preventive measures [38]. Nonetheless, there is an increase of CMRI use as compared to a review done on COVID-19 related myocarditis case reports
that were published in the first half of 2020 due to higher
value in diagnosing myocarditis (43%) [17].
2-Endomyocardial biopsy (EMB): This is the most
superior test for myocarditis [62]. Patients included in this
study had biopsies to explore the viral panel that causes myocarditis, RNA material of SARS-CoV-2, or signs of inflammation and/or necrosis. Only 9 patients in our study
had EMBs tested. EMBs is used cautiously because of the
possible complications that range from hematoma, DVT,
and AV fistulas to perforation, heart block, pulmonary embolization, cardiac tamponade and several more [63,64].
The incidence of such complications is directly related to
the patient’s clinical condition and the cardiologist’s expertise [65]. Two case came back negative for EMB PCR
test for SARS-CoV-2 with a positive respiratory COVID19 PCR test, and assuming the test results for the EMBs
are not false negative, this confirms the theories of myocardial injury that don’t include direct viral injury to cardiomyocytes. Five cases tested positive for EMBs SARS-CoV2 PCR testing, while the nasopharyngeal PCR COVID-19
testing for the 3 cases was negative.
3-Coronary angiography: this is performed to exclude obstructive coronary artery disease. Patients presenting with myocarditis symptoms share a scope of symptoms
and signs with patients with stress induced cardiomyopathy (COVID-19 can also cause this type of cardiac disease)
[66–68] and acute myocardial infarction, thus differentiating workup, including cardiac biomarkers, coronary angiography and CMRI, is critical to treat patients [13].

5. Conclusions
The exact molecular mechanisms and diagnostic approach of COVID-19 myocarditis remain unclear, and thus
the management has not been well established yet. One of
the hurdles researchers need to overcome is the few number of human EMBs obtained for testing. The results of
the EMBs PCR testing in our study raise a question about
how long after recovering and/or recovered patients are
SARS-CoV-2 PCR test negative we should still consider
them susceptible to COVID-19 myocarditis. The answer to
that question will help in framing a proper diagnostic and
cost-effective approach to patients presenting with cardiac
symptoms after COVID-19 infection. Another area to explore is occurrence of similar outcomes, complete recovery,
in a patient with severe necrosis in his EMBs study [49]
compared to patients without necrosis [39]. even with the
increasing use of CMRI and EMBs in diagnosing COVID-

19 myocarditis, another concern is the inaccessibility of
CMRI and EMBs to some patients, so another feasible diagnostic approach should be well illustrated. As The published case reports of COVID-19 myocarditis in literature
are scarce, our observations cannot be generalized, and further studies in the suggested points are encouraged.
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