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ABSTRACT
BACKGROUND
This study aimed to compare laboratory, echocardiography, and cardiac magnetic resonance imaging (CMR)
findings in patients with coronavirus disease-2019 (COVID-19) associated myocarditis and nonspecific viral
myocarditis (NSVM).
METHODS
We retrospectively evaluated 25 patients who were considered to have COVID-19-associated myocarditis
according to the Lake-Louise criteria and clinical findings. We retrospectively evaluated 41 patients who were
accepted as NSVM according to the Lake Louse criteria between January 2016 and March 2020. Late gadolinium
enhancement (LGE), ejection fraction, stroke volume, peak ejection rate, and cardiac index data were analyzed
for two groups. Echocardiography findings and clinical data were evaluated. Comparisons were made one-way
analysis of variance and Student's t-test.
RESULTS
LGE was detected in 25 (30%) patients with COVID-19 through CMR examination. LGE was detected most
frequently in the inferior segments (mean 2.8 segments) in the patients. Pericardial thickening was observed in 8
(32%) patients. In the NSVM patients, LGE was observed only in the inferior segments in 25 patients, in the
lateral - inferior segments in 10 patients, and in the septal-inferior segments in 6 patients (mean of 2.4 segments).
Pericardial thickening was present in 14 (34%) patients. T2 hyperintensity was not observed. Echocardiography
findings were within normal limits in myocarditis groups. There was no statistically significant difference between
myocarditis groups' CMR functional data (p = 0.027).
CONCLUSION
Functional heart parameters and laboratory findings were similar and within normal limits, and no significant
difference was observed in imaging features and functional data between NSVM and COVID-19-associated
myocarditis.
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INTRODUCTION
Nonspecific

viral

used in the diagnosis of COVID-19 myocarditis
myocarditis

(NSVM)

is

[4,7].

inflammation of the myocardium secondary to viral
of viral

This study aimed to compare the laboratory,

myocarditis is very heterogeneous and can range

echocardiography, and CMR imaging features and

from subclinical nonspecific symptoms of malaise

clinical findings in patients with COVID-19-

and fatigue to a more severe presentation such as

associated myocarditis and NSVM, and to determine

acute cardiogenic shock and, in severe cases, sudden

the similarities and differences between the features.

infection. The clinical

presentation

cardiac death [1-3]. In the early days of viral
myocarditis, there is edema, necrosis, and myocyte

METHODS

damage due to direct viral spread. The myocardium

Overview

is usually cleared of the virus within 5 days.

The

Complete tissue and functional recovery usually

retrospective study and waived the need for

occur within 3 weeks to 4 weeks. Necrosis and

informed consent because of the retrospective

fibrosis

evaluation of anonymized medical data. All CMR

occur

in

severe

myocarditis

[3].

local

ethics

is the gold standard test to confirm viral myocarditis.

radiologist with extensive CMR experience (>9

However, the sensitivity is low when myocardial

years).

viral myocarditis [4].

by

a

this

studies

an essential role in the non-invasive evaluation of

analyzed

approved

Endomyocardial biopsy is an invasive procedure and

involvement is focal. Cardiac imaging hence plays

were

committee

board-certified

In the NSVM group, clinical, laboratory, and CMR
characteristics of 97 patients who were found to
have NSVM in routine CMR examination between

Coronavirus disease-2019 (COVID-19) has been a

January 2016 and January 2020 were analyzed

global epidemic since March 2020. COVID-19

retrospectively. Patients were evaluated using CMR,

disease due to severe acute respiratory syndrome-

echocardiography, laboratory, and clinical findings.

coronavirus-2 (SARS-CoV-2) infection has spread
to more than 200 countries. The coronavirus attacks
tissue through Angiotensin-converting enzyme 2
(ACE2). The lungs and cardiovascular structures are
therefore the main organs affected by COVID-19 [48]. Myocarditis-related problems are an important
clinical problem in patients with COVID-19. In the
literature, it has been reported that highly sensitive
cardiac troponin I (Hs-cTnI), which indicates
myocardial damage, is elevated in 12%-15% of
patients, and cardiac involvement reaches up to 31%
in patients with severe COVID-19 [9-11]. Clinical

Eighty-three patients with COVID-19 confirmed by
polymerase

chain

reaction

(PCR)

test

who

underwent CMR between June 2020 and March
2022 were retrospectively analyzed. The patients
were evaluated based on clinical findings, laboratory
values, echocardiography, and CMR imaging
features. To calculate the range of contact and CMR,
we assumed the date of admission to the hospital as
the first day of probable COVID-19 diagnosis.
Baseline characteristics and hospital treatment
details were obtained from patients' medical records

information, endomyocardial biopsy (EMB), and
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CMR Protocols

Laboratory Analysis

All examinations are planned with standardized

We obtained laboratory data from the patient

image interpretation and post-processing in CMR

information system of our hospital database. We

2020 update [12]. CMR studies were performed on

evaluated High-sensitivity cardiac troponin I (Hs-

®

a 1.5 Tesla scanner (Aera , Siemens Healthineers,

cTnI), and C-reactive protein (CRP). Hs-cTnI levels

Erlangen, Germany). Patients were scanned with the

greater than 3 pg/ml were considered significant.

electrocardiogram (ECG)- triggered using a 16channel surface phased array of body coils. After
standard localizer scan images, breath-hold cine
images were acquired in the 2-chamber and 4chamber views for ventriculus. We administered a
0.2 mmol/kg intravenous injection of contrast agents
Dotarem (Gadoterate meglumine; Guerbet LLC,
Villepinte, France).

Statistical Analysis
All statistical analysis was performed using SPSS
version 23.0 (IBM statistics, Armonk, New York).
Categorical variables were expressed as counts
(percentage), and continuous variables as mean ±
SD. Qualitative values were reported as percentages.
For normally distributed data, the unpaired T-test
was used under the non-equal variances condition,

CMR Imaging Analysis

and the Wilcoxon test otherwise. Comparison

CMR images were acquired from our picture archive

between the 2 groups was performed using an

system. CMR examinations were evaluated by a

unpaired Student’s t-test (for normal distribution) or

radiologist who has a cardiac imaging certificate

Mann-Whitney U test (for non-normal distribution).

with extensive CMR experience (>9 years). Left

For all tests, significance was set to p <0.05.

ventriculi (LV) ejection fraction (EF), stroke volume
(SV), mass, and cardiac output (CO) were calculated

RESULTS

automatically over functional sequences in multi-

A total of 97 patients with nonspecific viral

sectional 2 and 4 chamber images. Contrast

myocarditis (NSVM) according to the Lake Louise

enhancement in late gadolinium enhancement

criteria were included in the study. Fifty-Six of these

(LGE) images were marked with the AHA 17

patients with hypertension (31), diabetes mellitus

segment model. The presence of myocardial fibrosis

(12), a history of coronary artery disease (10), and

was analyzed as present or absent regardless of

inadequate CMR images (3) were excluded from the

segment size. Myocardial edema was evaluated on

study. As a result, 41 NSVM patients were included

short tau inversion recovery (STIR) and T2

in the study, their mean age was 43 years (24 years-

weighted image (WI) images. A comparison was

66 years), and 26 of them were women. The reasons

made with the muscle tissue included in the section

for admission were fatigue (35), palpitation (22),

for the presence of myocardial edema. STIR and

rhythm disturbance (12), dyspnea (7), and syncope

T2WI signals increased 2 times more than muscle

(3). The time between contact and CMR could not

tissue was considered myocardial edema. Current

be evaluated because the acute infections of the

Lake Louise criteria were used for the diagnosis of

patients were usually unclear. In the pericardial

myocarditis [13]. T1 and T2 mapping images were

examination, pericardial thickness increased by an

not included in the study because they were not

average of 3.4 mm (3 mm - 5 mm) in 14 (36%)

available in all patients.

patients. In NSVM cases, ECG examinations
showed bundle branch block in 2 (4%) patients and
T inversion in 8 (19%) patients. echocardiography
7

J Heart | December-2022

examination revealed minimal hypokinesia in 3

echogenicity in 2 (4%) patients. Laboratory values

(7%) patients and a diffuse increase in myocardial

were within normal limits.

Table 1: The CMR characteristics of patients with COVID-19 myocarditis and the time between PCR and CMR are shown
in the table.

Note: Left ventriculi (LV); ejection fraction (EF); stroke volume (SV); cardiac output (CO); polymerase chain reaction (PCR);
Cardiac magnetic resonance imaging (CMR)

disturbance (5). The mean time between contact and
In the CMR examination of 83 patients diagnosed
with COVID-19 by PCR, 25 (30%) patients were
accepted as probable myocarditis according to the
Lake Louise criteria and included in the study. 58
patients' CMR had no LGE, and other findings are
not according to myocarditis. The mean age of the
patient was 40.88 years (22 years - 61 years), and
seven patients were female (Table 1). Fifteen
patients were treated as inpatients in the hospital. In
13 (52%) hospitalized patients, Hs-cTnI was higher
at 18 pg/ml (8-34) on average and CRP at 25 mg/L
(8-65) during the acute infection period. Oxygen
therapy with a mask was required for an average of

CMR was 192,88 days (45 days - 362 days).
Concurrent laboratory data with CMR examination
were normal in patients. A mean increase of 4.1 mm
(3.2 mm - 7 mm) was detected in 8 (32%) patients
in the pericardium examination in COVID-19 cases.
ECG examinations performed simultaneously with
CMR revealed ST depression in seven patients and
T inversion in two patients. The mean time between
contact and echocardiography examination was 175,
4 days (35 days - 310 days). Echocardiography
examinations and myocardial echoes were normal.
No significant pathology was detected in the
functional data.

40 hours (10 hours - 45 hours) in 4 patients. All
patients were considered moderately infected with

On CMR examination on day 45 after diagnosis of

COVID-19, as respiratory and life support were not

COVID-19, an increase in signal consistent with

needed. Remdesivir was used in 22 patients and

myocarditis was observed in the STIR sequence

remdesivir with hydroxychloroquine in 18 patients.

(Figure 1). In PSIR sequences taken in the late

Antiviral treatment was not applied to three patients.

phase, an average of 2.8 LGE for COVID-19

The reasons for admission after recovery were chest

myocarditis was observed (in 1-6 segments) (Figure

pain (17), palpitation (12), dyspnea (9), and rhythm

2 and 3) and an average of 2.4 (1-7 segments) LGE
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for NSVM (Figure 4). Involvement of myocardial

compared to the normal group. No statistically

inferior and septal segments was common in both

significant difference was observed. Constrictive

groups of myocarditis patients. No contraction

pericarditis was not observed in patients with

pathology was observed in the cine images. Heart

pericarditis sequela imaging findings.

functional data were similar in both groups

Figure 1: 25-years-old male post-COVID-19 patient with myocarditis. on the 45th day after PCR positivity, myocarditis is
showing on the left ventricular lateral wall in 2 chamber 2D-phase-sensitive-inversion-recovery (2D-PSIR) (a), and 4
chamber PSIR (b) images in the CMR examination. (arrows). 4 chamber Short-tau-inversion-recovery (STIR) (c) and 4
chambers Steady-state free precession (SSFP) (d) images show regional myocardial edema (arrows).
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Figure 2: 2-chamber PSIR images show mid myocardial late gadolinium contrast (LGE) in the interventricular septum (A)
in a 52-years-old man (a) and a 60-year-old woman (b) with COVID-19-associated myocarditis (arrows).

Figure 3: Focal late gadolinium potentiation (LGE) was observed in 2-chamber PSIR images in cases of a 43-years-old
female (a) and a 30-years-old male (b) with COVID-19-associated myocarditis (arrows).

Figure 4: 2-chamber PSIR sequences of a 43-years-old female (a) and a 30-years-old man (b) NSVM patients show focal
late gadolinium potentiation (LGE) in the septum which is a non-ischemic myocardial injury (arrows).
10
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There was no statistical difference between

after recovery [9]. Our study showed the importance

laboratory and CMR data between NSVM and

of PCR positivity in the diagnosis of COVID-19

COVID-19 myocarditis patients (p = 0.002). LGE-

since there was no difference between imaging and

detected segments were similar in both groups.

laboratory data between COVID-19 myocarditis and

When the functional data of both groups were

NSVM. In the differential diagnosis of COVID-19

compared no statistically significant difference was

myocarditis, a PCR test and infection history are

observed (p = 0.062). Myocarditis cases were

required.

compared in terms of cardiac functions, and no
change was observed in functional data. Myocarditis
did not cause a statistically significant deterioration

Caforio et al. defined our current knowledge on the
diagnosis and treatment of myocarditis using
endomyocardial biopsy (EMB) [15-17]. The success

in cardiac functions.

of myocarditis treatment depends on the etiologic

DISCUSSION

diagnosis to distinguish between infectious and

In this study, cases of COVID-19-associated

immune-mediated

myocarditis and nonspecific viral myocarditis

intervention with intravenous immunoglobulins has

(NSVM) were evaluated in comparison with

been the most effective treatment for inflammatory

clinical, laboratory, and imaging findings. In our

viral myocarditis. With the COVID-19 pandemic,

study, the frequency of myocarditis (25%) in cardiac

the coronavirus is an important factor in the etiology

symptomatic patients with COVID-19 was found to

of myocarditis. Our study is useful in detecting the

be like that in the literature. When the patients were

etiology of NSVM in CMR examinations. Dilated

evaluated

CMR,

cardiomyopathy, another possible outcome of

echocardiography, laboratory, and clinical data, no

myocarditis, also requires an etiologic diagnosis

significant difference was observed between the

[18].

together

with

their

disease

[15,16].

Early

NSVM and COVID-19 myocarditis groups. The
segments involved in myocarditis patients were
similar. We did not observe a statistically significant
difference between the myocarditis groups due to
cardiac functional values and preserved systolic
functions. Cardiac functional values were within
normal limits. Our study showed that COVID-19
myocarditis and NSVM imaging and laboratory data
were similar; in addition, they did not cause

This study had some limitations. First, the sample
size was small. Second, the included patients had
moderate COVID-19; therefore, this study does not
include severe and critical COVID-19 patients.
Possible myocarditis was included in our study
because there was no pathological evaluation. One
of our clinical limitations was the lack of CMR
examination and long-term clinical follow-ups in the
acute infection period. Another limitation is the lack

deterioration in cardiac functional values.

of early pandemic hospital cardiac biomarker data in
Huang et al. also found in their study that ventricular

12 (55%) patients. In addition, patient selection was

functions

not unbiased, as all CMR studies were obtained

myocarditis

were

preserved

[9,14].

in

patients

Fulminant

with

myocarditis

retrospectively

and

performed

with

clinical

secondary to acute COVID-19 shows severe

indications. A major limitation was that the CMR

functional

examination was performed by a single radiologist.

deterioration,

and

left

ventricular

functions are within normal limits in many studies
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Therefore, the inter and intra-observer reliability
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