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Abstract
Objective: The COVID-19 pandemic has raised concerns about its impact on patients with congenital heart disease
(CHD) with left-to-right shunting. We hypothesized that the pandemic, particularly its long-term sequelae known as
Post-Acute Sequelae of SARS-CoV-2 infection (PACS) or long COVID syndrome, may influence cardiac chamber size
and functional echocardiographic parameters in this population.
Methods: We conducted a retrospective comparative analysis of echocardiographic reports in pediatric CHD
patients with left-to-right shunting lesions before (pre-pandemic) and after (post-pandemic) the COVID-19
pandemic. These lesions included atrial (ASD), ventricular septal defects (VSD), and patent ductus arteriosus (PDA).
Patients were assessed by following age categories; under one year (infants) and older than one year (older
children).
Results: Most of the ASDs presented by secundum type, whereas the majority of VSDs consist of perimembranous
type of defects in both groups of age categories. Comparison of echocardiographic parameters revealed a significant
increase in left atrial size in the post-pandemic group compared to the pre-pandemic group in both older age and
infant categories ((21.0(5.0) mm vs 18.9 (3.7), p=0.01; 14.6 (2.1) vs 11.8 (2.6), p=0.003, respectively)). Although the
frequency of ASDs did not differ between groups, there was a trend towards a higher prevalence of VSDs in the post-
pandemic group of older children without statistical significance.
Conclusion: Our study provides preliminary evidence of altered cardiac chamber size in CHD patients with left-to-
right shunting lesions during the post-COVID-19 period. These findings underscore the need for continued
surveillance and multidisciplinary management of CHD patients in the context of the pandemic, highlighting the
potential impact of COVID-19 on cardiovascular outcomes in this vulnerable population.
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Graphical abstract

COVID-19 sequelae on Transthoracic Echocardiography Findings in Pediatric
Patients with Septal Congenital Heart Disease: A Retrospective Comparative
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Introduction

The COVID-19 pandemic caused by the novel
coronavirus SARS-CoV-2 has led to significant
morbidity and mortality worldwide (1, 2). While
primarily known as a respiratory illness, COVID-19 has
also been associated with various cardiovascular
manifestations, ranging from mild cardiac injury to
severe  complications such as  myocarditis,
myocardiodystrophy, and acute coronary syndromes
(3, 4). Some individuals experience persistent
symptoms following acute COVID-19 infection, a
condition referred to as long COVID syndrome or
post-acute sequelae of COVID-19 (PASC) (5 ,6).
Cardiac manifestations of long COVID may include
ongoing fatigue, dyspnea, chest pain, palpitations,
postural orthostatic tachycardia, and exercise
intolerance, reflecting underlying myocardial and
autonomic dysfunction (6).

Congenital heart diseases (CHD) patients, particularly
those with significant left-to-right shunting lesions,
may have compromised cardiovascular function and
reduced cardiopulmonary reserve, placing them at
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increased risk of severe illness if infected with COVID-
19 (7, 8). According to literature findings, pre-existing
pulmonary hypertension, pulmonary vascular disease,
and right ventricular dysfunction in patients with large
defects can exacerbate respiratory compromise and
negatively affect the course of COVID-19 (9).
Nonetheless, most of the literature data concerned
complex or cyanotic CHDs. Furthermore, long-term
cardiovascular sequel remains unelucidated in
pediatric cardiology practice. To date, controversy
exists regarding the optimal risk stratification and
prognostication strategies for these cohorts of
patients.

As in other pathologic conditions, COVID-19
pandemics lead to some level of changes in the
cardiac structural and functional alterations of
patients with congenital septal defects (7, 8). In this
study, we aimed to retrospectively analyze and
compare the echocardiographic findings of CHD
patients with left-to-right shunting examined during
the pre-pandemic and post-pandemic periods.
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Methods

Study design and population

The study design was retrospective and observational
cohort. The echo reports were derived from patients
who visited the outpatient department of the
Research Institute of Heart Surgery and Organ
Transplantation, a leading tertiary care center of CHD
during 2018 and 2021 years. Pediatric patients older
than one vyear diagnosed with either isolated or
concomitant atrial (ASD), ventricular septal defects
(VvSD), and patent ductus arteriosus (PDA) were
included in the study regardless of being corrected.
For pediatric patients younger than one year isolated
PDA was not included in the study due to its
physiological existence in most of these infants. Due
to the high prevalence and relatively benign nature of
patent foramen ovale (PFO) in the pediatric
population, cases with concomitant PFO were not
excluded from the study. Adult patients older than 18
years and individuals without any echocardiographic
signs of structural heart disease were excluded.
Patients with right-to-left shunting and Eisenmenger
syndrome were excluded. As well as cases with the
coexistence of septal CHDs with other obstructive
lesions were also excluded.

Further, each age group was divided into pre-
pandemic (March 2018- December 2019) and post-
pandemic (March 2020- December 2021) taking into
account the official declaration of the first detection
of COVID-19 in the territory of Kyrgyzstan only in
March 2020 (12). Due to a lack of accurate
information regarding the COVID-19 observations,
data from January and February 2020 were not
included in the research.

Due to the retrospective nature of the data, no Ethical
committee approval was required. Patient’s parents
and guardians provided informed consent for all
procedures.

Data

Data we obtained retrospectively form patients
records and echocardiography records.
Demographic and clinical,
characteristics

Demographic characteristics of the population
included age, sex, study period, and operation status.
Pediatric patients younger than one year (infants) and
older than one year were separately analyzed. Sex
percentage was compared in each category and
group. Defect type (ASD, VSD, PDA, or combined) and
exact anatomical-surgical form of defects were
analyzed and compared between groups. Operation
status (underwent surgical closure or intervention)

perioperative

was also compared in each group of older patients.
Due to a lack of cases of correction, operation status
was not analyzed in the infant age category.
Echocardiographic data

TTE data included right and left cardiac chamber sizes,
namely, ascending aorta, left atrial anteroposterior
size, left ventricular end-diastolic and end-systolic
diameters, interventricular septum, left ventricular
posterior wall thicknesses, mid-level right ventricular
diameter, right ventricular anterior wall diameters.
Tricuspid regurgitation severity was evaluated by
simple visual assessment through Color Doppler
mapping or vena contracta measurement. Left
ventricular ejection fraction measured by Tiecholz
methods, and mean pulmonary artery pressures
derived from right ventricular acceleration time
according to the Dabestani or Kitabatake formulas. All
measurements were done by existing ASE/EACVI
guidelines (10, 11). All investigations were conducted
by a single operator experienced in pediatric
echocardiography and imaging of CHD.

Statistical analysis

Continuous variables with normal distribution are
presented as mean and standard deviation, whereas
non-normal distribution is depicted by median and
interquartile range. Categorical variables are shown
by absolute count and percentage. The normality of
distribution was assessed by the Kolmogorov-Smirnov
test. Parametric dependent samples t-test or
Wilxocon rank test was used for comparison of
continuous dependent variables before and after
pandemics. Chi-square or Fisher's exact test was
applied for categorical variables taking into account
sample size and normality of distribution. A statistical
significance was adjusted for p-value of less than 0.05
and a confidence interval of 95%. As a statistical
software, Stata 16 (Stata Corp, Texas, USA) was used.

Results

Demographic characteristics

A total of 1633 patient’s data for the 2018-2021
periods were analyzed. Out of these numbers, 533
patients were found to have CHD pathology. Due to
the presence of other than septal defects (n=235) and
the simultaneous presence of obstructive lesions
(n=132), a total of 367 cases were excluded from the
study. Furthermore, 21 adult patients were excluded
from the selected septal CHD cohorts. Finally, 34
infants and 111 older pediatric patients were found to
be eligible for the study. Participants were enrolled
following existing STROBE guidelines and the chart is
described below (Fig. 1) (13).
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Figure 1. STROBE-chart of participant selection

CHD — congenital heart disease
According to the overall analysis, males constituted 47
% of infants and 53.1% of older children. The mean
age in the infants group was found to be 5.6 (3.2)
months and 8.45 (0.5) years in the older group years.
From infants 13 (37.2%) cases were investigated

Pre-pandemic
group, n=13

Post-pandemic,
n=21

during pre-pandemic and 21 (62.8%) cases were
examined during post-pandemic periods. In the older
group, 47 (41.9%) cases were examined during pre-
pandemic and 64 (58.1%) cases during post-pandemic
periods.
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CHD profile of groups before and after pandemics

Both groups in each category were matched by age
and gender despite the unequal proportions of CHD
cases. The Table 1 highlights the comparative findings
of older children group before and after pandemics. In
the structure of CHD, VSD prevailed in both periodical
groups. Most of the VSDs were presented by a
perimembranous type of defect. Nevertheless, no
significant difference was noted between groups. In
contrast, ASDs were mostly presented by secundum
type with occasional cases of primum and venosus
types in groups. In 15 (31.9%) cases of pre-pandemic
and 28 (43.7%) cases of post-pandemic groups,

patients were corrected by surgical or transcatheter
closure.

The Table 2 highlighted the CHD details of pediatric
patients younger than one year. In this population,
ASD was found to be slightly more frequent than VSD.
Three cases of pre-pandemic and a single case of
post-pandemic combination of ASD with VSD and PDA
were noted. All ASDs presented by secundum type,
whereas the majority of VSDs were found as pure
perimembranous type followed by two cases of
perimembranous-muscular and one case of
subtricuspid types. None of the infants were operated
on.

Table 1. Clinical characteristics before and after pandemics in group of pediatric patients older than one year

Variables Total Pre-pandemic Post-pandemic p
(n=111) (n=47) (n=64)

Sex, male, n(%) 59 (53.1) 25 (51.6) 35 (54.6) 0.70

Age, years 8.45(5.6 9.14(5.8 7.95(5.39 0.27

Defect type, n(%) 0.43

ASD 33 (34.0) 16 (39) 17 (30.3)

VSD 50 (51.5) 18 (43.9) 32 (57.4)

PDA 14 (14.5) 7 (17) 7 (12.5)

ASD type, n(%) 0.22

secundum 30(90.9) 15 (93.7) 15 (88.2)

primum 1(3.0) 1(6.3) 0

venosus 2 (6.1) 0 2 (11.8)

VSD type, n(%) 0.32

PM 41 (80.3) 16 (88.9) 25 (75.8)

ST 6(11.7) 1(5.5) 5(15.1)

M 1(1.9) 1(5.5) 0

PM+ST 2(3.9) 0 2 (6)

PM+M 1(1.9) 0 1(3)

Combined CHD, n(%)

Isolated 97 (87.3) 41 (87.2) 56 (87.5) 0.20

ASD+VSD 9(8.1) 2(4.2) 7 (10.9)

ASD+PDA 4 (3.6) 3(6.3) 1(1.6)

VSD+PDA 1(0.9) 1(2.1) 0

Operated, n(%) 43 (38.7) 15(31.9) 28 (43.7) 0.20

ASD - atrial septal defect, CHD —congenital heart disease, M- muscular type, PDA - patent ductus arteriosus, PM —
perimembranous type, ST — subtricuspid type, VSD - ventricular septal defect
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Table 2. Clinical characteristics before and after pandemics in group of pediatric patients younger than
one year
Variables Total (n=34) Pre-pandemic Post-pandemic p
(n=13) (n=21)
Sex, male n(%) 16 (47.0) 6 (41.6) 10 (47.6) 0.93
Age, months 5.6(3.2 5.07(3.09 6(3.31 0.41
Defect type, n(%) 0.24
ASD 17 (50) 5(38.5) 12 (57.1)
VSD 13 (38.2) 5 (38.5) 8 (38.1)
combined 4(11.8) 3(23) 1(4.7)
Combined CHD, n(%)
Isolated 30 (88.2) 10(76.9) 20 (95.2) 0.26
ASD+VSD 2 (5.8) 1(7.7) 1(4.8)
ASD+PDA 1(2.9) 1(7.7) 0
VSD+PDA 1(2.9) 1(7.7) 0
VSD type, n(%) 0.67
PM 11 (78.5) 5(100) 6 (66.6)
PM+M 2 (14.4) 0 2(22.2)
ST 1(7.1) 0 1(11.1)
ASD - atrial septal defect, CHD —congenital heart disease, M- muscular type, PDA - patent ductus
arteriosus, PM — perimembranous type, ST — subtricuspid type

Comparative analysis of echocardiographic findings
The comparative analysis of chamber quantifications
(Tables 3 and 4) did not reveal the echocardiographic
difference among groups in both age categories. Only
left atrial anteroposterior size in post-pandemic
groups was found to be significantly larger in both
older children and infants ((21.0 (5.0) mm vs 18.9
(3.7), p=0.01; 14.6 (2.1) vs 11.8 (2.6), p=0.003,
respectively)). In older children post-pandemic period,
the diameter of the interventricular septum and right
ventricular size was presented with slightly higher
values in contrast to per-pandemic cases, however,
these were not statistically significant.

Among all groups and categories, left ventricular
ejection fraction did not differ. As well as comparative
analysis of pulmonary arterial pressure in both age
categories did not reveal significant findings. None of
the cases presented by severe tricuspid regurgitation
(TR), instead only two cases of moderate TR were
detected in the post-pandemic period without
statistical significance. Practically all TR cases were
presented as functional and trivial.

Discussion

While the frequency of ASDs did not differ
significantly between the pre-pandemic and post-
pandemic groups, there was a trend towards a higher
prevalence of VSDs in the post-pandemic group of
older children, although this difference did not reach
statistical significance. The increased incidence of
VSDs could be explained just as incidental findings,
but at the same time, it raises questions about
potential associations between COVID-19 infection
and the development of congenital heart diseases.
Despite the existence of a strong association between
the development of neural tube defects and SARS-
CoV2, no robust data is available in the literature
related to the development of CHD (14). Furthermore,
studies did not reveal the correlation between COVID-
19 and adverse outcomes of exact CHD types, instead,
they stated the severity of CHD is dependent on the
status of surgical repair, their anatomical complexity,
and the presence of cyanosis and pulmonary
hypertension as adjunct physiological factors (9, 15).
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Table 3. Echocardiographic findings before and after pandemics in group of pediatric patients older than one year

Variables Total (n=111) Pre-pandemic (n=47) Post-pandemic (n=64) p
ASA, mm 18.2(4.3) 18.5(4.2) 18.0(4.4) 0.52
LA, mm 20.1(4.6) 18.9(3.7) 21.0(5.0) 0.01
LVIDd, mm 34.2(7.1) 34.2(7.6) 34.1(6.8) 0.93
LVIDs, mm 21.1(5.3) 21.4(5.3) 21.0(5.4) 0.7
LVEF, % 68.9(5.6) 67.7(5.4) 69.8(5.6) 0.06
IVSd, mm 7.5(2.5) 7.02(2.6) 7.9(2.3) 0.07
PWLV, mm 7.4(2.4) 7.1(2.46) 7.7(2.42) 0.16
RVD2, mm 9.2(4.8) 8.5(5.4) 9.7(4.3) 0.23
eMPAP, mmHg 13.0(6.3) 13.2(6.7) 12.9(6.1) 0.85
TR grade, n(%)

trivial 60 (54.5) 27 (57.4) 33 (52.4) 0.44

mild 48 (43.6) 20 (42.5) 28 (44.4)

moderate 2 (1.8) 0 2(3.1)

ASA - ascending aorta, eMPAP - echocardiographic mean pulmonary artery pressure, 1VSd - diastolic interventricular
thickness, LA - anteroposterior left atrial size, LVEF - left ventricular ejection fraction, LVIDd - left ventricular size in
end-diastole, LVIDs - left ventricular size in end-systole, PWLVd - diastolic posterior wall of left ventricle, RVD2 — mid-

level right ventricular diameter, TR - tricuspid regurgitation

Per se, CHD with left-to-right shunting manifests by
right heart dilatation and pulmonary hypertension
(16). On the other hand, left ventricular remodeling in
various forms is observed in congenital aortic valve
abnormalities and complex heart diseases in the
pediatric population (17). However, our study did not
confirm the changes in either right cardiac chamber
sizes or pulmonary artery pressure values. Despite the
lack of statistical significance, the interventricular
septum diameter revealed some extent of thickening
in the post-pandemic group of both age categories
((7.02(2.6) mm vs 7.9(2.3) mm, p=0.07)) in older
children and ((2.2(1.8) vs 3.3(1.7), p=0.09 in infants)).
According to the literature body, long COVID-19
resulted in myocarditis, cardiomyopathies, and heart
failure (6, 18). In the light of above-mentioned
literature data, we can assume that the mild
thickening of the left ventricular myocardium might
be explained by some degree of cardiac remodeling in
patients with septal CHD.

The chronic volume overload imposed on the left
atrium due to the shunting of blood from the

systemic-to- pulmonary circulation leads to atrial
enlargement as a compensatory response to
increased preload and altered hemodynamics.
According to these pathophysiological mechanisms,
atrial dilatation was known as a marker of pulmonary
hypertension. Furthermore, enlarged atria are
associated with rhythm disturbances (3, 19).
Strikingly, our results revealed a significant increase in
left atrial size in the post-pandemic group compared
to the pre-pandemic group. This finding in the post-
pandemic group can be interpreted as a variant of
multi-spectral PASC manifestations. (6, 20). To date,
there are no exact studies concerning the association
of specific left atrial dilatation and PASC, however
arterial hypertension, development of arrhythmias,
and exacerbation of heart failure are thought to be
manifested by left atrial dilatation (21). We assume
that the dilated left atrium along with mildly
thickened left ventricular myocardium in these small
cohorts increases the likelihood of arrhythmogenicity
and remodeling effects of PASC.
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Table 4. Echocardiographic findings before and after pandemics in group of pediatric patients younger than one

year
Variables Total (n=34) Pre-pandemic (n=13) Post-pandemic (n=21) p
ASA, mm 10.7(1.8) 10.5(1.5) 10.8(2.0) 0.61
LA, mm 13.5(2.6) 11.8(2.6) 14.6(2.1) 0.003
LVIDd, mm 21.3(3.8) 22.5(4.7) 20.5(2.9) 0.18
LVIDs, mm 12.4(2.7) 13.6(2.9) 11.7(2.3) 0.05
LVEF, % 70.9(3.6) 70.2(3.8) 71.4(3.5 0.37
IVDd, mm 2.9(1.8) 2.2(1.8) 3.3(1.7) 0.09
PWLVd, mm 2.9(1.8) 2.2(1.8) 3.3(1.8) 0.09
RVD2, mm 14.8(2.8) 14(2.4) 15.3(3.0) 0.20
eMPAP, mm Hg 31.1(11.6) 31.1(5.5) 31.0(15.8) 0.98
TR severity, n(%)

trivial 24 (75) 10 (76.9) 14 (73.6) 0.7

mild 7(21.9) 3(23.1) 4 (21)

moderate 1(3.1) 0 1(5.2)

ASA - ascending aorta, eMPAP - echocardiographic mean pulmonary artery pressure, IVSd - diastolic interventricular
thickness, LA - anteroposterior left atrial size, LVEF - left ventricular ejection fraction, LVIDd - left ventricular size in
end-diastole, LVIDs - left ventricular size in end-systole, PWLVd - diastolic posterior wall of left ventricle, RVD2 — mid-

level right ventricular diameter, TR - tricuspid regurgitation

Study limitations

It is essential to interpret our findings in the context
of study limitations, including the relatively small
sample size and retrospective study design. Due to
inconclusive data, most of the echocardiographic
parameters, including functional indices have not
been analyzed. Furthermore, the lack of laboratory
data and other investigations indicative of both CHD
and COVID-19 bears a considerable challenge to the
interpretation of the abovementioned
echocardiographic findings. As well as the absence of
longitudinal follow-up data precludes definitive
conclusions regarding causality or the temporal
relationship between COVID-19 infection and changes
in cardiac parameters. Further larger studies need to
be addressed.

Conclusion
In conclusion, our study provides preliminary evidence
of altered cardiac chamber size in CHD patients with

left-to-right shunting lesions during the post-COVID-
19 period. These findings underscore the importance
of ongoing surveillance, risk stratification, and
multidisciplinary management of CHD patients in the
context of the long COVID syndrome and highlight the
need for further research to elucidate the links
between COVID-19 infection and cardiovascular
outcomes in this vulnerable population.
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