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INTRODUCTION 

VSD is the most common congenital cardiac anomaly, 

accounting for approximately 20–40% of congenital heart 

defects diagnosed during infancy and childhood.1 The 

defect permits left-to-right shunting of blood, producing  

 

pulmonary over circulation and increased pulmonary 

vascular pressure. The magnitude of the shunt depends on 

the size of the defect, ventricular compliance and 

pulmonary vascular resistance.2 Small defects often 

remain hemodynamically insignificant, whereas moderate 

and large defects may cause progressive pulmonary 
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vascular remodeling, PAH, congestive heart failure, 

growth retardation and, ultimately, Eisenmenger 

syndrome if left untreated.3 Pulmonary hypertension 

associated with congenital heart disease develops through 

chronic exposure of the pulmonary vasculature to 

increased blood flow and pressure. Sustained endothelial 

injury promotes smooth muscle proliferation, vascular 

remodeling, increased pulmonary vascular resistance and 

right ventricular pressure overload.4 Once irreversible 

pulmonary vascular disease develops, surgical correction 

may no longer be beneficial and may even be 

contraindicated. Consequently, early identification and 

timely closure of significant VSDs remain the 

cornerstone of preventing irreversible pulmonary 

vascular changes.5,6 

Advances in pediatric cardiac surgery, perioperative care 

and echocardiographic assessment have substantially 

improved outcomes after VSD closure. Surgical repair 

effectively eliminates left-to-right shunting, reduces 

pulmonary blood flow and facilitates gradual 

normalization of pulmonary arterial pressure.7 Previous 

studies have demonstrated favorable postoperative 

reductions in pulmonary artery pressure; however, the 

rate and extent of recovery vary depending on patient 

age, preoperative pulmonary vascular resistance, defect 

characteristics and severity of pulmonary hypertension.8,9 

PASP, estimated noninvasively by Doppler 

echocardiography, is widely used for evaluating 

pulmonary hypertension before and after congenital heart 

surgery. Serial assessment of PASP provides valuable 

information regarding the reversibility of pulmonary 

vascular disease and postoperative recovery.10 Despite 

increasing experience with congenital cardiac surgery in 

developing countries, evidence regarding postoperative 

PASP changes among Bangladeshi patients remains 

limited. Most published studies have focused on either 

severe pulmonary hypertension or long-term 

postoperative outcomes, whereas comparative data across 

different grades of pulmonary hypertension are 

scarce.11,12 Furthermore, local evidence from Bangladesh 

is limited despite the substantial burden of congenital 

heart disease. Understanding the early postoperative 

hemodynamic response following VSD closure may 

facilitate better patient selection, optimize surgical timing 

and improve postoperative surveillance. 

Therefore, the present study was undertaken to evaluate 

the effects of surgical closure of ventricular septal defects 

on pulmonary arterial systolic pressure among patients 

with mild, moderate and severe pulmonary hypertension 

and to compare postoperative hemodynamic 

improvement across different severity groups. 

METHODS 

Study design and setting 

This prospective observational study was conducted in 

the Department of Cardiac Surgery, Bangladesh Medical 

University (BMU), Dhaka, Bangladesh, from July 2022 

to June 2024. 

Study population 

The study included patients diagnosed with isolated 

ventricular septal defect associated with pulmonary 

hypertension who underwent elective surgical closure 

during the study period. 

Inclusion criteria 

It includes patients with isolated ventricular septal defect. 

Presence of pulmonary hypertension confirmed by 

Doppler echocardiography. Patients scheduled for 

elective surgical closure. Written informed consent from 

patients or legal guardians. 

Exclusion criteria 

Patients with associated congenital cardiac anomalies 

including atrial septal defect, tetralogy of Fallot, double-

outlet right ventricle, significant valvular heart disease, 

right-to-left shunting, residual postoperative VSD, 

irreversible pulmonary vascular disease, pulmonary 

hypertension from non-cardiac causes or those requiring 

emergency surgery were excluded. 

Sample size and sampling 

A total of 60 patients fulfilling the eligibility criteria were 

enrolled using convenience sampling. 

Sample size estimation was based on the expected 

prevalence of pulmonary hypertension among patients 

with ventricular septal defect and the standard formula 

for estimating a population proportion with a 95% 

confidence interval. 

Patient grouping 

Participants were categorized according to preoperative 

pulmonary arterial systolic pressure measured by 

transthoracic doppler echocardiography. 

Group A 

PASP 36–45 mmHg (mild pulmonary hypertension; 

n=20). 

Group B 

PASP 46–60 mmHg (moderate pulmonary hypertension; 

n=20). 

Group C 

PASP>60 mmHg (severe pulmonary hypertension; 

n=20). 



Hossain N et al. Int Surg J. 2026 Sep;13(9):1637-1642 

                                                                                              
                                                                                 International Surgery Journal | September 2026 | Vol 13 | Issue 9    Page 1639 

Surgical procedure 

All patients underwent standard median sternotomy under 

general anesthesia with cardiopulmonary bypass. 

Myocardial protection was achieved using cardioplegia. 

Ventricular septal defects were repaired according to 

standard institutional protocols using direct closure or 

patch closure depending on defect size and morphology. 

Cross-clamp time and total cardiopulmonary bypass time 

were recorded. 

Data collection 

Demographic information, clinical findings, operative 

variables and postoperative outcomes were recorded 

using a structured case record form. Preoperative 

echocardiographic evaluation included assessment of 

PASP and left ventricular ejection fraction. PASP was 

estimated using continuous-wave Doppler measurement 

of tricuspid regurgitation velocity according to the 

modified Bernoulli equation: 

PASP=4 (TR velocity)²+estimated right atrial pressure 

Measurements were performed at four predefined time 

points before surgery, first postoperative day, one month 

after surgery, three months after surgery. Additional 

perioperative variables included mechanical ventilation 

duration, cardiopulmonary bypass time, aortic cross-

clamp time, postoperative hospital stay and mortality. 

Outcome measures 

The primary outcome was the change in pulmonary 

arterial systolic pressure following surgical closure of 

ventricular septal defect. 

Secondary outcomes included postoperative ventilation 

duration, length of hospital stay, perioperative mortality 

and comparison of PASP reduction among patients with 

different grades of pulmonary hypertension. 

Statistical analysis 

Data were analyzed using Statistical Package for the 

Social Sciences (SPSS) version 26. Continuous variables 

were expressed as mean±standard deviation, whereas 

categorical variables were presented as frequencies and 

percentages. Comparisons among groups were performed 

using one-way analysis of variance (ANOVA) for 

continuous variables and Chi-square test for categorical 

variables. Post hoc Bonferroni analysis was performed 

where appropriate. A p value<0.05 was considered 

statistically significant. 

Ethical considerations 

Ethical approval was obtained from the Institutional 

Review Board of Bangladesh Medical University before 

commencement of the study. Written informed consent 

was obtained from all participants or their legal 

guardians. Confidentiality was maintained throughout the 

study and all procedures complied with the ethical 

principles outlined in the Declaration of Helsinki. 

RESULTS 

A total of 60 patients with isolated ventricular septal 

defect and pulmonary hypertension underwent surgical 

closure and completed the study. Patients were equally 

distributed into three groups according to preoperative 

pulmonary arterial systolic pressure (PASP): Group A 

(36–45 mmHg), Group B (46–60 mmHg) and Group C 

(>60 mmHg), with 20 patients in each group. The mean 

age was 5.98±4.31 years in Group A, 6.28±3.82 years in 

Group B and 6.33±3.88 years in Group C. Most patients 

(46.7%) were between one and five years of age. There 

was no statistically significant difference in age 

distribution among the groups (p>0.05). Male patients 

predominated slightly in all three groups, accounting for 

55%, 60% and 50% of Groups A, B and C, respectively. 

The sex distribution was comparable among the study 

groups (p=0.675) (Table 1). 

As expected, preoperative PASP differed significantly 

among the three groups according to the predefined 

classification (p<0.001). Mean preoperative PASP was 

41.70±2.98 mmHg in Group A, 54.20±4.65 mmHg in 

Group B and 69.90±8.88 mmHg in Group C. However, 

left ventricular ejection fraction remained preserved in all 

patients, with no statistically significant intergroup 

difference (p=0.465). The mean aortic cross-clamp time 

was similar among the three groups, with no statistically 

significant difference (39.80±10.67 minutes in Group A, 

38.90±10.99 minutes in Group B and 41.10±11.64 

minutes in Group C; p=0.342). Patients with severe 

pulmonary hypertension (Group C) required significantly 

longer cardiopulmonary bypass time than those with mild 

or moderate pulmonary hypertension (88.70±18.70 

minutes vs. 76.75±15.29 and 77.05±18.62 minutes, 

respectively; p<0.001). 

The duration of postoperative mechanical ventilation did 

not differ significantly among the groups (6.48±2.16, 

6.80±4.65 and 7.03±3.15 hours for Groups A, B and C, 

respectively; p=0.361). Similarly, postoperative hospital 

stay was comparable across the three groups, averaging 

approximately nine days (p=0.192). One postoperative 

death (5%) occurred in Group C, whereas no mortality 

was observed in Groups A or B. The difference was not 

statistically significant (p=0.541) (Table 2). 

Serial echocardiographic assessment demonstrated a 

progressive decline in PASP following surgical closure of 

ventricular septal defect in all study groups. On the first 

postoperative day, mean PASP decreased to 39.10±7.77 

mmHg in Group A, 40.15±6.94 mmHg in Group B and 

55.10±11.36 mmHg in Group C (p<0.001). At one month 

after surgery, PASP declined further to 31.75±7.44 

mmHg, 32.50±6.34 mmHg and 45.10±11.43 mmHg in 
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Groups A, B and C, respectively (p<0.001). By the third 

postoperative month, PASP had decreased to near-normal 

levels in all groups (27.80±7.96 mmHg, 28.40±4.95 

mmHg and 30.05±9.83 mmHg, respectively). No 

statistically significant difference remained among the 

three groups (p=0.285), indicating substantial 

postoperative recovery irrespective of the initial severity 

of pulmonary hypertension (Table 3). PASP decreased 

progressively in all three groups following surgical 

closure of VSD. Significant intergroup differences were 

observed preoperatively, on the first postoperative day 

and at one month. However, by three months after 

surgery, PASP had decreased to near-normal values in all 

groups and the difference among the groups was no 

longer statistically significant (p=0.285), indicating 

substantial postoperative recovery irrespective of baseline 

disease severity. The mean PASP decreased significantly 

across all three groups at 3-month follow-up. Group A 

showed a reduction from 41.70 to 27.80 mmHg, 

representing a mean decrease of 13.90 mmHg (33.3%). 

Group B demonstrated a greater reduction, from 54.20 to 

28.40 mmHg, with a mean decrease of 25.80 mmHg 

(47.6%). The greatest improvement was observed in 

Group C, where PASP decreased from 69.90 to 30.05 

mmHg, corresponding to a mean reduction of 39.85 

mmHg (57.0%), indicating that patients with higher 

baseline PASP experienced the largest absolute and 

relative reductions after surgery (Table 4). 

Table 1: Baseline demographic characteristics of the study population. 

Variables Group A (n=20) Group B (n=20) Group C (n=20) P value 

Age (years), mean±SD 5.98±4.31 6.28±3.82 6.33±3.88 0.397 

Age group, N (%) (in years) 

0.359 
1–5 11 (55.0) 9 (45.0) 8 (40.0) 

6–10 5 (25.0) 7 (35.0) 10 (50.0) 

11–17 4 (20.0) 4 (20.0) 2 (10.0) 

Sex, n (%)    

0.675 Male 11 (55.0) 12 (60.0) 10 (50.0) 

Female 9 (45.0) 8 (40.0) 10 (50.0) 

Table 2: Comparison of postoperative outcomes. 

Variables Group A Group B Group C P value 

Mechanical ventilation (in hours) 6.48±2.16 6.80±4.65 7.03±3.15 0.361 

Hospital stay (in days) 8.96±2.33 9.06±2.12 9.40±2.57 0.192 

Mortality, N (%) 0 (0) 0 (0) 1 (5.0) 0.541 

Table 3: Serial changes in pulmonary arterial systolic pressure after surgical closure. 

Time points Group A (n=20) Group B (n=20) Group C (n=20) P value 

Preoperative 41.70±2.98 54.20±4.65 69.90±8.88 <0.001 

First postoperative day 39.10±7.77 40.15±6.94 55.10±11.36 <0.001 

One month 31.75±7.44 32.50±6.34 45.10±11.43 <0.001 

Three months 27.80±7.96 28.40±4.95 30.05±9.83 0.285 

Table 4: Within-group reduction in pulmonary arterial systolic pressure following surgical closure. 

Groups Preoperative PASP 3-month PASP Mean reduction (mmHg) % Reduction 

Group A 41.70 27.80 13.90 33.3 

Group B 54.20 28.40 25.80 47.6 

Group C 69.90 30.05 39.85 57.0 

 

DISCUSSION 

Pulmonary hypertension remains one of the most 

important determinants of morbidity and mortality among 

patients with ventricular septal defect. Persistent 

exposure of the pulmonary circulation to increased blood 

flow leads to endothelial dysfunction, vascular 

remodeling and progressive elevation of pulmonary  

 

vascular resistance.13 Timely surgical closure of the 

defect interrupts this pathological process and promotes 

reversal of pulmonary hypertension before irreversible 

pulmonary vascular disease develops. In the present 

study, the majority of patients were younger than six 

years of age, reflecting the current trend toward earlier 

diagnosis and surgical intervention. Similar age 

distributions have been reported in previous studies 
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evaluating surgical outcomes of congenital heart disease, 

where early repair has been associated with improved 

postoperative hemodynamic recovery.14,15 The baseline 

demographic characteristics were comparable among the 

three study groups, minimizing potential confounding 

effects. Left ventricular systolic function was preserved 

in all patients before surgery, suggesting that the 

observed postoperative improvements were primarily 

attributable to elimination of the left-to-right shunt rather 

than recovery of ventricular function. One of the 

principal findings of this study was the significant and 

progressive reduction in pulmonary arterial systolic 

pressure following surgical closure of ventricular septal 

defect. Improvement was observed as early as the first 

postoperative day and continued throughout the three-

month follow-up period. These findings demonstrate that 

relief of pulmonary over circulation rapidly reduces 

pulmonary arterial pressure and allows gradual recovery 

of pulmonary vascular physiology. 

Patients with severe preoperative pulmonary 

hypertension experienced the greatest absolute reduction 

in PASP. Although pulmonary pressure remained higher 

in this group during the early postoperative period, by 

three months there was no statistically significant 

difference compared with patients who had mild or 

moderate pulmonary hypertension before surgery. This 

observation suggests that even patients with markedly 

elevated pulmonary pressures may benefit substantially 

from surgical repair when irreversible pulmonary 

vascular disease has not yet developed.16 

The findings are consistent with those reported by Talwar 

et al who demonstrated significant reductions in 

pulmonary artery systolic pressure immediately following 

VSD closure among patients with severe pulmonary 

hypertension.17 Similarly, D'Alto et al reported marked 

postoperative improvement in pulmonary hemodynamics 

after closure of congenital systemic-to-pulmonary 

shunts.18 More recently, Akilov et al also observed 

significant postoperative reductions in pulmonary artery 

pressure following surgical correction of congenital heart 

defects complicated by pulmonary hypertension.19 

Together, these studies support the concept that 

pulmonary vascular remodeling remains at least partially 

reversible following timely elimination of abnormal 

pulmonary blood flow.20 

The significantly longer cardiopulmonary bypass time 

observed among patients with severe pulmonary 

hypertension probably reflects greater operative 

complexity and more meticulous intraoperative 

management required in these high-risk patients. 

Nevertheless, postoperative ventilation duration and 

hospital stay were comparable among the three groups, 

suggesting that increased operative complexity did not 

translate into prolonged postoperative recovery. Only one 

postoperative death occurred, involving a patient with 

severe pulmonary hypertension. Although mortality was 

numerically higher in this group, statistical significance 

was not reached because of the relatively small sample 

size. Larger multicenter studies are needed to determine 

predictors of postoperative mortality among patients with 

advanced pulmonary hypertension undergoing VSD 

closure. 

The present study has several clinical implications. First, 

it reinforces the importance of early diagnosis and timely 

referral for surgical correction before irreversible 

pulmonary vascular disease develops. Second, serial 

echocardiographic assessment of PASP provides a 

practical and non-invasive method for monitoring 

postoperative recovery. Finally, even patients presenting 

with severe pulmonary hypertension may achieve 

excellent short-term hemodynamic improvement when 

appropriately selected for surgery. 

This study has several limitations. It was conducted at a 

single tertiary-care center with a relatively small sample 

size and short follow-up period of three months. 

Pulmonary arterial pressure was estimated using Doppler 

echocardiography rather than routine right-heart 

catheterization during follow-up. Furthermore, 

convenience sampling may limit the generalizability of 

the findings. Future multicenter prospective studies with 

longer follow-up and invasive hemodynamic assessment 

are warranted to validate these results. 

CONCLUSION 

Surgical closure of ventricular septal defect significantly 

reduced pulmonary arterial systolic pressure in patients 

with mild, moderate and severe pulmonary hypertension. 

The findings support early surgical intervention to 

promote reversal of pulmonary hypertension and improve 

postoperative hemodynamic outcomes. Routine 

echocardiographic follow-up is recommended to monitor 

recovery after surgery.  
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