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Abstract 

Background:  Ventricular septal defect (VSD) is the most common congenital cardiac defect for which outcomes 
are not uniform. There is a lack of consensus on the risk factors for the unfavorable outcomes following surgical VSD 
closure.

Aim:  The aim of this study was to determine the risk factors and the predictors of major adverse events (MAEs) and 
complications following surgical closure of VSD in children weighing less than 10 kg.

Methods:  This retrospective cohort study included children less than 10 kg who underwent surgical closure of con‑
genital VSD of any type with or without associated congenital heart diseases. Patients with associated major cardiac 
anomalies were excluded. Preoperative, operative and postoperative data were collected from medical records.

Results:  This study included 127 patients 52.8% were males, the median age was 8.0 months (IQR = 6.0–
11.0 months), and their median weight was 5.7 kg (IQR = 4.8–7.0). Mortality was in one patient (0.8%) Multivariable 
logistic regression analysis revealed that male sex group (observational data), previous pulmonary artery banding 
(PAB), and significant intraoperative residual VSD were significant risk factors for the development of MAEs (odds ratios 
were 3.398, 14.282, and 8.634, respectively). Trisomy 21 syndrome (odds ratio: 5.678) contributed significantly to pro‑
longed ventilation. Pulmonary artery banding (odds ratio: 14.415), significant intraoperative (3 mm) residual VSD (odds 
ratio: 11.262), and long cross-clamp time (odds ratio: 1.064) were significant predictors of prolonged ICU stay, whereas 
prolonged hospital stay was observed significantly in male sex group (odds ratio: 12.8281), PAB (odds ratio: 2.669), and 
significant intraoperative (3 mm) residual VSD (odds ratio: 19.551).

Conclusions:  Surgical VSD repair is considered a safe procedure with very low mortality. Trisomy 21 was a significant 
risk factor for prolonged ventilation. Further, PAB, significant intraoperative residual of 3 mm or more that required a 
second pulmonary bypass, and a greater cross-clamp time were significant predictors of MAE and associated compli‑
cations with prolonged ICU and hospital stay.
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Introduction
Surgical repair of VSD is the most commonly performed 
pediatric cardiac procedure worldwide. However, the 
surgical outcomes are not uniform globally [26]. Surgical 
intervention is reserved for larger defect sizes, greater left 
ventricular volume overload, and pulmonary hyperten-
sion [5].

Surgical repair of VSD is usually very effective, and 
advances in surgical techniques and in postopera-
tive patient care have led to a decrease in postoperative 
mortality and morbidity. Though, risks of a complicated 
course and death still exist [8, 15].

Worldwide, there is a deficiency in consensus regarding 
the risk factors for the complicated and unfavorable out-
comes following surgical VSD closure [9]. Some studies 
linked the prognosis to the anatomic location and size of 
the defect [12], age at operation [19], the volume of the 
shunt and pulmonary artery pressure, accompanying car-
diac lesions, and previous surgical intervention [6]. Other 
studies found that low weight at the time of the operation 
and age less than 6 months is associated with postopera-
tive complications [1].

Estimation of the prognosis in congenital heart diseases 
including VSD is of great value to patients, their families, 
and the physicians. Information about the prognostic 
predictors of outcomes helps to make realistic expecta-
tions, optimizes patients’ selection for surgery, and pro-
vides a standard for comparing the outcomes of different 
proposed therapies [7].

Therefore, The aim of to determine the risk factors 
and the predictors of major adverse events (MAEs) and 
complications following surgical closure of VSD in chil-
dren weighing less than 10  kg. (MAEs) defined as sig-
nificant residual VSD greater than 3 mm post-operative, 
unplanned second operations, complete heart block 
requiring a permanent pacemaker, pulmonary hyperten-
sion, deep sternal wound infection, renal impairment 
requiring dialysis, and/or death, and for the predictors of 
prolonged ventilation, intensive care unit (ICU), and hos-
pital stay following surgical closure of VSD in children 
less than 10 kg.

Methods
Study design, settings, and ethical considerations
The study was approved by the Ethics Committee of 
Madinah Cardiac Center (Approval number 2021R23). 
Informed written consents were obtained from the 
patients ‘parents, or guardians. This retrospective 
cohort study was conducted at the Department of 

Pediatric Cardiac Surgery and Cardiology, Madinah 
Cardiac Center MCC Hospital from June 2016 through 
March 2022. Confidentiality of patients’ data was main-
tained via giving a code number for every patient.

Inclusion criteria
All children weight less than 10 kg who were scheduled 
for surgical closure of congenital VSD of any type were 
included. Patients who had associated congenital heart 
diseases including atrial septal defect, coarctation of the 
aorta, patent ductus arteriosus (PDA), pulmonary artery 
hypertension, and/ or pulmonary artery stenosis were 
also included.

Exclusion criteria
We excluded patients who had major cardiovascular 
anomalies such as discordant atrioventricular, ventric-
ulo-arterial connection, tetralogy of Fallot, double outlet 
right ventricle, and/ or pulmonary atresia.

Data collection
The hospital records were reviewed. Preoperative data 
including sex, age and weight at the operation time, his-
tory of Trisomy 21 syndrome, previous pulmonary artery 
banding (PAB), and the pressure gradient around the 
band as well as the time between the banding procedure 
and the surgical interference for VSD, right ventricular 
hypertrophy, and the presence of second congenital heart 
defects were collected. The information concerning the 
surgical operation including the technique of surgical 
VSD closure whether interrupted or continuous, the type 
of used patch, the times of cross-clamp and cardiopul-
monary bypass (CPB), and the existence of intraopera-
tive 3 mm significant residual (that needed second bypass 
run) were also noted. The duration of mechanical ventila-
tion and ICU stay, duration of inotropes used, the total 
in-hospital stay and the presence of short-term or long-
term postoperative complications were recorded.

Outcomes

1.	 Major adverse events (MAEs) including significant 
postoperative VSD residual larger than 3  ml, com-
plete heart block that needed a permanent pace-
maker insertion, the need for unplanned second 
operations, postoperative pulmonary hypertension, 
deep sternal wound infection, renal dysfunction that 
required temporary renal peritoneal dialysis, and/or 
death.

Keywords:  Ventricular septal defect, Surgical closure, Major adverse events
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2.	 Associated complications (as our center protocol)

•	Prolonged ventilation (more than 24 h).
•	Prolonged ICU stay (more than 3 days).
•	Prolonged hospital stays (more than 7 days).

Surgical procedures
In all patients, surgical procedures were accomplished 
through median sternotomy under CPB with cannula-
tion of both the superior-inferior vena cava and mild-to-
moderate systemic hypothermia. Intermittent cold blood 
cardioplegia was used for myocardial preservation. None 
of the cases required total circulatory arrest. The VSD 
was accessed through right atriotomy, then the location 
and borders of VSD were examined to decide whether to 
perform patch closure of VSD in interrupted or continu-
ous fashion according to the surgeon preference. In the 
interrupted technique, the VSDs have closed with inter-
rupted sutures all around. In continuous suturing the 
patch closure of VSD was accomplished through continu-
ous suturing all around the VSD, with shallow suturing 
at the postero-inferior rim of the VSD. In patients with 
pulmonary artery stenosis or previous PAB, debanding 
of the pulmonary artery with pulmonary artery recon-
structions was performed while the aortic cross-clamp 
was in  situ. The tricuspid valve regurgitation was tested 
by filling the right ventricle with saline before the closure 
of the right atriotomy, and no patients required any inter-
vention to the tricuspid valve. For detection of residual 
VSD, transesophagial echocardiography was done for 
patients weighing more than 5  kg. Instead, transepicar-
dial echocardiography was done in patients weighing less 
than 5 kg to avoid esophageal damage. In our protocol, if 
there is a residual VSD of more than 3 mm will go for a 
second run bypass to revise and to repair the residual. In 
patients with concomitant PDA, it was ligated after start-
ing CPB and before clamping the aorta.

Statistical analysis
Statistical analysis and presentation of data were con-
ducted by SPSS (Statistical Package for the Social Sci-
ences) software computer program, version 22. We 
presented categorical data as numbers and percentages, 
whereas continuous data were tested for normality by 
the Shapiro–Wilk test, and they were presented as the 
median and interquartile range (25th–75th percentiles) 
because of non-normal distribution. Chi-Square, Fishers’ 
Exact, and the Mann–Whitney U tests were applied for 
the Univariate analysis as appropriate. For each outcome, 
significant variables, with a p value less than 0.05, in the 
univariate analysis were entered into a multivariable 
logistic regression analysis to determine the significant 

predictors of the MAEs, the prolonged ventilation, and 
the prolonged ICU and hospital stay. p values less than 
0.05 were considered statistically significant.

Results
This study included 127 eligible patients who underwent 
surgical VSD closure as illustrated in the patient selection 
flow chart (Fig.  1). More than half (52.8%) were males, 
their median age was 8.0 (IQR = 6.0–11.0) months, and 
their median weight was 5.7 (IQR = 4.8–7.0) Kg. The 
most common type of VSD was inlet (34.6%), followed by 
an outlet (23%),Perimembranous types (23.6%) and the 
multiple VSD (5.5%). Thirty-nine (30.7%) patients were 
Trisomy 21 syndrome, and 59.1% had other associated 
congenital heart diseases. Right ventricular hypertro-
phy was recorded in 26 patients and PAB was done in 26 
patients as well. The VSD repair was done by interrupted 
suture technique in (55.9%) and Gortex patch was used 
in (91.3%) of the patients. The presence of intraopera-
tive (significant) residual VSD was found in 14 patients 
(11.0%). The median cross-clamp time was 60.0 (49.0–
75.0) minutes, and the median total CPB time was 84.0 
(71.0–102.0) minutes (Table 1).

Table 2 shows the postoperative outcomes of the stud-
ied patients. Patients who developed MAE accounted for 
19/127 (14.3%). Twelve (9.4%) developed postoperative 
pulmonary hypertension, and 11(8.7%) developed renal 
dysfunction that required temporary renal peritoneal 
dialysis. Six (4.7%) had a significant post-operative VSD 
residual larger than 3 ml, and 7 (5.5%) patients required 
an unplanned second operation. Other observed MAEs 
included complete heart block that required permanent 
pacemaker implantation (3.9%), deep sternal wound 
infection (3.1%), and death (0.8%). Eighty-nine (70.1%) 
patients needed prolonged ventilation for more than 
24 h, and about half (49.6%) stayed in ICU for more than 
3 days. Prolonged hospital stay for more than 7 days was 
recorded in 30 (23.6%) cases.

Table  3 demonstrates a univariate and multivari-
able logistic regression analysis for the MAEs. Male sex, 
greater age, and weight at operation time, the presence of 
right ventricular hypertrophy, tight (more than 60 pres-
sure gradient) PAB, significant intraoperative residual, 
and higher cross-clamp time were significantly associated 
with the development of MAEs (p < 0.05). Multivariable 
logistic regression analysis revealed that PAB and signifi-
cant intraoperative residual were significant risk factors 
for the development of MAEs (odds ratios were 3.398, 
14.282, and 8.634, respectively).

Table  4 shows that prolonged ventilation was sig-
nificantly associated with male sex, old age, Trisomy 
21 syndrome, the presence of right ventricular hyper-
trophy, PAB, significant intraoperative residual, and 
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higher CPB and cross-clamp times (p < 0.05). The 
prognostic risk factors for prolonged ventilation were 
Trisomy 21 syndrome (odds ratio: 5.678), and long 
Cross clamp time (odds ratio: 1.056).

The prolonged ICU stay was significantly associated 
with the presence of right ventricular hypertrophy, 
PAB, significant intraoperative residual, and higher 
CPB and cross-clamp times (p < 0.05). Further, pulmo-
nary artery banding (odds ratio: 14.415), significant 
intraoperative (3  mm or more) residual (odds ratio: 
11.262), and cross-clamp time (odds ratio: 1.064) were 
significant predictors of prolonged ICU stay (Table 5).

The factors associated with prolonged hospital stay 
were the presence of right ventricular hypertrophy, 
PAB, significant intraoperative residual, and higher 
CPB and cross-clamp times (p < 0.05), whereas the 
significant predictors of prolonged hospital stay were 
male sex (odds ratio: 12.8281), PAB (odds ratio: 2.669), 
and significant intraoperative (3 mm or more) residual 
(odds ratio: 19.551) as shown in Table 6.

Discussion
Cardiac surgeons strive to remain challenged to decide 
the best patient parameters that minimize the risk of 
complications improve outcomes in their practice. Man-
date a greater probability of successful outcomes [13]. 
Therefore, this study investigated children less than 10 kg 
who was operated on for patch VSD closure.

In this study, the incidence of MAEs alone was recorded 
in 19/127 (14.3%) patients. Previous studies with a com-
parable cohort reported various incidence rates. Schipper 
et  al. [22] described a total complications rate of 15.6% 
and an MAE rate of 2.9%, while Ergün et al. [9] showed 
a total complications rate of 33.5% and an MAE rate of 
5.9%.On the other hand, MAEs accounted for 5.3% of all 
patients investigated by Anderson et al. [1]. These stud-
ies defined a composite of unintended unplanned reop-
eration, heart block requiring a permanent pacemaker, or 
circulatory arrest, and death as the MAEs.

The current work revealed a death rate of 0.8%. This 
coincides with Schipper et al. [22] who showed a 30-day 
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Fig. 1  Patients selection flow chart



Page 5 of 10Abdelrehim et al. Journal of Cardiothoracic Surgery          (2022) 17:232 	

and in-hospital mortality of 0% and a late death rate dur-
ing follow-up of 0.8%. Earlier work that evaluated the 
outcomes of patients who underwent surgical repair of 

isolated VSD reported early and late postoperative deaths 
of 1.4%. The researchers emphasized that all deaths 
occurred in infants less than 3 months [2].

In the current study, six (4.7%) patients had signifi-
cant VSD residual larger than 3 ml, most of them was in 
the multiple VSD group. Previous studies showed vari-
ous incidence rates of residual VSD ranging from 16 to 
51%, and a rate of spontaneous closure of these residual 
defects during a three-year follow-up in 71% [22, 23]. The 
observed variation in the incidence of residual VSD is 
related to different times of follow-up as well as different 
echocardiographic modalities.

The incidence of complete heart block that required 
permanent pacemaker implantation was 3.9%. A study 
including children less than 18 years who were operated 
on for VSD reported a total incidence of an atrioventricu-
lar block of 7.7%, among these patients 1.9% required a 
pacemaker. They conveyed that low body weight less than 
4 kg was a risk factor for complete heart block [24].

In the studied cohort, seven (5.5%) patients required an 
unplanned second operation. These unplanned readmis-
sions may have a significant influence on the emotional 
and financial aspects of the families [18]. The reported 
figure in our study is in line with Azhar [3] who detected 
a 10.5% readmission rate within 30  days and 15.9% at 
one year following congenital heart surgeries at King 
Abdulaziz University Hospital, Jeddah, Saudi Arabia.

Bases on multivariable analysis PAB and intraoperative 
residual of 3 mm or more were significant risk factors for 
the development of MAEs and associated complications 
(odds ratios were 3.398, 14.282, and 8.634, respectively). 
Our finding suggests that low birth weight infants could 
be safely staged by pulmonary artery banding to avoid 
complications. There are conflicting results regarding 
the prognostic role of the weight and age of the patient. 
Anderson et  al. [1] reported that in infants less than 
6  months, low body weight was a significant risk fac-
tor for the development of postoperative complications, 
while infants older than 6 months did not show this sig-
nificant relationship. Further, Ergün et  al. [9] recently 
emphasized that the increased body weight has a signifi-
cant effect in reducing the risk of MAEs. Alternatively, an 
earlier study by Kogon et al. [16] reported that the body 
weight did not affect the development of complications 
or the length of ICU or hospital stay. Similar results have 
been reported by Schipper et al. [22].

Regression analysis in this study also revealed that Tri-
somy 21 patients have an increased likelihood (odds ratio: 
5.678) for prolonged mechanical ventilation. This might 
be attributed to respiratory and feeding difficulties, the 
need for re-intubation, and the increased risk of infection 
[11]. About one-fourth of Trisomy 21 infants have VSDs 
[25]. The effects of Trisomy 21 on the postoperative 

Table 1  Baseline demographic and operative characteristics of 
the studied patients (n = 127)

IQR interquartile range, VSD ventricular septal defect, CHD congenital heart 
disease

Sex Female 60 (47.2%)

Male 67 (52.8%)

Age at operation (Months) Minimum–Maximum 2.0–24.0

Median (IQR) 8.0 (6.0–11.0)

Weight at operation (Kg) Minimum–Maximum 2.9–10.0

Median (IQR) 5.7 (4.8–7.0)

Type of VSD Inlet 44 (34.6%)

Outlet 30 (23.6%)

Perimembranous 30 (23.6%)

Multiple VSD 7 (5.5%)

Others 16 (12.6%)

Trisomy 21 syndrome Yes 39 (30.7%)

Associated CHD Yes 75 (59.1%)

Right ventricular hypertrophy Yes 26 (20.5%)

Pulmonary artery banding Yes 26 (20.5%)

Type of VSD repair Interrupted 71 (55.9%)

Continuous 56 (44.1%)

Type of the used Patch Gortex 116 (91.3%)

Bovine 11 (8.7%)

The presence of intraoperative 
(Significant) residual VSD

Yes 14 (11.0%)

Cross clamp time (Minutes) Minimum–Maximum 20.0–187.0

Median (IQR) 60.0 (49.0–75.0)

Total CPB time (Minutes) Minimum–Maximum 40.0–226.0

Median (IQR) 84.0 (71.0–102.0)

Table 2  Incidence of major adverse events, prolonged 
ventilation, ICU, and hospital stays among the studied patients 
(n = 127)

VSD ventricular septal defect, ICU intensive care unit, PPM permanent pacemaker

n = 127 %

Significant VSD residual larger than 3 ml (post-operative) 6 4.7

Unplanned second operation 7 5.5

Deep sternal wound infection 4 3.1

Renal dysfunction that required dialysis 11 8.7

Postoperative pulmonary hypertension 12 9.4

Complete heart block requiring a PPM implantation 5 3.9

Death 1 0.8

Major Adverse Events (All) 19 14.3

Prolonged ventilation (more than 24 h) 89 70.1

Prolonged ICU stay (more than 3 days) 63 49.6

Prolonged hospital stay (more than 7 days) 30 23.6
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outcomes and complications following surgical VSD clo-
sure are inconsistent [21].

In Saudi Arabia we don’t do prenatal screening or 
abortion (recently started), with high proportion of 
Down patients in our population (more than 1.9 /1000 
incidence rate) and we are receiving high percent from 
this patients, The Society of Thoracic Surgeons mortal-
ity risk model considers any chromosomal abnormality 
or syndrome a potential factor that increases the risk of 

operative mortality [14]. However, other studies have 
specified that Trisomy 21 is not a significant risk factor 
for mortality [10, 17]. Recently, Purifoy et  al. [21] dis-
played that Trisomy 21 was significantly associated with 
prolonged hospital stay after repair of Tetralogy of Fallot.

Pulmonary artery banding was a significant risk fac-
tor for the development of MAEs and complications, 
prolonged ICU, and hospital stay. Pulmonary banding is 
an interim palliative procedure, which is considered for 

Table 3  Univariate analysis and multivariable regression analysis for the factors associated with the development of major adverse 
events

IQR interquartile range, VSD ventricular septal defect, CHD congenital heart disease, CPB cardiopulmonary bypass;
* significant at p < 0.05

Major adverse events

Univariate analysis p value

Sex Female 51 52.0 9 31.0 0.047*

Male 47 48.0 20 69.0

Age at operation Median (IQR) 8.0
(6.0–10.0)

9.0
(7.0–14.0)

0.020*

Weight at operation Median (IQR) 5.5
(4.7–6.8)

6.0
(5.3–8.0)

0.045*

Down Syndrome No 70 71.4 18 62.1 0.337

Yes 28 28.6 11 37.9

Type of VSD Others 12 12.2 4 13.8 0.682

Inlet 36 36.7 8 27.6

Outlet 23 23.5 7 24.1

PM 23 23.5 7 24.1

Multiple 4 4.1 3 10.3

Associated CHD No 44 44.9 8 27.6 0.132

Yes 54 55.1 21 72.4

Right ventricular
hypertrophy

No 88 89.8 13 44.8  < 0.001*

Yes 10 10.2 16 55.2

Pulmonary artery banding No 89 90.8 12 41.4  < 0.001*

Yes 9 9.2 17 58.6

VSD Repair Interrupted 51 52.0 20 69.0 0.107

Continuous 47 48.0 9 31.0

Significant intraoperative
Residual VSD

No 93 94.9 20 69.0  < 0.001*

Yes 5 5.1 9 31.0

Cross clamp time (Minutes) Median (IQR) 59.5
(49.0–70.0)

69.0
(49.0–85.0)

0.086

Total CPB time (Minutes) Median (IQR) 83.0
(70.0–93.0)

102.0
(77.0–140.0)

0.006*

Multivariable logistic regression analysis

Risk factors Beta
coefficient

p value Odds
ratio

95% CI
Odds ratio

Sex (male) 1.223 0.034* 3.398 1.098–10.516

Pulmonary artery banding 2.659  < 0.001* 14.282 4.722–43.195

Significant intraoperative (3 mm) residual VSD 2.156 0.003* 8.634 2.130–35.001
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multiple VSDs or apical malformations to reduce pul-
monary blood flow. Further, it has been shown that PAB 
might affect the outcomes [20]. Inohara et al. [13] stated 
that PAB should be considered cautiously, particularly 
with the recent acceptable results after one-stage opera-
tions at earlier ages and smaller body weights.

Furthermore, the presence of a significant intraopera-
tive residual of 3 mm or more and a greater cross-clamp 
time was a significant predictor of MAEs and associated 

complications, prolonged ICU, and hospital stays. A 
comparable study reported the occurrence of intraop-
erative complications, and prolonged ventilation dura-
tion among the significant independent predictors of 
prolonged postoperative length of stay following surgical 
correction of congenital heart diseases [4]. Other studies 
linked prolonged ICU and hospital stay following surgical 
VSD closure to the low body weight at operation time [2, 
22].

Table 4  Univariate analysis and multivariable regression analysis for the factors associated with prolonged ventilation

IQR interquartile range, VSD ventricular septal defect, CHD congenital heart disease, CPB cardiopulmonary bypass;
* significant at p < 0.05

Prolonged ventilation

Univariate analysis p value

Sex Female 24 63.2 36 40.4 0.019*

Male 14 36.8 53 59.6

Age at operation Median (IQR) 7.0
(5.5–8.0)

9.0
(7.0–11.0)

0.004*

Weight at operation Median (IQR) 5.3
(4.7–6.3)

6.0
(5.0–7.0)

0.071

Down Syndrome No 34 89.5 54 60.7  < 0.001*

Yes 4 10.5 35 39.3

Type of VSD Others 4 10.5 12 13.5 0.369

Inlet 9 23.7 35 39.3

Outlet 12 31.6 18 20.2

PM 11 28.9 19 21.3

Multiple 2 5.3 5 5.6

Associated CHD No 15 39.5 37 41.6 0.826

Yes 23 60.5 52 58.4

Right ventricular
hypertrophy

No 35 92.1 66 74.2  < 0.001*

Yes 3 7.9 23 25.8

Pulmonary artery banding No 36 94.7 65 73.0 0.006*

Yes 2 5.3 24 27.0

VSD Repair Interrupted 20 52.6 51 57.3 0.627

Continuous 18 47.4 38 42.7

Significant intraoperative
Residual VSD

No 37 97.4 76 85.4 0.039*

Yes 1 2.6 13 14.6

Cross clamp time (Minutes) Median (IQR) 52.5
(41.0–60.0)

64.0
(53.0–79.0)

 < 0.001*

Total CPB time (Minutes) Median (IQR) 72.5
(63.0–83.0)

90.0
(78.0–115.0)

 < 0.001*

Multivariable logistic regression analysis

Risk factors Beta
coefficient

p value Odds
ratio

95% CI
Odds ratio

Age at operation time 0.130 0.075 1.139 0.987–1.314

Trisomy 21 syndrome 1.737 0.005* 5.678 1.709–18.859

Cross clamp time 0.055  < 0.001* 1.056 1.027–1.087
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Limitations
This study is limited by its retrospective and observa-
tional nature. Additionally, the small number of patients 
available for study restricted the power of our analysis.

Conclusions
Our findings indicate that surgical VSD repair is a safe 
procedure with a very low mortality rate. The incidence 
of MAEs 14.3%. The age and weight at the time of the 

operation do not contribute significantly to MAEs or 
postoperative complications. Trisomy 21 was a signifi-
cant risk factor for prolonged ventilation. Further, the 
presence of PAB, significant intraoperative residual 
of 3  mm or more, and a greater cross-clamp time were 
significant predictors of MAEs and complications, pro-
longed ICU, and long hospital stay.

Table 5  Univariate analysis and multivariable regression analysis for the factors associated with a prolonged ICU stay

ICU intensive care unit, IQR interquartile range, VSD ventricular septal defect, CHD congenital heart disease, CPB cardiopulmonary bypass;
* significant at p < 0.05

Prolonged ICU stay

Univariate analysis p value

Sex Female 34 53.1 26 41.3 0.181

Male 30 46.9 37 58.7

Age at operation Median (IQR) 8.0
(6.0–10.0)

9.0
(6.0–12.0)

0.244

Weight at operation Median (IQR) 5.5
(4.8–7.0)

5.7
(4.8–7.0)

0.739

Down Syndrome No 49 76.6 39 61.9 0.073

Yes 15 23.4 24 38.1

Type of VSD Others 8 12.5 8 12.7 0.889

Inlet 20 31.3 24 38.1

Outlet 16 25.0 14 22.2

PM 17 26.6 13 20.6

Multiple 3 4.7 4 6.3

Associated CHD No 29 45.3 23 36.5 0.313

Yes 35 54.7 40 63.5

Right ventricular
hypertrophy

No 60 93.8 41 65.1 0.022*

Yes 4 6.3 22 34.9

Pulmonary artery banding No 62 96.9 39 61.9  < 0.001*

Yes 2 3.1 24 38.1

VSD Repair Interrupted 32 50.0 39 61.9 0.177

Continuous 32 50.0 24 38.1

Significant intraoperative
Residual VSD

No 63 98.4 50 79.4 0.001*

Yes 1 1.6 13 20.6

Cross clamp time (Minutes) Median (IQR) 55.0
(45.0–63.0)

65.0
(52.0–84.0)

 < 0.001*

Total CPB time (Minutes) Median (IQR) 80.0
(68.0–87.0)

93.0
(80.0–124.0)

 < 0.001*

Multivariable logistic regression analysis

Risk factors Beta
coefficient

p value Odds
ratio

95% CI
Odds ratio

Pulmonary
artery banding

2.668 0.001* 14.415 3.031–68.547

Significant intraoperative
(3 mm) residual VSD

2.421 0.034* 11.262 1.203–105.38

CPB time -0.050 0.064 0.915 0.905–1.003

Cross clamp time 0.062 0.0091* 1.064 1.016–1.114



Page 9 of 10Abdelrehim et al. Journal of Cardiothoracic Surgery          (2022) 17:232 	

Acknowledgements
Not applicable

Author contributions
A.R.A., MA and A.A.A projected the study analyzed and interpreted the data, 
and wrote the manuscript. M.M.F carried out the statistical analysis. A.R.A. 
and A.A.A performed the surgical interventions and. a major contributor in 
writing the manuscript. M.B.A, M.A. and A.A.L revised the final version of the 
manuscript. L.B., S.S. and A.Q. contributed to collecting the data for analysis. All 
authors read and approved the final manuscript.

Funding
Not applicable.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
The study was approved by the local ethics committee at Madinah Cardiac 
Centre MCC,Madinah, Saudi Arabia with Reference and approval number 
(2021R23), Informed written consents were obtained from the patients 
‘parents, or guardians. We confirm that all methods were performed in accord‑
ance with the Declaration of Helsinki.

Table 6  Univariate analysis and multivariable regression analysis for the factors associated with a prolonged hospital stay

IQR interquartile range, VSD ventricular septal defect, CHD congenital heart disease, CPB cardiopulmonary bypass;
* significant at p < 0.05

Prolonged hospital stay

Univariate analysis p value

Sex Female 54 55.7 6 20.0 0.001*

Male 43 44.3 24 80.0

Age at operation Median (IQR) 8.0
(6.0–10.0)

9.0
(7.013.0)

0.086

Weight at operation Median (IQR) 5.5
(4.7–6.8)

6.0
(5.0–8.0)

0.297

Down Syndrome No 70 72.2 18 60.0 0.207

Yes 27 27.8 12 40.0

Type of VSD Others 11 11.3 5 16.7 0.806

Inlet 34 35.1 10 33.3

Outlet 22 22.7 8 26.7

PM 25 25.8 5 16.7

Multiple 5 5.2 2 6.7

Associated CHD No 44 45.4 8 26.7 0.069

Yes 53 54.6 22 73.3

Right ventricular
hypertrophy

No 86 88.7 15 50.0  < 0.001*

Yes 11 11.3 15 50.0

Pulmonary artery banding No 87 89.7 14 46.7  < 0.001*

Yes 10 10.3 16 53.3

VSD Repair Interrupted 50 51.5 21 70.0 0.075

Continuous 47 48.5 9 30.0

Significant intraoperative
Residual VSD

No 93 95.9 20 66.7  < 0.001*

Yes 4 4.1 10 33.3

Cross clamp time (Minutes) Median (IQR) 58.0
(49.0–67.0)

73.5
(54.0–90.0)

0.004*

Total CPB time (Minutes) Median (IQR) 83.0
(70.0–92.0)

110.0
(83–143)

 < 0.001*

Multivariable logistic regression analysis

Risk factors Beta
coefficient

p
value

Odds
ratio

95% CI
Odds ratio

Sex (male) 2.552 0.001* 12.8281 2.990–55.030

Pulmonary artery banding 2.542  < 0.001* 2.669 3.790–42.544

Significant intraoperative (3 mm) residual 
VSD

2.973  < 0.001* 19.551 3.809–100.358



Page 10 of 10Abdelrehim et al. Journal of Cardiothoracic Surgery          (2022) 17:232 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

Consent for publication
Not applicable.

Competing interests
All authors declare that they have no competing interests.

Author details
1 Pediatric Cardiac Services, Madinah Cardiac Center MCC, Madinah, Saudi 
Arabia. 2 Cardiothoracic Surgery Department, Faculty of Medicine, Menoufia 
University, Shebeen El‑Kom, Menoufia, Egypt. 3 Pediatric Department, Faculty 
of Medicine, Menoufia University, Shebeen El‑Kom, Menoufia, Egypt. 4 Pediatric 
Department, Faculty of Medicine, Sohag University, Sohag, Egypt. 

Received: 26 February 2022   Accepted: 14 August 2022

References
	1.	 Anderson BR, Stevens KN, Nicolson SC, Gruber SB, Spray TL, Wernovsky G, 

Gruber PJ. Contemporary outcomes of surgical ventricular septal defect 
closure. J Thorac Cardiovasc Surg. 2013;145:641–7.

	2.	 Aydemir NA, Harmandar B, Karaci AR, Sasmazel A, Bolukcu A, Saritas T, 
Yucel IK, Coskun FI, Bilal MS, Yekeler I. Results for surgical closure of iso‑
lated ventricular septal defects in patients under one year of age. J Card 
Surg. 2013;28:174–9.

	3.	 Azhar AS. Unplanned hospital readmissions following congenital heart 
diseases surgery. Prevalence and predictors. Saudi Med J. 2019;40:802–9.

	4.	 Azhar AS, Aljefri HM. Predictors of extended length of hospital stay 
following surgical repair of congenital heart diseases. Pediatr Cardiol. 
2018;39:1688–99.

	5.	 Bergmann M, Germann CP, Nordmeyer J, Peters B, Berger F, Schubert 
S. Short- and long-term outcome after interventional VSD closure: a 
single-center experience in pediatric and adult patients. Pediatr Cardiol. 
2021;42:78–88.

	6.	 Dakkak W, Oliver TI. Ventricular Septal Defect. Treasure Island (FL): Stat‑
Pearls Publishing; 2020.

	7.	 Danford DA, Martin AB, Danford CJ, Kaul S, Marshall AM, Kutty S. Clinical 
implications of a multivariate stratification model for the estimation of 
prognosis in ventricular septal defect. J Pediatr. 2015;167:103-7.e1-2.

	8.	 Diller GP, Kempny A, Alonso-Gonzalez R, Swan L, Uebing A, Li W, Babu-
Narayan S, Wort SJ, Dimopoulos K, Gatzoulis MA. Survival prospects 
and circumstances of death in contemporary adult congenital heart 
disease patients under follow-up at a large tertiary centre. Circulation. 
2015;132:2118–25.

	9.	 Ergün S, Genç SB, Yildiz O, Öztürk E, Kafali HC, Ayyildiz P, Haydin S. Risk 
factors for major adverse events after surgical closure of ventricular septal 
defect in patients less than 1 year of age: a single-center retrospective. 
Braz J Cardiovasc Surg. 2019;34:335–43.

	10.	 Fudge Jr JC, Li S, Jaggers J, O’Brien SM, Peterson ED, Jacobs JP, Welke 
KF, Jacobs ML, Li JS, Pasquali SK. Congenital heart surgery outcomes 
in Down syndrome: analysis of a national clinical database. Pediatrics. 
2010;126:315–22.

	11.	 Hoashi T, Hirahara N, Murakami A, Hirata Y, Ichikawa H, Kobayashi J, 
Takamoto S. Current surgical outcomes of congenital heart surgery for 
patients with down syndrome in Japan. Circ J. 2018;82:403–8.

	12.	 Huang S-Y, Chao A-S, Kao C-C, Lin C-H, Hsieh C-C. The outcome of prena‑
tally diagnosed isolated fetal ventricular septal defect. J Med Ultrasound. 
2017;25:71–5.

	13.	 Inohara T, Ichihara N, Kohsaka S, Miyata H, Hirata Y, Murakami A, Shimizu 
H, Aeba R. The effect of body weight in infants undergoing ventricular 
septal defect closure: a report from the Nationwide Japanese Congenital 
Surgical Database. J Thorac Cardiovasc Surg. 2019;157:1132-1141.e7.

	14.	 Jacobs JP. The society of thoracic surgeons congenital heart surgery data‑
base public reporting initiative. Semin Thorac Cardiovasc Surg Pediatr 
Card Surg Annu. 2017;20:43–8.

	15.	 Kempny A, Dimopoulos K, Uebing A, Diller G-P, Rosendahl U, Belitsis 
G, Gatzoulis MA, Wort SJ. Outcome of cardiac surgery in patients with 
congenital heart disease in England between 1997 and 2015. PLoS ONE. 
2017;12:e0178963–e0178963.

	16.	 Kogon B, Butler H, Kirshbom P, Kanter K, Mcconnell M. Closure of symp‑
tomatic ventricular septal defects: how early is too early? Pediatr Cardiol. 
2008;29:36–9.

	17.	 Lange R, Guenther T, Busch R, Hess J, Schreiber C. The presence of Down 
syndrome is not a risk factor in complete atrioventricular septal defect 
repair. J Thorac Cardiovasc Surg. 2007;134:304–10.

	18.	 Mackie AS, Ionescu-Ittu R, Pilote L, Rahme E, Marelli AJ. Hospital readmis‑
sions in children with congenital heart disease: a population-based study. 
Am Heart J. 2008;155:577–84.

	19.	 Mirzaaghayan MR, Aghaei Moghadam E, Dehestani A, Ghamari A. Early 
surgical closure of the ventricular septal defects; to be done or not to be 
done? A question to be answered. Iran J Pediatr. 2018;28(6):e58876.

	20.	 Penny DJ, Vick GW. Ventricular septal defect. Lancet. 2011;377:1103–12.
	21.	 Purifoy ET, Spray BJ, Riley JS, Prodhan P, Bolin EH. Effect of trisomy 21 on 

postoperative length of stay and non-cardiac surgery after complete 
repair of tetralogy of fallot. Pediatr Cardiol. 2019;40:1627–32.

	22.	 Schipper M, Slieker MG, Schoof PH, Breur JMPJ. Surgical repair of ventricu‑
lar septal defect; contemporary results and risk factors for a complicated 
course. Pediatr Cardiol. 2017;38:264–70.

	23.	 Scully BB, Morales DL, Zafar F, Mckenzie ED, Fraser CD, Jr, Heinle JS. Cur‑
rent expectations for surgical repair of isolated ventricular septal defects. 
Ann Thorac Surg, 2010;89:544–9; discussion 550–1.

	24.	 Siehr SL, Hanley FL, Reddy VM, Miyake CY, Dubin AM. Incidence and risk 
factors of complete atrioventricular block after operative ventricular 
septal defect repair. Congenit Heart Dis. 2014;9:211–5.

	25.	 Stoll C, Dott B, Alembik Y, Roth MP. Associated congenital anomalies 
among cases with Down syndrome. Eur J Med Genet. 2015;58:674–80.

	26.	 Zhao D, Yang K, Li S, Yan J, Hua Z, Fang N, Su W, Lv X, Yu B. Outcomes of 
different rehabilitative procedures in patients with pulmonary atresia, 
ventricular septal defect and major aortopulmonary collateral arteries. 
Eur J Cardiothorac Surg. 2018;55:837–44.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.


	Predictors of major adverse events and complications after ventricular septal defects surgical closure in children less than 10 kg
	Abstract 
	Background: 
	Aim: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Methods
	Study design, settings, and ethical considerations
	Inclusion criteria
	Exclusion criteria
	Data collection
	Outcomes
	Surgical procedures
	Statistical analysis

	Results
	Discussion
	Limitations
	Conclusions
	Acknowledgements
	References


