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Abstract

The clinical course of residual ventricular septal defects after congenital heart disease repair is not completely elucidated
in the medical literature. This study assessed the incidence, size, and clinical course of residual defects.This single-center
retrospective study included 132 patients who survived after ventricular septal defect patch closure (n=107) and intracardiac
repair of double-outlet right ventricle (n =16) and tetralogy of Fallot (n=9). Residual defect was evaluated on transthoracic
echocardiogram upon hospital discharge and at outpatient clinic visits.The median age at surgery was 1.2 (0.3-13.9) years.
In total, 45 (34.1%) patients presented with residual defects upon hospital discharge. The residual defects were within 2 mm
(n=27), 2-3 mm (n=15), and >3 mm (n=3), and the median size was 1.5 (0.5-3.8) mm. There was no late mortality dur-
ing a median follow-up of 5.4 years. Among 42 residual defects measuring <3 mm upon hospital discharge, 37 (82.2%)
spontaneously closed. Further, five defects decreased in size (1.8 +0.6 mm upon hospital discharge vs1.2+0.8 mm at the
latest visits, p=0.15). However, the size of three residual defects measuring >3 mm upon hospital discharge increased, and
two patients required re-surgery for residual defect.Significant residual defect requiring reoperation was rare. In most cases,
residual defects measuring <3 mm upon hospital discharge spontaneously closed within 5 years, and the size of the other
defects decreased.
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Introduction

The incidence rate of residual ventricular septal defect
(VSD) after congenital heart surgery is 31%—57% [1-3].
Multiple theoretical complications, ranging from left ven-
tricular volume overload in larger defects to aortic valve
damage in smaller defects, can develop because of residual
defects. Further, chronic residual intracardiac shunting can
result in remodeling of the pulmonary vascular bed and a
fixed increase in pulmonary vascular resistance. A resid-
ual defect measuring >3 mm was considered the cutoff for
hemodynamically significant residual shunt [4-6]. However,
previous studies on the sizes and clinical course of residual
defects after surgery are limited. Therefore, the current study
aimed to assess the clinical course of residual defects, par-
ticularly with respect to defect sizes.

Material and Methods
Study Design

This single-center retrospective study included 132
patients who survived after repair of isolated VSD
(n=107), double-outlet right ventricle (DORV) (n=16),
and tetralogy of Fallot (TOF) (n=9) from March 2012 to
December 2022. Residual VSD was defined as the pres-
ence of postoperative interventricular shunt with measur-
able defect on transthoracic echocardiogram. Therefore,
tiny shunts, with immeasurable size or flow velocity, were
not considered as residual defects in this study. This study
aimed to evaluate the clinical course of residual defects
around the margin of the VSD patch. Therefore, patients
with iatrogenic VSD caused by septal myectomy, shunt
attributed to multiple muscular-type VSD, and left ventri-
cle to right atrium shunt, those who underwent direct VSD
closure, those with more complicated anatomies such as
atrioventricular septal defect and transposition of the great
arteries with VSD, and those with early mortality at the
time of repair were excluded from the analysis. The size
of the residual defect, with the maximal VSD diameter,
which is a technical performance score after VSD closure,
was measured [7]. The residual defect was obtained from
the para-sternal long-axial view, short-axial view, and api-
cal four-chamber view on transthoracic echocardiogram.
Further, the residual defect indexed to the patient’s body
surface area (BSA) was measured. Transthoracic echocar-
diogram was performed upon hospital discharge and at
3 months, 6 months, and every 1-3 years after the surgery.
In patients with a larger residual VSD, the examination
was performed at short intervals. Spontaneous closure was
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defined as residual defects with an invisible interventricu-
lar shunt or immeasurable defect size.

This study was approved and monitored by the research
ethics committee of Matsudo City General Hospital
(approval number and date: R4-23, 1/6/2023). The need
for a patient consent was waived due to the retrospective
nature of this study. The medical records of the patients
were reviewed, and data such as demographic characteris-
tics of the patients, anatomical information, surgical his-
tory, intraoperative details, and postoperative outcomes
were retrieved and analyzed.

Statistical Analysis

Statistical analysis was performed using the SPSS soft-
ware version 18.0 (SPSS, Inc., Chicago, IL). Continuous
variables were expressed as mean and standard deviation
or median and range. Comparative studies between two
groups were performed using the student’s #-test or the
generalized Wilcoxon signed-rank test. The Kaplan—Meier
curve for the spontaneous closure of residual defects was
created. The end point of residual defect was reoperation
or spontaneous closure. All p-values were two-sided, and
a p-value of < 0.05 was considered statistically significant.
Risk analysis of residual VSD measuring >2 mm upon
hospital discharge was evaluated via a regression analysis.
In the risk analysis, the right ventricular approach and
other approaches for VSD closure were compared. Each
variable was found to be significantly associated with
based on the univariate analysis (p <0.15) and was used
in the multivariable analysis.

Surgical Indication

VSD closure was indicated for a pulmonary-to-systemic
blood flow ratio of > 1.5 or the presence of aortic valve pro-
lapse caused by the venturi effect. Cardiac catheterization
was aggressively performed on patients suspected with pul-
monary arterial hypertension, defined as a mean pulmonary
arterial pressure of >20 mmHg, an end-expiratory pulmo-
nary artery wedge pressure of < 15 mmHg, and pulmonary
vascular resistance of >3 wood units [8]. The indication for
residual VSD re-closure was similar to that for the initial
surgery.

Operative Surgeon and Technique

The surgeries were performed by four pediatric cardiac sur-
geons during the study period. Although the same surgical
team performed the operation, the first operative surgeon
was different on the era.
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Table 1 Characteristics of the patients

Variables

Number (%) or
median (range)

Age at surgery (years)

<1 year

Body weight at surgery (kg)

<5kg

Diagnosis
Ventricular septal defect
Double outlet right ventricle
Tetralogy of Fallot
Trisomy 21
Pulmonary arterial hypertension
Previous palliative operation
Pulmonary artery banding
Systemic to pulmonary artery shunt
Others

For VSD closure or intracardiac rerouting, a 0.4-mm-
thick expanded polytetrafluoroethylene or a Dacron patch
was used. The patch was applied with several pledgeted 5-0
or 60 polypropylene U-shaped interrupted sutures or with

12(0.3-13.9) a 6-0 polypropylene continuous sutures at the ventricular
46 (34.8%) septum and several 60 polypropylene U-shaped interrupted
8.5 (3'2;43'0) sutures reinforced with the pericardium strip at the valve
12 (9.1%)

107 (81.1%)
16 (12.1%)
9 (6.8%)

20 (15.2%)
26 (19.7%)
19 (14.4%)
10 (7.6%)
7(5.3%)
2(1.5%)

Table 2 Residual defect upon hospital discharge

annulus. The surgeon selected the approaches used for VSD
closure.

Results

This study enrolled 132 patients. Table 1 shows the charac-
teristics of the patients. The median age at surgery was 1.2
(0.3-13.9) years, and 46 (34.8%) patients were aged < 1-year-
old. In total, 26 (19.7%) patients had preoperative pulmo-
nary arterial hypertension, and 20 (15.2%) patients had
Trisomy 21. Further, 45 (34.1%) patients presented with

All patients (n=132)  Patients with isolated ven- Patients with Tetralogy of Fallot/ p value
tricular sepal defect (n=107) double-outlet right ventricle (n=25)
Residual defect upon hospital discharge 45 (34.1%) 31 (29.0%) 14 (56%) 0.02
Residual defect size (mm) 1.5 (0.5-3.8) 1.2 (0.5-3.8) 2.0 (0.5-3.1) 0.52
<2 mm 18 (40%) 10 (32.3%) 8 (57.1%)
2-3 mm 24 (53.3%) 19 (61.3%) 5 (35.7%)
>3 mm 3(6.7%) 2 (6.4%) 1(7.1%)
Residual defect size indexed body sur- 3.8 (0.6-12.0) 3.6 (0.6-12.0) 4.6 (1.3-6.8) 0.94
face area (mm/m?)
<5 mm/m? 28 (62.2%) 20 (64.5%) 8 (57.1%)
5-10 mm/m? 14 (31.1%) 8 (25.8%) 6 (42.9%)
> 10 mm/m? 3(6.7%) 309.7%) 0
Table 3 Risk analysis of residual defects measuring >2 mm upon hospital discharge
Univariate analysis Multivariable analysis
p value Hazard ratio 95% p value Hazard ratio 95%
confidence confidence
interval interval
Age> 1 year at surgery 0.36 1.6 0.64.4
Less than 5 kg at surgery 0.58 0.6 0.1-4.5
Tetralogy of Fallot/double-outlet right ventricle 0.005 4.6 1.6-13.2 0.04 5.0 1.7-15.2
Trisomy 21 0.12 25 0.8-8.1 0.08 3.1 0.9-10.6
Usage of expanded polytetrafluoroethylene patch for ventricular 0.64 0.8 0.3-2.2
septal defect closure
Continuous suture technique 0.34 0.4 0.05-2.9
Right ventricular approach for ventricular septal defect closure  0.25 2.7 0.5-15.2
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Table 4 Clinical course of residual defect after the surgery

Variables

Duration of follow-up (years) 5.4 (0.1-9.7)

Infective endocarditis 0

Recent outcome of residual defect
Spontaneous closure of residual defect 37 (82.2%)
Remaining residual defect 6 (13.3%)
Re-closure for residual defect 2 (4.4%)

residual VSD upon hospital discharge (Table 2). The sizes
of residual defects were <2 mm (n=27 [60%]), 2—3 mm
(n=151[33.3%]), and>3 mm (n=3 [6.7%]), and the median
size was 1.5 (0.5-3.8) mm. Among 25 patients with TOF
or DORY, 8 (32%) presented with residual defect measur-
ing>?2 mm upon hospital discharge. Moreover, among 107
patients with isolated VSD, only 10 (9.3%) had a residual
defect measuring >2 mm upon hospital discharge (p <0.01,
x2=8.8). However, there was no significant difference in
terms of residual defect among the four pediatric cardiac
surgeons (p=0.26, x2=4.0).

Multivariable analysis showed that TOF or DORV
was identified as a risk factor for residual VSD measur-
ing>2 mm upon hospital discharge (p =0.04, hazard
ratio=5.1, 95% confidence interval =1.7-15.2) (Table 3).
Trisomy 21 was tended to be identified as a risk factor for
residual VSD (p=0.08, hazard ratio=3.1, 95% confidence
interval =0.9-10.6). By contrast, the suture technique and
the approach for VSD closure were not risk factors for resid-
ual VSD.
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Univariate analysis showed that aged < 1 year at surgery
was a risk factor for residual VSD sized measuring >2 mm
upon hospital discharge in 107 patients with isolated
VSD alone (p=0.04, hazard ratio=4.3, 95% confidential
interval =1.1-17.8).

All patients with residual VSD upon hospital discharge
completed the follow-up, and there were no cases of late
mortality and infective endocarditis during a median fol-
low-up of 5.4 (0.1-9.7) years (Table 4). In total, 37 (82.2%)
patients presented with residual defect closure at a median
duration of 0.5 (0.1-5.0) years from the surgery. The size
of all defects that spontaneously closed were <3 mm upon
hospital discharge. Residual defects measuring <2 mm spon-
taneously closed earlier than those measuring 2-3 mm. In
particular, the incidence rates of spontaneous closure at
1 year after the surgery was 85.2% in patients with defects
measuring <2 mm and 34.0% in patients with defects meas-
uring 2-3 mm (Fig. 1a). Among 42 residual defects measur-
ing <3 mm upon hospital discharge, five decreased in size at
a median follow-up of 3.3 years (1.8 0.6 mm upon hospital
discharge vs.1.2 +0.8 mm at the latest visits, p=0.15).

In contrast, three residual defects measuring >3 mm
upon hospital discharge remained patent. Then, their diam-
eter increased to 5.7, 6.8, and 10 mm (Fig. 2). Postoperative
cardiac catheterizations showed a pulmonary-to-systemic
flow ratio of > 1.5 and a left ventricular volume of > 150%.
Among them, two with Trisomy 21 and DORV or VSD
required reoperation for residual defect at 0.7 and 2.1 years
after the surgery. During reoperation, in both patients, the
residual VSD was located beneath the anterior tricuspid
valve, and was surrounded by the anterior limb of trabecula
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Fig. 1 Spontaneous closure of residual defect. a Size of residual defect upon hospital discharge, b Residual defect size indexed to body surface

area
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1

Fig.2 Size change of remaining
defects

-
o

Re-closure

!

Size of residual defect
upon hospital discharge

— = 3mm (h=3)

Size of residual defect (mm)

............... < 3mm (n=5)

Years after the surgery (years)

septomarginalis and the superior portion of the previous
VSD patch.

Residual Defect Size Indexed the Patient’s BSA

The residual defect sizes indexed the patient’s BSA
were <5 mm/m’ (n=28 [62.2%]), 5-10 mm/m? (n= 14
[31.1%]), and > 10 mm/m? (n=3 [6.7%]). Two of three
patients with residual defect indexed BSA measur-
ing > 10 mm/m? presented with a pulmonary-to-systemic
flow ratio of > 1.5 after the surgery. The residual defects
indexed BSA measuring <5 mm/m? was spontaneously
closed earlier than that of defects measuring 5—10 mm/m?
(Incidence of spontaneous closure at 1 year after the sur-
gery: 78.6% in residual defects indexed BSA of <5 mm/m?
vs. 38.9% in residual defects indexed BSA of 5-10 mm/m?
(p=0.03, x2=35.1) (Fig. 1b).

Discussion

The incidence rate of residual defect for isolated VSD clo-
sure ranged from 31.2% to 57% [1-3], which is similar to the
result of the current study (34.1%). Further, the remaining
residual defect at 3—-26 years after the surgery was 8%—10%
[2, 9, 10]. The incidence of residual defect at a median fol-
low up of 5.4 years was 4.5%. Previous studies have shown
that a longer bypass time and a lower body weight at sur-
gery were associated with residual defects [1, 11]. In our
study, TOF or DORYV had a significantly higher incidence
of residual defects measuring >2 mm upon hospital dis-
charge. In the anatomy of TOF or DORY, the conal septum
is anteriorly malaligned relative to the ventricular septum
in general, and it may be challenging to suture. In previ-
ously reports about reoperations for TOF repair aged over
15 years, 9.4% of patients underwent reclosure for residual

defect [12]. Cautious follow-up is required, especially for
TOF or DORV with a larger residual VSD. In our study, tri-
somy 21 was considered a risk factor of residual defect, and
two patients with trisomy 21 required re-surgery for residual
defects because of congestive heart failure and pulmonary
hypertension after the initial repair [13]. If the patient with
trisomy 21 had persistent residual defects, early examina-
tion is required to evaluate the residual shunt flow before
the exacerbation of pulmonary hypertension. For suture
techniques such as continuous or interrupted sutures, previ-
ous reports have revealed the different incidence of residual
defect based on suture techniques [14, 15]. However, in our
study, there was no significant difference in the incidence of
residual defects based on suture techniques or approaches.
A size of >3 mm was used as a cutoff for residual defect
sizes in hemodynamically significant residual shunt [4-6],
and the defect did not spontaneously close 3 years after the
surgery [2]. The incidence rate of residual defects meas-
uring >3 mm was 4.7% [4]. In our study, the incidence
rate was 2.2%. The frequent portion of residual defect was
reported to be the transition from aortic valve annulus to the
tricuspid valve annulus [2], and the superior portion of the
VSD patch [16]. In our three patients with residual defects
measuring > 3 mm, the residual defect was also located at the
superior portion of the previously placed patch. Therefore,
the area, particularly at the superior portion of the VSD,
should be sutured to prevent persistent residual defect.

The incidence rate of re-surgery for residual defects after
VSD or TOF repair was 0.5%-3.2% [3, 10, 12, 17], and
the incidence rate of reoperation was 1.5%. If the residual
defects measuring >?2 mm are detected during the surgery,
return to cardiopulmonary bypass is recommended [2]. In
our study, the residual defects measuring 2-3 mm upon
hospital discharge were spontaneously closed or became
smaller. However, the timing of spontaneous closure was
later than that in defects measuring <2 mm. We believe that
the cutoff size for re-closure of residual defects is 3 mm,
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because the residual defects measuring >3 mm are likely
to increase in size. Further, the residual defect size indexed
BSA might be useful in identifying the clinical course
of residual defects. In residual defect size indexed BSA
of > 10 mm/m?, it is important to monitor the development
or exacerbation of congestive heart failure and pulmonary
hypertension.

The current study had several limitations. It was retro-
spective in nature, and the number of surgeries performed
by four pediatric cardiac surgeons during the study period
was low.

Conclusion

Significant residual defect requiring re-surgery was rare. In
most cases, residual defects measuring <3 mm upon hospi-
tal discharge spontaneously closed within 5 years, and the
others decreased in size. Further, residual defects measur-
ing >3 mm were unlikely to close.
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