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ABSTRACT

Background: Tetralogy of Fallot is a congenital heart defect characterized by right ventricular hypertrophy and other
anatomical abnormalities that significantly impact postoperative cardiac function. The purpose of this study is to assess the
regression of right ventricular hypertrophy following total surgical correction of TOF in pediatric patients using
echocardiographic assessment.

Aim of the study: The aim of the study was to evaluate the regression of right ventricular hypertrophy following total
surgical correction of Tetralogy of Fallot in pediatric patients using serial echocardiographic assessment.

Methods: This descriptive cross-sectional study was conducted at the Department of Cardiac Surgery, Bangladesh Medical
University, Dhaka, from January 2024 to January 2025. Thirty pediatric TOF patients undergoing total correction were
evaluated with serial echocardiography at baseline, 7th POD, 1 month, and 3 months to assess RV wall thickness, diameter,
and systolic pressure. Paired t-tests analyzed changes using SPSS v26 (p <0.05).

Results: Among 30 pediatric TOF patients (mean age 5.53 + 2.95 years; 60% male), preoperative RV hypertrophy (mean
wall thickness 7.63 mm) and hypoxemia (SpO2 <85% in 56.7%) were common. By 3 months post-surgery, RV wall thickness
decreased by 18.3% (to 6.23 mm), RV diameter by 12.4% (to 21.2 mm), and RV systolic pressure by 28.2% (to 34.8 mmHg;
all p<0.0001). The greatest RV regression (24.1%) occurred in the 1-3 year age group, highlighting better remodeling with
earlier repair.

Conclusion: Total correction of Tetralogy of Fallot in pediatric patients leads to significant right ventricular hypertrophic
regression, especially when performed at a younger age.
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INTRODUCTION

Tetralogy of Fallot (TOF) is defined by four hallmark anatomical defects arising from anterocephalad displacement of the
outlet septum: a large, anteriorly malaligned ventricular septal defect (VSD), right ventricular outflow tract obstruction
(RVOTO), right ventricular hypertrophy, and an overriding aorta [1]. The prevalence of TOF is reported to range between
2.8 and 3.9 per 10,000 live births, affecting males and females equally. It accounts for approximately 3.5% to 10% of all
congenital heart disease (CHD) cases according to various studies [2,3].

Right ventricular (RV) dysfunction plays a critical role in determining adverse clinical outcomes in patients who have
undergone repair for Tetralogy of Fallot (TOF) [4,5]. Transthoracic echocardiography is the primary tool used during
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postoperative follow-up, with particular emphasis on evaluating RV systolic function, as impairment in this parameter is
closely linked to poorer prognosis [6]. Even after successful surgical correction, residual defects and chronic pressure or
volume overload can contribute to ongoing RV remodeling, highlighting the importance of regular and detailed monitoring
to detect early signs of dysfunction [7].
Echocardiography provides an effective means of assessing both anatomical and hemodynamic abnormalities in patients
with repaired Tetralogy of Fallot (TOF). Its affordability, widespread availability, portability, and lack of ionizing radiation
make it particularly suitable for repeated evaluations, especially in children [8]. Among the echocardiographic parameters,
right ventricular global longitudinal strain (RV-GLS) has emerged as a promising metric, demonstrating the strongest
correlation with cardiac MRI in evaluating RV systolic function[9]. Consequently, echocardiography continues to serve as
the primary modality for ongoing postoperative monitoring in this patient group.
Multiple pathological and clinicopathologic studies have supported the benefits of early complete surgical repair of Tetralogy
of Fallot (TOF) over a staged approach, demonstrating that delayed definitive repair is associated with greater degrees of
myocardial hypertrophy and fibrosis [10-15]. However, the specific impact of early total correction on the extent of right
ventricular (RV) hypertrophy remains underexplored, despite evidence that RV hypertrophy is not congenital but develops
postnatally [16]. This underscores the significance of timely surgical intervention and ongoing follow-up to assess the
potential for reverse remodeling of the hypertrophied RV.
Despite advances in surgical techniques and postoperative imaging, limited data exist on the temporal pattern and extent of
right ventricular hypertrophic regression following total correction of TOF, particularly in pediatric populations. Most studies
have focused on RV function or dilation, while few have quantitatively assessed the remodeling of RV wall thickness over
time using serial echocardiography. The purpose of the study is to assess the regression of right ventricular hypertrophy
following total surgical correction of Tetralogy of Fallot in pediatric patients using serial echocardiographic assessment.
Objective
e To evaluate the regression of right ventricular hypertrophy following total surgical correction of Tetralogy of Fallot in
pediatric patients using serial echocardiographic assessment.

METHODOLOGY & MATERIALS

This descriptive cross-sectional study was conducted at the Department of Cardiac Surgery, Bangladesh Medical University,
Dhaka, from January 2024 to January 2025. A total of 30 pediatric patients diagnosed with Tetralogy of Fallot (TOF) were
included. Patients were selected based on specific inclusion and exclusion criteria to evaluate the regression of right
ventricular hypertrophy following total surgical correction, using serial echocardiographic assessments.

Inclusion Criteria:

e Diagnosed with Tetralogy of Fallot (TOF)

e Underwent total corrective cardiac surgery during the study period

e Available echocardiographic follow-up at preoperative baseline, 7th postoperative day (POD), 1 month, and 3 months

Exclusion Criteria:

e History of previous cardiac surgery

e Associated complex congenital heart defects (e.g., pulmonary atresia, double outlet right ventricle)

o Significant non-cardiac comorbidities affecting cardiac function (e.g., severe pulmonary disease, renal failure)
e Incomplete follow-up or missing echocardiographic data

All enrolled patients underwent standardized transthoracic echocardiographic evaluations at four defined time points:
preoperatively, on the 7th POD, at 1 month, and at 3 months postoperatively. Key parameters assessed included right
ventricular (RV) wall thickness, RV diameter, and right ventricular systolic pressure (RVSP), measured using color Doppler
imaging. All echocardiographic measurements were performed by experienced echocardiographers using a consistent
imaging protocol and equipment. Demographic and clinical data were retrieved from hospital records. The primary outcome
was the regression of RV wall thickness over 3 months, while secondary outcomes included changes in RV diameter and
RVSP. Data were analyzed using IBM SPSS Statistics version 26.0. Continuous variables were expressed as mean + standard
deviation (SD), and changes from baseline were reported as percentage reductions. Paired t-tests were used to compare
preoperative and postoperative values, with p <0.05 considered statistically significant.

RESULTS

Table 1: Demographic and Baseline Characteristics of the Study Population (n = 30)
Variable Frequency (n) Percentage (%)
1-3 8 26.7%
>3-6 10 33.3%

Age (years)
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>6-9 7 23.3%

>9-12 5 16.7%
Mean + SD 5.53+£2.95

Sex Male 18 60.0%

Female 12 40.0%

<7.0 8 26.7%

. 7.0-10.0 15 50.0%

Weight at Surgery (kg) ~10.0 7 23.3%
Mean + SD 8.53+£1.94

<85% 17 56.7%

Preoperative SPO: (%) >85% 13 43.3%
Mean + SD 84.6 £2.97

<7 mm 6 20.0%

. . 7 — 8 mm 14 46.7%

Preoperative RV Wall Thickness (mm) <8 mm 10 33 3%
Mean + SD 7.63 £0.72

Table 1 presents the baseline demographic and clinical characteristics of the 30 pediatric patients who underwent total
corrective surgery for Tetralogy of Fallot. The mean age at surgery was 5.53 £ 2.95 years, with the highest proportion of
patients (33.3%) falling within the >3—6 year age group. A male predominance was observed (60%). Half of the children
(50%) had a body weight between 7.0—10.0 kg at surgery, with a mean of 8.53 + 1.94 kg. Preoperative oxygen saturation
averaged 84.6 + 2.97%, with 56.7% of the cohort exhibiting hypoxemia (SpO2 <85%). RV wall thickness prior to surgery
averaged 7.63 = 0.72 mm, with 80% of patients showing RV hypertrophy (wall thickness >7 mm), reflecting the chronic
pressure overload associated with uncorrected TOF.

Table 2: Serial Echocardiographic Changes in Right Ventricular Parameters After Total Correction of TOF (n =

30)
Parameter Pre-op 7th POD 1 Month | 3 Months % A' | p-value
RV Wall Thickness (mm) 7.63+0.72 | 7.10+0.65 | 6.67+0.60 | 6.23+£0.55 | —18.3% | <0.0001
RV Diameter (mm) 242+3.1 | 235429 | 224426 | 212424 | -12.4% | <0.0001
Right Ventricular Systolic Pressure o
(RVSP, mmHg) 485+63 | 42.7+5.8 | 389+52 | 348+4.7 | -28.2% | <0.0001

Table 2 presents the serial echocardiographic measurements of right ventricular parameters following total correction of
TOF. A consistent and statistically significant reduction was observed in all parameters across the 3-month follow-up. RV
wall thickness decreased from 7.63+0.72 mm preoperatively to 6.23+0.55mm at 3 months, representing an 18.3%
regression (p <0.0001). RV diameter declined from 24.2 +3.1 mm to 21.2 2.4 mm (-12.4%, p <0.0001). The most marked
improvement was seen in RV systolic pressure, which dropped from 48.5 +6.3 mmHg to 34.8 £4.7 mmHg (-28.2%, p <
0.0001), indicating substantial unloading of the right ventricle post-surgery.

Table 3: Age-Stratified Regression of RV Wall Thickness from Preoperative to 3 Months Post-Repair (n = 30)

Age Group n Pre-op RV 3-Month RV Absolute A % Regression' p-value
(years) Wall (mm) Wall (mm) (mm)

1-3 8 7.9+0.7 6.0£0.6 -1.9 24.10% <0.0001
>3-6 10 7.6 £0.6 63=£0.5 -13 17.10% <0.0001
>6-9 7 7.4+0.8 6.4£0.6 -1.0 13.50% 0.009

>9-12 5 7.3+0.7 6.5£0.5 -0.8 11.00% 0.042

Table 3 outlines age-specific changes in RV wall thickness from preoperative baseline to 3 months postoperatively. The most
substantial regression occurred in the 1-3 year group, with a mean reduction of 1.9 mm (24.1%, p <0.0001). This trend
declined with increasing age: 17.1% in >3—6 years, 13.5% in >6-9 years, and only 11.0% in the oldest group (>9-12 years,
p=0.042). These findings suggest that earlier surgical intervention leads to more pronounced reverse remodeling of the right
ventricle.

DISCUSSION
Right ventricular hypertrophy and dysfunction are significant concerns in pediatric patients with Tetralogy of Fallot
undergoing surgical repair. This study highlights the echocardiographic changes and regression of right ventricular
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hypertrophy following total corrective surgery in children treated at a tertiary cardiac surgery center in Bangladesh. The
findings underscore the dynamic nature of right ventricular remodeling post-surgery, with age at repair and preoperative RV
status influencing recovery. The observed serial improvements in RV wall thickness, diameter, and systolic pressure
emphasize the importance of early intervention and continuous echocardiographic monitoring to optimize clinical outcomes.

In the present study, the mean age of the pediatric cohort undergoing total correction of Tetralogy of Fallot was 5.53 + 2.95
years, which is closely aligned with the findings of Raj et al. [17], who reported a median age of 6 years (range 1-12),
reflecting a similar age of presentation for surgical intervention. A male predominance was observed in our population (60%),
which is consistent with the sex distribution (male 26, female 24) described by Raj et al.[17], reaffirming the slightly higher
incidence of TOF among males. The mean weight at surgery in our cohort was 8.53 + 1.94 kg, comparable to the findings of
Sarikouch et al.[18], who reported a median weight of 9.0 kg (IQR 7.5-11.2), suggesting a parallel nutritional and growth
status among TOF patients prior to surgery. Preoperative oxygen saturation in our patients averaged 84.6 + 2.97%, with
56.7% having saturation levels below 85%, which is consistent with the hypoxemic profiles reported by Sandeep et al.[19],
highlighting the chronic cyanosis often seen in uncorrected TOF. The mean preoperative right ventricular (RV) wall thickness
in our study was 7.63 + 0.72 mm, with the majority (80%) having values >7 mm, supporting the observations of Seliem et
al.[20], who documented significant RV hypertrophy in pediatric TOF cases. Overall, the baseline characteristics of our
study population are well aligned with previous literature, validating the demographic and clinical profile typical of TOF
patients undergoing corrective surgery in similar settings.

The serial echocardiographic assessment demonstrated a clear and statistically significant regression in right ventricular (RV)
parameters over the 3-month postoperative period, reflecting favorable reverse remodeling following total correction of
Tetralogy of Fallot. RV wall thickness decreased progressively from 7.63 +0.72 mm preoperatively to 6.23 £0.55 mm at 3
months, indicating an 18.3% reduction. RV diameter also showed a consistent decline from 24.2 +3.1 mm to 21.2 £ 2.4 mm
(-12.4%), while right ventricular systolic pressure (RVSP) demonstrated the most pronounced change, falling from
48.5+ 6.3 mmHg to 34.8 + 4.7 mmHg (-28.2%) during the same period. These improvements were all statistically significant
(p < 0.0001). The observed trends align with the findings of Mercer-Rosa et al.[21], who noted early postoperative RV
dysfunction followed by gradual functional and structural recovery. The sharp reduction in RVSP and chamber dimensions
further supports the efficacy of timely surgical correction in unloading the right ventricle and initiating early myocardial
recovery.

The age-stratified analysis in this study demonstrates a clear inverse relationship between age at the time of surgery and the
extent of postoperative right ventricular (RV) wall thickness regression. Children aged 1-3 years exhibited the most
significant reduction (24.1%), while the oldest group (>9-12 years) showed only an 11.0% decrease. These findings align
with those of Seliem et al.[20], who reported substantial RV hypertrophy regression primarily in patients undergoing early
repair before 6 months of age. Similarly, Ganni et al.[22] noted that prolonged exposure to pressure overload in unrepaired
TOF leads to more advanced and less reversible hypertrophy with age. This reinforces the importance of timely surgical
correction to optimize RV remodeling and long-term cardiac outcomes in pediatric patients.

Limitations of the study

This study had some limitations:

e  The study was conducted in a selected tertiary-level hospital.

e  The sample was not randomly selected.

e The study's limited geographic scope may introduce sample bias, potentially affecting the broader applicability of the
findings.

CONCLUSION

This study demonstrates that total surgical correction of Tetralogy of Fallot in pediatric patients leads to significant regression
of right ventricular hypertrophy, as evidenced by serial echocardiographic assessments over a three-month postoperative
period. The observed reductions in RV wall thickness, diameter, and systolic pressure highlight effective reverse remodeling
following surgery. Importantly, earlier surgical intervention, particularly in children aged 1-3 years, was associated with
greater degrees of RV hypertrophic regression, emphasizing the clinical advantage of timely repair in optimizing right
ventricular recovery and potentially improving long-term cardiac function in this population.
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