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Abstract

Background: Coronavirus disease 2019 (COVID-19) may cause myocardial damage.

Purpose: To evaluate the short-term and medium-term results, as well as the imaging features of COVID-19 cardiac
involvement, using cardiac magnetic resonance (CMR).

Material and Methods: In this study, laboratory and CMR findings of 15 patients with COVID-19 between May 2020
and May 2021 were evaluated retrospectively. Late gadolinium enhancement (LGE) imaging was evaluated for myocarditis.
Cardiac functions were quantitatively evaluated and compared to the control patient group. High-sensitivity cardiac
troponin | (Hs-cTnl), C-reactive protein (CRP) exchange, and LGE were compared.

Results: Fifteen patients (7 women; mean age = 38 years) were evaluated. Six patients were treated at home, while nine
patients were treated in the hospital. The patients were given remdesivir and hydroxychloroquine treatment. LGE was
detected in 2 (33%) patients treated at home and 5 (55.5%) patients treated in the hospital. In hospitalized patients, levels
of Hs-cTnl (mean = 7.8 pg/mL) and CRP (mean = 32.3 mg/L) were elevated. A high correlation was observed between
the increase in Hs-cTnl value and LGE (r=0.63; P<0.001). A low correlation was observed between an increase in CRP
and LGE (r=033; P<0.001). There was no statistically significant difference in ventricular functions between the COVID-
19 and control groups (P<0.001).

Conclusion: CMR abnormalities were found in a high percentage (46%) of patients with COVID-19. Myocardial abnor-
malities in patients with COVID-19 can be detected by CMR. For COVID-19 myocarditis, no specific diagnostic CMR
imaging feature was observed.
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Introduction magnetic resonance (CMR) is the non-invasive gold stand-
ard for the assessment of myocardial tissue pathology and
edema. CMR is a highly accurate diagnostic tool for myo-
carditis (7,8). The American Heart Association (AHA)
recommends CMR to detect heart damage (9). Other
imaging methods may be insufficient to detect chronic
infections, particularly cardiac muscle, and pericardial
infections (7-9). The imaging features that distinguish
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acts on the cells through the angiotensin-converting
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COVID-19 cardiac involvement from other myocarditis eti-
ologies have not been described in the literature (7-10). To
define the characteristics of COVID-19 myocarditis
imaging, large series of patients are needed for studies.

The aim of the present study was to contribute to the lit-
erature by defining the CMR diagnostic criteria for myocar-
ditis secondary to COVID-19 by examining the imaging
features and measurable cardiac functional parameters of
COVID-19 myocardial involvement.

Material and Methods

Study design and study population

This is a retrospective study conducted at a single center.
The university’s ethics committee gave their approval.
Patients who had CMR between May 2021 and May
2020 had their records searched for COVID-19. The pres-
ence of COVID-19 was detected in 17 patients whose diag-
noses were confirmed by a reverse transcription-polymerase
chain reaction (RT-PCR) swab test. However, all patients
were considered cured after 10 days of isolation because
they had no clinical findings. The study excluded one
patient with coronary artery disease and one patient who
had undergone cardiothoracic surgery. As a result, the
CMR examinations of 15 patients who had COVID-19
and were considered recovered were reviewed retrospect-
ively. A group of healthy controls (20 patients) with
normal CMR examinations and similar age and gender dis-
tribution were determined from the database of our hospital.

CMR protocols

All examinations were planned with standardized image
interpretation and post-processing in the cardiovascular
magnetic resonance (CMR) 2020 update (11). CMR
studies were performed on a 1.5-T scanner (Aera®;
Siemens Healthineers, Erlangen, Germany). Patients were
scanned with the electrocardiogram (ECG) triggering
using a 16-channel surface phased array body coil. After
standard localizer scan images, breath-hold cine images
were acquired in two-chamber and four-chamber views
for ventriculus. The slice thickness of each slice was
8 mm with an interslice gap of 2 mm. The left ventricle
(LV) and right ventricle (RV) function parameters were cal-
culated with Syngo software. LV /RV end-diastolic volume
(EDV), end-systolic volume (ESV), stroke volume (SV),
and cardiac output (CO) were calculated from functional
parameters, and LV mass and LV/RV ejection fraction
(EF) values were evaluated.

We administered 0.2 mmol/kg intravenous injection of
contrast agent (Magnevist; Schering, Berlin, Germany)
into an antecubital vein for late gadolinium enhancement
(LGE) imaging. A flow rate of 2mL/s was used. A
minimum of 10 min after contrast administration, a PSIR

(phase sensitive inversion recovery) sequence was per-
formed to optimally null the signal of the remote myocar-
dium calculated automatically. Two-dimensional (2D)
LGE images were acquired in short-axis views covering
the entire LV myocardium using three different LGE
sequences: a segmented, single-slice, single breath-hold,
2D fast low-angle, shot-based, phase-sensitive inversion
recovery sequence (FLASH-PSIR).

Imaging analysis

CMR examinations were evaluated by a radiologist
with a cardiac imaging certificate. EF, stroke volume,
cardiac index (CI), and cardiac output (CO) were calcu-
lated automatically over functional sequences. In multi-
sectional two- and four-chamber images, the end-diastolic
17-segment wall thicknesses were measured manually
as a full layer and a non-compacted layer. Contrast
enhancement in LGE images was marked with the
AHA 17 segment t model. The presence of myocardial
fibrosis was analyzed as present or absent regardless of
segment size.

CMR images were acquired from the image archive
system. Myocardial edema was evaluated on short tau
inversion recovery (STIR) and T2-weighted (T2W)
imaging. A comparison was made with the muscle tissue
included in the section for the presence of myocardial
edema. STIR and T2W imaging signal increased two
times more than muscle tissue was considered as myocar-
dial edema. It was defined as the segment and involved
the myocardial layer of increased signal on LGE images.

Laboratory analysis

Laboratory data were obtained from the patient information
system of our hospital. The researchers measured high-
sensitivity cardiac troponin I (Hs-cTnl), C-reactive protein
(CRP), serum potassium, and serum calcium levels.
Hs-cTnl levels >3 pg/mL were considered significant.

Statistical analysis

All statistical analyses were performed using SPSS version
24.0 (IBM statistics, Armonk, NY, USA). Categorical vari-
ables were expressed as number (percentage) and the con-
tinuous variables as mean + standard deviation or median.
The normality of the distribution was tested using the
Shapiro—Wilk test. Comparison between the two groups
was made using the unpaired Student’s ¢ test for normal dis-
tribution. The Mann—Whitney U test was used with continu-
ous variables in non-normal distribution. The chi-square test
was used to explore the statistical significance of CMR para-
meters in the COVID-19 and control groups. Comparisons
between groups were performed using ordinary one-way
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Table |. Patient characteristics of COVID-19 cases and control
groups, including demographics and baseline co-morbidities.

Patients COVID-19 patients Control group
Age (years) 15+8 20+ 12

Male 8 12
Hypertension 4 8

Diabetes mellitus | 2

*Values are given as mean + SD.

analysis of variance or Kruskal-Wallis tests. P<0.05 was
considered statistically significant.

Results

We examined 15 patients (8 men, 7 women; age range =
3045 years; mean age = 38 years) who met our study cri-
teria. Four patients had hypertension and one patient had
diabetes mellitus (Table 1). Before COVID-19, there was
no known systemic or coronary disease in the patient
group, and six of the patients were treated at home, while
nine were treated in the hospital due to respiratory distress.
One hospitalized patient received mechanical ventilation
for five days and non-invasive ventilation with positive
airway pressure for 10 days. For an average of 4 days
(range = 2-8 days), eight patients were subjected to non-
invasive ventilation with positive airway pressure (Fig. 1).
Furthermore, remdesivir and hydroxychloroquine were

Fig. 1. A 48-year-old man with CMR imaging 45 days after
COVID-19 diagnosis. He was treated in the hospital for severe
dyspnea. Hs-cTnl level when he was in hospital was 15.4 pg/mL.
His Hs-cTnl was 5 pg/mL on the day of CMR imaging. PSIR
two-chamber image shows intramyocardial LGE (arrows).CMR,
cardiac magnetic resonance; Hs-cTnl, high-sensitivity cardiac
troponin |; LGE, late gadolinium enhancement.

Table 2. Blood test results in hospitalized patients.

COVID-19 patients  COVID-19 patients

Blood test results  with LGE+ with LGE—
CRP (mg/dL) 33.3 (14-60) 22 (2-35)
Hs-cTnl (pg/mL) 7.8 (2-16) 2.5 (0.1-5.5)

Values are given as median (range).
CRP, C-reactive protein; Hs-cTnl, high-sensitivity cardiac troponin |; LGE,
late gadolinium enhancement.

administered to all patients. In addition, the patients
received no steroid treatment.

The mean number of days between positive COVID-19
testing and CMR examination was 81 days (range = 61—
105 days). Atypical chest pain (7 patients), palpitations (5
patients), and effort dyspnea (3 patients) were the most
common complaints of COVID-19 at the cardiology poly-
clinic. There were also reports of shortness of breath (8
patients), general lassitude (5 patients), and diffuse
muscle pain (2 patients). Before COVID-19 disease, none
of the patients had a history of coronary disease drug use.
In addition, the echocardiogram and echocardiography
reports of the patients revealed no abnormalities.

Routine blood tests were used to assess Hs-cTnl, CRP,
serum potassium, and serum calcium levels in all hospita-
lized patients. The mean Hs-cTnl value was 7.8 pg/mL
(range = 2-16 pg/ml) higher than the reference values.
Hs-cTnl values increased by >12 pg/mL in six hospitalized
patients, and LGE was observed in the mean (Table 2).
LGE was observed in an average of 5 segments (2-8 seg-
ments) in 6 hospitalized patients whose Hs-cTnl value
increased excessively more than 12 pg/ml. A significant
correlation was observed between the increase in Hs-cTnl
value and the LGE (r=0.63; P<0.001). The CRP value
was found to be high in all patients (mean = 33.3 mg/L;
range = 14-60 mg/L). Moreover, a low correlation was
observed between CRP value and LGE (r=0.33; P<
0.001) (Table 2).

LGE was found in seven patients in total. LGE was
found in one of the three patients with normal Hs-cTnl
values who were treated at the hospital. In patients treated
at home, Hs-cTnl was not measured (Fig. 2). LGE was
observed in three and two segments in 2 (33%) patients
who were treated at home without Hs-cTnl values.

The distribution of myocardial LGE was calculated as
the number of segments in all patients in accordance with
the American Heart Association 17-segment model and
was used to define the extent of involvement. In the
study, LGE consistent with myocarditis was observed in
seven patients who did not fit into the vascular irrigation
area (46%). Myocarditis was detected in 2 of 6 (33%)
patients treated at home and 5 of 9 (55.5%) patients
treated at the hospital. The average number of segments
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Fig. 2. A 62-year-old man was treated in his home for COVID-19. (a) Long-axis cine SSFP and (b) T| sequences showed focal
myocardial irregularity (arrows). (c) T1 PSIR short- and (d) long-axis images show focal myocarditis after COVID-19 (arrows).

involved is seven patients with COVID-19 secondary myo-
carditis. Three segments (1-6 segments) were discovered.
Furthermore, LGE was observed in the inferior wall and
interventricular septum of five patients, with a linear
appearance in the medial of the myocardium (Fig. 3). In
two patients, there was limited punctate LGE in the left ven-
tricular free wall.

All patients had normal first-phase myocardial perfusion
imaging. In SSFP cine images, wall movements were
normal during the systole and diastole phases. STIR
sequences also revealed no edema signal consistent with
acute myopericarditis.

There was pericardial effusion in 2 (13%) patients.
Extracardiac findings included pleural effusions in 4
(26%) patients, a Bosniak type 1 renal cyst, and a liver
simple cyst in one. Eleven patients underwent computed
tomography (CT) pulmonary angiography examination
for a mean of 6 days (range= 2-26 days), with no pulmon-
ary embolism detected. A non-contrast CT scan was per-
formed on 12 patients who had been diagnosed with
COVID-19. The evaluation was based on the
Radiological Society of North America Expert Consensus

Statement on Reporting Chest CT Findings Related to
COVID-19 criteria (12). All patients had moderate involve-
ment of the parenchymal ground-glass type.

Functions were discovered in patients with LVEF (mean
= 53%; range = 45%-68%) and RVEF (mean = 47%;
range = 35%-51%). The left ventricular CI was 5.22 L/
min/mz, CO was 3.5 L/min, and the SV was 102 mL. The
functions of the valves were within normal limits. In the
control group, ventricular functions had a mean LVEF of
57% (range = 42%—65%) and a mean RVEF of 45%
(range = 39%-61%) were discovered. Furthermore, the
mean values for the left ventricle were CI 4.22, CO 3.8,
and SV 85 mL. The ventricular functions of the two
groups (P<0.001) did not differ significantly (Table 3).

Discussion

In this study, 15 patients were examined who had no history
of cardiac disease but reported cardiac symptoms after being
infected with COVID-19. In 7 (46%) patients, CMR examin-
ation revealed LGE consistent with myocarditis. The LGE

Fig. 3. 44 years old man with myocarditis 2 chamber (A) and 4 chamber(B) PSIR images show focal LGE interventricular septum

(arrows).
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Table 3. CMR imaging findings from the COVID-19 cases and control group,
including the statistical comparisons.

CMR COVID-19 patients COVID-19 patients Control

findings with LGE+ with LGE— group P value

LVEF (%) 51+ 16 54+ 15 57+ 15 <0.001

RVEF (%) 45+ 12 51+ 10 45+ 12 <0.001

LVSV (mL) 95+ 19 107 + 21 85 + 21 <0.001

LvCl 54 +21 47 £2.1 422 +24 <0.00l
(Umin/m?)

LvCo 38+ 1.5 34+ 17 38+22 <0.00l
(L/min)

LGE (+) 7 8 0 <0.001

Values are given as mean + SD unless otherwise indicated.

CMR, cardiac magnetic resonance; COVID-19, coronavirus disease 2019; CRP,
C-reactive protein; Hs-cTnl, High-sensitivity cardiac troponin I; LGE, late
gadolinium enhancement; LVCI, left ventricular cardiac index; LVCO, left
ventricular cardiac output; LVEF, left ventricular ejection fraction; LVSV, left
ventricular stroke volume; RVEF, right ventricular ejection fraction.

pattern was inconsistent with vascular irrigation areas, and it
had a non-specific distribution and appearance. There was a
high correlation between Hs-cTnl and LGE. Detection of
myocarditis was considered secondary to cardiac involvement
of COVID-19. In addition, myocarditis may occur as a long-
term permanent outcome in patients with COVID-19 (13,14).
In our study, no thickening or contrast enhancement second-
ary to pericarditis was observed.

COVID-19 may cause multiorgan involvement, which
has the potential to cause long-term social health problems.
Many studies have reported cardiac involvement (15).
These studies evaluate acute and chronic myopericarditis.
LGE pattern and changes in heart function after
COVID-19 are examined in patient groups in studies.
Puntman et al. (13) evaluated 100 patients, while Ojha
et al. (16) evaluated 199 patients with COVID-19 in pro-
spective studies. These study results were consistent with
those of the present study. Findings as a result of myocar-
dial involvement were similar to the literature (1,3,15). In
this study, selected patients admitted to the hospital with
cardiac symptoms were examined. This may be the
reason why the rate of post-COVID-19 myocarditis is
higher than in some studies in the literature (17,18).

Clinically, long-term changes caused by cardiac involve-
ment have yet to be reported. In our study, the right and left
ventricular EF values were within normal limits, which was
consistent with the literature (13-15,19). After COVID-19,
there was no significant difference in cardiac functions
when compared to the control groups. Furthermore, myo-
carditis was the only pathology that could be visualized
radiologically (18). Cardiac involvement of the patients in
our study was in its early stages. Hence, long-term studies
should be conducted on patients. Quantitative CMR can
be used to monitor cardiac involvement and its evolution
(20). This study will be useful for inpatient follow-up.

The present study has some limitations. The first is the
very small sample population. Second, only patients with

COVID-19 who showed clinical signs of heart disease
were examined. Therefore, our myocarditis rate can be
interpreted as high. Before COVID-19, the patients had
no CMR studies to compare. As analysis of images was
not done blind to COVID-19 status there is a possibility
of bias. The control group were known to have normal
CMR. This lowered the threshold for observing statistically
significant differences when comparing with cases of
COVID-19 who were not known to have normal CMR.
COVID-19 cases and controls were not matched for risk
factors. This was another limitation of the study.

In conclusion, during COVID-19 infection, a high rate of
myocardial damage (46%) was observed. Patients with sig-
nificant short-term functional loss were not observed. The
next step should be to examine the long-term myocardial
damage and clinical effects of COVID-19 in large patient
groups and to investigate the diagnostic CMR findings.
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