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Abstract

Background: Myocardial scars detected by cardiovascular
magnetic resonance (CMR) imaging after COVID-19 have
caused concerns regarding potential long-term cardiovas-
cular consequences. Objective: The objective of this study
was to investigate cardiopulmonary functioning in pa-
tients with versus without COVID-19-related myocardial
scars. Methods: In this prospective cohort study, CMR was
performed approximately 6 months after moderate-to-
severe COVID-19. Before (~3 months post-COVID-19)
and after (~12 months post-COVID-19) the CMR, patients
underwent extensive cardiopulmonary testing with cardi-
opulmonary exercise tests, 24-h ECG, and echocardiogra-
phy. We excluded participants with overt heart failure.
Results: Post-COVID-19 CMR was available in 49 patients
with cardiopulmonary tests at 3 and 12 months after the
index hospitalization. Nine (18%) patients had small late

gadolinium enhancement-detected myocardial scars. Pa-
tients with myocardial scars were older (63.2 £ 13.2 vs.
56.2 £ 13.2 years) and more frequently men (89% vs. 55%)
compared to those without scars. Cardiorespiratory fit-
ness was similar in patients with and without scars,
i.e., peak oxygen uptake: 82.1 £+ 11.5% versus 76.3 *
22.5% of predicted, respectively (p = 0.46). The preva-
lence of ventricular premature contractions and arrhyth-
mias was low and not different by the presence of
myocardial scar. Cardiac structure and function assessed
by echocardiography were similar between the groups,
except for a tendency of greater left ventricular mass in
those with scars (75 £ 20 vs. 62 £ 14, p = 0.02 and p = 0.08
after adjusting for age and sex). There were no significant
associations between myocardial scar and longitudinal
changes in cardiopulmonary function from 3 to 12
months. Conclusion: Our findings imply that the pres-
ence of minor myocardial scars has limited clinical sig-
nificance with respect to cardiopulmonary function after
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Introduction

Several studies have reported late gadolinium enhance-
ment (LGE) on cardiovascular magnetic resonance
(CMR) imaging after COVID-19 infection. The preva-
lence of cardiac abnormalities on CMR varies from 3% to
78% after COVID-19 [1-3], and the majority of studies
report scars without a concomitant reduction in left
ventricular (LV) function [4]. The clinical implication
of these minor scars detected after COVID-19 is uncer-
tain. By comparing CMR LGE findings to cardiopulmo-
nary exercise tests (CPETs), echocardiography, 24-h ECG
registration, and symptom assessment, we aimed to in-
vestigate the clinical implication of myocardial scars
following acute COVID-19 infection. We hypothesized
that CMR LGE findings after COVID-19 were associated
with worse cardiopulmonary function.

Method

The Patient-Related Outcomes and Lung Function after Hos-
pitalization for COVID-19 (PROLUN), NCT04535154, study [5]
was a prospective, multicenter observational study, consecutively
enrolling unselected adult patients hospitalized with moderate-to-
severe COVID-19 between February and June 1, 2020. Patients
aged >18 years who had been admitted for >8 h with a discharge
diagnosis of COVID-19 or viral pneumonia combined with a
positive severe acute respiratory syndrome coronavirus 2 polymer-
ase chain reaction test were eligible. A total of 178 patients had
cardiopulmonary follow-up at both 3 and 12 months. These
patients had extensive cardiopulmonary testing before (~3 months
post-COVID-19, median 98 [IQR 81-126], range 28-187 days)
and after (~12 months post-COVID-19, median 386 [IQR
360-414], range 298-462 days) the CMR. This included CPET,
24-h ECG registration, comprehensive echocardiography, and
symptom assessment (online suppl. Fig. 1; for all online suppl.
material, see https://doi.org/10.1159/000530942).

The COVID MECH CMR (NCT04314232) study was a pro-
spective, observational study at Akershus University Hospital,
enrolling patients with similar inclusion criteria as PROLUN
patients, between March 18 and May 4, 2020. Of 128 participants
included, 58 patients underwent CMR approximately 6 months,
median 166 (IQR 97-203), range 68-237 days, after the index
hospitalization [3]. Of the 58 patients enrolled in COVID MECH
CMR, 50 were also included and participated in the PROLUN
follow-up. Since this is a combination of two study cohorts, we did
not have a prespecified sample size (online suppl. Fig. 1).

As the purpose of the study was to investigate minor myocar-
dial pathology, minor myocardial scar was defined as myocardial
scar without a concomitant reduction in LV ejection fraction
below 50%. Severe COVID-19 was defined as admission to the
ICU, while admission to the medical ward was considered mod-
erate COVID-19.

CMR was conducted approximately 6 months after the index
hospitalization, (median 175 days) between June 24 and November
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18, 2020 on a 1.5 MRI scanner (Achieva; Philips Medical Systems,
Best, The Netherlands). Details are in the online supplementary.
For assessing myocardial scars, we performed two-dimensional
phase-sensitive inversion recovery LGE imaging in contiguous 10-
mm short-axis slices covering the left ventricle and 3 long-axis
views 10 min after injection of 0.15 mmol/kg gadoterate meglu-
mine (Clariscan® Gé, GE Healthcare) [3].

The cardiopulmonary exercise testing was performed on a
treadmill using Vyntus CPX, Vyaire Medical. Peak oxygen con-
sumption (VO, in mL/kg:min), oxygen uptake at anaerobic
threshold, oxygen pulse (peak VO,/heat rate), ventilation at max
load (L-min™?), and gas exchange (V'E/V'CO2 slope) were recorded
and are presented as % of predicted based on age and sex [6].

Echocardiography and 24-h ECG registration and dyspnea assess-
ment were performed before and after the CMR, approximately 3 and
12 months after the index hospitalization, according to guideline-
recommended methods (online suppl.). We analyzed the following
parameters: LV mass, LV end-diastolic volume, LV ejection fraction,
LV global longitudinal strain (presented as absolute values), E over e
prime, right ventricle free wall longitudinal strain (presented as
absolute values), basal right ventricle diameter, tricuspid annular
plane systolic excursion, and left atrial volume.

Dyspnea was assessed using the modified Medical Research
Council (mMRC) dyspnea scale [7], which is a self-rating tool that
measures the impact of dyspnea on day-to-day activities on a score
from zero (no dyspnea) to 4 (maximum dyspnea). Clinically
important dyspnea was defined as mMRC >2 (“I walk slower
than people of the same age on the level because of breathlessness,
or I have to stop for breath when walking at my own pace on the
level”).

Baseline characteristics are presented as mean * standard
deviation or medians (1st and 3rd quartile, Q1-Q3) for continuous
variables and as absolute numbers and percentages for categorical
variables. Change in variables was defined as the first value
subtracted from the last value. Clinical data at 3 months and
changes in clinical data from 3 to 12 months were compared in
patients with and without minor myocardial scars in logistic
regression models that were adjusted for age and sex. All statistical
analyses were performed using Stata software (version 16, Stata-
Corp., College Station, TX, USA).

Results

A total of 50 patients with CMR also underwent
cardiopulmonary tests at 3 and 12 months after CO-
VID-19 (online suppl. Fig. 1). The patients had a mean
age of 58 years with a mean BMI of 28 kg/m?; 61% were
male, 6% had cardiovascular disease, 17% had hyper-
tension, 4% had chronic obstructive pulmonary disease,
6% had diabetes, and 2% had chronic kidney disease. One
patient had major myocardial scar and severe LV dys-
function and was excluded from this analysis, as prespe-
cified. Nine (18%) of the remaining patients had LGE-
detected myocardial scars which were all classified as
minor, with a mean scar volume 2.2 + 1.1% (0.7-4.2%).
One patient had a combined nonischemic and ischemic
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Table 1. Cardiac structure and function, cardiopulmonary performance, and symptoms 3 months after discharge for COVID-19 in

patients with and without minor myocardial scar

No scar, n =40 Scar,n=9 p value p adj.age p adj. age and sex
Echocardiography
LV mass indexed, g/m? 61.6+13.5 75.3+£19.6 0.02 0.04 0.08
LV end diastolic volume indexed, mL/m?  50+10.4 48.6+£14.0 0.67 0.33 0.30
LVEF, % 59.2+3.0 57.4+3.2 0.13 0.06 0.07
LV GLS, % 19.8+1.8 19.3+£2.2 0.52 0.33 0.42
E/e’ 8.4x2.7 8.9£3 0.1 0. 67 0.84 0.92
RVLS, % 26.5+3.5 27.3+4.6 0.64 0.80 0.79
RVD, cm 3.6£0.5 3.6£0.6 0.98 0.37 0.45
TAPSE, cm 24104 2.5+0.7 0.76 0.71 0.56
LA volume indexed, mL/m? 239454 25.5+9.5 0.54 0.74 0.80
Dyspnea
mMRC >2 8 (25%) 0 (0.0%) 0.11 0.07 0.04
CPET
VO, peak, % predicted 76.3+22.5 82.1+11.5 0.46 0.63 0.69
O,-pulse peak, % predicted 92.7+18.7 93.6+14.1 0.89 0.79 091
Ve/Ncoa slope 29.2+4.8 31.314.6 0.13 0.27 0.10
Ve at max. load, L-min~! 79.1£35.2 80.3£20.7 0.92 0.56 0.57
VO, at, % predicted of VO, max 48.8+12.3 46.9+7.0 0.66 0.44 0.86
ECG
24-h mean heart rate, /min 734123 69.4+11.8 0.38 0.52 0.85
24-h NSVT 2 (5.0%) 0 0.49 0.48 0.52
24-h median (Q1, Q3) PVC 31, 34] 37 [17, 154] 0.041 0.35 0.59
Q-waves 3 (7.5%) 1 (11.1%) 0.73 0.86 0.98
Clinical features at index hospitalization
Heart rate, /min 88+16 80+15 0.24 0.29 0.30
Respiratory rate, /min 29+12 25+8 0.43 0.55 0.50
Oxygen saturation, % 94+3 94+2 0.89 0.61 0.65
Oxygen supply 7 (17.5%) 3 (33.3%) 0.29 0.29 0.10
Systolic blood pressure, mm Hg 13018 136+15 043 0.74 0.75
TnT max, ng/L 10 [6-16] 13 [12-16] 0.13 0.32 0.65
NT-proBNP max, ng/L 126 [35-312] 142 [101-449] 0.28 0.67 0.58
CRP max, mg/dL 125 [55-260] 120 [60-180] 0.90 0.94 0.97

Reported as mean + SD, median (Q1, Q3), or number (%). p values are calculated from logistic regression analyses. LVMi, left
ventricular mass index; LVEF, left ventricular ejection fraction; LV GLS, left ventricular global longitudinal strain; RVLS, right ventricle
free wall longitudinal strain; RVD, basal right ventricle diameter; TAPSE, tricuspid annular plane systolic excursion; LAVi, left atrial
volume index; VO, peak, maximal oxygen consumption; O2-pulse peak, maximal oxygen pulse; VE, expired ventilation; VCO2,
carbon dioxide output; AT, anaerobic threshold; NSVT, nonsustained ventricular tachycardia; PVC, premature ventricular
contractions; VO,, oxygen uptake; VE, expired ventilation; 02, oxygen; VCO2, carbon dioxide output; AT, anaerobic threshold;

SD, standard deviation.

(subendocardial) scar, while the rest was nonischemic
scars (myocardial and/or epicardial). Patients with my-
ocardial scars were older (63.2 £ 13.2 vs. 56.2 + 13.2 years)
and more frequently men (89% vs. 55%), compared to
patients without myocardial scars. Only 3 patients (one
with a scar) had a history of cardiovascular disease.
Patients with severe COVID-19 were similar in demo-
graphics and medical history to patients with moderate
disease. There were no significant differences in the
prevalence of comorbidities or the severity of COVID-
19 hospitalization between the patients with and without
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myocardial scar (online suppl. Table 1). Participants in
the PROLUN study who underwent CMR had overall
comparable baseline characteristics to the remaining
participants, except fewer non-Caucasians and fewer
with hypertension (online suppl. Table 2).

Myocardial Scar and Echocardiographic Measurements
Patients with myocardial scars had similar echocardio-
graphic measurements compared to those without scars
at 3-month follow-up, except greater LV mass (75.3 +
19.6 vs. 61.6 + 13.5 g/m? p = 0.02), which was not
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Fig. 1. Key measurements by echocardiography, cardiopulmonary exercise testing, 24-h ECG recordings 3 months
after COVID-19 in patients with (n = 9) and without myocardial scars (n = 40) detected by CMR imaging. The
thick dashed lines indicate the median value, and the thin dashed lines the quartiles.

significant after adjusting for age and sex (p = 0.08) (Table
1; Fig. 1). There was no difference in LVEF (59.2 + 3.0%
vs. 57.4 + 3.2%, p = 0.13) or GLS (19.8 + 1.8% vs. 19.3 +
2.2%, p = 0.52) in patients with and without myocardial
scar. When using CMR-derived measures of LV structure
and function, the findings were consistent to echocardio-
graphic measurements.

Mpyocardial Scar and Cardiopulmonary Performance

The peak oxygen uptake in the overall population was
lower than predicted based on age and sex: 77.4 + 20.8%.
There was no difference in peak oxygen update between
patients with and without myocardial scars: 82.1 +
11.5% versus 76.3 + 22.5% of predicted (p = 0.46). There
was also no difference in peak oxygen pulse between
patients with and without myocardial scars: 92.7 +
18.7% versus 93.6 £ 14.1% of predicted (p = 0.89),
respectively, or V'g/V'co, slope (p = 0.13), ventilation
at maxload (p = 0.92), or peak oxygen uptake at
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anaerobic threshold (p = 0.66) (Table 1). Scar size
was not associated with peak oxygen uptake (B 0.002
[95% CI-0.05-0.01],p= 0.50) or other measures of
cardiopulmonary performance.

Myocardial Scar and Electrocardiographic Measurements

Only 2 patients had non-sustained ventricular arrhyth-
mias, and both were among patients with myocardial scars:
5% versus 0% (p = 0.49). Patients with myocardial scars had
a greater burden of premature ventricular contractions
(PVC; median [IQR] per 24 h): 37 (17-154) versus 3
(1-34) (p = 0.04). The mean heart rate was similar between
the groups: 73 versus 69/min, p = 0.38. In total, 4 patients
had Q-waves, 1 with and 3 without myocardial scars. None
had bundle branch block on ECG.

Dyspnea and Clinical Features
There was no significant difference in self-reported
dyspnea (mMRC >2) at 3 months by the presence of
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Table 2. Changes in cardiopulmonary performance and symptoms from 3 to 12 months after hospitalization for COVID-19

No myocardial scar, n = 40 Myocardial scar, n =9 p value p adj. age p adj. age, sex

Echocardiography

A LV mass indexed, g/m? 0.0+7.4
A LV end diastolic volume indexed,

mL/m? -1.1+6.0
A LVEF, % —0.2+2.8
A LV GLS 0.2£1.5
A E/e’ -0.4+2.6
A RV GLS, % —-0.7+£2.6
A RVD, cm -0.0+04
A TAPSE, cm 0.02+0.2
A LAVi, mL/m? -0.7+3.6

Cardiopulmonary exercise test
AVO, peak (% predicted) 444114
AO,-pulse peak (% predicted) 58+11.6
AVIE/VICOQ SIOpe 0.3+4.5
AV'e at max. load, L-min~’ 0.4+17.2

AV'o, at AT, % predicted of VO, max 2.7+8.8

-1.5+4.2 0.58 0.78 0.86
1.8+10.3 0.30 0.27 042
—0.4+£5.2 0.85 0.65 0.62
-0.6+3.2 0.46 0.63 042
-04£14 0.96 0.99 0.92
-0.5+6.2 0.94 0.89 0.78
-0.1+0.2 0.35 0.46 0.73
0.10+0.3 0.30 0.39 0.25
-2.9+5.0 0.19 0.27 0.21
1.246.3 0.41 033 0.27
0.1+£14.2 0.21 0.18 0.22
-0.3+2.7 0.68 0.52 0.36
7.2+£16.2 0.23 0.27 0.34
4.7£5.9 0.51 0.59 0.44

Reported as mean + SD. p values were calculated from logistic regression analyses. LVM,i, left ventricular mass index; LVEF, left
ventricular ejection fraction; LV GLS, left ventricular global longitudinal strain; RVLS, right ventricle free wall longitudinal strain; RVD,
basal right ventricle diameter; TAPSE, tricuspid annular plane systolic excursion; LAVi, left atrial volume index; VO, peak, maximal
oxygen consumption; O,-pulse peak, maximal oxygen pulse; Vg, expired ventilation; Vco,, carbon dioxide output; AT, anaerobic
threshold; NSVT, nonsustained ventricular tachycardia; PVC, premature ventricular contractions; VO,, oxygen uptake; Vg, expired
ventilation; O,, oxygen; Vco,, carbon dioxide output; AT, anaerobic threshold; SD, standard deviation.

myocardial scars: 0% with scar versus 25% without scar
(p = 0.11). We found no difference between the two
groups when comparing clinical features at the index
hospitalization for COVID-19, including oxygen satura-
tion, respiratory rate, heart rate, blood pressure, and
cardiac biomarkers (Table 1).

Changes in Cardiopulmonary Function from 3 to

12 Months

There were no between-group differences in changes
in cardiopulmonary function, echocardiographic meas-
urements, or dyspnea from 3 months to 12 months after
COVID-19 in patients with and without myocardial scars
(Table 2).

Discussion

This study found no difference in cardiovascular
function, cardiopulmonary performance, or reported
dyspnea 3 months after COVID-19 between patients
with and without minor myocardial scars. Furthermore,
there was no association between myocardial scar and
change in cardiopulmonary function between 3 and 12
months.
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The prevalence of myocardial scars in the general
population (pre-COVID-19) is estimated to be 7.8%
(mean age: 69 years) [8], and even higher proportions
have been reported in athletes [9]. In our study, 18% of
patients had myocardial scars after hospitalization for
COVID-19, which is lower than in other studies [1, 4].
Differences in inclusion criteria (i.e., elevated cardiac
troponin [4]), and the timing of CMR [1], may explain
some of these differences. The patients in our cohort
have previously been demonstrated to have comparable
prevalence (18% vs. 15%) and size (2.2 + 1.1% vs. 1.4 £
1.3%) of myocardial scars to healthy individuals from
the general population [8]. The majority of patients
with scars were male, which coincides with previous
research [8]. The risk of myocardial scar may increase
after COVID-19 due to diffuse myocardial inflamma-
tion from SARS-CoV-2. In more severe cases, COVID-
19 can cause acute myocarditis, but this only occurs in
2-4 per 1,000 patients hospitalized for COVID-19 [10].
Most myocardial scars detected after COVID-19 are
small and without a concomitant reduction in LV
function [4], and it is unknown whether SARS-CoV2
causes more myocardial scars than other respiratory
viruses. We have previously demonstrated that myo-
cardial scars detected after COVID-19 are not
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associated with the severity of the infection [3]. We now
extend these findings by demonstrating limited asso-
ciations between minor myocardial scars and cardio-
pulmonary function and dyspnea after COVID-19.
These findings suggest that the clinical implication of
detecting such scars is limited, except for a tendency of
a greater burden of PVC and nonsustained ventricular
tachycardia which should be investigated in future
studies. The extent of myocardial scars is associated
with poor outcomes in different cardiomyopathies [11],
while the presence of myocardial scars in the general
population seems to be less prognostically important
[12]. Although we did not assess the long-term prognosis
associated with myocardial scars after COVID-19, we dem-
onstrate no significant association with established prog-
nostic markers such as peak oxygen uptake. There was no
association between scar size and cardiopulmonary per-
formance in our study. However, only 9 of the included
patients had myocardial scar, and we, therefore, had limited
power to detect a potential association.

This study examines the association between the pres-
ence of scar and several cardiopulmonary outcomes and
thus is at risk of false-positives due. However, we did not
identify any clinically relevant associations and did there-
fore not adjust for multiple testing.

The cardiac status before COVID-19 is unknown, and
whether cardiac scarring is caused by COVID-19 is
therefore uncertain. A recent study with serial CMR
before and after COVID-19 infection showed that all
the detected scars were present before the COVID-19
infection [13]. Moreover, our cohort had a similar prev-
alence of myocardial scars as studies from the general
population [8]. The modest sample size and the fact that all
patients were hospitalized and enrolled during the first
wave of COVID-19 before vaccination and the evolution of
different strains of COVID-19 limit the extrapolation of
our results to contemporary care and to non-hospitalized
patients.

Conclusion

With technological advances and the increasing avail-
ability of CMR, more patients will have an incidental
discovery of minor myocardial scars. Whether or not
such findings alone require further workup is controver-
sial. Despite a modest sample size, our study addresses an
important issue where there is limited research. Our
findings may inspire future research and introduce cau-
tion in interpreting findings of minor myocardial scars
since minor myocardial scars after COVID-19 seem to

Myocardial Scar and COVID-19

have little clinical significance and is primarily related to
older age and male sex.

Statement of Ethics

COVID MECH, COVID CMR, and PROLUN were approved
by the Regional Ethics Committee for South-Eastern Norway (#20/
02873; #20/05884; #125384). Consent was given by returning a
written signed consent form. Data were stored and post-processed
in Services for Sensitive Data (TSD; University of Oslo), in
compliance with the Norwegian Personal Data Act and Health
Research Act.

Conflict of Interest Statement

P.L.M. has served on advisory boards or received speaker fees
from Amgen, AstraZeneca, Bayer, Boehringer Ingelheim, Novartis,
and Novo Nordisk, unrelated to this work. C.I. has received fees for
lectures from Bayer A.G. T.O. has received consultancy and
speaker honoraria from Abbott Diagnostics, Roche Diagnostics,
and Novartis and research support via Akershus University Hos-
pital from Thermo Fisher BRAHMS, HyTest Ltd., Biomedica,
Abbott Diagnostics, Novartis, Singulex, SomaLogic, and Roche
Diagnostics. T.O. also has financial interests in CardiNor A.S.,
which holds the license to commercialize secretoneurin. All the
other authors have no conflicts of interest to declare.

Funding Sources

This study received funding from Akershus University Hospital
and LHL Hospital Gardermoen (The National Association for
Heart, Lung diseases and the Norwegian Health Association).

Author Contributions

T.Q. performed most of the echocardiographic studies at
the 12-month follow-up, interpreted all echocardiographic
images, and performed the statistical analysis with P.L.M.
S.H. analyzed all CMR images. L.S. performed and analyzed
the CPET. G.E. and K.S. were responsible for running the
PROLUN study. C.B.I. was responsible for the cardiac sub-
study in PROLUN and performed echocardiographic studies at
the 3-month follow-up. T.O. was the PI of COVID CMR.
P.L.M. was a major contributor in writing the manuscript
and running the statistical analysis. All the authors read and
approved the final manuscript.

Data Availability Statement

The datasets generated and/or analyzed during the current
study are not publicly available due to privacy or ethical restric-
tions but are available from the corresponding author on reason-
able request.

Cardiology 2023;148:300-306 305
DOI: 10.1159/000530942

20z Arenuer ¢ uo 3senb Aq ypd-z60£5000/765886€/00€/1/81 | HPd-8[oIue/pIo/Wwod 1eb.e//:dRy woly peapeojumoq


https://doi.org/10.1159/000530942

—_

[\S}

w

w

References

Puntmann VO, Carerj ML, Wieters I, Fahim
M, Arendt C, Hoffmann J, et al. Outcomes of
cardiovascular magnetic resonance imaging
in patients recently recovered from corona-
virus disease 2019 (COVID-19). JAMA Car-
diol. 2020 Nov 1;5(11):1265-73.

Clark DE, Parikh A, Dendy JM, Diamond AB,
George-Durrett K, Fish FA, et al. COVID-19
myocardial pathology evaluation in athletes
with cardiac magnetic resonance (COMPETE
CMR). Circulation. 2021 Feb 9;143(6):609-12.
Myhre PL, Heck SL, Skranes JB, Prebensen C,
Jonassen CM, Berge T, et al. Cardiac pathol-
ogy 6 months after hospitalization for CO-
VID-19 and association with the acute dis-
ease severity. Am Heart J. 2021;242:61-70.
Kotecha T, Knight DS, Razvi Y, Kumar K,
Vimalesvaran K, Thornton G, et al. Patterns
of myocardial injury in recovered troponin-
positive COVID-19 patients assessed by car-
diovascular magnetic resonance. Eur Heart J.
2021 May 14;42(19):1866-78.

Lerum TV, Aalgkken TM, Breonstad E,
Aarli B, Ikdahl E, Lund KMA, et al. Dysp-
noea, lung function and CT findings
3 months after hospital admission for

()

~

el

O

COVID-19. Eur Respir J. 2021;57(4):
2003448.

Ekelund LG. Principles of exercise testing
and interpretation. In. Wasserman K, Han-
sen JE, Sue DY, Brian J. Lea W, Febiger P.
editors. Whipp Lea and Febiger, Philadel-
phia (1987) 274 pages, illustrated, $39.50
ISBN: 0-8 12 1- 1020-X. Clin Cardiol;
1988;11(2); 132-3.

Fletcher CM, Elmes PC, Fairbairn AS, Wood
CH. The significance of respiratory symp-
toms and the diagnosis of chronic bronchitis
in a working population. Br Med J. 1959;
2(5147):257-66.

Turkbey EB, Nacif MS, Guo M, McClelland
RL, Teixeira PBRP, Bild DE, et al. Prevalence
and correlates of myocardial scar in a US
cohort. JAMA. 2015;314(18):1945-54.
Domenech-Ximenos B, Sanz-De La Garza M,
Prat-Gonzalez S, Septlveda-Martinez A,
Crispi F, Duran-Fernandez K, et al. Prevalence
and pattern of cardiovascular magnetic reso-
nance late gadolinium enhancement in highly
trained endurance athletes. ] Cardiovasc Magn
Reson. 2020;22(1):62.

306

Cardiology 2023;148:300-306
DOI: 10.1159/000530942

10

11

12

13

Ammirati E, Lupi L, Palazzini M, Hendren
NS, Grodin JL, Cannistraci CV, et al. Prev-
alence, characteristics, and outcomes of CO-
VID-19-associated acute myocarditis. Balti-
more, Md; 2022. p. 1123-39.

Kuruvilla S, Adenaw N, Katwal AB, Lipinski
M]J, Kramer CM, Salerno M. Late gadolinium
enhancement on cardiac magnetic resonance
predicts adverse cardiovascular outcomes in
nonischemic cardiomyopathy: a systematic
review and meta-analysis. Circ Cardiovasc
Imaging. 2014;7(2):250-8.

Marques MD, Weinberg R, Kapoor S, Os-
tovaneh MR, Kato Y, Liu C-Y, et al. Myo-
cardial fibrosis by T1 mapping magnetic
resonance imaging predicts incident cardi-
ovascular events and all-cause mortality: the
Multi-Ethnic Study of Atherosclerosis. Eur
Heart J Cardiovasc Imaging. 2022;23(10):
1407-16.

Gonzélez JE, Doltra A, Perea R], Lapefia P,
Garcia-Ribas C, Reventos J, et al. Cardiac
Injury before and after COVID-19: A Longi-
tudinal Cardiac Magnetic Resonance Study.
JACC Cardiovasc Imaging. 2022.

Qvrebotten/Heck/Skjorten/Einvik/Stavem/
Ingul/Omland/Myhre

20z Arenuer ¢ uo 3senb Aq ypd-z60£5000/765886€/00€/1/81 | HPd-8[oIue/pIo/Wwod 1eb.e//:dRy woly peapeojumoq


https://www.karger.com/Article/FullText/530942?ref=1#ref1
https://www.karger.com/Article/FullText/530942?ref=1#ref1
https://www.karger.com/Article/FullText/530942?ref=2#ref2
https://www.karger.com/Article/FullText/530942?ref=3#ref3
https://www.karger.com/Article/FullText/530942?ref=4#ref4
https://www.karger.com/Article/FullText/530942?ref=5#ref5
https://www.karger.com/Article/FullText/530942?ref=7#ref7
https://www.karger.com/Article/FullText/530942?ref=8#ref8
https://www.karger.com/Article/FullText/530942?ref=9#ref9
https://www.karger.com/Article/FullText/530942?ref=9#ref9
https://www.karger.com/Article/FullText/530942?ref=10#ref10
https://www.karger.com/Article/FullText/530942?ref=10#ref10
https://www.karger.com/Article/FullText/530942?ref=10#ref10
https://www.karger.com/Article/FullText/530942?ref=10#ref10
https://www.karger.com/Article/FullText/530942?ref=11#ref11
https://www.karger.com/Article/FullText/530942?ref=11#ref11
https://www.karger.com/Article/FullText/530942?ref=12#ref12
https://www.karger.com/Article/FullText/530942?ref=12#ref12
https://www.karger.com/Article/FullText/530942?ref=13#ref13
https://doi.org/10.1159/000530942

	Minor Myocardial Scars in Association with Cardiopulmonary Function after COVID-19
	Introduction
	Method
	Results
	Myocardial Scar and Echocardiographic Measurements
	Myocardial Scar and Cardiopulmonary Performance
	Myocardial Scar and Electrocardiographic Measurements
	Dyspnea and Clinical Features
	Changes in Cardiopulmonary Function from 3 to 12 Months

	Discussion
	Conclusion
	Statement of Ethics
	Conflict of Interest Statement
	Funding Sources
	Author Contributions
	Data Availability Statement
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


