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Aims In order to determine acute cardiac involvement in patients with COVID-19, we quantitatively evaluated tissue
characteristics and mechanics by non-invasive cardiac magnetic resonance (CMR) in a cohort of patients within the
first 10 days of the onset of COVID symptoms.

...................................................................................................................................................................................................
Methods
and results

Twenty-five patients with reverse transcription polymerase chain reaction confirmed COVID-19 and at least one
marker of cardiac involvement [cardiac symptoms, abnormal electrocardiograph (ECG), or abnormal cardiac
biomarkers] and 25 healthy age- and gender-matched control subjects were recruited to the study. Patients were
divided into those with elevated (n = 8) or normal TnI (n = 17). There were significant differences in global longitu-
dinal strain among patients who were positive and negative for hs-TnI, and controls [-12.3 (-13.3, -11.5)%, -13.1
(-14.2, -9.8)%, and -15.7 (-18.3, -12.7)%, P = 0.004]. Native myocardial T1 relaxation times in patients with positive
and negative hs-TnI manifestation (1169.8 ± 12.9 and 1113.2 ± 31.2 ms) were significantly higher than the normal
(1065 ± 57 ms) subjects, respectively (P < 0.001). The extracellular volume (ECV) of patients who were positive and
negative for hs-TnI was higher than that of the normal controls [32 (31, 33)%, 29 (27, 30)%, and 26 (24, 27.5)%,
P < 0.001]. In our study, quantitative T2 mapping in patients who were positive and negative for hs-TnI [51 (47.9,
52.8) and 48 (47, 49.4) ms] was significantly higher than the normal [42 (41, 45.2) ms] subjects (P < 0.001).

...................................................................................................................................................................................................
Conclusion In patients with early-stage COVID-19, myocardial oedema, and functional abnormalities are a frequent finding,

while irreversible regional injury such as necrosis may be infrequent.
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Introduction

COVID-19 is a global pandemic that is continuing to affect many
patients and thus requires the medical community to have a thorough
understanding of its associated morbidity and mortality, especially its
underlying pathophysiology. Previous studies have shown that
patients infected with COVID-19 during the acute phase could mani-
fest with myocardial injury, which can be associated with a higher risk

of in-hospital mortality.1,2 Troponin is used in clinical practice as the
key marker to detect myocardial injury and elevated troponin may
trigger further investigation. Endomyocardial biopsy, the reference
standard for the diagnosis of myocarditis based on histopathology,
immunohistology, and molecular techniques to identify viral
genomes, is not typically conducted in myocarditis patients because
of possible sampling errors and the inherent procedural risk.3

Because myocardial injury can be reversible in COVID-19 patients
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following prompt treatment, a reliable tool for early diagnosis of
myocardial injury is warranted.4 Cardiovascular magnetic resonance
(CMR) can non-invasively identify myocardial oedema qualitatively
and quantitatively, with or without necrosis according to the ‘2018
updated Lake Louise Criteria’, and provide specific markers for acute
myocardial inflammation, such as localization and severity.5 Novel
approaches for tissue characterization such as T1 mapping, T2 map-
ping, extracellular volume (ECV) mapping, and the combination of
imaging criteria with multiple biomarkers further increases the accur-
acy of CMR.6 These methods can detect diffuse myocardial oedema
and have shown the potential to improve diagnostic sensitivity and
specificity in myocarditis.7 In addition, strain analysis based on cine
MR images has proven effective in the evaluation of both regional and
global myocardial dysfunction in patients with acute myocarditis.8,9

Puntmann et al.10 found that cardiac involvement could be revealed
by CMR in 78 patients (78%) who recovered from COVID-19, and
60 patients (60%) manifested with ongoing myocardial inflammation.
In contrast to this previous study, we sought to investigate patients
during the acute presentation with COVID infection. Furthermore,
the clinical value of novel mapping techniques and strain quantifica-
tion for assessing myocardial inflammation has not been fully
explored. The present study recruited patients with confirmed
COVID-19 and suspected myocardial injury, and analysed the com-
prehensive parameters of CMR in order to evaluate the feasibility of
the quantitative assessment of myocardial injury in the early stages of
the disease by multiparametric CMR.

Methods

Fifty subjects were referred to CMR between 15 March 2020, and 15
April 2020, at Shanghai Public Health Clinical Center of Fudan University
and Renji Hospital of Shanghai Jiao Tong University. Twenty-five patients
with laboratory-confirmed COVID-19 and suspected myocardial involve-
ment based on cardiac symptoms, abnormal Electrocardiograph (ECG),
or abnormal cardiac biomarkers were recruited, and 25 age-matched and
gender-matched healthy subjects without any known underlying cardiac
diseases were recruited in our study as the control group. Our study
complied with the Declaration of Helsinki and was approved by the insti-
tutional research ethics committee at the Shanghai Public Health Clinical
Center and Renji Hospital. COVID-19 infection was confirmed in the
Shanghai Public Health Clinical Center according to the interim guidance
of the World Health Organization.11 All these patients were confirmed
with a positive COVID-19 nucleic acid antibody in the Centre for Disease
Control. In order to prevent the spread of the virus, COVID-19 patients
were transported in MRI-compatible beds, were assigned a dedicated
room, and also underwent CMR examination within the same dedicated
room (Supplementary data online, Figure S1). All subjects gave written
informed consent. All patients in our study with COVID-19 manifested
with either cardiac symptoms (palpitation), abnormal ECG, or any variety
of abnormal cardiac biomarkers [including increased creatinine kinase,
creatinine kinase-myocardial band (CK-MB), high-sensitivity troponin I
(hs-TnI), lactate dehydrogenase (LDH), and amino-terminal pro-brain
natriuretic peptide (pro-BNP)].

Cases of pneumonia due to other causes such as common bacterial
and viral pathogens were excluded. Exclusion criteria for all subjects
were any contraindications to CMR (such as severe claustrophobia, defib-
rillators, and implanted pacemakers or other metallic implanted devices).

Previously ischaemic and non-ischaemic cardiomyopathy patients were
not included in this study in order to isolate acute myocardial injury.

Cardiac magnetic resonance
All CMR scans were performed on two 3.0 T MRI scanners of the same
model (uMR780, United Imaging Healthcare, Shanghai, China) within 10
days after a confirmed diagnosis. CMR-exams were performed before
publication of the recent Society for Cardiovascular Magnetic Resonance
(SCMR) recommendations for CMR-protocols in COVID,12 but used a
very similar protocol. Steady-state free precession cine imaging, T2 map-
ping, pre- and post-contrast T1 mapping,13 T2-weighted Short-tau Triple
Inversion Recovery (T2-STIR), first-pass perfusion, and late gadolinium
enhancement (LGE) were acquired. Details of the sequences are
described in Supplementary data online, Table S1. The T1 and T2 values
are the average of all myocardium from all three slices.

Image analysis
Two radiologists with 10 years (L-.M.W.) and 7 years (B.-H.C.) of clinical
experience analysed the CMR images together and were blind to
whether the subject was diagnosed with COVID-19 or healthy control.
Patients were evaluated based on the updated lake Louise criteria.5 Left
ventricular function and cardiac mechanics were analysed offline with
dedicated commercial software Cvi42 version 5.11.3 (Circle
Cardiovascular Imaging Inc., Calgary, Canada). The analysis of cardiac
mechanics primarily included parameters from the tissue tracking soft-
ware package, including peak global longitudinal strain (pGLS, %). T1 and
T2 relaxation times were extracted from the T1 and T2 mapping by
Cvi42. ECV was calculated using following equation 1 from native T1
and post-contrast T1 mapping images with Cvi42.

ECV ð%Þ ¼ 100% � ð1-hematocritÞ
� ½ð1=postcontrast T1myocardiumÞ – ð1=nativeT1myocardiumÞ�=
½ð1=postcontrast T1bloodÞ – ð1=nativeT1bloodÞ�:

Native T1 refers to T1 mapping before the administration of contrast.
Epicardial and endocardial borders were delineated to exclude pericar-
dial effusion, epicardial fat, papillary muscles, and blood pooling from
the analysis. Global T1, T2, and ECV were measured, respectively.

Statistical analysis
Statistical analysis was performed using MedCalc Version 11.4.2.0
(MedCalc Software, Ostend, Belgium) and SPSS Statistics Version 26.0
(IBM SPSS Inc., Chicago, IL, USA). The normality of variable distribution
was tested by the Kolmogorov–Smirnov method and qualitative inspec-
tion of Q–Q plots. Continuous data distributed normally were presented
as mean±SD when compared with independent t-test between two
groups and one-way ANOVA test among three groups. Non-normally
distributed data were presented as median (inter-quartile range) and
compared with the Kruskal–Wallis test. Categorical and binary variables
were expressed as n (%). The v2 and Fisher’s Exact tests were used to
compare the differences between two groups. A two-tailed P value of
<0.05 was considered statistically significant.

Results

Population characteristics
A total of 50 subjects were recruited for our study. As shown in
Figure 1, 25 of 120 patients were included due to cardiac involvement.
Hs-TnI in 8 (32%) of 25 patients, CK in 3 (12%), LDH in 4 (16%), and
Pro-BNP in 1 (4%) were all higher than the normal reference ranges,

2 B.H. Chen et al.
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.. and the overall distribution was 0.03 (0.02–0.06) ng/mL, 72 (63.5–
120) U/L, 186 (176–209.5) mmol/L, and 25.11 (16.2–71.7) mmol/L,
respectively. In total, 56% (19/25) of patients had an abnormal ECG
indicated by ST-segment elevation, and 36% (9/25) of patients had
sinus arrhythmia. Less common ECG manifestations were T-wave
depression and inversion (6/25), widened p-wave/short PR interval
(5/25), tendency towards right deviation (5/25), complete right bun-
dle branch block (2/25), and abnormal Q waves (1/25). Three (12%)
patients exhibited palpitation.

The baseline characteristics in patients with COVID-19 and the
reference ranges of quantitative parameters are given in Table 1. Eight
(32%) patients presented with positive hs-TnI. The average ages of
the positive and negative hs-TnI patients were 20.50 (19–27) and 27
(18–42.5), respectively. Fifteen (60%) of them were male. Most
patients presented with symptoms of fever (14, 56%) and cough (13,
52%); the peak temperature was 37.4 ± 0.9�C. The time duration be-
tween the onset of symptoms to the CMR scan was between 3 and
8 days.

One patient had a decreased white blood cell (WBC) count than
the normal range, while two were higher. The WBC (22/25, 88%)
and neutrophil counts (20/25, 80%) were normal in most patients.
The 8 of 25 patients had decreased leukocytes compared with the

Figure 1 Flowchart of patient recruitment. Twenty-five patients
with COVID-19 who presented with suspected cardiac involve-
ment were recruited.

....................................................................................................................................................................................................................

Table 1 Baseline characteristics

Characteristics Reference

range

Total COVID-19

(n 5 25)

hs-TnI

(1, n 5 8)

hs-TnI

(2, n 5 17)

P

Age (years) – 23 (18–33.5) 20.5 (19–27) 27 (18–42.5) 0.56

Male – 15 (60%) 5 (62.5%) 10 (58.8%) 0.60

Fever – 14 (56%) 3 (37.5%) 11 (67.7%) 0.39

PT (�C) – 37.4 ± 0.9 37.2 ± 0.9 37.5 ± 1 0.59

Cough – 13 (52%) 4 (50%) 9 (52.9%) 0.61

Palpitation 3 (12%) 2 (25%) 1 (5.9%) 0.23

CMRTime days 6.7 ± 5.7 5.5 ± 1.7 6.1 ± 3.1 0.64

Inpatient days – 19 (15–24) 22.5 (16–25.8) 17 (14.5–23) 0.24

Smoking history – 2 (8%) 1 (12.5%) 1 (5.9%) 0.55

History of alcohol – 2 (8%) 1 (12.5%) 1 (5.9%) 0.55

Comorbidity – 4 (16%) 1 (12.5%) 3 (17.6%) 0.62

CK (U/L) 29–168 72 (63.5–120) 67.5 (63–115.3) 79 (65.5–123.5) 0.48

CK-MB (ng/mL) 0–24 12 ± 2.3 12.2 ± 2 11.9 ± 2.5 0.72

LDH (mmol/L) 120–250 186 (176–209.5) 181 (173.3–202.5) 187 (177–239.5) 0.24

Pro-BNP (pg/mL) 0–250 25.1 (16.2–71.7) 27.1 (17.6–86.3) 23 (14.6–62.8) 0.55

WBC (/L) 3.5–9.5 4.8 (3.9–6.7) 4.9 (4.6–5.9) 4.8 (3.6–7.4) 0.81

Neutrophil (/L) 1.8–6.3 3 (2.1–3.1) 2.7 (2.2–3.6) 3.1 (1.8–4.7) 0.66

Leukocytes (/L) 1.1–3.2 1.3 (1.1–1.7) 1.7 (0.9–1.7) 1.3 (1.1–1.7) 0.51

CT pneumonia – 17 (68%) 4 (50%) 13 (76.5%) 0.36

Abnormal ECG – 19 (56%) 7 (87.5%) 12 (70.6%) 0.62

PE – 7 (28%) 5 (62.5%) 2 (11.8%) 0.020

Clinical severity

Mild 18 (72%) 3 (37.5%) 15 (88.2%) 0.020

Moderate 7 (28%) 5 (62.5%) 2 (11.8%)

Numbers are given as median (interquartile ranges) or mean ± standard deviation or as absolute frequency with percentages in parentheses. hs-TnI (-): 0–0.04 (pg/mL).
CMRTime, Time duration between onset of symptoms to CMR scan; CK, creatine kinase; CK-MB, Creatinine kinase-myocardial band; ECG, Electrocardiograph; hs-TnI, high-
sensitivity troponin I; LDH, Lactate dehydrogenase; Pro-BNP, pro-B-type natriuretic peptide; PT, Peak temperature; Total, total patients with COVID-19; WBC, white blood
cell.. P values represent the comparison between hs-TnI (þ) and hs-TnI (-).

Early cardiac involvement in patients with acute COVID-19 infection 3
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.normal range. One patient had a comorbidity of thalassaemia, an-
other had complications from hypertension (10 years), another dia-
betes mellitus (5 years), and lastly, one patient had hyperlipidaemia.
Two patients previously infected with chronic hepatitis B and human
immunodeficiency virus (HIV), respectively, were in the negative
CMR group. Seventeen (68%) patients showed typical COVID-19
pneumonia on CT. In these seventeen patients, a total of sixty pul-
monary lesions were observed on CT imaging, including pure
ground-glass-opacity (GGO): 18/60 (30%), GGO with reticular and/
or interlobular septal thickening: 16/60 (26.7%), GGO with consoli-
dation: 14/60 (23.3%), or consolidation: 12/60 (20%). Furthermore,
18 (72%) patients had mild type COVID-19 and 7 (28%) moderate
type COVID-19.

Left ventricular mechanics analysis
In the cardiac functional evaluation, we found that most of the param-
eters in patients with COVID-19 were lower than subjects in the
healthy control group. As shown in Table 2, LVEF of patients positive
or negative for hs-TnI were significantly lower than those of controls,
respectively (52.4± 2.8%, 55.1 ± 6.1%, and 64.6 ± 4.6%, P < 0.01). In
addition, five (20%) patients manifested with regional wall motion
abnormalities in the regions with cardiac involvement.

There were significant differences in cardiac mechanics repre-
sented by strain analysis (GLS, global longitudinal strain) among
patients with positive and negative hs-TnI compared with controls
[-12.3 (-13.3, -11.5)%, -13.1 (-14.2, -9.8)%, and -15.7 (-18.3, -12.7)%,
P = 0.004]. GLS significantly decreased in patients with confirmed
COVID-19 compared with the healthy control subjects. Tissue track-
ing presented significant changes in global cardiac mechanics in
patients with COVID-19. Figure 2 compares GLS between a COVID-

19 patient with a positive hs-TnI and a healthy participant. In total, 7
(28%) patients displayed a small amount of pericardial effusion: 5
(62.5%) in the hs-TnI positive group and 2 (11.8%) in the hs-TnI nega-
tive group.

Myocardial tissue characteristics
Among the COVID-19 patients, 14/25 (56%) displayed hyperinten-
sity in T2-STIR, and 1/25 (4%) patients displayed positive LGE. T2-
STIR hyperintensity was mainly located in the transmural myocar-
dium (10/14), followed by the sub-epicardium (2/14) and mid-wall (2/
14). A decreased perfusion was not found in any patients in our study
after subjectively analysing the first-pass perfusion imaging. One pa-
tient displayed hyperintensity both on T2-STIR and LGE in the sub-
epicardium of the left ventricular inferior and inferior-lateral wall of
the basal and middle part (Figure 3). Differences between myocardial
tissue characteristics are shown in Table 2. Native myocardial T1 re-
laxation times in patients with positive and negative hs-TnI manifesta-
tions (1169.8± 12.9 and 1113.2 ± 31.2 ms) were significantly higher
than the normal (1065 ± 57 ms) subjects, respectively (P < 0.001).
The ECV of patients with positive and negative hs-TnI was higher
than that of the normal controls [32 (31–33)%, 29 (27–30)% vs. 26
(24–27.5)%, P < 0.001]. In our study, quantitative T2 mapping in
patients with both a positive and negative hs-TnI [51 (47.9–52.8) and
48 (47–49.4) ms] was significantly higher than the normal [42 (41–
45.2) ms] subjects (P < 0.001).

Discussion

This study investigated patients with recent COVID-19 infection and
found evidence of cardiac involvement in patients with both normal

....................................................................................................................................................................................................................

Table 2 The characteristics of CMR

Normal (n 5 25) hs-TnI (1, n 5 8) hs-TnI (2, n 5 17) P

LVEDV (mL) 107.6 (98.7–128.3) 116.5 (99.7–127.1) 113.8 (100.5–129.8) 0.96

LVESV (mL) 43.2 ± 15.5 58.7 ± 17a 51.2 ± 9.6 0.020

SV (mL) 67.5 (65.2–79.8) 58.8 (53.5–67.6)a 61.3 (55.4–72.3)b 0.030

HR (/min) 65 (63–71) 73 (63.5–81) 72 (69.5–73.5)b 0.030

CO (L/min) 4.8 (4.4–5.5) 4.66 (4.3–6) 4.3 (4–5.3) 0.26

LVEF (%) 64.6 ± 4.6 52.4 ± 2.8a 55.1 ± 6.1b <0.001

MyoMass (g) 87.1 (74.6–114.9) 91.6 (79.9–103.7) 80.2 (74.3–104.2) 0.77

iLVEDV (mL/m2) 69.8 (64.1–70.8) 66.9 (60.9–74.8) 66.2 (61–72.4) 0.72

iLVESV (mL/m2) 25.4 ± 6.3 30.3 ± 5.2a 29.9 ± 5.2b 0.020

iSV (mL/m2) 42.9 (40.3–51.4) 35.9 (33.3–46.1)a 36.8 (34.4–38.3)b <0.001

CI (L/min/m2) 2.9 (2.7–3.2) 2.7 (2.4–3.5) 2.6 (2.4–2.7)b 0.002

pGLS (%) -15.7 (-18.3– -12.7) -12.3 (-13.3– -11.5)a -13.1 (-14.2–-9.8)b 0.004

Native T1 1065 ± 57 1169.8 ± 12.9a 1113.2 ± 31.2b,c <0.001

ECV 26 (24–27.5) 32 (31–33)a 29 (27–30)b,c <0.001

T2 mapping 42 (41–45.2) 51 (47.9–52.8)a 48 (47–49.4)b <0.001

Numbers are given as median (interquartile ranges) or mean ± standard deviation or as absolute frequency with percentages in parentheses.
CI, cardiac index; CO, cardiac output; HR, heart rate; i, index; LVEDV, left ventricular end-diastolic volume; LVEF, left ventricle ejection fraction; LVESV, left ventricular end-sys-
tolic volume; MyoMass, Myocardial Mass; Normal, control group; pGLS, peak global longitudinal strain; SV, stroke volume.
aP value <0.05 for comparing COVID-19 patients with positive hs-TnI and controls.
bP value <0.05 for comparing COVID-19 patients with negative hs-TnI and controls.
cP value <0.05 for comparing COVID-19 patients with positive and negative hs-TnI.

4 B.H. Chen et al.



Figure 2 GLS between a patient confirmed with COVID-19 with positive hs-TnI and a normal participant. The upper row Figures (A and B) of
strain analysis represent a normal participant with normal left ventricular function and cardiac mechanics. The lower rows (C and D) show a patient
confirmed with COVID-19 who had a positive hs-TnI and displayed decreased GLS.

Figure 3 Three cases of CMR measurements included T2-STIR, Native T1 mapping, Post-contrast T1 (post T1), ECV, T2 mapping, and PSIR. The
upper row (A–F) represents a healthy participant. The figures in the second row are of a patient (G–L) confirmed with COVID-19 and had a slightly
increased TnI (0.08 ng/mL). The anterior wall displayed transmural hyperintensity. T1, T2, and ECV also displayed diffuse hyperintensity. The global
T1, T2, and ECV were higher than the normal group, although the differences of PSIR were not significant. The third patient (M–R) with COVID-19
(ECG: T-wave depression, short PR interval, TnI: 0.14 ng/mL, LDH: 302 mmol/L) displayed typical T2-STIR and LGE hyperintensity in the sub-epicar-
dium of the left ventricular inferior and inferior-lateral wall of the basal and middle parts.

Early cardiac involvement in patients with acute COVID-19 infection 5
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and elevated cardiac biomarkers. CMR demonstrated abnormal myo-
cardial mechanics and tissue characteristics with elevated markers of
myocardial inflammation/oedema with parametric mapping, while
myocardial infiltration/necrosis on LGE CMR was rare.

COVID-19 was caused by a novel enveloped RNA beta-
coronavirus named severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2).14 Angiotensin-converting enzyme 2 (ACE2) is a
human cell receptor that binds strongly to the S (spike) protein of
COVID-19, and the myocardium expresses high amounts of ACE2.15

ACE2 is the critical receptor for severe COVID-19 infections.
Studies have found that COVID-19 may infect human capillary vessels
directly. Vascular endothelial growth factor A (VEGF-A)-mediated
increases in lung vessel permeability may be antagonized by ACE2
during acute lung injury.16 The binding of the SARS-CoV spike pro-
tein to ACE2 causes ACE2 down-regulation, which in turn leads to
the increase of angiotensin II, increased vascular permeability, and ul-
timately, oedema formation.17 In pericytes of adult human hearts,
highly expressed ACE2 indicates an intrinsic susceptibility of the
human heart to COVID-19. The injury of pericytes may lead to capil-
lary endothelial cell dysfunction, which induces microvascular dys-
function and leakage.18 The human recombinant soluble ACE2 may
inhibit the growth of COVID-19 at very early stages.19 Myocardial in-
jury (as expressed by elevated TnI, ECG abnormalities and arrhyth-
mias, cardiac arrest, viral myocarditis and heart failure with increased
NT-proBNP and decreased systolic function on CMR) after SARS-
CoV-2 infection is reflective of severe COVID-19.1,2,17 The inflamma-
tory cytokine storm contributes to the cause of multiple organ fail-
ure, which is a notable cause of death in COVID-19 patients.20 In
consideration of the ACE2-related pathogenesis of COVID-19,
SARS-CoV-2 comes in direct contact with myocytes and can result in
infectious myocarditis as well as apoptosis-induced cardiac injury.

Several case reports and smaller studies of recovered COVID-19
patients have evaluated cardiac involvement by CMR.2,10,21–29 One
study recruited 26 patients with CMR performed 35–60 days after
the onset of cardiac symptoms following COVID-19 infection.21 In
that study, 58% of patients had abnormal CMR findings, including re-
gional oedema and LGE. The largest study to date by Puntmann
et al.10 recruited 100 patients recovered from COVID-19 illness, and
reported abnormal CMR findings in 78 patients (78%), with 73%
showing raised native myocardial T1 and 60% raised myocardial T2.
hsTnI was raised in 5% of their patients at the time of CMR and in
15% during the acute illness. In comparison, in our study, 88% (22/25)
patients had abnormal native T1 values and 96% (24/25) patients had
abnormal T2 values, indicating global myocardial inflammation. hsTnI
was elevated in 8 of our 25 patients (32%). Notably, in our study
patients were scanned during the acute phase of their illness (3–
8 days after diagnosis), while Puntmann’s study scanned patients after
recovery (64–92 days after diagnosis). Together, these two studies
suggest that CMR markers of myocardial inflammation may be raised
early and may persist beyond the acute phase of infection.
Puntmann’s study did not include ECV evaluation or myocardial
mechanics analysis, but in three patients with severe CMR abnormal-
ities endomyocardial biopsy was undertaken, which revealed active
lymphocytic inflammation. The evidence from current studies gives
indications of cardiac involvement in COVID-19 infection but is insuf-
ficient to elucidate any specific cardiac mechanics and tissue charac-
teristics of myocardial injury in the early stages of the disease.

In our study, 14 patients had positive T2-STIR, and 1 patient had
LGE positive findings. Most of the T2-STIR hyperintensity was mainly
distributed in the transmural myocardium, while only one patient dis-
played hyperintensity on T2-STIR consistent with LGE in the sub-
epicardium of the inferior left ventricular and inferior-lateral wall in
the basal and middle parts. Currently, another study had reported
that one patient displayed diffuse transmural oedema.27 Diffuse T-
lymphocyte inflammatory infiltrates and interstitial oedema was
found. Only limited foci of myocardial necrosis without fibrosis were
observed at a 7-day history. Although no SARS-CoV-2 genes were
identified, it was characterized as acute virus-negative lymphocytic
myocarditis associated with COVID-19.24 We hypothesize the rea-
sons for this phenomenon are as follows: in the absence of LGE in
most cases in the early stages of the disease, oedema may reflect re-
versible myocardial injury. CMR, combined with other cardiac bio-
markers, may be more sensitive to detecting myocardial injury in
patients with COVID-19.

Absolute ECV values, T1, and T2 relaxation times, when used as
the quantitative CMR approaches, could be beneficial on account of
being independent of the MRI signal intensities for a reference tissue.
Studies have found that ECV values, T1, and T2 relaxation times can
improve the diagnostic performance of CMR significantly compared
with the former conventional Lake-Louise criteria.30–32

Recently it has been found that the stage of clinically defined myo-
carditis could be better characterized by native T1-based algorithms
compared with the traditional T2WI and LGE images.32 Native T1 re-
laxation times can also be affected by fibrosis tissue, which could
interfere with this technique as the approach to evaluate acute myo-
cardial inflammation.33 Along with current research, our study implies
that the increased native myocardial T1 relaxation times represent
both acute myocardial inflammation and chronic injury in patients
with myocarditis. ECV can be used as a non-specific marker for an
increased extracellular space, while T2 is specifically sensitive to
water-bound protons. Troponin is used in clinical practice as the key
marker to detect myocardial injury and elevated troponin may trigger
further investigation. In our study, there were significant differences
among patients with a positive hs-TnI, negative TnI, and controls. The
significant differences between patients with cardiac damage and con-
trol subjects imply noteworthy changes in myocardial tissue
characterization.

Left ventricular function and mechanics
analysis
A previous study reported a COVID-19 patient with increased myo-
cardial enzymes (high-sensitivity troponin T and CK-MB) manifesting
with diffuse hypokinesis of LV with an estimated LVEF of 40%.2 In our
study, we found that LV function was reduced when compared with
the normal subjects, especially in those that were positive for cardiac
changes, as found on CMR. The higher LV mass may suggest an
increased interstitial space due to inflammation.

Patients with COVID-19 who also displayed myocardial injury in
the earlier phases of disease can undergo CMR examination in a dedi-
cated room. According to our study, the alterations found on CMR
in this acute stage reflect myocardial inflammation and myocardial in-
jury. The decreased global longitudinal strain may indicate early dys-
function after cardiac involvement. Minor changes in cardiac function
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.
in patients with acute myocarditis can be distinguished from healthy
subjects through quantitative GLS in echocardiography.34 We hy-
pothesize the decrease in global longitudinal strain after myocardial
injury may lead to significant changes in myocardial mechanics in the
early stages.

Limitations
Our study has some limitations: First, the number of COVID-19
infections was limited. And, the evaluation of myocardial biomarkers
in some patients with suspected myocardial injury is lower than that
seen in typical ischaemic cardiomyopathy. Second, our study was per-
formed by applying clinical justification for patients suspected of acute
myocardial involvement without using endomyocardial biopsy.
Besides, troponin status was not a pre-specified analysis and that this
may have compounded Type I errors and the likelihood of a false
positive result. Finally, all patients in this study were in the early stages
of infection and lacked long-term follow-up. They will be re-
evaluated by CMR at 3-month follow-ups.

Conclusion

In patients with early-stage COVID-19, myocardial oedema and func-
tional abnormalities are a frequent finding, while irreversible regional
injury such as necrosis may be infrequent.

Supplementary data

Supplementary data are available at European Journal - Cardiovascular
Imaging online.
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