
Short and Mid-term Outcomes of Percutaneous 
Perimembranous Ventricular Septal Defect 
Closure Using Amplatzer Duct Occluders Type 
II in Children and Adolescents

Abstract
Background: Percutaneous closure of perimembranous 
ventricular septal defects (pmVSD) with Amplatzer duct 
occluder type II (ADO II) is a novel method. The present study 
aimed to evaluate the short and mid-term outcomes of this 
method in children and adolescents. 
Methods: This retrospective study was conducted at Shiraz 
University of Medical Sciences from July 2019 to September 2023. 
It evaluated the outcomes of pmVSD closure using the ADO II. 
The effects on tricuspid regurgitation (TR), mitral regurgitation 
(MR), and aortic regurgitation (AR) were assessed, along with 
the presence of residual shunts and conduction disturbances. 
Data were analyzed using SPSS software (version 24.0). Fisher’s 
exact test and the Chi square test were employed for statistical 
analysis. P<0.05 was considered statistically significant.
Results: This study included 102 patients. 31 patients had a 
short-term follow-up with a median of 79 (71.02, 97.01) days, 
and 71 patients had a mid-term follow-up with a median of 
900 (384.25, 1044.75) days. The severity of TR, MR, and AR 
dropped to lower levels in most patients during follow-ups 
(P=0.003, P=0.030, and P=0.033, respectively). There was 
no significant difference in the valvar regurgitation changes 
between patients weighing more or less than 10 Kg or between 
those with short and mid-term follow-ups (P>0.05). There 
were no hemolysis, clot, embolization, death, or third-degree 
atrioventricular blocks. However, 2 (2%) patients developed a 
small residual shunt.
Conclusion: Overall, ADO II appeared to be a safe transcatheter 
occlusion device for patients with pmVSD, and this method could 
reduce the severity of TR, MR, and AR with few complications.
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What’s Known

•	 Percutaneous closure of 
perimembranous ventricular septal defects 
using Amplatzer devices is a safe and 
effective treatment option for pediatric and 
adolescent patients.

What’s New

•	 The Amplatzer Duct Occluder Type II, 
a newer generation device, appears to be a 
safe and effective transcatheter occlusion 
device for patients with perimembranous 
ventricular septal defects (pmVSD). It 
demonstrates the potential to reduce 
the severity of valve regurgitation while 
maintaining a low risk of conductive 
disturbances.
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Introduction

Perimembranous ventricular septal defects (pmVSD) are the most 
prevalent congenital cardiac condition, and several therapeutic 
options have been proposed. One of them is the transcatheter 
approach. Although it seems safe, it is not free from complications, 
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such as tricuspid valve regurgitation (TR), 
mitral valve regurgitation (MR), aortic valve 
regurgitation (AR), and atrioventricular blocks, 
necessitating meticulous short-term and mid-
term monitoring.1

High-velocity flow through pmVSD can affect 
the tricuspid, mitral, and tricuspid valves, leading 
to regurgitation. Consequently, closing a pmVSD 
might reduce the severity of regurgitation.2, 3

The area surrounding a pmVSD is 
anatomically complicated, including fibrous 
tissues, leaflets, and chordae tendineae. These 
fibrous tissues, which are frequently adhered 
to the chordae tendineae and form a lamellar 
structure, are vulnerable to fracture or damage 
during pmVSD closure procedures, potentially 
causing TR or MR.4, 5

AR, while rare, remains a serious complication 
following the transcatheter closure of pmVSD, 
often caused by either accidental pinching of the 
aortic leaflets by the VSD occluder devices or 
tearing of the aortic leaflets by the catheter.6

The Amplatzer duct occluder type two (ADO 
II) was primarily designed to close patent ductus 
arteriosus, with a fine and flexible texture without 
using fabric materials, and required a low profile 
small 4F or 5F catheter system. The soft texture 
of the device is intended to lower the risk of full 
atrioventricular block and may preclude the 
onset of TR, MR, and AR. The device has been 
used off-label to close pmVSDs since 2011, 
delivering a performance comparable to other 
off-label devices for heart disease.7-9 

The present study aimed to investigate 
the short and mid-term outcomes of pmVSD 
closure using the ADO II device in children and 
adolescents with TR, MR, AR, residual shunt, 
and arrhythmias.

Patients and Methods

Patients and Follow-ups 
This retrospective study evaluated 

consecutive patients under 18 years of age from 
two teaching hospitals affiliated with Shiraz 
University of Medical Sciences (Shiraz, Iran) 
from July 2019 to September 2023. 

The research was conducted in accordance 
with the Helsinki Declaration. Besides, it was 
approved by the Ethics Committee of Shiraz 
University of Medical Sciences (code: IR.SUMS.
MED.REC.1401.580). Before proceeding with 
the procedures, written informed consent was 
obtained from the guardians of all participants. 

VSD closure criteria included left to right 
shunt through the pmVSDs, accompanied by at 
least one of the following: cardiomegaly, a QP/
QS ratio≥1.5, left ventricular dilatation with an 

end-diastolic volume≥2 z-score, a left atrium-
to-aortic diameter ratio≥1.5, pulmonary artery 
hypertension, worsening of TR, MR, or AR, or 
failure to thrive.

In patients with pulmonary artery 
hypertension, VSD closure was performed only 
if the pulmonary vascular resistance was less 
than 6 Wood Units M2. 

The exclusion criteria were tricuspid, 
mitral, and aortic valve impairments that were 
not associated with VSDs, and conduction 
abnormalities.

Transthoracic echocardiography and 
electrocardiograms were used to monitor the 
patient before, during, and after the procedures. 
Follow-ups were conducted either annually or 
every 6 months.

Patients’ data from 1 to 30 days after the 
procedures were deemed early follow-up, from 
30 days to 2 years as a short-time follow-up, and 
after that as a mid-term follow-up.

The patients were categorized into two 
groups based on their follow-up period: ≤2 years 
(short-term) and >2 years (mid-term). 

One of the aims of the present study was to 
compare TR, MR, and AR in short-term follow-up 
with mid-term follow-up. For this purpose, 
patients from the mid-term group were selected. 
The echocardiography findings of patients 
aged 1-12 months following the procedure were 
regarded as the short-term follow-up, and the 
echocardiography findings of the same patients 
at the last follow-up were recorded as the mid-
term observations. Finally, the echocardiography 
findings of the same patients were compared 
between the two periods.

Some specialists recommend that 
percutaneous pmVSD closure should be 
performed on patients weighing more than 
8-10 Kg.10, 11 Therefore, the patients were also 
classified into two groups based on their weights 
(≤10 Kg and >10 Kg), and the outcomes were 
compared between these two groups.

VSD Closure Protocol
The pmVSDs were small to medium size, 

and the retrograde percutaneous method was 
performed from femoral arteries. Some patients 
had no TR, MR, or AR, while others had only 
moderate TR, MR, or mild to moderate AR. The 
patients had no aortic cusp prolapse or less than 
moderate prolapse. The aortic rim of the VSDs 
was greater than 2 mm, and the occluders were 
of the ADO II type (Abbott Medical, MN, USA).

Catheterization Procedure 
All patients underwent cardiac catheterization 

under conscious anesthesia. Occluders were 
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typically selected to be 1-2 mm larger than the 
maximal diameter of the defects during diastole, as 
determined by angiography. After accessing the 
femoral arteries, intravenous heparin (100 U/Kg)  
was administered. Left ventriculography was 
performed in a long axial oblique position (60° 
left anterior oblique/20° cranial). To navigate via 
the left ventricle and the femoral artery defect, 
a 5 Fr partly cut-pigtail catheter was utilized. 
We passed a 0.035-inch hydrophilic guidewire 
through the defect and into the right ventricle, 
preferably via the superior vena cava or 
pulmonary artery. Subsequently, a long delivery 
sheath was guided over the guidewire into the 
right ventricle. An occluder was then advanced 
through the delivery sheath and positioned 
at the defect site, ensuring the occluder’s 
waist was aligned with the aneurysmal/defect 
pouch right ventricular outlet orifice. The left 
disc of the occluder was shifted closer to the  
ventricular septum.

Prior to the occluder deployment, left 
ventricular angiography was performed using a 
contrast agent through the cut pigtail or the delivery 
sheath to confirm the appropriate placement 
of the device and complete occlusion (figure 1). 
Subsequently, transthoracic or transesophageal 
echocardiography was performed to exclude any 
residual shunt and confirm normal function of the 
tricuspid, mitral, and aortic valves.

All patients underwent clinical evaluations, 
electrocardiographic monitoring, and chest 
X-rays following the treatment before being 
discharged. They were also prescribed  
6 months of antiplatelet medication with aspirin 
at a dosage of 3–5 mg/Kg/day orally.

Echocardiography 
Transthoracic echocardiography was 

performed following standard guidelines.12 
Measurements from two-dimensional, M-mode, 
and color Doppler techniques were acquired 
using a Samsung HS70 echo system (Samsung 
Medison Co., Korea) and recorded in the 
database system of our institution. 

TR, MR, and AR had five grade categories: 
no-trivial, mild, mild to moderate, moderate, 
and severe. TR and MR were graded using a 
semi-quantitative evaluation method from the 
four-chamber view based on the volume of color 
Doppler blood jet as follows: no-trivial (no flow 
to less than one-third of the atrium); mild (one-
third of the atrium); mild to moderate (from one 
to two-thirds of the atrium), moderate (two-thirds 
of the atrium), and severe (more than two-thirds 
of the atrium).13 

The dimensions of the aortic valve annulus 
and vena contracta dimensions were obtained in 
the long-axis view to evaluate AR. Then, the vena 
contracta/aortic annulus ratio was calculated, 
with ratios of <5%, 5-10%, 10-20%, 20-50%, and 
>50%, indicating no-trivial, mild, mild to moderate, 
moderate, and severe AR, respectively.14

Statistical Analysis
Data were analyzed using SPSS software 

(version 24.0, SPSS, Chicago, USA) and presented 
as mean±SD, median and interquartile range (Q1, 
Q3), and percentage. The Friedman test was used 
to analyze how each variable changed over time. 
Statistical comparisons were conducted using 
Fisher’s exact test and the Chi square test, P≤0.05 
was considered statistically significant.

Figure 1: According to the contrast injection procedure, one or two femoral artery accesses could be used to determine the 
appropriate position of the device. The left image shows the injection site from a cut pigtail, which requires access from two 
femoral arteries. The right image shows an injection from the delivery sheath, which requires access to only one femoral artery.
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Results

Data from 102 out of 103 patients were ultimately 
analyzed, comprising 46 females (45.1%) and 56 
males (54.9%). One patient was excluded due to 
the lack of acceptable data.

The median and (Q1, Q3) of the age was 
57.50 (30.75, 100.50) months, the median and 
(Q1, Q3) of the weight was 17.0 (12.07, 28.01) 
Kg, and the mean±SD of the VSDs size was 
3.43±0.68 mm.

Thirty-one patients had short-term follow-
ups of 79 (71.02, 97.01) days, and 71 patients 
had mid-term follow-ups with a median of 900 
(384.25, 1044.75) days.

Figure 2 shows the changes in the severity of 
TR, MR, and AR before and after the procedure 
in all patients during follow-up. There was a 
decrease in the severity of TR (P=0.001) and 
MR (P=0.627), along with a slight worsening of 
AR (P=0.092).

Table 1 displays the severity of TR, MR, and 
AR before and immediately after the procedure in 
all cases. According to Fisher’s exact test results, 
the changes in TR (P=0.401) and AR (P=0.170) 
before and immediately after the procedures were 
not statistically significant. However, the changes 
in MR severity were significant (P=0.022), 
indicating a reduction in the severity of MR.

The changes in TR, MR, and AR among 
patients in the mid-term group were investigated 
to determine changes at short- and mid-
term follow-up. Using Fisher’s exact test, the 
echocardiographic data of the same patients 
were compared between the 1-12 months 
follow-up and follow-up more than two years 
(table 2). Significant changes were observed at 
both short- and mid-term follow-ups, as indicated 
by the P values for TR (P=0.003), MR (P=0.030), 

and AR (P=0.033). In a few patients, the severity 
of TR, MR, and AR increased from no-trivial 
to mild. However, the severity of other valve 
categories decreased to less severe degrees.

The percentages of TR changes among 
patients with short- and mid-term follow-ups were 
compared using the Chi square test (figure 3).  

Figure 2: The distribution of different degrees of tricuspid 
regurgitation, mitral regurgitation, and aortic regurgitation is 
shown in all patients over the follow-up of the study.

Table 1: Valves regurgitation severity before and early after the procedure among all patients who underwent echocardiography
Regurgitation
before procedures

Total Regurgitation early after procedures P value of all 
regurgitation 
classifications

No-trivial
n (%)

Mild
n (%)

Mild to 
moderate
n (%)

Moderate
n (%)

TR No-trivial 45 32 (71.1) 11 (24.4) 2 (4.5) 0 0.401*
Mild 17 8 (47.1) 8 (47.1) 1 (5.8) 0
Mild to moderate 29 15 (51.7) 13 (44.8) 1 (3.5) 0
Moderate 7 4 (57.1) 3 (42.9) 0 0

MR No-trivial 88 85 (96.6) 3 (3.4) 0 0 0.022*
Mild 9 8 (88.9) 1 (11.1) 0 0
Mild to moderate 2 1 (50) 0 1 (50) 0
Moderate 0 0 0 0 0

AR No-trivial 92 86 (93.5) 5 (5.4) 1 (1.1) 0 0.170*
Mild 8 6 (75) 2 (25) 0 0
Mild to moderate 0 0 0 0 0
Moderate 0 0 0 0 0

*Fisher exact test; AR: Aortic regurgitation; MR: Mitral regurgitation; TR: Tricuspid regurgitation; P<0.05 was considered 
significant.
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There were no significant differences between 
any of the percentages; no trivial: (61.9%, 
66.7%, P=0.364), mild: (35.1%, 32%, P=0.562), 
and mild to moderate: (3%, 1.3%, P=0.290).

Moreover, the distribution of MR changes 
among patients with short- and mid-term 
follow-ups was analyzed using the Chi square 
test (figure 3). No significant difference in the 
percentages was observed: no trivial: (93.9%, 
93.1%, P=0.769), mild: (5.1%, 6.3%, P=0.621), 
and mild to moderate: (1%, 0.6%, P=0.683).

Additionally, the distribution of AR changes 
among the mentioned patients was examined 
using the Chi square test. There were no significant 
differences in the percentages: no trivial: (92.0%, 
88.1%, P=0.225), mild: (7.5%, 11.9%, P=0.161), 
and mild to moderate: (0.5%, 0.0%, P=0.370).

To determine the association between 
regurgitation and weight, the changes in the 
degree of TR (table 3), MR (table 4), and AR 
(table 5) were compared between all patients 
weighing less than and more than 10 Kg, which 
showed no significant differences.

According to the data presented in table 3, 
there was no significant association between 
TR and weight before the procedures (P=0.961), 
early after that (P=0.423), or at the final follow-up 
(P> 0.991).

The results for MR before closure (P>0.992), 
early after that (P=0.074), and at the final 
follow-up (P>0.993) indicated that there was no 
significant association between MR and weight 
(table 4).

In table 5, the findings indicated that the 
differences in AR before the procedures 
(P=0.138), immediately after (P>0.994), and at 
the final follow-up (P=0.242) were not statistically 
significant (P>0.05). Therefore, no significant 
correlation was observed between AR and weight.

Table 2: Valvular regurgitation at 1-12 months and more than 2 years after procedures among patients who underwent 
echocardiography with mid-term follow-up
Regurgitation 1-12 months 
after procedures

Total Regurgitation at least 2 years after procedures P value of all 
regurgitation 
classifications

No-trivial
n (%)

Mild
n (%)

Mild to moderate
n (%)

Moderate
n (%)

TR No-trivial 37 31 (83.8) 5 (13.5) 1 (2.7) 0 0.003*
Mild 27 13 (48.1) 14 (51.9) 0 0
Mild to moderate 2 1 (50) 1 (50) 0 0
Moderate 0 0 0 0 0

MR No-trivial 68 65 (95.6) 3 (4.4) 0 0 0.030*
Mild 1 1 (100) 0 0 0
Mild to moderate 1 0 0 1 (100) 0
Moderate 0 0 0 0 0

AR No-trivial 65 58 (95.1) 7 (4.9) 0 0 0.033*
Mild 5 3 (60) 2 (40) 0 0
Mild to moderate 1 0 1 (100) 0 0
Moderate 0 0 0 0 0

*Fisher Exact Test; AR: Aortic regurgitation; MR: Mitral regurgitation; TR: Tricuspid regurgitation; P<0.05 was considered 
significant.

Figure 3: Changes in the severity of tricuspid, mitral, and 
aortic regurgitation are shown among patients who had 
short-term (less than 2 years) and mid-term (more than 2 
years) follow-up.
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One objective of this study was to compare 
changes in TR, MR, and AR severity between 
short- and mid-term follow-ups, stratified 
by patient weight (≤10 Kg and >10 Kg).  
As shown in table 6, the analysis included 71 
patients from the mid-term group. The Chi 
square test revealed no statistically significant 
differences in regurgitation changes between 
the weight groups. However, a decline in the 
severity of regurgitation was observed across all 
three valves during the mid-term follow-up.

Complications and Permanent Conduction 
Disturbance

No serious complications, such as remarkable 

hemolysis,15 clot formation, embolization, or 
death were observed in our patients. Only one 
case of device embolization into the pulmonary 
artery occurred due to the underestimation of the 
VSD size. However, the device was successfully 
snared and replaced with a larger one.

Regarding conduction disturbance, only 
one patient, a 3.5-year-old, 14-Kg female, in 
the mid-term follow-up group experienced first-
degree atrioventricular block 6 months after the 
procedure. Normal conduction was restored in 
subsequent follow-ups.

Residual Shunt 
This shunt was observed in 8 (7.8%) of 

Table 3: Changes in the degree of tricuspid regurgitation in patients weighing less or more than 10 Kg
Characteristics Weight≤10

n=10 
n (%)

Weight>10
n=92 
n (%)

P value of all 
regurgitation 
classifications

TR before Closure No-trivial 4 (40) 42 (45.7) 0.961**
Mild 2 (20) 16 (17.4)
Mild to moderate 3 (30) 27 (29.3)
Moderate 1 (10) 7 (7.6)

TR early after closure Notrivial 5 (50) 54 (60.6) 0.423**
Mild 4 (40) 33 (36)
Mild to moderate 1 (10) 3 (3.4)

TR at the last follow-up No-trivial 5 (71.4) 41 (67.2) >0.991**
Mild 2 (28.6) 19 (31.2)
Mild to moderate 0 1 (1.6)

**Fisher exact test; TR: Tricuspid regurgitation; P<0.05 was considered significant.

Table 4: Changes in the degree of mitral regurgitation in patients weighing less or more than 10 Kg
Characteristics Weight≤10

n=10 (%)
Weight>10
n=92 (%)

P value of all 
regurgitation 
classifications

MR before
Closure

No-trivial 9 (90) 82 (89.1) >0.992**
Mild 1 (10) 8 (8.7)
Mild to moderate 0 2 (2.2)

MR early
after closure

No-trivial 8 (80) 86 (96.6) 0.074**
Mild 2 (20) 2 (2.3)
Mild to moderate 0 1 (1.1)

MR at the last follow-up No-trivial 7 (100) 62 (93.9) >0.993**
Mild 0 3 (4.6)
Mild to moderate 0 1 (1.5)

**Fisher exact test; MR: Mitral regurgitation; P<0.05 was considered significant.

Table 5: Changes in the degree of aortic regurgitation in patients weighing less or more than 10 Kg
Characteristics Weight≤10

n=10 
n (%)

Weight >10
n=92 
n (%)

P value of all 
regurgitation 
classifications

AR before
Closure

No-trivial 8 (80) 86 (93.5) 0.138*
Mild 2 (20) 6 (6.5)

AR early
after closure

No-trivial 10 (100) 82 (91.1) >0.994**
Mild 0 7 (7.8)
Mild to moderate 0 1 (1.1)

AR at the last follow-up No-trivial 7 (100) 55 (83.3) 0.242*
Mild 0 11 (16.7)

*Chi square test; **Fisher exact test, AR: Aortic regurgitation; P<0.05 was considered significant.
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the patients during 1 month of follow-up, of 
which six shunts were smaller than 2 mm and 
were resolved within 6 months of follow-up. 
The remaining 2 (2%) patients in the mid-term 
follow-up group were 2 and 6 years old, with 
weights of 12 and 23 Kg, respectively. These two 
patients had a shunt larger than 2 mm, which 
was not removed during the follow-up.

Discussion

The outcomes of transcatheter pmVSD closure 
using the ADO II device were promising, 
with minimal rates of morbidity and mortality. 
Nonetheless, this procedure is not without 
risks.8 This study investigated the emergence 
or alterations in TR, MR, and AR, as well as 
conduction disturbances, in adolescents and 
children following transcatheter pmVSD closure 
using ADO II. According to the findings of this 
study, ADO II seemed to be a safe device for 
pmVSD closure, and the use of this device could 
reduce the severity of TR, MR, and AR, and had 
few complications.

This device, which is an evolution of the 
ADO I, was initially designed for the closure of 
small to medium-sized patent ductus arteriosus. 
Its application has expanded to include off-
label VSD closure. The ADO II is designed 

with a finer, more flexible mesh, allowing it to 
be deployed using a smaller 5F or 4F catheter 
system.16 This softer design aimed to minimize 
the risk of serious complications such as total 
atrioventricular block.17, 18

Its waist is more pliable and less rigid than the 
ADO I; thus, reducing the pressure exerted on 
adjacent structures. This modification decreased 
the risk of chronic injury to surrounding tissues, 
such as the chordae tendineae.10

This device is soft and low-profile, enabling 
easier manipulation and better adaptation to 
the shape of VSDs, particularly as it does not 
interfere with the aortic valve leaflets. The 
retrograde method for pmVSD closure was 
developed alongside the antegrade method. 
The retrograde technique decreased the risk 
of tricuspid and aortic valve injuries during the 
arteriovenous track establishment caused by 
the catheter and guidewire.19, 20

Anterograde occlusion entails establishing 
an arteriovenous track, which can be complex 
and problematic. Issues such as the guide wire 
navigating through the tricuspid valve’s chordae 
tendineae or the aortic valve can elevate the 
associated risks.10

The effects of pmVSD on adjacent tissues, 
particularly the tricuspid valve, are remarkable. 
The tissues around the pmVSDs are complex. 

Table 6: The changes of TR, MR, and AR in short- and mid-term follow-ups among patients in the mid-term group with weights 
less than or equal to 10 Kg and more than 10 Kg
Characteristics Regurgitation Follow-up time P value of each 

regurgitation 
classification

P value of all 
regurgitation 
classifications

Short-term 
follow-up (%)

Mid-term 
follow-up (%)

TR ≤10 Kg No-trivial 57.9 68.7 0.513 0.880
Mild 31.6 25 0.675
Mild to 
moderate

10.5 6.3 0.660

>10 Kg No-trivial 62.4 66.4 0.461 0.528
Mild 35.4 32.8 0.639
Mild to 
moderate

2.2 0.8 0.291

MR ≤10 Kg No-trivial 85 100 0.114 0.238
Mild 15 0 0.116
Mild to 
moderate

- - -

>10 Kg No-trivial 94.9 92.4 0.353 0.491
Mild 3.9 6.9 0.239
Mild to 
moderate

1.1 0.7 0.711

AR ≤10 Kg No-trivial 95 100 0.374 0.99
Mild 5 0 0.370
Mild to 
moderate

- - -

>10 Kg No-trivial 91.2 86.8 0.165 0.139
Mild 7.8 13.2 0.112
Mild to 
moderate

1.0 0 0.357

AR: Aortic regurgitation; MR: Mitral regurgitation; TR: Tricuspid regurgitation; P<0.05 was considered significant.
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This area is close to where the chordae 
tendineae of the tricuspid valve attaches. The 
force of the blood flow at the attachment zone 
can pull on the valve, and the direction of high-
speed blood flow, as well as the formation of a 
tricuspid septal leaflet aneurysm, can deform 
the chordae tendineae close to the ventricular 
septum, all contribute to the mechanism of TR.5

Theoretically, functional TR and MR should 
resolve when the VSD closes.5

In the 6-month follow-up after VSD closure, 
both TR and MR were significantly reduced in this 
research, suggesting that this decrease could 
be attributed to reduced ventricular volumes. In 
older patients, as the ventricles and the tricuspid 
and mitral annuli continue to grow, TR and MR 
might increase with time and potentially persist 
after percutaneous closure. The improvement 
in TR and MR was less pronounced in older 
patients with an enlarged right ventricle.21 

Significant TR observed thus far could be 
attributed to the occluder’s entanglement with 
the chordae tendineae, which became apparent 
immediately post-procedure. To prevent TR 
and MR, it is critical to detect any entanglement 
during the procedure, which can be facilitated by 
intraprocedural echocardiography.22

In contrast, some patients might not exhibit 
immediate post-procedural TR and MR but 
rather show a gradual increase over 3 to 12 
months, which highlighted a subacute to chronic 
progression.23

This suggested that tricuspid and mitral valve 
damage could be gradual and progressive, with 
a tear developing in the absence of obvious 
chordae or papillary muscle injury. 

The most likely cause of such a rupture 
is trauma inflicted by the stiff structure of the 
devices on the valve leaflets, or injury to the 
leaflets and apparatus due to pulling the device 
from the aorta or the base of the left ventricle 
towards the VSD.23 The main mechanism by 
which MR increases following transcatheter 
closure might involve the Amplatzer disk 
interfering with the chordae tendineae.4

A previous study examined the follow-up and 
clinical data of 102 pediatrics who underwent 
pmVSD retrograde closure via the femoral 
artery using the ADO II device. At the final 
follow-up (6-92 months/ median: 36 months), the 
complete closure rate was 98%. Nine of these 
patients had new TR, which resolved in five and 
reduced in four patients.10

Furthermore, another study reported that 
the incidence of TR following pmVSD occlusion 
varied between 5.4% to 40%.24

Various studies were conducted to determine 
the effect of pmVSD closure on the MR degree. 

The findings highlighted the efficacy of VSD 
closure in reducing MR severity, remarking that 
mitral valve repair is unnecessary at the time of 
VSD closure if MR is caused by dilation of the 
mitral valve annulus, and in another study, MR 
severity in children was found to be reduced 
following pmVSD closure using the transcatheter 
approach.25, 26

In another study, the MR degree in infants 
with pmVSD was investigated. The findings 
indicated that MR often improved following 
surgical closure with no need for mitral valve 
replacement, and recommended mitral valve 
surgery only in cases exhibiting more than 
moderate MR.27

In the present study, while TR severity 
showed no significant changes in the short-term, 
MR degree decreased in short-term follow-up. 
Additionally, both TR and MR were relieved 
during mid-term follow-up.

Regarding AR, more than mild aortic leaflet 
prolapse complicates transcatheter repair. The 
mechanism behind AR post-perfect closure of 
pmVSD is attributed to anatomical abnormalities, 
such as lack of muscular support beneath 
the aortic valve, which might cause leaflet 
herniation. Furthermore, the “venturi effect” 
during systole might pull the cusps to the defect. 
AR after transcatheter closure might result from 
the device impinging on the aortic cusps or 
the left ventricular disk of occluders interfering 
with the valve leaflets.10 The incidence of AR 
following pmVSD occlusion ranged between 
3.3% and 11.0%.24

In an investigation, the incidence of AR 
post-procedure was found to be 1%, with all 
cases being mild and resolving or disappearing 
during mid-term follow-up. A meta-analysis 
was conducted to comprehensively evaluate 
the ADO II effectiveness and safety for pmVSD 
closure. The study included patients aged from 
0.5 to 55.7 years and found that post-procedure 
AR, while significant, had a pooled rate of 0% 
with a 95% confidence interval ranging from 0% 
to 1%.8

Another study among 49 pediatric patients 
found that 20.0% of their patients experienced 
the exacerbation of AR. However, AR decreased 
in severity or even disappeared in 24.4% of other 
cases.28

In this research, AR indicated no significant 
changes in short-term follow-up. However, it 
alleviated in mid-term follow-up.

Based on previous research and findings 
from this study, the improvement of AR post-
procedure differed. Nevertheless, it appeared 
that AR generally stabilized or diminished in 
most patients, implying that the transcatheter 
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approach using ADO II might be appropriate if AR 
severity and prolapse were mild to moderate.28

Regarding conductive disturbances, it is 
challenging to determine the exact causes of 
heart block following pmVSD closure. The most 
likely risk factors include device oversizing, 
low body weight, young age, the presence 
of a ventricular septal aneurysm, and direct 
compression trauma caused by the device.29 The 
ADO II is considered safe for pmVSD closure, 
with a low risk of post-procedure arrhythmias, 
especially complete atrioventricular block, and 
left bundle-branch block. The occluder’s flexible 
joints and the absence of internal patches enable 
it to conform to the patient’s anatomy rather than 
forcing it to adapt to its structure.29

Some specialists claimed that due to the 
lowest interference of the discs with the AV 
node, minimal dysfunction would be expected.10

No heart block occurred during the follow-up 
analysis of 49 pediatric cases.28

In a previous study, 21 children underwent 
percutaneous pmVSD closure using an ADO 
II device and had a median follow-up period 
of 12 months. During this time, no cases of 
atrioventricular block were observed.16 However, 
another recent study reported two cases of 
complete atrioventricular block after pmVSD 
closure with ADO II, both of which were resolved 
through early surgical removal of the devices.30

Another study found no cases of complete 
atrioventricular block. However, there was a 1% 
incidence of intermittent complete left bundle 
branch block 4 days after the procedure, 
which resolved to normal sinus rhythm within 
2 days.10

Additional research involved 244 children 
who underwent effective pmVSD transcatheter 
closure by ADO-II over a period of 1-48 months. 
The findings revealed that 35.66% experienced 
various types of arrhythmias. These included 
3.28% with complete left bundle-branch block, 
11.07% with incomplete right bundle-branch 
block, 2.05% with left anterior hemiblock, 0.82% 
with both incomplete right bundle-branch block 
and left anterior hemiblock, 5.74% with junctional 
escape rhythm, and 0.41% with incomplete right 
bundle-branch block, 0.40% with junctional 
escape rhythm and left anterior hemiblock, 
and 0.40% with junctional escape rhythm and 
ventricular premature beats. Additionally, 0.82% 
had first-degree atrioventricular block, 0.41% 
had second-degree atrioventricular block, and 
other conduction disorders occurred in 5.74% 
of cases. Although most arrhythmias were 
transient, arrhythmias persisted in 15 cases 
(6.15%). There were no reports of complete or 
high-degree atrioventricular block.30

In the present investigation, only one patient 
in the mid-term follow-up group developed first-
degree atrioventricular block 6 months after the 
procedure, which subsequently resolved. 

In a study evaluating children post-pmVSD 
closure using the ADO II, a complete closure 
rate of 98% was noted, with a median follow-up 
period of 36 months.10

Moreover, in the present study, only 2 (2%) 
patients had residual shunt in mid-term follow-
ups, which was comparable to previous reports.

This study was conducted at a single center 
and was not randomized, necessitating a longer 
follow-up period to fully determine the ADO 
II’s safety and effectiveness in comparison to 
traditional occluders. Future research should 
involve larger-scale, multicenter prospective 
studies to confirm these findings.

Conclusion

The ADO II is emerging as a more effective and 
safer option for transcatheter closure of pmVSD, 
with particular effectiveness and decreased 
rates of complications when employed via 
the femoral artery for a retrograde approach. 
Despite these advantages, this device is still 
deemed “off-label” and has yet to be validated 
by studies with larger populations and longer 
follow-up periods. Further research is required 
to substantiate its benefits in minimizing TR, 
MR, and AR over longer durations and in larger 
patient populations.
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