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ABSTRACT

Objectives: We aimed to evaluate the effect of percutaneous atrial septal defect (ASD) closure in children using
right heart indices and serum galectin-3 (Gal-3), as potential biomarkers of right heart remodeling. Methods: This
case—control prospective study included 40 children with ASD and 25 control subjects. An echocardiographic eva-
luation was performed before the procedure, as well as 24 h, 1 month, and 6 months after intervention. Serum
Gal-3 was measured before, and 1 month after the procedure. Results: Serum Gal-3 concentration, right atrial
(RA) dimensions, right ventricular (RV) dimensions, indexed RA area, and right index of myocardial
performance (RIMP) were significantly increased in children with ASD compared with control subjects while tri-
cuspid annular plane systolic excursion (TAPSE) was significantly decreased. Six months after closure, RA, and
RV dimensions significantly decreased and RV function improved (RIMP decreased and TAPSE increased). Gal-3
oncentration significantly decreased 1 month after ASD closure, but it did not reach normal range compared with
control subjects. A positive correlation between Gal-3 and age at closure, RA area, RV dimensions, and RIMP was
observed. A positive correlation was observed between the decrease in Gal-3 concentration and the decrease in
RA area and RV dimensions 1 month after ASD closure. A significant negative correlation was observed between
TAPSE and Gal-3 concentration before and after intervention. Conclusions: Percutaneous ASD closure can
improve right-sided indices and decrease serum Gal-3 concentration. Gal-3 can be used as a sensitive biomarker
of right heart remodeling, with a decrease in Gal-3 concentration suggesting reversal of maladaptive remodeling.
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1 Introduction

Atrial septal defect (ASD) affects 1.64 per 1000 live births and it is considered one of the most common
congenital heart diseases [1]. ASD is a common cause of chronic right-sided heart volume overload.
Longstanding left-to-right shunt can trigger adverse cardiac remodeling which is defined as a change in
the structure and function of the heart. Cardiac remodeling involves right heart dilatation with
development of right heart failure, atrial arrhythmia, and high pulmonary vascular resistance (PVR) [2—4].
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Percutaneous device closure is the treatment of choice for most cases of ASD [5,6]. Closure of ASD
results in an improvement in right heart dimensions and function secondary to a change in cardiac
hemodynamics [7].

Blood-based biomarkers could provide insight into heart remodeling after ASD closure and predict
myocardial inflammation and fibrosis [8]. Serum Galectin-3 (Gal-3) is a multifunctional protein
(B galactosidase-binding lectin) secreted by cardiac macrophages. Gal-3 plays an integral role in
myocardial remodeling as it is involved in both physiological and pathological processes, including
myofibroblast proliferation, cell growth, inflammation, and matrix deposition [9]. Gal-3 promotes
oxidative stress in human cardiac fibroblasts which results in cardiac damage [10].

Gal-3 is a promising biomarker in children with heart disease. It has been used as a biomarker of disease
severity in pediatric patients with left-sided heart failure with either a normal or reduced ejection fraction
[11]. The concentration of Gal-3 could predict the pathophysiology of cardiac failure and its progression
as well as pulmonary hypertension [12,13].

Serum Gal 3 concentration correlates with right heart systolic function and right-sided dilatation in
adults, since it is secreted by right ventricular (RV) macrophages in response to a change in pulmonary
pressure, which results in right heart adaptation in response to elevated pressure [14]. Moreover, a
correlation between serum Gal-3 and fibrosis in the right atrium (RA) was observed where a high serum
Gal-3 concentration indicated atrial remodeling [15]. The role of serum Gal-3 in children with ASD has
not been fully studied. The present study evaluated the effect of percutaneous ASD closure in children
using right heart echocardiographic parameters and serum Gal-3 concentration, as a potential biomarker
of right heart remodeling.

2 Patients and Methods

This was a single-center prospective interventional case—control study conducted at the Pediatric
Cardiology Unit, Children’s Hospital, Ain Shams University. Forty children and adolescents with
secundum ASD and 25 healthy age- and sex-matched children were enrolled between December
2018 and June 2020. The study protocol was approved by the ethics committee of the Faculty of
Medicine, Ain Shams University.

Children were selected according to the inclusion criteria: secundum ASD with a pulmonary/systemic
flow ratio (Qp/Qs) > 1.5:1 and symptoms of right-sided overload (dyspnea, feeding intolerance, or reduced
exercise capacity); an ASD size of >5 mm and a rim of >5 mm from the ASD to the nearby structure
(superior vena cava, pulmonary veins, atrioventricular valves, inferior vena cava). The exclusion criteria
were primum ASD or sinus venosus defect, associated other congenital heart disease, PVR > 2/3
systemic vascular resistance/PVR of >5 Wood units, and right-to-left atrial shunt. Written informed
consent was obtained from the parents of children enrolled in the study.

Detailed history and clinical data were obtained, with special emphasis on cardiac symptoms, atrial
arrhythmias, current medications, anthropometric measurement, oxygen saturation, and signs of heart
failure. Chest X-ray and 12-lead electrocardiography were performed as standard preoperative assessments.

Serum Gal-3 concentration was measured using an enzyme-linked immunosorbent assay (ELISA)
(Quantikine Human Galectin-3 Immunoassay catalog No. DGAL3). Samples were collected from all
children via phlebotomy before transcatheter device closure and repeated 1 month after intervention.
Samples were centrifuged and stored at —20°C. No other blood biomarkers were measured.

Transthoracic echocardiography (TTE) was performed for all children using the Vivid E9 machine (GE
Vingmed Ultrasound N-3191, Horton, Norway). Children with ASD were examined before the procedure,
as well as 24 h, 1 month, and 6 months after intervention. ASD and right chambers assessments were
performed according to established criteria from the European and American Society of Echocardiography
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[16-20]. The Qp/Qs ratio was estimated by Doppler measurements of pulmonary and aortic stroke volume [17].
RA dimensions were assessed by RA major and minor diameters while RA area was estimated by planimetry
“Figs. IA—1C”. RV dimensions in the form of RV mid—cavity, RV longitudinal, and RV basal diameters were
measured. RV function was assessed using right index of myocardial performance (RIMP) by tissue Doppler
(TDI) and tricuspid annular plane systolic excursion TAPSE “Figs. 2A and 2B”. RV systolic pressure (RVSP)
and mean pulmonary artery pressure (PAP) were measured. RA volume was calculated as follow: 8/3w (RA
area’/RA major length) [16,19]. RA pressure was estimated by inferior vena cava (IVC) diameter and
inferior vena cava collapsibility index (IVCCI) in a subcostal view.
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Figure 1: (A) RA area, RA major, and minor diameters of a studied child from TTE apical-4 chamber view.
(B and C) ASD size, and rims from TTE subcostal views

Transesophageal echocardiography (TEE) was performed under general anesthesia using the
CX50 Philips ultrasound machine with X7-2t TEE probe for children with a body weight of >35 kg or
the Affiniti 50 ultrasound machine with S7-3t TEE probe for children with a body weight of <35 kg
(Philips Medical Systems, Andover, MA, USA). Multiple TEE views were used to assess the total
interatrial septum length, ASD morphology, maximal ASD diameter, ASD rims, device position, and any
residual shunt after device closure. Transcatheter device closure of ASD was performed under both
echocardiographic and fluoroscopic guidance. A device 2-3 mm larger than the ASD diameter was
selected [5]. However, if the aortic rim was deficient or the rims were floppy, a device 4 mm larger than
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the maximal diameter was selected. Two types of devices were used as regular septal occluders for oval
defects and the Amplatzer cribriform septal occlude was used in case of a fenestrated septum and its size
was determined by total septal length. In one patient, there were two defects, and the intervening tissue
was 7 mm, so two devices were placed (one for each defect) “Figs. 3A and 3B”.

Figure 2: (A) Tricuspid annular plane systolic excursion (TAPSE). (B) Right index of myocardial
performance by tissue Doppler (RIMP-TDI) (ET; Ejection time, IVCT; isovolumetric contraction time,
IVRT; isovolumetric relaxation time) from TTE apical views
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Figure 3: (A) TEE mid-esophageal short-axis view of a 3-year-old child with two ASDs where one was
closed using a device and the other was shunting. (B) TEE four-chamber view showing two devices well-
seated in place with no residual shunt

3 Statistical Analysis

Data were analyzed using the Statistical Package for Social Sciences (SPSS), version 23 (IBM Co.,
Armonk, NY, USA). Quantitative variables are expressed as mean + standard deviation. Comparisons of
quantitative data between patients and controls were performed using the independent t-test. The paired
t-test was used to compare between two paired groups, while repeated-measures analysis of variance was
used to compare more than two paired groups. The correlations between Gal-3 concentration and
patients’ characteristics were assessed using Spearman’s correlation coefficient. The sample size was
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adequate to test the hypothesis; the required sample size was 25 using the G*Power program with an alpha
error of 5%, a power of 80%, and the size of variation of Gal-3 represented by an effect size of 0.6. A p-value
< 0.05 was considered statistically significant.

4 Results

This study included 40 children with ASD (17 males and 23 females) and 25 healthy children (10 males
and 15 females) as the control group. Of the 40 study patients, 38 patients underwent transcatheter ASD
device closure and completed 6 months of follow up, while 2 patients were referred for surgery after TEE
due to insufficient rims. PVR in Wood units ranged from 0.87 to 1.09, and Qp/Qs ranged from 1.7 to 5.3.
The mean maximal ASD diameter was 11.48 + 2.88 mm. The mean total septal length was 30.25 +
2.92 mm. Twenty-five patients had one ASD defect, 8 patients had two defects and 7 patients had a
fenestrated septum. ASD was successfully closed in 37 patients with one device, except for one patient in
whom, two devices were needed to close the defect.

Demographic data, echocardiographic parameters, and Gal-3 concentration are shown in Table 1. In terms
of clinical data, 57.5% of patients suffered from dyspnea on exertion, 32.5% suffered from palpitations, 10%
developed recurring chest infection, and one patient developed decompensated heart failure.

Table 1: The demographic data, echocardiographic parameters, and Gal-3 concentration before intervention

Control group Patient group p-value
n=25 n =40
Mean + SD Mean + SD
Range Range

Female 15 (60.0%) 23 (57.5%) 0.842%*

Male 10 (40.0%) 17 (42.5%)

Age in years 6.83 +4.52 6.07 +3.74 0.463-
2-16 2.1-16

BMI (kg/m’) 16.80 + 4.00 17.05 + 2.80 0.769¢
0.7-21.4 12.24-24.49

BSA 0.90 £ 0.35 0.76 + 0.23 0.049-
0.52-1.64 0.44-1.35

RA minor dimension (cm) 2.48 £0.45 3.02+045 <0.001-
1.8-3.3 2.3-4.2

RA major dimension (cm) 2.90 £0.51 3.53 +£0.60 <0.001-
1.9-3.8 2.4-4.9

Indexed RA Area (cm*/m?) 7.67 £0.97 13.50 £ 3.11 <0.001e
5.33-9.2 7.5-24.08

Indexed RA Volume (mL/m?) 14.84 £3.27 32.85 £ 12.77 <0.001-
9.51-20 11.93-71.72

IVCCI (%) 62.02 £ 9.16 42.49 £ 8.90 <0.001-
40-80 25-57.14

RV Mid Cavity dimension (cm) 2.34 +0.44 2.80 £0.58 0.001-
1.7-3.3 1.9-4.00

(Continued)
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Table 1 (continued).

Control group Patient group p-value
n=25 n =40
Mean + SD Mean + SD
Range Range

RV basal 2.84 +0.60 3.38 £0.64 0.001-

Dimension (cm) 2.1-3.8 2.34.7

RV Longitudinal dimension (cm) 497 £ 1.10 5.69 + 0.94 0.006°
3.5-7.2 4.3-74

RVSP (mmHg) 15.88 +3.41 43.70 £ 6.02 <0.001-
11-22 32-55

Mean PAP (mmHg) 4.45 +0.89 10.39 +2.02 <0.001+
3.2-6.5 6.7-16

TAPSE (cm) 2.53 £0.27 2.32+£0.29 0.005-
2.1-3.1 1.8-2.9

RIMP 0.30 + 0.06 0.38 £0.07 <0.001-
0.16-0.49 0.25-0.63

Gal-3 concentration (ng/ml) 0.63 +£0.13 3.71 £ 0.80 <0.001e
0.45-1 2.5-6

Note: « :Independent t-test; *: Chi-square test.

BMI; body mass index, BSA; body surface area, RA; right atrium, RV; right ventricle, IVCCI; inferior vena cava collapsibility index, RVSP; right
ventricular systolic pressure, PAP; pulmonary artery pressure, TAPSE; Tricuspid annular plane systolic excursion, RIMP; RV myocardial performance
index, Gal-3; Galectin-3.

Statistically significant increases in RA dimensions, indexed RA area and volume, RVSP, and RV
dimensions (RV mid-cavity, RV basal and RV longitudinal dimension) were observed before intervention
in the studied patients compared with control subjects. Impaired RV performance was revealed by
significantly higher RIMP and lower TAPSE values which were observed in patients with ASD before
intervention. The mean size of the device used for ASD closure was 19.62 + 6.88 mm (range: 12 to
35 mm). Thirty-one patients received the regular septal occluder and 7 patients received the Amplatzer
cribriform septal occluder. Three of the studied patients received clopidogrel treatment (1 mg/kg/day) in
addition to salicylate therapy (3—5 mg/kg/day) as they had large devices.

There was a statistically significant decrease in RA and RV indices during the 6-month follow up after
device closure (Table 2). One month after ASD closure, no significant difference was observed between
patients and control subjects with regard to RV mid-cavity dimension (p 0.243), RV longitudinal
dimension (p 0.127), RV basal dimension (p 0.191), TAPSE (p 0.529), and RIMP (p 0.147). By the end
of 6-month follow up, no significant difference was observed between patients and control subjects
regarding RA major dimension (p 0.187), RA minor dimension (p 0.459), and RA pressure estimated by
IVCCI (p 0.931). However, there was a significant difference between patients and control subjects in
indexed RA area and indexed RA volume at 6-months after closure (p < 0.001).

The mean Gal-3 concentration and Gal-3 concentration range were significantly higher in patients before
device closure (mean: 3.71 ng/ml, range: 2.5-6 ng/ml) compared with control subjects (mean: 0.63 ng/ml,
range: 0.45-1 ng/ml; p < 0.001). The receiver operating characteristic (ROC) curve of Gal-3
concentration revealed that a cut-off value of 1 ng/ml was discriminative between patients and control
subjects with 100% specificity and sensitivity “Fig. 4” and Table 3. Gal-3 concentration significantly
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decreased after ASD closure; however, Gal-3 concentration was still significantly higher in studied patients
compared with control subjects 1 month after ASD closure (p < 0.001).

Table 2: Echocardiographic parameters and serum Gal-3 concentration before and after intervention

Echocardiographic Parameters/ Before 24-hours 1 month 6 months p-value
Biomarker level

(Mean + SD)

Indexed RA Area 13.50 £3.11 13.01 £3.05 11.89+2.98 10.61 £2.77 <0.001
(cm*/m?)

RA minor dimension (cm) 3.02+045 292+048 2.74+048 2.57+0.49 <0.001
RA Major dimension (cm) 353£0.60 346+059 326+056 3.10+£0.59 <0.001
Indexed 32.85£12.77 30.82 +£12.53 27.19+11.58 22.70 £9.96 <0.001-
RA Volume (mL/m?)

IVCCI (%) 4249 +£890 49.77+7.10 5334+7.00 61.84+£7.95 <0.001°
RV Mid Cavity diameter (cm) 2.80 +0.58  2.68 £0.58 248 +0.50 2.34+045 <0.001
RV basal diameter (cm) 338£0.64 331+0.68 3.05+0.64 293+0.64 <0.001
RV Longitudinal diameter (cm) 5.69 £0.94  5.62+095 537+0.94 537+094 <0.001¢
RVSP (mmHg) 4370 £6.02 36.84 £5.66 30.63+6.36 23.63+6.75 <0.001°
TAPSE 2424029 244+025 248+031 255+£039 <0.001e
RIMP 0.38+0.07 038+0.06 033+£0.06 0.29=+0.08 <0.001¢
Gal-3 level (ng/ml) 371080 - 213 +£0.66 - <0.001*

Note: *Repeated Measures ANOVA; *Paired r-test.

Table 3: Diagnostic performance of Gal-3 concentration in discrimination between patients and controls

Cut off point AUC Sensitivity Specificity PPV NPV
>1 ng/ml 1.000 100.00 100.00 100.0 100.0

Note: AUC; area under the curve, PPV; positive predictive value, NPV; negative predictive value.

Serum Gal-3 level (ng/ml)
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Figure 4: The ROC curve of serum Gal-3 concentration (ng/ml) in discrimination between patients and
control subjects
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Gal-3 concentration positively correlated with the age of patients in the control group (r = 0.727, p < 0.001).
Gal-3 concentration in the study group positively correlated with age at closure (r=0.519, p = 0.001), ASD size (r =
0.442, p = 0.004), indexed RA area (r = 0.571, p < 0.001), indexed RA volume (r = 0.419, p = 0.007), RV basal
diameter (r = 0.681, p < 0.001), RVSP (r = 0421, p = 0.007), and RIMP (r = 0.675, p < 0.001), and negatively
correlated with TAPSE (r = —0.510, p = 0.001) “Fig. 5. A positive correlation was observed between the
changes that occurred in Gal-3 concentration (median [interquartile range]: —1.5 [-2 to —1.1]; range: —4.2 to 0.3)
and the changes that occurred in the following parameters after 1 month from ASD closure, indexed RA area
(r = 0.488, p = 0.002), indexed RA volume (r = 0.409, p = 0.011), RV basal diameter (r = 0.559, p < 0.001),
RVSP (r = 0.519, p = 0.001), and RIMP (r = 0.746, p < 0.001). A negative correlation was observed between
Gal-3 concentration and the changes in TAPSE (r = —0.557, p < 0.001). However, Gal-3 concentration did not
correlate with body mass index (p = 0.670), RA diameter (p = 0.838), or RV longitudinal dimension (p = 0.420).

With a univariate analysis, Gal-3 concentration positively correlated with age at closure (p = 0.002),
ASD size (p = 0.001), indexed RA area (p < 0.001), indexed RA volume (p = 0.007), RV basal diameter
(»p < 0.001), RVSP (p = 0.004), and RIMP (p < 0.001), and negatively correlated with TAPSE (p <
0.001). In addition, the decrease in serum Gal-3 concentration correlated with the decrease in indexed RA
area (p < 0.001), indexed RA volume (p < 0.001), RV basal diameter (p < 0.001), RVSP (p < 0.001), and
RIMP (p < 0.001), and negatively correlated with the increase in TAPSE (p < 0.001). In a multivariate
analysis, Gal-3 concentration was highly associated with age at closure (p = 0.030).
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Figure 5: Spearman correlations between serum Gal-3 concentration (ng/ml) and right heart indices before
intervention
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5 Discussion

ASD is the second most common congenital heart defect [1]. The size of the defect and the duration of
shunting could determine the sequelae of ASD [21]. Although most children with ASD are asymptomatic,
symptoms of dyspnea with exertion or palpitations are common in the second decade of life. Adults with
ASD commonly present with symptoms including palpitations, exercise intolerance, dyspnea, peripheral
edema, and cyanosis [3]. More than half of children with ASD in the present study [57.5%)] suffered from
dyspnea on exertion, 32.5% suffered from palpitations, 10% developed recurring chest infection and one
patient developed decompensated heart failure. A previous study demonstrated that 76.2% of children
with ASD suffer from dyspnea and recurring chest infection [22].

The current study showed a significant increase in right heart indices, including indexed RA area,
indexed RA volume, RVSP, RA dimensions (RA minor and major diameters), and RV dimensions (RV
mid-cavity, RV longitudinal, and RV basal dimensions) before ASD closure in patients with ASD
compared with the control subjects. These changes are suggestive of cardiac remodeling with
considerable ASD shunts. ASDs are characterized by right-sided volume overload with a resultant
progressive increase in RV and RA dimensions and progressive pulmonary vascular changes, which can
be detrimental in children with ASD [7]. The mean RVSP was 43 + 9 mmHg in patients with ASD. This
relatively higher pulmonary systolic pressure (PSP) was consistent with another study in which the mean
PSP was 40 + 10 mmHg in children with ASD (mean age: 15 years) [23]. In addition, a recent study on
younger children with ASD (age: 2.8 + 3.1 years) showed that PSP was 27.1 + 7.5 mmHg [24]. The
difference in PSP could be explained by a difference in the age of patients, ASD size, and the degree of
shunting, the latter of which affects pulmonary vascular changes.

By the end of the 6-month follow up period, there was a progressive improvement with a decrease in RV
and RA parameters. RV dimensions showed no significant difference compared with the control group just
after 1 month of closure. RA dimensions and pressure reached near the normal range after 6 months of ASD
closure. Indexed RA area and RV volume were significantly decreased after closure, yet they were still
significantly increased compared with the control group. These data suggest that atrial shunt closure
results in a significant decrease in preload, halting or even reversing geometric heart changes. This might
influence the long-term prognosis of children with ASD. However, some RA parameters might need a
longer time to reach the normal range; hence, long-term follow up is indicated until all right heart indices
have normalized. Similarly, previous studies have demonstrated decreased RA and RV dimensions
following ASD closure [7,25-28]. Furthermore, Monfredi et al. [29] demonstrated a significant decrease
in RA area and PAP in adults 6-8 weeks after percutaneous ASD closure. In addition, a significant
decrease in RA volume following ASD closure was also demonstrated [7,27].

RIMP-TDI combined with TAPSE could be useful in determining the presence of RV dysfunction,
particularly when evaluating chronic changes in RV function which could affect treatment decisions in
patients with ASD [30]. Impairment in RV function was evident in the current study group, which was
indicated by low TAPSE values and high RIMP compared with the control group. One month after ASD
closure, TAPSE progressively increased and RIMP decreased, and both almost normalized with a non-
significant difference when compared with control subjects. This is in concordance with previous studies
that showed reduced TAPSE values in children with ASD [31-33], which progressively increased after
percutaneous ASD closure [26,33]. In addition, other studies revealed a progressive decrease in RIMP
after ASD closure [7,26,33]. Contrary to our study, higher TAPSE values and lower RIMP in patients
with ASD were reported in some studies. This was described as “supernormal” RV that resulted from
ASD right-sided volume overload [25,29,34].

To our knowledge, serum Gal-3 concentration has not been evaluated in children after percutaneous
ASD device closure. The present study supports the role of serum Gal-3 concentration as a blood
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biomarker for right-sided indices in ASD. In the present work, the mean Gal-3 concentration in control
subjects was 0.63 + 0.13 ng/ml. This value is slightly higher compared with the mean value in younger
children in Mohamed et al.’s study (0.21 + 0.09 ng/ml) [35]. Serum Gal-3 concentration also positively
correlated with age in the control group, implying that it increases with age.

Gal-3 concentration was significantly elevated in the ASD group compared with the control group
(3.71 ng/ml [2.5-6 ng/ml] vs. 0.63 ng/ml [0.45—1 ng/ml]). One month following ASD closure, the serum
Gal-3 concentration significantly decreased; however, it did not reach the normal level compared with the
control group. A high serum Gal-3 concentration with right-sided volume overload and its decrease after
cessation of shunting could predict early reversal of maladaptive cardiac remodeling after ASD closure in
children. Since Gal-3 is known to induce fibroblast proliferation, the decrease in serum Gal-3 concentration
after ASD closure terminates further progression of myocardial fibrosis [36]. However, long-term follow up
of serum Gal-3 concentration is indicated to detect complete reversal of cardiac remodeling after cessation
of shunting. Few studies have demonstrated the relationship of Gal-3 concentration and congenital heart
disease in children. A recent study demonstrated that Gal-3 is a promising cardiac marker for early
diagnosis of heart failure in children with congenital heart disease [37]. Moreover, a higher Gal-3
concentration in children with heart failure with normal or reduced ejection fraction compared with healthy
controls was observed, whereas Gal-3 concentration was slightly higher in those with a normal ejection
fraction [11]. Since it is higher in children with ventricular septal defect associated with pulmonary
hypertension, serum Gal-3 concentration was suggested to be a promising marker for risk stratification in
such children [38]. In a recently published study that included adults with ASD, serum Gal-3 concentration
was the only biomarker that decreased in response to ASD closure as an acute effect [8].

In the present study, Serum Gal-3 concentration positively correlated with ASD size, age at closure,
indexed RA area, indexed RA volume, RV mid cavity diameter, RV basal diameter, RVSP, and RIMP.
Serum Gal-3 concentration negatively correlated with TAPSE. With a multivariate analysis, Gal-3
concentration was highly correlated with age at closure. A higher serum Gal-3 concentration in older
children with ASD might predict worsening of RA and RV structure and function and could necessitate
early intervention to prevent the sequelae of right heart dysfunction.

The decline in serum Gal-3 concentration after ASD closure positively correlated with the decrease in
indexed RA area, RA volume, RV mid cavity diameter, RV basal diameter, RVSP, and RIMP, and negatively
correlated with TAPSE. Early defect closure would not only prevent further deterioration, but it would also
improve the impairment in RA and RV dimensions and function.

The correlations between Gal-3 concentration and right-sided heart indices before and after ASD closure
in children have not been previously studied. Some studies in adults show a correlation between Gal-3
concentration and some RA and RV indices in right-sided pressure overload with different etiologies.

A prospective study to detect RV structure and function in patients with pulmonary hypertension and its
correlation with Gal-3 concentration and extracellular matrix (ECM) biomarkers revealed that Gal-3
concentration significantly correlated with right heart systolic function (TAPSE and RV strain) and right-
sided dimensions, hypertrophy (RV mass index), and pressure (RVSP). The authors assumed that Gal-3
more specifically reflects RV myocardial extracellular matrix metabolism, since there were no differences
between control subjects and patients in terms of left ventricular function [14].

Serum Gal-3 concentration correlated with interstitial fibrosis in the RA appendage and was related to
N-terminal pro-brain natriuretic peptide concentration, which is considered a marker of established cardiac
stress. Thus, a high serum Gal-3 concentration might predict fibrosis and remodeling of the right atrial
appendage [15]. A recent study demonstrated a higher serum Gal-3 concentration in adults with congenital
heart disease with right ventricle overload. In these patients, Gal-3 concentration positively correlated with
age and negatively correlated with RV longitudinal function (TAPSE and RV longitudinal strain) [39].
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The present work suggests that serum Gal-3 concentration can be used as a biomarker of maladaptive
right-sided cardiac remodeling reversal after ASD closure in children.

6 Conclusion

Serum Gal-3 concentration could be used as a potential biomarker for cardiac remodeling in children
with ASD. Serum Gal-3 concentration was elevated in children with ASD. It then decreased significantly
after percutaneous closure. Serum Gal-3 concentration correlated with age at closure, RA, and RV
morphology, and function. Thus, serum Gal-3 concentration can predict progression of cardiac
remodeling and could influence the decision on how best to manage children with ASD. Furthermore,
serum Gal-3 concentration decreased after cessation of shunting, but it did not reach the normal range
after 1 month. Moreover, its decrease correlated with the decrease in right heart indices after closure. This
suggests that Gal-3 concentration can detect reversal of cardiac remodeling after closure, but long-term
follow up is indicated to detect complete reversal of adverse remodeling.

7 Study Limitations

The sample size of the present work was small; however, the sample size was relatively larger compared
with previous studies on biomarker levels in children after ASD closure. Although different
echocardiographic parameters were used, three-dimensional echocardiography and speckle tracking would
have allowed better evaluation of right heart structure and function. Due to limited resources, serum
Gal-3 concentration was not analyzed after 6 months from ASD closure, which would have allowed
better comprehension of cardiac remodeling reversal.
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