
Alshehri et al. Cardiothorac Surg           (2021) 29:20  
https://doi.org/10.1186/s43057-021-00058-z

RESEARCH

Long-term surgical outcomes after repair 
of multiple ventricular septal defects 
in pediatrics
Abdullah A. Alshehri1* , Abdulaziz M. Alshehri2, Aisha A. Muthanna3, Aitizaz Uddin Syed4, 
Ayman R. Abdelrehim4, Azzahra M. Edrees1, Ahmed M. Dohain5,6, Ahmed F. Elmahrouk1,7, 
Ahmed A. Jamjoom1 and Osman O. Al‑Radi1,8 

Abstract 

Background: Surgical closure of multiple ventricular septal defects (VSDs) is challenging and associated with a 
high complication rate. Several factors may affect the outcomes after surgical repair of multiple VSDs. We aimed to 
report the outcomes after surgical repair of multiple VSDs before and after 1 year and identify the factors affecting the 
outcomes. We have studied forty‑eight patients between 2016 and 2017 who had surgical repair of multiple VSDs. We 
grouped them according to the age at the time of repair. Study outcomes were hospital complications, prolonged 
hospital stay, and reoperation.

Results: There were 18 females (60%) in group 1 and 13 (72.22%) in group 2 (P = 0.39). There were no differences 
in the operative outcomes between the groups. Prolonged postoperative stay was associated with group 1 (OR 0.23 
(0.055–0.96); P = 0.04) and lower body weight (OR 0.76 (0.59–0.97); P = 0.03). Hospital mortality occurred in 2 patients 
(6.67%) in group 1 and 1 patient (5.56%) in group 2 (P > 0.99). Five patients had reoperations: two for residual VSDs, 
two for subaortic membrane resection, and one for epicardial pacemaker implantation. All reoperations occurred in 
group 1 (log‑rank P = 0.08). Two patients had transcatheter closure of the residual muscular VSDs; both were in group 
2.

Conclusions: Surgical repair of multiple VSDs was associated with good hospital outcomes. The outcomes were 
comparable in patients younger or older than 1 year of age. Young age at repair could lead to prolonged postopera‑
tive stay and a higher reoperation rate.
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Background
Ventricular septal defects (VSDs) are the most common 
congenital cardiac anomaly in children, and it accounts 
for 20–40% of all congenital heart diseases [1, 2]. Surgi-
cal repair of multiple VSDs is challenging and associ-
ated with residual defects, heart block, and mortality 
[3, 4]. Younger age and lower body weight at the time 

of multiple VSD repairs were associated with prolonged 
hospital stay and postoperative complications [5].

Despite the advancement of surgical techniques 
for managing multiple VSDs [3, 6], the complications 
and mortality rates remain high. While transcath-
eter approaches to VSD closure have been established, 
surgical repair remains the gold standard [7]. Early 
reports advocated the staged repair of multiple VSDs 
by performing pulmonary artery banding; however, this 
approach was associated with high mortality and septal 
hypertrophy; therefore, several authors recommended 
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single-stage repair of multiple VSDs [3, 8]. The effect of 
age and staged approach on the outcomes after multiple 
VSD repairs is still the subject of ongoing research. Our 
objective was to report the outcomes after repairing mul-
tiple VSDs before and after 1 year of age and assess the 
factors that influenced the results.

Methods
Design and patients
A retrospective multicenter study was conducted to com-
pare the outcomes of multiple VSD repairs in patients 
aged ≤ 1 year and > 1 year. We included all patients who 
underwent surgical repair of multiple VSDs between 
2016 and 2017. Multiple VSDs were defined as the pres-
ence of more than one VSD with or without concomi-
tant intracardiac or extracardiac malformations. All the 
patients with missing important data and who underwent 
single VSD repair were excluded from the study. Medical 
records of these patients were retrospectively reviewed 
with permission from the Institutional Review Board, 
and the consents to participate in the study were waived.

Forty-eight patients met the inclusion criteria and 
were grouped according to age into two groups. Group 
1 included patients aged 1 year or younger (n = 30), and 
group 2 included patients older than 1 year (n = 18).

Data
Study data were collected and categorized into preop-
erative, operative, and postoperative variables. Data were 
collected from the echocardiography reports, clinic, 
inpatient, perfusion, and operative notes. Data collected 
were gender, weight at operation, other associated car-
diac anomalies, cardiopulmonary bypass time, cross-
clamp time, number of VSDs closed, and staged approach 
with pulmonary artery (PA) banding before and after 
surgery. Study endpoints were postoperative hospital 
complications, length of hospital stay, and long-term sur-
vival and reoperation. Hospital outcomes were defined as 
those occurring within the same hospital admission or 
within 30 days from surgery. Prolonged hospital stay was 
defined as the post-procedure stay of more than 10 days.

Techniques
The indications of surgical repair of multiple VSDs were 
pulmonary hypertension, congestive heart failure, or 
associated congenital cardiac anomalies. We performed 
the surgical repair under cardiopulmonary bypass using 
aortic and bi-caval cannulation. All patients had repair 
through median sternotomy. We used moderate hypo-
thermia with antegrade cold cardioplegia and approached 
the VSDs through right atriotomy. Inlet or perimembra-
nous VSDs were repaired with a bovine pericardial patch, 
and muscular VSDs were closed with the approximation 

of the surrounding trabeculae with direct sutures or 
using synthetic patches. Intraoperatively, we pressurized 
the left ventricle to detect leakage from the ventricular 
septum and confirm the satisfactory repair. Significant 
residual VSDs were excluded using transesophageal or 
epicardial echocardiography and by measuring oxy-
gen saturation in the superior vena cava and pulmonary 
artery. An increase in the saturation of 5% or more indi-
cated a hemodynamically residual shunt.

Statistical analysis
To test the normality of the quantitative variables, we 
used the Shapiro-Wilk test, and normally distributed var-
iables were presented as mean and standard deviations, 
while non-normal variables were presented as median 
(Q1 and Q3). The frequency and percentage of qualita-
tive data were presented. We used the Student t-test or 
Mann-Whitney test to compare the quantitative data and 
the chi-square or Fisher exact test to compare the quali-
tative data. Univariable logistic regression was used to 
identify the factors associated with a prolonged hospital 
stay and residual shunt. Kaplan-Meier curve was used to 
plot survival and freedom from reoperation. The log-rank 
test was used to compare the survival distribution. Stata 
16.1 was used for statistical analysis (Stata Corp, College 
Station, TX, USA).

Results
Preoperative and operative data
There were 18 females (60%) in group 1 and 13 (72.22%) 
in group 2 (P = 0.39). The distribution of the associated 
cardiac anomalies was significantly different between 
both groups (P = 0.04). Four patients in group 1 had 
concomitant chronic diseases (bronchial asthma, Dandy-
Walker syndrome, bilateral hydronephrosis, pulmonary 
hypertension), compared to three in group 2 (DiGeorge 
syndrome, Down syndrome, and renal failure) (P > 0.99).

There were no differences in cardiopulmonary bypass 
(CPB) and aortic cross-clamp times and the number of 
VSDs closed between the groups. Five patients (10.42%) 
had staged repair with PDA banding before or after VSD 
repair surgery (Table 1).

Operative outcomes
There were no differences in the operative outcomes 
between the groups (Table  2). Twenty-one patients 
(48.84%) of those who had staged repair had a residual 
shunt; three of them had a moderate shunt. However, 
none of the patients with pulmonary artery (PA) band-
ing had a moderate residual shunt, and three had tiny 
shunts. The age group (P = 0.55), the number of VSDs 
closed (P = 0.63), and the method of VSD closure (P = 
0.75) were not related to the residual shunt. Mortality 
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occurred in patients who had associated transposi-
tion of great arteries (TGA), hypoplastic right ventri-
cle (RV), and pulmonary valve and right infundibular 
stenosis.

Factors associated with prolonged hospital stay
Prolonged postoperative stay was associated with group 
1 (OR 0.23 (0.055–0.96); P = 0.04), lower body weight 
(OR 0.76 (0.59–0.97); P = 0.03), and the closure of 4 
or more VSDs (OR 6.53 (1.41–30.27); P = 0.02). Pro-
longed hospital stay was not related to gender, staged 
repair, or heart failure symptoms (Table 3).

Table 1 Preoperative and operative variables

We presented continuous data as median (Q1–Q3) and binary or ordinal data as frequency and percentage

PA pulmonary artery, TGA  transposition of great arteries, VSD ventricular septal defect

Group 1 (age ≤ 1 year) (n = 30) Group 2 (age > 1 year) (n = 18) P

Age (days) 179 (112–234) 1370.5 (563–2560) < 0.001

Female 18 (60%) 13 (72.22%) 0.39

Weight (kg) 4.3 (3.4–5.3) 10.3 (8.5–17.5) < 0.001

Height (cm) 60.35 (50–63.5) 91.45 (73–108) < 0.001

Associated anomalies 0.04

 Coarctation 3 (10%) 1 (5.56%)

 Patent ductus arteriosus 10 (33.33%) 2 (1.11%)

 Atrial septal defect (secondum) 4 (13.33%) 1 (5.56%)

 Mitral regurgitation 1 (3.33%) 0

 Mitral ring 0 1 (5.56%)

 Pulmonary valve stenosis 0 3 (16.67%)

 Pulmonary artery stenosis 0 1 (5.56%)

 TGA 3 (10%) 0

 DORV (subpulmonary VSD) 0 1 (5.56%)

 DORV (remote/inlet VSD) 0 1 (5.56%)

 Hypoplastic aortic arch 1 (3.33%) 0

 Hypoplastic right ventricle 1 (3.33%) 0

Symptomatic heart failure 12 (40%) 12 (66.67%) 0.07

Infective endocarditis 1 (3.33%) 1 (5.56%) > 0.99

Cardiopulmonary bypass (min) 77.5 (65–103) 95 (66–142) 0.16

Aortic cross‑clamp time (min) 54 (43–62) 67.5 (47–82) 0.09

Number of VSD closed 0.27

 Two 19 (63.33%) 13 (72.22%)

 Three 3 (10%) 3 (16.67%)

 Four 7 (23.33%) 1 (5.56%)

 Five 1 (3.33%) 0

 Six 0 1 (5.56%)

Method of VSD closure 0.41

 Patch 14 (46.67%) 12 (66.67%)

 Primary closure 4 (13.33%) 2 (11.11%)

 Patch and primary closure 12 (40%) 4 (22.22%)

PA banding before surgery 0 4 (22.22%) 0.016

PA banding after surgery 1 (3.33%) 0 > 0.99

Table 2 Operative complications

We presented continuous data as median (Q1–Q3) and binary or ordinal data as 
frequency and percentage

Group 1 (n = 30) Group 2 (n = 18) P

Heart block 2 (6.67%) 2 (11.11%) 0.62

Ventricular dysfunction 5 (16.67%) 2 (11.11%) 0.70

Residual shunt 14 (46.67%) 10 (55.56%) 0.55

Moderate residual shunt 2 (6.67%) 1 (5.56%) > 0.99

Length of stay (days) 9.5 (7–18) 8 (7–9) 0.14

Hospital mortality 2 (6.67%) 1 (5.56%) > 0.99
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Long‑term outcomes
The median follow-up was 49 months (34–62). There 
was no difference in survival between both groups 
(Fig. 1). One patient had infective endocarditis after 24 
months and was managed medically. Five patients had 
reoperations: two for residual VSDs, two for subaortic 
membrane resection, and one for epicardial pacemaker 
implantation. Two patients required a second reop-
eration: one had Ross-Konno, and one had epicardial 
pacemaker implantation. All reoperations occurred 
in group 1 (log-rank P = 0.08). Freedom of reopera-
tion was 91.39% at 1 year and 89.08% at 5 years (Fig. 2). 
Two patients had transcatheter closure of the residual 
muscular VSDs; both were in group 2.

Discussion
Repair of multiple VSDs is surgically challenging, and vis-
ualization of multiple muscular VSDs could be difficult 
from the right ventricle because of the trabeculations. 
Several approaches were proposed to manage multi-
ple VSDs, including primary or staged surgical repair or 
transcatheter closure [9, 10]. Several factors could affect 
the outcomes after surgical repair of multiple VSDs, 
including the age at the time of repair, staged approach, 
and number of VSDs.

This study evaluated the outcomes after surgical repair 
of multiple VSDs in 48 patients with or without associ-
ated cardiac anomalies. The most common concomitant 
cardiac defect found in our patients was patent duc-
tus arteriosus (25%). Schipper and colleagues reported 
that patent foramen ovale (PFO) was the most common 
anomaly associated with VSDs (22.6%) [11].

Mortality after repair of multiple VSDs had improved 
in recent years. We reported an overall mortality rate of 
6%, with no difference in mortality rates between patients 
younger or older than 1 year. In a study by Serraf and 
associates on 130 patients with multiple isolated VSDs, 
they reported a mortality rate of 8%, and in other series, 
the mortality was 9% [7, 12]. The difference in mortality 
between our study and others could be attributed to the 
time era with the recently improved surgical techniques. 
Recent studies reported a lower mortality rate [3], and 
Daley and coworkers had 2% hospital mortality after 
the repair of multiple VSDs [13]. Similar to our study, 

Table 3 Factors associated with a prolonged hospital stay

VSDs ventricular septal defects

OR (95% CI) P

Age group 0.23 (0.055–0.96) 0.04

Gender 0.66 (0.18–2.35) 0.52

Staged repair 0.42 (0.04–4.11) 0.46

Weight 0.76 (0.59–0.97) 0.03

Height 0.97 (0.93–1.0) 0.06

Number of VSDs closed 6.53 (1.41–30.27) 0.02

Method of VSD closure 1.3 (0.37–4.54) 0.69

Fig. 1 The survival in the study patients



Page 5 of 7Alshehri et al. Cardiothorac Surg           (2021) 29:20  

the reported mortality was highest during the hospital 
admission and low during follow-up [3, 13].

Heart block and the need for a permanent pacemaker 
are common after the repair of VSDs. Our reported rate 
of heart block was 8%, which is similar to other series. 
Alsoufi and colleagues reported a 12% incidence of heart 
block after repair of multiple VSDs [7], and Konstantinov 
and Coles had a rate of 11% [14]. The rate of pacemaker 
insertion remains high in recent studies, and Daley and 
associates reported a rate of 9% for pacemaker inser-
tion [13]. Anderson and associates reported a 6% heart 
block after VSD repair in a multicenter study [15]. Post-
operative ventricular dysfunction occurred in 15% of our 
patients, and it was not related to age. In another study, 
postoperative ventricular dysfunction was related to the 
size of the VSD and the use of synthetic material for clo-
sure [16].

The management considerations of multiple VSD 
repairs can vary among surgeons. Several factors affect 
the natural history, presentation, and management 
of multiple VSDs patients, such as the patient’s age, 
the clinical status, surgeon’s experience, and the pres-
ence of associated anomalies or risk factors [17–20]. 
The hospital stay in our series was affected by the 
age, weight, and number of VSDs closed. Anderson 
and colleagues found a nearly double-fold increase in 
the length of hospital stay in patients who had repair 
below 6 months of age, and every 1-kg increase in the 

patients’ weight decreased hospital stay by 2 days [15]. 
Similar to our results, a study found that age did not 
increase the risk of complications, but younger age was 
associated with prolonged hospital stay [21]. Lower 
age and weight could lead to difficult visualization and 
extensive dissection with an increased surgical risk and 
prolonged hospital stay. Despite these findings, the 
prognostic effect of age and weight of children with 
multiple VSDs remains controversial [22, 23].

In our cohort, reoperations were required in five 
patients in group 1. However, only two patients had 
surgical closure of residual VSDs in group 1, and two 
patients in group 2 had transcatheter VSD closure. 
Daley and associates found that the overall freedom 
from reoperation after multiple VSD repairs was 52% at 
16 years, and the survival was 95% at 18 years [13]. They 
also reported an improved reoperation rate in patients 
who underwent surgery in the recent era. A significant 
residual shunt was not frequent in our cohort, and 
we succeeded in managing it interventionally in two 
patients. Transcatheter closure of residual VSDs was 
successfully reported in the literature and can be used 
as adjunctive to surgical correction [24–26].

This study’s limitations are primarily defined by the 
limitations of all retrospective studies as a retrospective 
study depends on the medical records and written doc-
umentation of several doctors. Additionally, the study 
is limited by the sample size, which limited the statisti-
cal analysis.

Fig. 2 Freedom from reoperation
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Conclusions
Surgical repair of multiple VSDs was associated with 
good hospital outcomes. The outcomes were comparable 
in patients younger or older than 1 year of age. Young age 
at repair could lead to prolonged postoperative stay and a 
higher reoperation rate.
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