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Aims The aim of the article is to study the safety, efficacy, and follow-up of percutaneous closure of mus-
cular ventricular septal defect (mVSD) and perimembranous ventricular septal defect (pmVSD) in children.
Methods and results Between January 2000 and June 2005, among 140 patients who underwent percuta-
neous closure of an mVSD or a pmVSD, 88 were aged lt;12. Two different Amplatzer devices were used:
the mVSD occluder and the pmVSD occluder. Mean age and weight at procedure were 4.5+ 3.3 years and
18.7+ 11.2 kg, respectively. Percutaneous closure was successfully achieved in 83 subjects (94%). No
deaths occurred. Thirteen patients (14.7%) had early complications: device embolization (n¼ 4), vascular
complications (n ¼ 3), and rhythm abnormalities (n ¼ 6). These were transient complications in all but one
case [1.1% complete atrioventricular block (cAVB) needing pacemaker implantation]. During a median
follow-up of 24 months, three subjects treated for a pmVSD needed pacemaker implantation due to the
occurrence of cAVB. Multivariable analysis using Cox’s proportional hazard regression showed that age
was the only risk factor associated with the occurrence of cAVB (P ¼ 0.028; relative risk: 0.25).
Conclusion Percutaneous closure of mVSD and pmVSD in children can be performed safely and successfully.
The occurrence of cAVB is a major concern in young children with pmVSD.
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Introduction

Surgical closure of a ventricular septal defect (VSD) is now a
routine procedure. The morbidity and mortality related to
surgical procedures have been reported in the literature.1–8

In the last decade, percutaneous techniques to close
cardiac defects have been developed. Closure of atrial
septal defects and patent ductus arteriosus using transcath-
eter devices has been widely reported,9–12 and these tech-
niques can now be used even in very young children.13,14

More recently percutaneous techniques and devices have
been developed specifically for closure of muscular VSD
(mVSD) and perimembranous VSD (pmVSD). The initial experi-
ence in humans appears encouraging,15–18 but there are no
data from large series of children with an adequate follow-up.
Here, we report our early and mid-term follow-up results

of percutaneous closure of mVSD and pmVSD in 88 subjects
aged ,12.

Methods

Between January 2000 and June 2005, we prospectively collected
data on 140 patients who underwent transcatheter closure of a
VSD at our institution. Eighty-eight of these 140 subjects were

children aged ,12 (range 0.5–12 years). Patients were assessed
by a standard echocardiographic protocol: all patients underwent
transthoracic echocardiography (TTE) that was performed with a
Vingmed 800 (Vingmed Sound, Horten, Norway) and a System Five
performance ultrasound system (Vingmed Sound) using a transducer
appropriate to each patient’s size and body weight.

Inclusion and exclusion criteria

The criteria for inclusion in this study were clinical and/or echocar-
diographic evidence of a significant left-to-right shunt through an
mVSD or a pmVSD in patients under 12 years of age.
A left-to-right shunt was considered significant when the following

were found: (i) cardiomegaly on chest X-ray; (ii) left atrial enlarge-
ment, defined as a left atrial-to-aortic ratio .1.5; (iii) left ventricu-
lar enlargement (left ventricular volume overload), defined as a left
ventricular end-diastolic diameter .þ2 standard deviations (SD)
above the mean for the patient’s age; (iv) symptoms: frequent respir-
atory infections and/or failure to thrive. Frequent respiratory infec-
tions were defined as more than six events per year.19 Failure to
thrive was defined according to Hamil et al.20

We intended that patients should weigh at least 5 kg to be eligible
for percutaneous closure of a VSD, although we did treat some sub-
jects weighing ,5 kg, who had significant post-operative residual
VSD.
We undertook a percutaneous procedure when we could use long

sheaths of the following sizes according to weight: 6–8 Fr in subjects
weighing from 3.5–6 kg, 7–9 Fr in subjects weighing from 6–8 kg,
and 8–10 Fr in subjects weighing. 8 kg. This enabled us to close
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mVSD of up to 8–12 mm in subjects weighing 3.5–6 kg, 12–14 mm in
subjects weighing 6–8 kg, and . 14 mm in subjects weighing. 8 kg,
whereas we could close pmVSD of up to 6–8 mm in subjects weighing
3.5–6 kg, 8–10 mm in subjects weighing 6–8 kg, and . 12 mm in
subjects weighing. 8 kg.
A defect was defined too large to be closed percutaneously when

a device and a long sheath larger than the one possible for body
weight would have been needed.
Only subjects with a rim of at least 1 mm separating the aortic

valve from the pmVSD were included. We excluded patients with
an infundibular defect, patients with pmVSD and prolapse of an
aortic cusp, and patients with mal-aligned VSD.
Parents gave their informed written consent to the procedure.
The general characteristics of the patients are reported in

Table 1.

Devices and delivery systems used

Two different Amplatzer devices (AGA Medical Corp) were used: the
mVSD occluder (MVSD-O) and the pmVSD occluder (pmVSD-O).15–18

These devices have a woven mesh of 72 nitinol wires with shape
memory. They are made of a 0.004–0.005 in. nitinol wire with a
polyester mesh inside. These devices and their delivery systems
have been previously described.16

Procedures

Percutaneous closure of a VSD is performed under general anaesthe-
sia with oro-tracheal intubation. Patients are given heparin 100 IU/kg
and antibiotics intravenously. The procedure is performed under
fluoroscopic and transoesophageal echocardiographic (TEE)
control. Access is through the right internal jugular vein and right
femoral artery for mid-muscular and apical VSD, whereas right
femoral vein and left femoral artery accesses are used for high
mVSD and pmVSD.
Standard right and left cardiac catheterization, standard left ven-

triculography to study mVSD and pmVSD and angiography of the
ascending aorta are performed in all cases. The size of the VSD
and its relation to the aorta are confirmed. The diameter of the
VSD is calculated by integrating data from TEE and angiographic
measurements. A device 1–2 mm larger than the measured VSD
diameter is chosen.
The VSD is crossed from the left ventricle using a right coronary

artery catheter (Cordis Corp., USA) or an Amplatzer right coronary
catheter (Cordis Corp., USA), and an exchange floppy Terumo guide-
wire (Terumo Corp., Japan) advanced into the pulmonary artery or
the superior or inferior vena cava. The wire is then snared (EV3, MN,
USA) to establish an arteriovenous circuit.
Procedures for mid-muscular (Figure 1), apical VSD, and high

mVSD and pmVSD (Figures 2 and 3) have been previously reported
in detail.16

Early in our experience, we closed some cases of high mVSD with
a .5 mm rim towards the aortic valve using a retrograde aortic
approach and an mVSD-O. In these cases, the VSD is crossed from
the left ventricle and the wire is placed in the apex of the right ven-
tricle. The long sheath is advanced from the aorta through the VSD
into the right ventricular apex. The device is advanced in the long
sheath, and then the distal disc is opened in the right ventricle
and withdrawn to the septum. The proximal disc is then opened,
taking care to avoid any entrapment of the aortic valve with the
disc of the device. Finally, the correct position is confirmed and
the device is released.

VSD analysis

The diameter of the VSD was measured by TTE and TEE, using two-
dimensional imaging and colour flow Doppler on long- and short-axis
views. The vertical diameter was measured during left ventricular
angiography using the views described earlier.

The locations of the VSD are reported in Table 1. A ventricular
septal aneurysm was present in 25 patients (28%). All subjects
with an aneurysm had a pmVSD. Associated lesions were encoun-
tered in five subjects. Multiple defects were found in three
patients.

Residual shunt and valve regurgitation

A residual shunt was considered to be present when colour Doppler
flow mapping showed a left-to-right shunt across the interventricu-
lar septum. A shunt was defined trivial (,1 mm colour jet width),
small (1–2 mm colour jet width), moderate (2–4 mm colour jet
width), or large (.4 mm colour jet width). Valve regurgitation
was evaluated by colour Doppler flow imaging in a standard way.

Ten subjects had trivial aortic regurgitation. Seven out of 10
patients had a pmVSD. Twenty patients had trivial to mild tricuspid
regurgitation. Finally, eight subjects had trivial to mild mitral regur-
gitation related to mitral annulus dilatation due to volume overload
of the left ventricle.

Follow-up

All subjects underwent clinical examination, electrocardiography,
chest X-rays, 24 h EKG-Holter monitoring, and TTE before discharge
and at 1, 6, and 12 months after the procedure and yearly there-
after. Before discharge, urinalysis was performed to exclude haemo-
lysis. Platelet anti-aggregation therapy with aspirin 5 mg/kg per day
p.o. and endocarditis prophylaxis were prescribed for 6 months.

Statistical methods

Data are expressed as a frequency or percentage for nominal vari-
ables, as the median (range) for categorical variables and as the
mean+ SD for continuous variables. The STATISTIX package
version 8 was used for the statistical computations.

The following dependent outcome variables were analyzed: total
complications, complete atrioventricular block (cAVB), device
embolization, and vascular complications. The following indepen-
dent variables were included in the analysis: age, weight, gender,
defect type (congenital, residual post-surgery), defect position
(perimembranous, muscular), device type (muscular Amplatzer
device, eccentric Amplatzer device), device diameter, complex pro-
cedures (yes/no), multiple defects (yes/no), ventricular septal
aneurysm (yes/no), device diameter/defect diameter measured
on TTE, and device diameter/patient weight.

Univariate analysis was performed using the x2 test, Fisher’s
exact test, unpaired Student’s t-test, Wilcoxon rank sum test,
one-way ANOVA, the Kruskall–Wallis test, log-rank test, and Cox
regression analysis, as appropriate.

Multivariable analysis to study risk factors for the occurrence of
early complications was performed using multiple logistic regression
analysis. The regression model diagnostic was performed by obtain-
ing the standardized residuals and Cook’s D-values and examining
them using Wilk–Shapiro and rankit plot tests. Independent

Table 1 General characteristics

N 88
Sex (F/M) 48/40
Age (years) 4.5+ 3.3 (range 0.5–12 years)
Weight (kg) 18.7+ 11.2 (3.5–45 kg)
VSD location

Perimembranous 56 patients
High muscular 8 patients
Mid-muscular 16 patients
Apical 5 patients
Multiple 3 patients (two mVSD and one pmVSD)
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variables with a P-value ,0.2 in the univariate analysis were
included in the multivariable model. Odds ratios (OR) and their
95% confidence intervals were calculated for independent variables
included in the multivariable model.

Multivariable analysis using Cox’s proportional hazard regression
analysis was performed to study the role of independent variables
on the occurrence of cAVB in the early period and during the
follow-up. Evaluation of proportional hazards assumption was
performed by using the goodness of fit testing approach.

All tests were two sided. A probability value of P, 0.05 was
considered statistically significant.

Results

Procedural data

During the period of the study, all subjects with the inclusion
criteria were sent to the catheterization laboratory with the
intention to treat the defect percutaneously (Table 2). In 83
of 88 patients, the defect was successfully closed (94%). In
four subjects, the procedure was aborted (see section on
Complications for details) and one subject was sent for
surgery after device embolization (see section on
Complications for details).
An internal jugular venous approach was used in 23

subjects, whereas a venous femoral access was used in 65.

Complex procedures

Complex procedures (combined procedures, hybrid pro-
cedures, closure of multiple VSD, post-surgical residual VSD)
were performed in 17 children (19%). Five subjects underwent
combined procedures: pulmonary valve dilatation in two sub-
jects, atrial septal defect closure in one, patent ductus arter-
iosus in one, and atrial septal defect and small patent ductus
arteriosus closure in one. Hybrid procedures were performed
in three patients. Two subjects underwent VSD closure
before surgical debanding of the pulmonary artery and one
before repair of aortic coarctation. One of these subjects
had multiple defects that were closed using two devices. Two
more subjects were treated for multiple VSD. Finally, seven
patients underwent percutaneous closure of a post-surgical
residual VSD. Two of these were treated in an ‘acute setting’
since they could not be weaned from mechanical support.
Five more subjects were treated electively. These patients
had undergone surgery, a median of 1.5 years (range: 7
months–4.5 years), before the percutaneous procedure.

Complications

Early post-procedural complications
No deaths occurred. In five subjects, the procedure
was aborted. In two patients (two 8-year-old girls with

Figure 1 Percutaneous closure of an mVSDs. Top right: the angiogram demonstrates a single mid-mVSD; top left: a cine angiogram demonstrating snaring of the
guide-wire passed from the left ventricle up to the superior vena cava; low right: the long sheath is in the ascending aorta coming from the right ventricle through
the VSD; low left: left ventriculography showing almost complete VSD closure.
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mal-aligned pmVSD), it was impossible to obtain a stable
position of the device, which was retrieved before unscrewing
it. One 6-month-old girl was sent for surgery after device
embolization to the pulmonary artery; this baby had previously
undergone an operation to correct aortic coarctation. These
subjects were treated very early in our experience and it is

possible that there was an error in their selection or a lack in
operator’s experience. In two patients with pmVSD (a
3.5-year-old female and a 6-year-old boy), cAVB developed
during manoeuvres of the catheter or Terumo guide-wire.
The procedure was stopped in both subjects, and they both
recovered sinus rhythm within 1–2 h.

A total of 13 significant complications occurred (14.7%).
These were device embolization (n ¼ 4), vascular compli-
cations (n ¼ 3), and rhythm abnormalities (n ¼ 6).
However, in all but one child (1.1%) who needed pacemaker
implantation, these were transient complications and the
patients had no sequelae.

Univariate analysis showed that no variable predicted the
occurrence of early complications. Only two variables
showed a trend towards significance (device diameter/
patient weight: no complication 0.52+ 0.35 vs. compli-
cation 0.71+ 0.37; P ¼ 0.06; device measure: no compli-
cation 8.4+ 2.3 mm vs. complication 9.2+ 2.2; P ¼ 0.09).
In the multivariable model, defect position (P ¼ 0.15) was
also included. However, no risk factors were found.

Device embolization
This complication occurred in four patients (4.5%). In one
already described case with a large mVSD, the patient was
sent to surgery. In three other cases, the device was

Figure 2 Percutaneous closure of a pmVSD. Left: the angiogram demonstrates a single pmVSD and left ventricular overload; middle: snaring of the guide-wire
passed from the left ventricle in the left pulmonary artery; right: cine image showing the position of the delivery sheath in the apex of the left ventricle.

Figure 3 Percutaneous closure of a pmVSD. Right: left ventricular angiogram after device release, showing good device position and no residual shunt. Note the
platinum marker located in the left ventricular disk pointing towards the left ventricular apex; left: an ascending aortic angiogram demonstrating no aortic
regurgitation.

Table 2 Procedural data and devices used

Fluoroscopic time (min) 29+ 22 (range 12–146)
Procedure time (min) 100+ 51 (range 45–320)
Qp/Qs 2.2+ 0.6 (range 1.5–4)
Systolic PA pressure (mmHg) 28+ 9
Mean PA pressure (mmHg) 17+ 6
VSD diameter on TTE (mm) 6.5+2 (range 3.5–11)
Mean size of the device

used (mm)
8.6+ 2.3 (range 4–16)

[(Device diameter)/(VSD
diameter on TTE)]*100

129+ 27% (range 100–200)

Types of devices used
mVSD-O 30 patients
pmVSD-O 53 patients
Multiple devices 3 patients

Qp/Qs, pulmonary-to-systemic flow ratio; PA, pulmonary artery.
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recaptured in the right pulmonary artery (two cases) or in
the descending aorta (one case) using a goose-neck snare
and a Mullins long sheath. In these cases, a larger device
was chosen and successfully implanted. The occurrence of
device embolization was not related to any of the indepen-
dent variables studied.

Vascular complications
Femoral arterial thrombosis occurred in three patients
(3.4%). In a 4-year-old girl (18 kg), vascular surgery of the
femoral artery was needed for safe removal of a 10 Fr arter-
ial sheath used to recapture an 8 mm PMVSD-O device that
had embolized in the descending aorta. In two 1-year-old
girls (7.5 and 7 kg), thrombolysis with r-tPA was successful.
The occurrence of vascular complications was not related
to any of the independent variables studied.

Arrhythmic complications
Significant arrhythmias occurred in six patients with a
pmVSD (6.8%). cAVB occurred during the procedure in two
subjects in whom the procedure was aborted (described in
the section on Early post-procedural complications). cAVB
occurred soon after device release in two subjects with a
pmVSD. In one child (a 2-year-old boy, 10 mm PMVSD-O),
it was a transient event, whereas in the second (a
3.4-year-old girl), it persisted for some hours after implan-
tation of a 10 mm PMVSD-O. The girl was sent for surgery
and recovered stable sinus rhythm after surgical closure
and device removal. cAVB developed 24 h after implantation
of a 12 mm PMVSD-O in a 2-year-old boy. A permanent pace-
maker was implanted into this child who has recovered
stable sinus rhythm during follow-up. Finally, a
3.4-year-old boy treated with an 8 mm PMVSD-O developed
cAVB 5 days after the procedure. He had a heart rate of
50 b.p.m. and was asymptomatic. We decided to treat him
with corticoid therapy (1 mg/kg) for 2 weeks. The cAVB dis-
appeared completely, and he is still in stable sinus rhythm 8
months after the procedure.

Transient minor complications
Transient atrial fibrillation occurred in one 5-year-old boy:
no treatment was needed. A transient right bundle branch
block occurred in three subjects, whereas a transient left
bundle branch block occurred in two other patients. Three
subjects developed moderate groin haematoma. Transient,
mild haemolysis was recorded in two subjects, but resolved
spontaneously within 48 h after the procedure.

Valve regurgitation and residual shunts

Pre-operative aortic, tricuspid or mitral valve regurgitation
remained unchanged after the procedure. No significant
new regurgitation of valves occurred. A trivial intrapros-
thetic residual shunt was present in 28 subjects (33%) at
the end of the procedure. At discharge, 12 patients (14%)
showed a tiny residual shunt and none had signs of haemoly-
sis. TTE at 1, 6 and 12 months showed a trivial residual shunt
in one patient (1.2%) due to a small fenestration within the
aneurysm.

Hospital stay

All subjects in whom the percutaneous procedure was
uneventful stayed in hospital for 2 days after the procedure.

In cases with minor arrhythmic abnormalities, even transi-
ent bundle branch blocks, the hospital stay was prolonged
to 72 h. The mean hospital stay was 4.2+ 1.2 days.

Follow-up

Follow-up data were obtained from all patients. The median
duration of follow-up was 24 months (range 3–66 months).
No deaths or cases of endocarditis occurred. Patients with
failure to thrive had complete recovery of growth (from
the 10th percentile up to the 50th percentile during the
follow-up). Subjects with frequent respiratory infections
had no significant recurrences. Left ventricular dimensions
returned to normal in all subjects but one.
During the entire follow-up period, three subjects devel-

oped cAVB. Two of these three experienced syncope
(a 4-year-old boy and a 1.2-year-old girl both treated with
an 8 mm PMVSD-O) due to paroxysmal cAVB, 4 and 20
months after procedure, respectively. Another patient (a
2.7-year-old boy treated with a 12 mm PMVSD-O) developed
asymptomatic cAVB with a heart rate of 40 b.p.m. 12 months
after defect closure. An endocardial ventricular pacemaker
was implanted into all these subjects.

Analysis of risk factors for the occurrence of cAVB

A total of nine patients experienced cAVB during the period
of the study. All of them had a pmVSD. This rhythm abnorm-
ality occurred early in six patients, whereas in three it was a
late event. Pacemaker implantation was needed in 17% of
the cases of early cAVB (1/6) and in 100% of the cases of
late cAVB (3/3).
Univariate analysis showed that the following variables

were significantly associated with the occurrence of cAVB:
VSD location (pmVSD: 9/56 vs. mVSD: 0/32; P ¼ 0.02) and
age (Cox regression analysis: P ¼ 0.033; relative risk: 0.62).
In patients with pmVSD, the occurrence of cAVB was not

associated with either the ratio of the device measure to
VSD diameter measured on TTE (Cox regression analysis:
P ¼ 0.9) or the presence of aneurysm of the ventricular
septum (Log-rank test: P ¼ 0.9).
In multivariable analysis, other than age, patient’s weight

was included. However, only age was statistically correlated
to the occurrence of cAVB during follow-up (P ¼ 0.028; rela-
tive risk: 0.25). The site of the VSD was not entered into this
model because cAVB did not occur in any patients with an
mVSD.

Discussion

VSDs account for �20% of all forms of congenital hearts
defects.21 The majority of VSD (�60%) is perimembranous
or membranous. mVSDs account for �15% of VSD.
Children with volume overload of the left chamber due to

a VSD require closure of the defect in order to prevent
ventricular dilatation and dysfunction, arrhythmias, aortic
regurgitation, pulmonary arterial hypertension, endocardi-
tis, or a double-chambered right ventricle.22

Surgery is the gold standard for VSD closure, and there is a
large body of data about surgical VSD closure in children.
Although this is generally a safe procedure, it does have
some potential risks, including cAVB in 1–5%,1,2,6,8 sig-
nificant residual VSD in 1–10%,1,3–5 the necessity for
re-operation in 2%,1 and even death in 0.6–5%.1,4–7
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Furthermore, infections, tachy-arrhythmias, and neurologi-
cal complications may occur.1

In the last decade, percutaneous approaches to the
closure of VSD have been developed.23–24 However, only
the recent introduction of Amplatzer mVSD-O and
pmVSD-O has increased the number of subjects in whom
percutaneous closure is feasible.15–17 Although there are
various reports about percutaneous closure of VSD,15–18

there is a lack of data on the safety, feasibility, and efficacy
of percutaneous VSD closure in children. Literature
data about percutaneous VSD closure are reported in
Table 3.22–31

In our series of 88 children, the percutaneous procedure
was achieved successfully in 94%. Early complications
occurred in 13 subjects (14.7%). However, in all but one
case (1.1%), the complications were transient and the
patients had no sequelae. Multivariable analysis showed
that no variable predicted the occurrence of early compli-
cations. There were no serious complications related to
the closure of mVSDs either early or late after the
procedure.
The only serious concern of percutaneous VSD closure is the

occurrence of cAVB. This complication required pacemaker
implantation in four subjects (4.5%) with pmVSD in our
series. The cAVB rates reported in the literature are very
low, but it should be noted that only early post-procedural
results have been published. In our series, the median
follow-up was 24 months and cAVB was a late event in
three out of the four subjects requiring pacemaker implan-
tation. In multivariable analysis, the only variable associated
with the occurrence of cAVB was age at procedure. In particu-
lar, the relative risk was 0.25, showing that younger subjects
were at higher risk for the occurrence of cAVB.
Although, some authors have underlined that an over-

sized device is a risk factor for the occurrence of cAVB, in
particular, in subjects with pmVSD, this was not confirmed
by our data. Finally, some authors32 have suggested that a
course of steroids should be used in an effort to avoid

pacemaker implantation. We used this approach successfully
in one subject. However, although this therapy may be
useful in an acute setting, we believe it is unlikely to be
useful for late events occurring during the follow-up.

It should be appreciated that cAVB block can also occur
after surgical closure of a VSD; indeed, this complication
develops in about 1–5% of subjects so treated.1,2,6,8

However, compared with surgery in which cAVB usually
appears early after the operation, in patients treated percu-
taneously, the occurrence of cAVB is quite unpredictable and
it is usually a late problem. This complication is related
to the proximity of the conduction system to the margins
of the pmVSD. Therefore, both surgery and device implan-
tation may interfere with atrioventricular conduction.
Various mechanisms may be considered as causative. It is
possible that the presence of the device may disturb atrio-
ventricular conduction by direct traumatic compression.
Furthermore, the device may give rise to an inflammatory
reaction or scar formation in the conduction tissue.
However, there are no direct data about the mechanisms
involved in the occurrence of cAVB after percutaneous
closure of a pmVSD. Large studies are needed to clarify
the real impact of arrhythmic problems in these patients
and the mechanism of the events.

Clinical implications

The percutaneous technique of VSD closure is widely appreci-
ated by patients and their parents because it has less psycho-
logical impact (given the absence of a skin scar), the time
spent in hospital is shorter, the procedure causes less pain
and discomfort, and there is no need for admission to an
intensive care unit. In the current era, percutaneous VSD
closure provides a valuable alternative to surgery even in
cases with complex morphology and in very young children.

However, the decision to perform percutaneous closure of
pmVSD in young subjects must be carefully weighed, given
the challenging nature of this technique and the risk of

Table 3 Literature on percutaneous VSD closure

Type of
defect

No. of
patients

Age at
procedure
(years)

Success
rate (%)

Major
complication
(%)

Description c-AVB
needing
PM (%)

Follow-up
(months)

Hijazi et al.25 pmVSD 6 3.5–19 100 0 / 0 /
Bass et al.15 pmVSD 27 1.25–32 93 3.7 Acute aortic

regurgitation: 1
patient

0 /

Thanopoulos et al.26 pmVSD 10 1.5–12 100 0 / 0 3
Thanopoulos et al.27 mVSD 6 3–10 100 0 0 0 /
Arora et al.28 mVSD and

pmVSD
137 3–33 95 1.9 cAVB: 2 patients 1.9 /

Masura et al.29 pmVSD 186 3–51 100 1.07 Transient cAVB:
2 patients

0 /

Hijazi16 mVSD 75 0.1–54 87 10.7 Death: 2 patients
Stroke: 1 patient
Device embolization:

2 patients
Cardiac perforation:

1 patient

0 /

Hijazi et al.30 mVSD 8 2–10 100 0 / 0 /
Pedra et al.31 pmVSD 10 5–32 100 0 / 0 3
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cAVB. Finally, due to the late occurrence of cAVB, careful
monitoring of rhythm and atrioventricular conduction is
mandatory during the follow-up.

Study limitations

First of all, only in very experienced hands can these tech-
niques be carried out safely and complications managed in
the proper way. Furthermore, highly specialized surgical
back-up must always be available. Secondly, although the
techniques of percutaneous closure appear to be safe in
the medium-term follow-up, it is not known whether they
are safe in the very long-term, whereas the long-term
safety and efficacy of surgery are well documented.

Conclusions

The percutaneous technique of closing VSD in children, even
very young and symptomatic ones, is associated with excel-
lent success and closure rates, no mortality, and low morbid-
ity. In current day practice, percutaneous closure of
muscular and perimembranous defects is a valuable alterna-
tive to surgery. Longer follow-up data and improvements in
device characteristics are needed to reduce the risk of cAVB.

Conflict of interest: none declared.
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