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Abstract: The aim of study was to investigate epidemiology aspects of magnetic resonance imaging
(MRI) during COVID-19 pandemic. The study comprised depersonalized residents of Tomsk and
Tomsk Region (n = 1714). Invitations to take online survey were sent to 50,000 residents by target
SMS with response rate of 1.2% (n =727, Cohort 1). Cohort 2 comprised retrospective patients (n =
987) who underwent contrast-enhanced cardiac MRI (CMR) in 2019-2022. Referrals, clinical
characteristics, diagnosis, gender, age, past COVID-19, MRI study protocols, and MRI data were
analyzed. 29% of respondents in cohort 1 received MRI examination within past two years; 26% of
respondents considered MRI the most informative imaging modality for detecting COVID-19
pneumonia; 12% of respondents reported MRI unavailable. Proportion of CMR among MRI studies
increased during COVID-19 pandemic, and maximum incidence of cardiac diseases detected by
MRI was in 2021. Incidence of myocardial fibrosis increased from ~67% in 2019 to ~84% in 2022. The
rate of outpatient MRI studies significantly increased in 2020, but returned to pre-pandemic level in
2021. COVID-19 pandemic increased the need for MRI and CMR. Patients with history of COVID-
19 had persistent and newly occurring symptoms of myocardial damage suggesting chronic cardiac
involvement requiring continuous follow-up.

Keywords: COVID-19; long COVID-19; paramagnetic contrast-enhanced cardiac magnetic
resonance imaging; MRI; CMR; myocarditis; electronic medical record; online survey;
epidemiology; public health

1. Introduction

The 2019 novel coronavirus infection (COVID-19) changed the profile of patients seeking
primary medical assistance. Concomitant injury to the lungs and myocardium in COVID-19 was
observed using MRI in the very beginning of COVID-19 pandemic [1-4]. Recent data showed that
the number of patients with heart problems indeed significantly increased during COVID-19
pandemic [5-8]. Most patients reported recent respiratory illness and confirmed COVID-19 infection
caused by SARS-CoV-2 virus. Numerous studies focused on the possible mechanisms of damage to
the cardiovascular system after COVID-19 [6,9,10]. However, precise pathophysiological
mechanisms remain poorly understood. From the very beginning of COVID-19 pandemic, magnetic
resonance imaging (MRI) data suggested that COVID-19-associated damage occurs due to cellular
and circulating factors present not only in the pulmonary parenchyma itself, but also in the vascular
wall, myocardium [11,12], and brain tissue [13]. A significant number of patients have been suffering
from persisting symptoms even months following COVID-19 [2,5,14] though the availability of
effective vaccines resulted in a decrease in the burden of acute coronavirus infection [15,16].
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In regard to cardiac health, diagnostic algorithms for COVID-19 typically aim at ruling out the
inflammatory changes in the myocardium. At the same time, the incidence of other nosological
entities, in particular, cardiomyopathy progressively increases. Contrast-enhanced cardiac MRI (CE-
CMR) is considered the method of choice for instrumental diagnostics of cardiological pathology
according to the recommendations of the European Society of Cardiology and American Heart
Association [17,18], and Society for Cardiovascular Magnetic Resonance (SCMR) recommended CMR
protocols for scanning patients with active or convalescent phase COVID-19 infection [1]. Indeed, our
previous data showed that CE-CMR allows to detect cardiac involvement in about 37% of patients
with tomography-documented lung injury, and vast majority of these patients have multiple focal
lesions [13]. Considering that SARS-CoV-2 virulence and clinical manifestation of COVID-19 are
fluctuating with time, continuous monitoring and development of effective strategy and tactics for
administering the diagnostic procedures is required.

On the other hand, little is known about the experience, availability, and attitudes of population
to MRI and other medical imaging modalities, while the administration of these methods represents
essential resource for timely diagnosis and continuing monitoring of acute and chronic COVID-19.
Considering that majority of population suffered from confirmed or unconfirmed COVID-19
infection with potential chronic complications, which may significantly differ from those of ordinary
cold and may be severe, it is essential to understand the impact of COVID-19 pandemic on cardiac
health of population and the ways to timely diagnosis and control of disease. The aim of the study
was to gain insight into the epidemiology of MRI administration during COVID-19 pandemic with
emphasis of COVID-19 impact on cardiac health.

2. Materials and Methods

The study was performed in accordance with the standards of Good Clinical Practice and the
Declaration of Helsinki. Research comprised two cohorts from Tomsk and Tomsk Region. Two
methodological approaches were used in two cohorts to provide integrative evaluation of
epidemiology aspects of MRI administration during COVID-19 pandemic. The study comprised a
total of 1,714 depersonalized residents of Tomsk and Tomsk Region whose estimated population was
1,062,726 people as of 2022.

Cohort 1 (n =727). The invitations to fill in the originally developed online questionnaire were
distributed among the residents of Tomsk and Tomsk Region. A total of 78,317 target SMS messages
were sent to deidentified residents using Target-SMS service provided by the telecommunication
company Tele2 Russia with delivery rate of 77.4%, and 60,575 people received the invitations to fill
in the originally developed online questionnaire available on the website www.zdorov.tpu.ru at the
time of survey. Mobile and PC versions of the website were available. The invitees were selected
automatically based on the following criteria: (1) they agreed to receive target SMS messages from
their mobile provider while concluding the agreement with the operator of mobile service; (2) they
had Android or iOS device; (3) they resided in the Tomsk Region at the time of obtaining the
Subscriber Identity Module card; (4) they agreed to participate in the survey; and (5) they left digital
footprint via electronic media associated with healthcare and pharmacy within 90 days. The initial
response rate, measured as the percentage of respondents who accepted the invitation and visited
the website, was 3.2% (n = 1,956); 1.8% of them (n = 1,057) registered for taking the survey; 727
individuals validly completed the survey questionnaire so the response rate eventually settled down
at 1.2%. The survey questionnaire presented the questions on demographic, social, behavioral,
clinical, pharmacological factors as well as people’s experience and attitudes to diagnostic imaging
relevant to COVID-19 pandemic. The present study investigated the answers given to selective set of
questions including the questions on age, gender, history of COVID-19 and acute respiratory
infections, presence of chronic diseases, experience, and attitudes to diagnostic imaging with
emphasis on MRI (Table 1).
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Table 1. Answers of residents of Tomsk and Tomsk Region to the questions in the online survey that
took part on specially developed website www.zdorov.tpu.ru from December 3, 2022 to February 17,
2023 (1 = 727).

Percentage of

Question Answer respondents
in Cohort 1
Female 74%
What is your gender?
Male 26%
Have you had confirmed Yes 52%
COVID-19 infection? No 48%
Have you been vaccinated Yes 64%
against COVID-19? No 36%
Have you had vaccination Yes 41%
against other diseases No 58%
within the last five years?
focl at th I feel a slight malaise 61%
H
ow do you feel at the I feel well 28%
moment?
I feel unwell 11%
Computed tomography of the lung 62%
In your opinion, what Magnetic resonance tomography of the lung 26%
diagnostic method is the
. ) Chest X-ray 18%
most informative for o
COVID-19 pneumonia? Lung scintigraphy 1.9%
Chest fluorography 24%

Yes, I am. I used to pay for the exam by myself 9.5%
Are you able to afford  Njo T am not. I have to receive a referral from a 28%
privately paid diagnostic

examination (MRI, CT primary care physician, and my examination is

ultrasound)? covered by obligatory health insurance
Only in case of urgent need 63%
MRI studies are unavailable 12%
One can receive any MRI study for a fee 41%

without waiting
How do you rate the One can receive any MRI study for a fee, but 15%
availability of magnetic with waiting time is two weeks to one month
resonance imaging (MRI)  One can receive any MRI study covered by 6.7%
in your area? obligatory health insurance without waiting
One can receive any MRI study covered by 25%
obligatory health insurance, but it requires

waiting for two weeks to one month

Computed tomography 25%

Magnetic resonance tomography 29%

What diagnostic studies None 5.8%
have you undergo for the X-ray 41%
past two years? Scintigraphy 1.5%
Ultrasound 69%

Fluorography 76%
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Over a year ago 14%
When was the last time I'm sick with a cold right now 11%
you had acute respiratory Within a year 45%
disease (ARD, cold)? Within a month 29%
Inever got sick 1.7%
None 29%
Cardiovascular disease 31%
Diabetes mellitus 7.4%
Endocrine disease 14%
Autoimmune disease 2.6%
Rheumatological disease 5.2%
Chronic respiratory disease 8.7%
Chronic kidney disease 3.0%
Neurological disease 10%
Do y01'1 have chronic Mental disease 1.7%
disease(s)?
Ear, nose, and throat disease 12%
Gastrointestinal disease 22%
Musculoskeletal disease 14%
Genetic disease 0.7%
Oncology disease 2.2%
HIV infection 1.2%
Viral hepatitis B 1.0%
Viral hepatitis C 1.4%
Other -

Cohort 2 (n = 987). The retrospective observational cohort study was performed to analyze MRI
data of 8,137 MRI studies performed in Cardiology Research Institute of Tomsk NRMC from January
01, 2019 to June 01, 2022. Cohort 2 comprised patients who underwent CE-CMR (n = 987). Referrals,
clinical characteristics, diagnosis, gender, age, type of visit, MRI study protocols, and MRI data were
analyzed. The CMR examinations comprised 12.13% of these studies. Inclusion criteria were age from
0 to 90 years, indications for CE-CMR study, and MRI of the heart performed within the above-
mentioned period. Exclusion criteria were contraindications for paramagnetic contrast enhancement,
implantation of artificial pacemaker, ferromagnetic clips in the brain and spinal cord, the presence of
any foreign object partially or completely within the orbit, with or without penetration or perforation
of the globe, implanted automatic drug dispensers, severe heart rhythm disorder, large joint
prosthesis, the first trimester of pregnancy, claustrophobia. Medical records with the results of CMR
examinations were acquired from the electronic module, previously designed to store data of
instrumental studies. Data contained standard information of CMR report including patient
demographic and clinical data, characteristics of CMR procedure, suspected diagnosis, verified
diagnosis, and type of examination (inpatient or outpatient). Patients received standard diagnostic
CE-CMR procedure using 1.5-tesla MRI system Vantage Titan 1.5T (Toshiba Medical Systems) with
ECG and breathing synchronization and myocardial image acquisition along the short and long axes
before and after administration of gadolinium-based contrast agent gadobutrol (Gadovist,
Gadobuskan). The thickness of slices was 5-7 mm with recording the images into 256 x 256 matrix.
Protocol of CRM study included T1-, T2-weighted sequences with fat tissue signal suppression for
evaluation of myocardial condition, dynamic SSFP-sequences for assessment of the volumes and
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function of the left ventricle, gradient inversion recovery sequences (GR-IR) for detection of areas
with pathologic contrasting. Inversion time was adjusted individually (on average TI =300 + 10 ms).
Evaluation of affected areas in the myocardium was done using 17-segment system of topical
characterization of the left ventricular myocardium. Statistical processing of data was done using
STATISTICA 10 software; graphics and diagrams were created using Microsoft Excel 2010.
Qualitative parameters are described as relative frequencies in percentage. Significance of differences
between the groups of qualitative variables was assessed by Pearson's chi-squared test. Values were
considered statistically significant when P was < 0.05.

The study was supported by grant of the Russian Science Foundation (project # 22-15-00313)
with regard to study design, data acquisition, data analysis, data interpretation, and publication of
research results.

3. Results

This section may be divided by subheadings. It should provide a concise and precise description
of the experimental results, their interpretation, as well as the experimental conclusions that can be
drawn.

3.1. Online Survey (Cohort 1)

The respondents enrolled in the online survey (n = 727) aged 44.8 + 14.9 years, and majority of
them were female (74%). Only 28% of respondents felt well while 61% of respondents reported slight
malady, and 11% felt unwell at the time of survey.

Cardiovascular disease reported 31% of respondents; 8.7% of people had chronic respiratory
pathology; 29% of people in the survey considered themselves free of any chronic diseases. Among
Cohort 1 individuals, the last respiratory infection occurred within one month in 29%, within one
year in 45%, and over one year ago in 14%. 1.7% reported no respiratory infections in past history
while 11% had respiratory infection at the time of survey. Over half of respondents (52%) had history
of confirmed COVID-19 infection; 64% of respondents were vaccinated against COVID-19, and 41%
of respondents were vaccinated against other infections within five years.

While comparing the informativeness of diagnostic imaging modalities, 26% of respondents
considered MRI the most informative method for detecting COVID-19-associated pneumonia.
Computed tomography (CT), fluorography, X-ray, and scintigraphy were considered the best choice
by 62%, 24%, 18%, and 1.9% of respondents, respectively.

About 10% of respondents used to receive diagnostic imaging procedures (MRI, CT, and
ultrasound) on privately paid basis while 28% of people in the survey were unable to pay for
diagnostic imaging procedures by themselves. 12% of respondents reported unavailability of MRI in
their neighborhood. MRI was available and covered by compulsory health insurance in the place of
residence with waiting time of two to four weeks in 25% and without the need to wait in 6.7% in
Cohort 1. Privately paid MRI was available in the place of residence with waiting time of two to four
weeks in 15% and without the need to wait in 41% of respondents.

For the past two years, respondents received the following diagnostic imaging examinations:
fluorography (76%), ultrasound (69%), X-ray (41%), MRI (29%), CT (25%), and scintigraphy (1.5%).
No diagnostic procedures within two past years reported 5.8% of respondents.

The detailed answers of the respondent are presented in Table 1.

3.2. CE-CMR findings and pattern of administration (Cohort 2)

A year-by-year distribution of CMR procedures in our study was as follows: 198 studies (20.1%)
were performed in 2019; 232 studies (23.5%) were done in 2020; 330 examinations (33.4%) were
performed in 2021; and 227 studies (23%) were done within the first six months of 2022 (n = 987).
Besides a significant increase in the absolute number of CMR procedures, the annual proportion of
these studies increased and continued to increase among the total number of MRI exams (p < 0.05).
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Our study showed a rise in the number of outpatients: 32 (16%) in 2019, 68 (29%) in 2020, 57 (17%) in
2021, and 40 patients (18%) during the first six months of 2022 (Figure 1).

40

35

5 -
0
m2019 m2020 =2021 m=2022

Figure 1. Percentage of CE-CMR studies among all MRI studies in one cardiovascular center year-by-
year.

The rates of male cardiac patients who received CMR examinations were 58.59% in 2019, 51.72%
in 2020, and 56.36% in 2021, and the rate significantly increased to 73.13% during the first six months
of 2022. The incidence of fibrous-dystrophic changes in the myocardium significantly increased and
continued to increase to 2022 in both male (from 52.57% in 2019 to 81.03% in 2022), and female
patients (from 62.20% in 2019 to 87.39% in 2022). The number of detected acute myocarditis
drastically decreased to 10% in male and to 13% in female patients in 2020 among all detected cardiac
pathologies with subsequent gradual increase in 2021 (Figure 2).
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Figure 2. Distribution of cardiac pathologies in male and female patients who underwent CE-CMR
studies in one cardiovascular center during COVID-19 pandemic. AMI - acute myocardial infarction,
EF — ejection fraction, ICMP - ischemic cardiomyopathy, HCMP — hypertrophic cardiomyopathy,
PICS - postinfarction cardiosclerosis. Horizontal axis — number of patients.

The age-related analysis showed that the peak in the number of patients in each age group was
in 2021, and the incidence was the highest in 60-69-year-old patients from group of high risk for


https://doi.org/10.20944/preprints202303.0059.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 3 March 2023 do0i:10.20944/preprints202303.0059.v1

severe course and complications of COVID-19. Among the total amount of CMR studies, patients
aged 60-69 years comprised 11.90% in 2019, 15.95% in 2020, 24.56% in 2021, and 18.73% in 2022 (Figure
3).
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Figure 3. Age distribution of patients who received CE-CMR studies in one cardiovascular center
during COVID-19 pandemic. Vertical axis — number of patients. Horizontal axis — age groups.

The main diagnostic entities of cardiovascular pathology, detected by CE-CMR, were
myocarditis, acute myocardial infarction, ischemic cardiomyopathy, hypertrophic cardiomyopathy,
postinfarction cardiosclerosis, and myocardial fibrosis (Figure 4). Myocardial fibrosis was
characterized by the presence of non-coronarogenic fibrotic foci (Figure 5).
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Figure 4. Distribution of cardiovascular diseases in patients who received CE-CMR studies in one
cardiovascular center during COVID-19 pandemic year-by-year.
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(b) (c)

Figure 5. Contrast-enhanced cardiac magnetic resonance imaging in a patient with history of COVID-
19 and three criteria of myocardial inflammation: edema, hyperemia, and fibrosis. (a) edema
according to Lake Louise criteria (T2-weighted image); (b) early post-contrast enhancement (T1-
weighted image) showing hyperemia of the left ventricular inferior wall; (c) late contrast-
enhancement in inversion-recovery mode (fibrosis).

The analysis of year-by-year distribution of these cardiac pathologies showed that the incidence
of each detected entity peaked in 2021. Besides, the proportion of patients with myocardial fibrosis,
which could be a consequence of myocardial inflammation, significantly increased among total
number of patients who received CMR study: 67.17% in 2019, 76.29% in 2020, 78.18% in 2021, and
84.14% before June, 2022 (p < 0.05) (Figure 4).

CE-CMR studies in patients with non-coronarogenic myocardial fibrosis showed the presence
of pericardial effusion (42%), dilatation of cardiac chambers (31%), and decrease in the left ventricular
contractile function (25%) (Figure 6).

Pericardial Cardiac chamber Declinein
effusion dilatation LV contractility

58%

69% 75%

Figure 6. Findings of myocardial pathologies in the group of patients with fibrotic dystrophy changes.
Darker sectors show the proportion of patients who have pericardial effusion (42%), cardiac chamber
dilatation (31%), and decline in LV contractility (25%).

The COVID-19 incidence was characterized by a cyclic behavior at the population level. The first
wave of coronavirus infection had the most negative impact on a patient stream in our institute (April
to May, 2020) when there was a dramatic drop in the total number of performed studies (p < 0.001)
perhaps due to restrictive measures, self-isolation, decline in pre-arranged hospital care, etc. (Figure
7).


https://doi.org/10.20944/preprints202303.0059.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 3 March 2023

do0i:10.20944/preprints202303.0059.v1

Number of confirmed COVID-19 cases in Tomsk Region
35000

30000
25000
20000
15000
10000

5000

2019
2019
2019

Jan,
Feb
Mar,

B Number of MRI studies in a single cardiovascular center

@ o oo o oo oo o O O v T T T o e T o NNy
C OO0 0000000000 OODODCOOLODCOQR0 O
NN AN AN N
C O g O S COoE S g o085 Es$C0 55 S OE S E g Ccoc s =
Nﬁwa%“‘c’ﬁ'ngBomgma§8§3§ogmmgwn‘%8§3§osmmgsaﬁ
SLELC=E335IPOZ00uL=EC=35IPOCZ0°u=EL<=335IPCPZ0 2 uz<=

=

C Number of CMR studies in a single cardiovascular center

120

100

80

60

40

20
N 9
mmmmmmmmmmmmoggagcooggao ———————————— INENENENEN]
T YT YT YT YT e e oy T e v O N o NN NN NN NN NN
OCO0OO0O0O0QO0000D0000D0D0O0QDDO000O0D000O0D00O0DDO0O0O0O0O000000 O
NANANANNNNNNNNNNNNNNNNNNNNNNNNNNN NN NNNNNNNN
Ca e rngrdadg g cos s 2 rdEg geEoS S g rddgggcassS »
lv®W°mc§=0‘-’3&&&‘“ch§:§°3wmo"ﬂmc§30°3¢mo‘“°m
SLEC=E335I0OCZO0SuELC=E35IHCPZ00°uELC=33I009Z0°5uE<E

Per ge of CMR studi g all MRl studi

223239999939 3RRRRARRRARRRARARARINNNNNNNNNNININNANN
RRRQQRRRRRRRRQSRRQRR’_RQQRRRRRRRRQQRRRRQRES
RS P gg s A0 R S S Ro s gaIgdsiagsst

Figure 7. A: Number of confirmed COVID-19 cases in Tomsk and Tomsk Region month-by-month. B:
Number of MRI studies performed during COVID-19 pandemic in one cardiovascular center

(Cardiology Research Institute, Tomsk NRMC). C: Number of CE-CMR studies. D: Percentage of CE-
CMR studies among all MRI studies.

4. Discussion

To create a “portrait” of patient with past COVID-19 infection in our region, we studied two
Cohorts. We analyzed the results of online survey of 727 residents of Tomsk and Tomsk Region to
learn their experience with diagnostic imaging during COVID-19 pandemic. We also studied MRI
database [19] to establish the temporal patterns and findings of MRI studies performed in a single
cardiovascular center. Therefore, our study gives the insights into administration of medical
visualization during the pandemic from two perspectives: as seen by the population and medical
specialists.

Interestingly, three quarters of respondents in our online survey were females. Strikingly,
majority of respondents reported slight malady or felt unwell, and only 28% of them reported to
feeling well. Over a half of respondents had history of confirmed COVID-19 infection, and the
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incidence of cardiovascular diseases in the Cohort 1 was as high as 31% despite relatively young age
of the people surveyed (~45 years). Considering that many cases, first of all, of mild COVID-19
infection could remain unconfirmed, the vast majority of surveyed population had history of COVID-
19, and the rates of vaccination reached 64%. Though MRI was available to majority of people in the
survey, it was only the fourth most popular diagnostic imaging method. Privately paid MRI could
ensure shorter waiting times, but most of respondent could not afford it a regular situation.

Global COVID-19 pandemic put unprecedented pressure on the healthcare system worldwide.
The first wave of this viral infection was associated with a decline in the most areas of healthcare such
as planned and screening procedures including examinations requiring MRI [20-23]. It is not
surprising that a significant drop in the number of diagnostic MRI procedures was observed in our
cardiovascular center during the first months of COVID-19 pandemic (Figure 1).

The analysis of MRI studies performed in 2019-2022 showed a significant increase in the number
of myocardial imaging procedures. This observation agrees well with data of world statistics and
confirms the need in cardiac exams considering sometimes direct (to a lesser degree) and largely
indirect (through systemic inflammatory reaction) impact of SARS-CoV-2 on the cardiovascular
system. Besides, one of the serious problems consists in a heart damage associated with the side
effects of drugs administered for COVID-19 treatment, especially when antiviral medications are
used. Another essential and poorly studied problem is potential drug-drug interactions between the
antiviral drugs, oral anticoagulants, and other medications for COVID-19 treatment [2,24,25].

Our study confirmed the effect of patient age and sex on the risk of developing cardiovascular
complications, which also agrees with literature data [26]. The age-related analysis showed that
cardiovascular pathology is significantly more often detected in group of 60-69-year-old patients.

The CMR-based assessment of inflammatory changes in the myocardium was performed in our
center using the Lake Louise Criteria [27], which specifies three aspects of myocardial inflammation:
edema, hyperemia, and necrosis and/or fibrosis based on assessment of signal intensity on T2-
weighted images, in regimes of early and delayed contrast enhancement of the myocardium. These
criteria were identified based on a limited number of published studies, and, at that time, their
diagnostic accuracy, sensitivity, and specificity were estimated to be 78%, 67%, and 91%, respectively.
Though some criteria and approaches to their assessment have been a matter of debate, these
numbers were largely confirmed and validated by the later studies [28].

However, tissue characteristics for the detection of edema based on CMR of the myocardium
using only signal intensity have some disadvantages. When inflammatory processes become more
generalized (it happens more often after the first days of disease when myocarditis transits from acute
to subacute), the intensity of T2-weighted images and contrasting also become more uniformed to
the degree when individual lesions can no longer be easily detected by qualitative review.

Indeed, in our study, the CMR-based signs of acute inflammatory process in the myocardium
were present only in 24.3% of patient among the entire number of patients who were referred to the
exam in 2019, with a gradual decrease in the number of such patients to 9.4% in 2022 though the
majority of patients who recovered from COVID-19 reported heart symptoms. This phenomenon
may be caused by two causes. First, it is possible that the chest symptoms were caused by the residual
lung disease, but this hypothesis requires further studies. Second, considering that the mean time
between the occurrence of the first symptoms and CMR scan ranged one to two months, the study
could be performed during the subacute stage (during edema regression). The new methods of CMR
have been recently proposed including T1- and T2- relaxation time mapping and determination of
extracellular volume fraction that perhaps expand diagnostic capabilities of this method in patients
with myocarditis [29]. T1- and T2-mapping allow to quantitatively assess the diffuse changes in the
myocardium (diffuse edema, fibrosis). Unfortunately, the methods of mapping were not used in our
center.

The small foci of myocardial fibrosis of non-coronarogenic genesis were detected in the vast
majority of patients who received CMR in our center, which agrees with our previously published
works [12,13]. The presence of pericardial effusion and/or abnormal contractile function of the left
ventricle were observed in some of our patients in this group (Figure 7). The detected changes may
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be an outcome of past inflammatory process triggering cardiac remodeling. Indeed, literature
suggests that myocardial remodeling may precede the functional left ventricular remodeling [30].
Our results are in compliance with this conclusion as the abnormalities were detected mostly in the
left myocardial structure rather than function in the majority of subjects. Therefore, the patients of
this group require a long-term follow up whereas CE-CMR is a sensitive tool for the monitoring of
further recovery progress.

It is worth emphasizing that we observed an increase in the incidence, though not that high, of
other cardiovascular pathology (ischemic cardiomyopathy, hypertrophic cardiomyopathy, etc.)
during COVID-19 pandemic, which does not rule out the adverse effects of SARS-CoV-2 or side
effects of pharmacological treatment, which also requires further study. Interestingly, we found the
increases in the rates of diagnostic procedures and detected pathological changes of cardiovascular
system during the third year of COVID-19 pandemic, which also may suggest chronic course of this
disease. Prospects for wider use of MRI in diagnosing not only chronic cardiac, but also chronic lung
complications of COVID-19 require further exploration considering that pilot data show MRI an
accurate and informative imaging modality in this regard [12,31-35].

The limitation of our online survey was the fact that Cohort 1 mostly represented the population
leaving digital footprint in healthcare and pharmacy and having iOS and Android devices, but not
the entire population. People interested in health were naturally more likely to take part in survey.
Using the criteria of health-related digital shadow enriched the response rate, prevented unnecessary
loss of potential respondents, and enlarged the sample by people with relevant experience. This
limitation was carefully balanced with other poorly understood potential drawbacks of forming
population sample by means of telecommunication technologies. Besides, a pilot study of groups
leaving or not leaving digital shadow gained similar results between these categories of respondents.
The limitation of our study in Cohort 2 was impossibility of using the MRI mapping protocols due to
limited capabilities of the equipment available in our center. Besides, most of enrolled patients who
received CMR had history of moderate COVID-19 so our report does not cover the entire spectrum
of manifestations of this pathology because we did not study critically ill patients or those who
suffered from severe COVID-19. The proportion of patients with cardiac involvement, detected in
our study, may not be extrapolated to a wider population and other patient cohorts. Nevertheless,
the present study demonstrates the phenomenon of cardiac involvement after COVID-19, and the
obtained results may be useful because they contribute to developing the awareness of medical
specialists. It is all the more essential considering that under-diagnosis of cardiac lesions most likely
occurs in patients with mild form of SARS-CoV-2 infection. However, our data agree with the
observation that mild SARS-CoV-2 infection leaves long-lasting effects on cardiovascular health [5].
At last, we completed the cross-sectional observational electronic medical record-based MRI
investigation whereas prolonged observation would be helpful for the evaluation of myocardial
condition over time especially considering the risk of developing chronic cardiac pathology in
patients with past history of mild and moderate COVID-19.

5. Conclusions

According to our online survey, over 60% of our population sample reported slight malady at
the time of survey; more than a half of them had confirmed COVID-19 infection in the past, a third
of them had cardiovascular diseases. MRI was the fourth most common diagnostic imaging modality
administered to the respondents within two years prior to the survey. MRI was available to majority
of people in the survey though relatively high proportion of people could not afford MRI procedure
or receive it for other reasons like residing in remote areas. Privately paid MRI was associated with
shorter waiting times and was readily available for about every tenth person. The COVID-19
pandemic was associated with increased demand in CE-CMR. Patients who suffered from COVID-
19 had residual symptoms and the onset of new symptoms specific for cardiac pathology with
tendency to chronic course. Focal myocardial fibrosis was the main finding on CE-CMR images in
these patients. Patients with cardiac symptoms and past history of COVID-19 require continuous
follow up to prevent potential remodeling of the myocardium. Educational and organizational efforts
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are needed to promote the use of MRI and other relevant imaging modalities among population. An
increase in affordability and availability of medical visualization is strategically essential for
population health.
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