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INTRODUCTION
Patients with COVID-19 typically present 
with symptoms and signs of respiratory tract 
infection. Cardiac manifestations have also 
been described, however, the prevalence 
and characteristics of myocardial injury due 
to COVID-19 are still unknown [1].

Healthcare professionals are at the high-
est personal risk of infection. The majority 
of healthcare professionals have undergone 
infection with no or mild to moderate symp-
toms. However, some studies suggest the 
presence of myocardial inflammatory process 
after recovery from COVID-19 infection even in 
asymptomatic or mildly symptomatic patients 
[2]. The impact of COVID-19 disease on this 
particularly large group of patients should 
be fully elucidated, as the long-term effect on 
the health status of healthcare professionals 
remains important for the maintenance of the 
healthcare system.

Our objective was to characterize myocar-
dial injury in healthcare professionals recov-
ered from non-severe COVID-19 as detected 
by transthoracic echocardiography (TTE) and 
cardiac magnetic resonance (CMR).

METHODS
We enrolled 95 healthcare workers who 
survived COVID-19 confirmed in a reverse 
transcription-polymerase chain reaction 
(PCR) swab test. They included medical doc-
tors, nurses, and paramedics who have been 

working at the hospital during the pandemic. 
We performed TTE and CMR up to 4 months 
from the diagnosis of the SARS-CoV-2 in-
fection. TTE and CMR were performed from 
December 2020 to April 2021. No significant 
ST/T changes on the standard 12-lead elec-
trocardiogram were noted. The Local Ethics 
Committee approved the study protocol, and 
written informed consent was obtained from 
all the participants.

Transthoracic echocardiography was 
performed according to the Working Group 
on Echocardiography of the Polish Cardiac 
Society using VIVID E95 (GE Ultrasound, 
Horten, Norway) [3]. Traditional echocardio-
graphic measurements were obtained, and 
additionally, global right (RV) and left ventricle 
(LV) longitudinal peak systolic strain (GLPS) 
was quantified.

CMR was performed on a 1.5 T scanner (Mag - 
netom Sola, Siemens, Munich, Deutschland) 
using a comprehensive standardized pro-
tocol for myocarditis including steady state 
free precession cine for function evaluation, 
T1 and T2 mapping, extracellular volume 
fraction (ECV), and late gadolinium enhance-
ment (LGE). All parameters were analyzed for 
12 LV segments (6 basal and 6 mid-ventricular) 
— a total of 1068 segments were evaluated 
and compared to the institutional scanner-spe-
cific reference range. Three experienced 
cardiologists and two radiologists reviewed 
echocardiography and CMR examinations.
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Statistical analysis
Continuous data are presented as means (standard devia-
tion [SD]) for normally distributed variables while categori-
cal data are expressed in proportion. The Shapiro-Wilk test 
was performed to assess the normality of the distribution 
of continuous data. Computations were performed using 
Statistica version 13.3. A P-value <0.05 was considered to 
be statistically significant.

RESULTS AND DISCUSSION
The mean time between COVID-19 diagnosis and CMR 
was 72 (30) days (range, 22–126 days). Six subjects were 
excluded from the study due to technical issues (poor 
acoustic window — 1, inadequate breath-holding — 2, 
or severe artifacts — 3). Eighty-nine were included in the 
study: 69 (77%) females, mean age 42 (10) years, mean BMI 
26 (4) kg/m2, with no previous significant cardio-vascular 
disorders, 17 (19%) patients had well-controlled arterial 
hypertension, 2 had hyperlipidemia and one had diabetes 
mellitus. None of the enrolled subjects required hospital-
ization for the SARS-CoV-2 infection, 57 (64%) patients 
suffered from moderate symptoms and 32 (36%) had mild 
or no symptoms. 

TTE: mean left ventricular ejection fraction (LVEF) was 
57 (5)%; range 38%–70%, mean GLPS was –19.6 (2.3)%; 
range 12.7%–22.7%. Two patients (2.2%) had an enlarged 
LV. Right ventricle (RV) parameters: RVID 33 (3.9) mm, TAPSE 
22.6 (2.2) mm, S‘11.6 (1.3) cm/s and RV free wall 27.9 (4.0)%. 

CMR: mean LVEF was 60 (5)%; range 45%–70% but 
29% subjects had LVEF below lower limit for age and sex. 
Mean EDV was 144 (27) ml, and mean ESV was 60 (15) ml. 
Six patients (6.7%) had an enlarged LV.

Native T1 mapping: 29 (32%) patients had at least one 
segment with native T1 elevation (mean 6 [2] segments 
per patient), mostly in the septum and infero-lateral wall. 
In total, native T1 was elevated in 185 of 1068 segments 
(17%). Eight patients (9%) had elevated mean T1 calculated 
for all 12 LV segments. Mean native T1 for the entire cohort 
was 1003 (23) ms (range: 959–1056 ms) while the scan-
ner-specific reference range in our institution in healthy 
subjects is 951–1035 ms. 

T2 mapping: 35 (39%) patients had at least one seg-
ment with T2 elevation (mean 6.5 [2.5] segments per pa-
tient), mostly in the septum and basal and mid-ventricular 
segment of the infero-lateral wall. A total of 228 segments 
(21%) had elevated T2. Seventeen patients (19%) had 
elevated mean T2 calculated for all 12 LV segments. Mean 
T2 for the entire cohort was 45 (3) ms (range: 38–54 ms), 
scanner-specific reference range in our institution in 
healthy subjects was 39–49 ms.

ECV analysis: 30 (34%) patients had at least one seg-
ment with high ECV, (mean 9 [3] segments per patient), 
mostly in the septum and basal and mid-ventricular seg-
ment of the infero-lateral wall. A total of 269 segments 
(25%) had elevated ECV. Eight patients (9%) had high 
mean ECV calculated for all 12 LV segments, mean ECV 

was 26.5 (2.7)% (range: 20%–39.8%) while the reference 
range in our institution in healthy subjects was 22%–30%. 

LGE analysis: 51 subjects (57%) had at least one seg-
ment with LGE, mean 1.9 (1.1) LGE segments (range: 1–6 seg-
ments) were involved per patient, with a predominance of 
the basal and midventricular infero-lateral segments. Pos-
itive LGE was found in a total of 93 segments (9%), mostly 
epicardial or midwall (i.e. non-ischemic) patterns.

Three patients (3.5%) fulfilled the original Lake Louise 
Criteria for myocardial injury due to active inflammatory 
process: co-existing myocardial edema evaluated by STIR 
and LGE (+) for the same region. Two of these patients had 
symptoms (mild dyspnea on exertion). 

The updated Lake Louise criteria based on parametric 
mapping (i.e. elevated T2 and at least one of the T1-based 
criteria including elevated native T1, high ECV, or LGE) 
were positive in 14 (15%) patients (Figure 1). The majority 
of these patients were asymptomatic. 

Myocardial injury detected by TTE and CMR among 
healthcare professionals, convalescents from non-se-
vere COVID-19 has not been fully evaluated so far [4, 
5]. Left ventricular ejection fraction was decreased in 
29% of cases, assessed by both TTE and CMR, and LV 
longitudinal myocardial function was also slightly de-
creased in 39% of the subjects. CMR identified 32% of 
patients with elevated native T1 (a nonspecific finding 
seen with acute myocardial injury/edema, fibrosis, or 
infiltration), 39 % with elevated T2 (a marker of acute 
myocardial injury/edema), and 57% with LGE (a marker 
of acute myocardial injury, fibrosis, or scar). To date, only 
a few CMR studies that evaluated COVID-19-related  
myocardial injury in several patient groups were published 
and the findings are ambiguous. For example, in compet-
itive student athletes, the prevalence of myocarditis was 
very low (1.4%). On the other hand, in an unselected co-
hort of 100 patients, tissue characterization abnormalities 
were common (raised native T1 in 73% cases, raised T2 in 
60% cases, LGE 32%) [1, 2]. In another study evaluating 
26 athletes, in line with our results, 15% of participants 
had findings consistent with myocarditis and 46% had 
LGE [6]. Our results are also in agreement with findings of 
another study on 139 healthcare workers with a confirmed 
past SARS-CoV-2 infection, where cardiac magnetic reso-
nance features of myocarditis were observed in 37% of the 
participants at a median of 10 weeks after infection [4]. 
According to the latest meta-analysis, nearly half of recov-
ered COVID-19 patients exhibited one or more abnormal 
CMR findings, but it is still debatable if CMR should be 
a frontline and widespread screening tool, or rahter than 
a clinically indicated and selective downstream test as part 
of cardiovascular risk stratification [7, 8]. 

Our study has some limitations. There is no control group 
to evaluate CMR changes among healthy subjects. Baseline 
CMR to compare or a serum laboratory test, such as troponin 
level, were not obtained. Furthermore, detection of mild my-
ocardial injury may have been missed because the optimal 
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time to perform CMR appears to be unknown. It should be 
underlined that the interpretation of LGE images is, to some 
extent, subjective. However, our standard protocol includes 
re-acquisition of the suspected LGE lesions in a plane per-
pendicular to the index plane, as well as re-acquisition using 
an alternative phase encoding direction. 

To conclude, cardiac involvement revealed by CMR 
among healthcare professionals who recovered from 
a non-severe SARS-CoV-2 infection is common. These sub-
jects need to be monitored, followed up and should not 
engage in physical activity. Further research is needed to 
demonstrate whether CMR evidence of myocardial injury 
after recovery from COVID 19 is associated with short- and 
long-term adverse outcomes in this particular cohort. 
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Figure 1. Patient 1. Cardiac magnetic resonance (CMR) findings consistent with acute inflammatory injury. A. Basal short axis T2-weighted 
short tau inversion recovery image (T2 STIR). B. Basal short axis T2 map with locally elevated T2 values. Both A and B indicated edema  
in the basal infero-lateral segment (arrows). C. Basal short axis native T1 map with locally elevated T1 values (arrows). D. Basal short axis.  
E. 3-chamber long axis late gadolinium enhancement images, indicating irreversible myocardial injury/fibrosis of the infero-lateral segment 
(phase-sensitive inversion recovery sequence; arrows). Patient 2. CMR findings consistent with non-acute myocardial injury: T2-weighted 
short tau inversion recovery image (T2 STIR; F) and T2 map (G) showed no abnormalities (arrows). H. Basal short axis native T1 map showed 
slightly increased local native T1 values limited to areas where irreversible myocardial injury/fibrosis for basal infero-lateral (arrows) and basal 
anteroseptal segments (arrows)a was demonstrated on late gadolinium enhancement images (phase-sensitive inversion recovery sequence), 
in the basal short axis (I) and in the 3-chamber long axis (J)
a The apparent late gadolinium enhancement area in the anteroseptal segment can be an artifact related either to the proximity of the aortic 
root or to the contrast media lingering in the RV septal trabeculations and should be interpreted with caution
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