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ABSTRACT

BACKGROUND Transcatheter closure has become an effective and safe method to repair ventricular
septal defects (VSDs). However, the devices used for VSD closure in the past frequently led to serious
complications, such as complete atrioventricular block. The second-generation device, the Amplatzer
Duct Occluder (ADO IT), was originally designed to block small- and medium-sized patent ductus arteriosus.
Interestingly, there are some reports of the use of the ADO II to close VSD because of less complications.
AIMS A meta-analysis of the literature was performed to systematically investigate the efficacy and
safety of the ADO II for VSD closure.

METHODS The Embase, PubMed, Cochrane, and Web of Science databases were searched for original
studies on VSD closure with the ADO II up to March 15, 2020. The random-effects model and summary
rate were employed to estimate the success and complications of VSD closure with the ADO II.

RESULTS A total of 13 articles comprising 478 patients with VSD were included. The age of the patients
ranged from 0.5 to 55.7 years. The overall estimated device-implantation success rate was 99% (95% CI,
98%-100%). Residual shunts (pooled rate, 4%; 95% CI, 1%-7%) and postoperative aortic valve regurgitation
(pooled rate, 0%; 95% CI, 0-1%) were common complications. Only 3 patients developed device embolism.
CONCLUSIONS The ADO II may be a safer and more effective transcatheter closure device for patients
with VSD due to its higher success rate and lower complication rate, as compared with other devices.

INTRODUCTION Ventricular septal defect
(VSD) is a common congenital heart disease
that can lead to left ventricular volume over-
load, resulting in a variety of complications, such
as ventricular insufficiency, arrhythmia, aortic
regurgitation, pulmonary hypertension, and
endocarditis."?

Although transcatheter closure has become
an effective and safe method to repair VSDs,**
VSD closure with devices used in the past was
associated with serious complications, such as
complete atrioventricular block (cAVB). Fortu-
nately, the second-generation Amplatzer Duct
Occluder (ADO II) appears to be safer for pa-
tients with VSD. The ADO II, improved by AGA

ORIGINAL ARTICLE

Ventricular septal defect closure with the Amplatzer Duct Occluder II

Medical, is a modified version of the ADO I. The
ADO II was originally designed to block small-
and medium-sized patent ductus arteriosus.’ Re-
cently, the off-label use of the ADO II for clos-
ing VSD has been described.®

Due to the finer and more flexible mesh struc-
ture of the ADO II, the device can pass through
asmall 4F or 5F catheter system.’ In addition, its
soft design is expected to reduce the risk of cAVB.?
Indeed, some studies have reported that the ADO
II can be used to close VSD in patients of different
ages and in various sites, including perimembra-
nous VSD (pmVSD) and muscular VSD (mVSD),
with a technically high surgical success rate and
a relatively low incidence of complications.”!’
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WHAT'S NEW?
The Amplatzer Duct Occluder IT (ADO II) was originally designed to block small-
and medium-sized patent ductus arteriosus, but the off-label use of the ADO I1
to close ventricular septal defect (VSD) has been described. To the best of our
knowledge, this is the first systematic review and meta-analysis to collate
the outcomes of VSD closure with the ADO II.

However, studies with small sample sizes may
not provide sufficient data to influence clinical
practice; for example, Kanaan et al® showed a suc-
cess rate of 93%, but Vijayalakshmi et al'" demon-
strated a rate of 100%. Thus, a study with a larg-
er sample size is needed to objectively evaluate
the potential value of VSD closure with the ADOII.

Accordingly, the purpose of this study was to
calculate the success and complication rates of
VSD closure with the ADO I based on a compre-
hensive analysis of the literature. Our results
provide evidence and an important reference
for clinical decision-making regarding the use
of the ADO II as a VSD occluder. The findings
will also guide further research and the ADO II
development.

METHODS Search strategy and selection cri-
teria This systematic review and meta-analysis
was performed in accordance with the Preferred
Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) Statement and was
registered at International Prospective Register
of Systematic Reviews (no. CRD42020175385)."
All analyses were based on previously published
studies; thus, neither ethical approval nor pa-
tient consent was required.

Using the Embase, PubMed, Cochrane, and
Web of Science databases, relevant studies pub-
lished from inception to March 15, 2020 were sys-
tematically searched without language restric-
tions. The following combined text and MeSH

Records identified through
database searching
(n=179)

Irrevelant papers excluded
based on titles and abstracts

y

(n=137)
Articles other than original
papers (n=21)

A 4

Potentially relevant publications
for detailed assessment
(n=21)

* Full-text articles excluded

y

» + Sample size <5 (n=4)
* Full text not found (n = 4)

Included studies
(n=13)

FIGURE 1
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terms were used: heart ventricle septum defect
and Amplatzer Duct Occluder II. The complete

search used for PubMed was as follows: (“Heart
Septal Defects, Ventricular’[MeSH] OR Ven-
tric* Sept* Defec*[Title/Abstract] OR Intraven-
tric* Sept* Defec*[Title/Abstract]) AND (“Am-
platzer Duct Occlude* II"[Title / Abstract] OR “Am-
platzer Duct Occlude* 2”[Title/ Abstract] OR “ADO

I1”[Title/ Abstract] OR “ADO 2”[Title/ Abstract]).
All potentially eligible studies were considered for
review, irrespective of the primary outcome or lan-
guage. A manual search of the references of select-
ed articles published in English was performed.
BP and SC abstracted the data from the select-
ed studies and discrepancies were solved by PS.

Study selection and data extraction Thein-
clusion criteria were as follows: 1) observational
or cohort studies; 2) patients with VSD who
underwent closure surgery with the ADO II;
3) at least 6 months of follow-up; 4) reporting
of the number of successful surgeries and com-
plications, such as residual shunts (RSs), cAVB,
device embolism; 5) full-text articles report-
ing the results of eligible studies; 6) for multi-
ple studies using overlapping samples, only re-
cent ones or those with sufficient data provid-
ed were included.

The exclusion criteria were as follows: 1) re-
views, editorials, letters, case reports, meeting
abstracts, cell and animal studies; 2) insufficient
data; 3) sample size of less than 5 patients; and 4)
VSD after myocardial infarction in adult patients.

The following data were extracted from each
selected study: total number of participants,
age, sex, follow-up duration, fluoroscopy time,
preoperative pulmonary to systemic blood flow
ratio, successful surgeries, and complications.
The complications were as follows: RS, cAVB,
new or aggravated valve regurgitation after sur-
gery, device embolism, reduced cardiac systol-
ic function, and device thrombosis. The main
outcomes are defined below. A successful sur-
gery was defined as a successful implantation
without device embolization, implantation of
a permanent pacemaker, or secondary surgery
due to severe complications. Residual shunt was
defined as a shunt around the occluder demon-
strated on echocardiography after the surgery.
Complete atrioventricular block was diagnosed
in case of inability to transmit atrial excitement
to the ventricles. Postoperative new or aggravat-
ed valve regurgitation was defined as newly dis-
covered or aggravated valve regurgitation after
the surgery. Device embolism was understood
as embolization caused by device dislodgement
to another location in the heart or a blood vessel.
A reduced systolic function was defined as left
ventricular ejection fraction of less than 50%.
Device thrombosis was understood as a throm-
bus on the occluder or in the catheter inser-
tion route.”



TABLE1 Study characteristics

Size of VSD, mm  Fluoroscopy time, min  Preoperative Qp/Qs

Type of VSD

NOS score,
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Study type Age,y

Country

Year of publication

14.4-30.4

7.5-41

3.5-5.1
3-6

pmvVSD
pmvVSD
pmvVSD

10-45
2-78

Prospective 2.3-8

Egypt

2017

El-Sisi'”

0.5-20

Germany

2018

Esmaeili'®

2-22.2
5-41

Retrospective

Lebanon

2019

Haddad"

1-2.4

4-10

pmVSD and others

pmvVSD
pmvVSsD

0.4-63
>6

0.2-55.7
0.7-14

Retrospective

Germany

2015

Kanaan®
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Prospective

India

2012

Koneti2®

4-5

Prospective 0.9-6

India

2015

Mahimarangaiah?*

1.3-3.3
1.9-2

10-24

2.5-5

pmVSD and mVSD

40-42
4-14

4.2-13.2

0.6-0.8

Prospective

Turkey

2015

Narin'®

3.9-41.3
17.7-56.3

12-26

4.45-4.95
2.3-51

pmVSD and others

Retrospective

Turkey

2018

Narin?'

1-2.5
1.-2.7

pmVSD and mVSD

3-31

2.9-11.6
0.03-16

Turkey

2017

Pamukcu??

4.7-6.1

pmVSD and others

Turkey

2016

Polat’

4.2-9.2

3.5-5.2
4.3-75

pmVSD and others

pmVSD

5-16

49-12.9
1.3-8.7
1.8-15.1

India

2013

Vijayalakshmi''

Zhao LJ*®

1.2-1.8

4.5-11.1

Retrospective

China

2017

1.95-2.75

pmVSD and mVSD

China

2012

Zhao PJ3

Data are presented as range unless otherwise indicated.

Abbreviations: NOS, Newcastle-Ottawa Scale; mVSD, muscular ventricular septal defect; pmVSD, perimembranous ventricular septal defect; Qp/Qs, pulmonary to systemic blood flow ratio; VSD, ventricular septal defect

Quality assessment The quality of the in-
cluded studies was assessed according to
the Newcastle-Ottawa Scale (NOS)," in which
points are assigned based on cohort selection
(0-6), comparability of the groups (0-2), and as-
certainment of outcome (0-5). The NOS scores
of 6 or greater indicate high quality.

Statistical analysis For analyses of the pro-
portion of successful cases and cases with com-
plications, we calculated pooled estimates of
the incident rate with a random-effects mod-
el after double arcsine conversion. Heterogene-
ity between studies was determined using in-
consistency statistics (I?), whereby an I? value
greater than 50% was considered to indicate sub-
stantial heterogeneity. When significant hetero-
geneity was detected, a subgroup analysis was
performed. Sensitivity analyses were also per-
formed by comparing a random-effects mod-
el with a fixed-effects model and by excluding
each study separately and demonstrating sta-
bility of the estimates.

We assessed the possibility of publication bias
using Begg and Egger tests,”” and we generat-
ed an Egger graph. Significant publication bias
was defined as P value of less than 0.05. A trim-

-and-fill method was applied to provide poten-
tial missing studies if publication bias was evi-
dent.'® STATA version 15.0 (StataCorp LLC, Col-
lege Station, Texas, United States) was used for
all statistical analyses.

RESULTS Study characteristics A total of
150 studies were identified, of which 13 (with
data for 478 participants) were included in this
analysis (FIGURe 1)78101117-24; 4 prospective studies,
4 retrospective studies, and 5 studies of uncer-
tain types. The year of publication ranged from
2012 to 2019. The mean follow-up ranged from
6 to 40 months and the mean age of the patients
ranged from 0.7 to 8.9 years. General anesthe-
sia was used in the included studies. According
to the NOS scores, 4 studies were of high quali-
ty (score 26) (TABLES1 and 2).

Outcomes Successrates The success rate of
implantation was high. Eight studies achieved
a 100% success rate, and the other 5 stud-
ieg®20:23.25.26 yeported success rates greater than
90%. The inconsistency statistic (I?) indicat-
ed little or no heterogeneity (I>= 0%). Thus,
the random-effects model was applied, and
the pooled estimate of the overall success rate of
implantation for the 13 studies (data for 478 par-
ticipants) was 99% (95% CI, 98%-100%) (FIGURE24).

Complication rates Residual shunts ‘The most
common complication was RS. A total of 54 pa-
tients had RSs immediately after the procedure.
However, RS was noted as permanent only in
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TABLE2 Basicdata of theincluded studies

Author Year Patients  Failure Device Low ejection  Device
of publication embolism fraction thrombus
El-Sisi"? 2017 17 0 0 0 0 0 0 0 0 0
Esmaeili®® 2018 15 0 2 0 0 3 0 0 0 0
Haddad™ 2019 27 2 2 0 1 0 0 0 0 0
Kanaan? 2015 31 1 3 0 1 0 2 0 0 0
Koneti?® 2012 57 1 2 0 1 0 0 0 0 0
Mahimarangaiah?* 2015 45 0 3 0 0 0 0 0 0 0
Narin 2015 21 0 2 1 0 0 0 0 0 0
Narin?! 2018 12 0 3 1 0 0 0 0 0 0
Pamukcu? 2017 49 0 2 0 0 5 0 0 0 0
Polat’ 2016 26 0 0 0 0 0 0 0 0 0
Vijayalakshmi'' 2013 79 1 0 1 0 0 0 0 0 0
Zhao LJ* 2017 50 2 1 3 0 1 2 0 0 0
Zhao P)% 2012 46 0 3 1 0 0 0 0 0 0

Data are presented as number of patients.

Abbreviations: AR, aortic regurgitation; cAVB, complete atrioventricular block; MR, mitral regurgitation; RS, residual shunt; TR, tricuspid regurgitation

404

21 patients, with a pooled rate of 4% (95% CI,
1%—-7%; I*= 22.75%). Only one patient had signif-
icant RS requiring device explantation (FiGure28).®

Complete atrioventricular block Cardiac dysrhyth-
mias were other common complications, and
cAVB was the most important among them.
Nonetheless, the rate of cAVB in the 13 studies

was very low, with a pooled estimate of 0% (95%
CI, 0%-1%; I>= 0%). Only one patient with cAVB
required a permanent pacemaker. ?'

Postoperative valve regurgitation Only 13 patients
experienced moderate or severe postoperative
valve regurgitation due to restricted movement
(4 aortic regurgitations [ARs] and 9 tricuspid

Weight, %

Study ES (95% CI) (random)
El-Sisi'? —:- 1.00 (0.80-1.00)  3.61
Esmaeili®® — &  1.00(0.78-1.00) 3.20
Haddad™ —'- 1.00 (0.87-1.00)  5.68
Kannaan® ———®— 094(079-099) 650
Koneti? — B 098(0.91-1.00) 11.87
Mahimarangaiah? —.I- 0.98(0.88-1.00) 9.39
Narin® ———&®  1.00(0.84-1.00) 444
Narin?' #——  0.92(0.62-1.00) 2.58
Pamukcu? —. 1.00 (0.93-1.00)  10.22
Polat’ — & 1.00(087-100) 547
Vijayalakshmi'" —. 1.00 (0.95-1.00)  16.41
Zhao LJ* — = 0.98(0.90-1.00) 10.63
Zhao PJ% —.— 0.96 (0.86-0.99)  10.01
Random Overall (I2=0.00%; P =0.59) Q 0.99 (0.98-1.00) 100.00
Fixed Overall Q 0.99 (0.98-1.00)

T T T :I

0.25 0.5 0.75 1

FIGURE2 A - forest plot of the success rate
Abbreviations: ES, effect size
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Weight, %
Study ES (95% CI) (random)
EI-Sisi"” —e 0.06(0.00-0.29)  5.17
Esmaeili'® —_— 0.00(0.00-0.22) 4.74
Haddad™ —e—— 0.07(0.01-0.24)  6.93
Kannaan® - 0.06(0.01-0.21)  7.50
Koneti® — 0.05(0.01-0.15)  10.07
. . S 0.04(0.01-0.15)  9.07
Mahimarangaiah? !
Narin' s 0.14(0.03-0.36)  5.94
ann A 0.17(0.02-0.48) 4.04
Narin? 1
- 0.06(0.01-0.17) 9.43
Pamukcu® g 0.08(0.01-0.25) 6.78
Polat’ s 0.00 (0.00-0.05)  11.37
Vijayalakshmi™ B 0.00 (0.00-0.07)  9.60
Zhao LJ?s - 0.02(0.00-0.11)  9.35
Zhao PJ? O 0.04(0.01-0.07)  100.00
Random Overall (= 0.00%; P=0.59) & 0.03(0.01-0.05)
Fixed Overall E
* T T T T
0.25 0.5 0.75 1
Weight, %
Study ES (95% CI) (random)
El-Sisi'” — 0.00 (0.00-0.20)  3.61
Esmaeili'® — 0.00(0.00-0.22) 3.20
Haddad™® = 0.00(0.00-0.13)  5.68
Kannaan® — 0.00 (0.00-0.11)  6.50
- 1000000009 355
Mahimarangaiah* ] 00(0.00-0.08) - 3.
Narin® — 0.00 (0.00-0.16) 4.4
§ ! 0.00(0.00-0.26)  2.58
Narin? .
— 0.00 (0.00-0.07) 10.22
Pamukeu® — 0.00 (0.00-0.13)  5.47
Polat’ - 0.00 (0.00-0.05)  16.41
Vijayalakshmi" BE— 0.00(0.00-0.07)  10.63
Zhao L) - 0.04(0.01-0.14)  10.01
Zhao PJ? b 0.00 (0.00-0.01)  100.00
Random Overall (2= 0.00%; P=0.59) ) 0.00 (0.00-0.01)
Fixed Overall :
* T T T T
0.25 0.5 0.75 1

FIGURE 2  Forest plots of residual shunts (B) and postoperative aortic regurgitations (C)

Abbreviations: ES, effect size

regurgitations [TRs])."'%20226 The pooled estimate
of the AR rate was 0% (95% CI, 0%-1%; I?= 0%),
and that of the TR rate was 1% (95% CI, 0%-3%;
I2=48.34%). (FIGURE 20)

Other complications Device embolism was found
in 3 patients only: 2 patients had the device re-
moved percutaneously and 1 surgically. None of
the patients exhibited reduced cardiac systolic
function or device thrombosis. A total of 7 pa-
tients were converted to conventional surgical
repair due to device failure (1 patient), signifi-
cant RS (1 patient), device embolism (1 patient),
and severe AR (2 patients). In 2 cases, the device
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was removed percutaneous because of device
embolization.

Heterogeneity analysis Even though all the I?
of the results were below 50%, in our opinion,
the type of VSD is an important factor. Hence,
we performed a subgroup analysis by VSD type
and divided all studies into the pmVSD group
and the group with various types of VSD to
explore the heterogeneity of the RS outcome
(I = 47.26%). I> was 20.13% for the former and
63.37% for the latter. These results suggest that
VSD type might be a source of heterogeneity.
Sensitivity analyses were explored by excluding
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each study separately to validate the stability of
the RS rate; all the results showed that there was
no significant difference. In addition, the fixed-
effects model was also performed with no sig-
nificant difference found comparing to the ran-
dom-effects model.

Publication bias Statistical evidence of pub-
lication bias was detected by Egger and Begg
tests as well as an Egger graph (FiGure3). There
was no significant publication bias for success
rate, cAVB, postoperative AR and TR, as evi-
denced by the respective Egger test P values of
0.53, 0.722, 0.393, and 0.377. For RS, the P val-
ue was 0.044 by the Begg test 0.017 by the Egger
test. Further, we used the trim-and-fill method,
after filling 3 studies, the 95% CI of the pooled
RS rate results was unstable, which suggested
publication bias (FIGURE3D).

L
<
E b
2
=
(<5}
S 2
a
=
v
0 1F
-2 4
0 2 4 6 8 10
Precision

e Study Regression line

F——— 95% CI for intercept

]
£
& e o
EofF oo owv—ss—
k3]
k]
(]
=
(%l
24
0 2 4 6 8 10
Precision
e Study Regression line

F——— 95% CI for intercept

FIGURE 3  Egger graphs of successful outcome (A) and postoperative aortic regurgitations (B)
Abbreviations: SND, standard normal deviation
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DISCUSSION Perimembranous ventricular
septal defect is the most common anomaly in

congenital heart disease, accounting for almost

one-fifth of all defects.”.?® Percutaneous closure

has become an alternative for surgical closure

in the majority of cases due to the following ad-
vantages: reduced operation time, short hospi-
tal stay, low cost, ability to avoid sternotomy
and cardiopulmonary bypass, decreased blood

loss and pain, and faster recovery and return

to normal activities.>?’ However, percutaneous

closure is considered to be safer in mVSD than

in pmVSD. In fact, the proximity of the margins

of pmVSD to the conduction system and aortic
valves increases the risk of adverse events re-
lated to percutaneous closure, leading to sever-
al complications.?® Our study included 37 mVSD,
437 pmVSD, and a single hybrid VSD. The results

showed that using the ADO II for VSD closure

has a very high success rate and a relatively low
incidence of complications.

Retrograde delivery of the Amplatzer Duct
Occluder II improves surgical success When
the VSD is small, the ventricular septum shunts
from left to right; part of the pmVSD with
an aneurysm has a small and diffuse shunt on
the right ventricular surface, whereas part of
the slender tubular mVSD is tortuous in the in-
terventricular septum. Traditional VSD inter-
ventional therapy involves establishing an ar-
teriovenous track, inserting the catheter from
the femoral vein end to the ascending aorta,
placing the catheter into the left ventricle, and
finally using an anterograde release method to
release the occluder. The surgical steps are te-
dious, especially for small or tortuous VSD, and
it is difficult to pass the conventional occluder
through the delivery sheath.?:'

A meta-analysis by Santhanam et al*? exam-
ined the outcomes of the use of any type of de-
vice (other than the early umbrella/Rashkind)
to block pmVSD, with a success rate of 97.8%
(95% ClI, 96.8%-98.6%). Notably, this analysis
involved 54 studies with a total of 6762 patients,
but only approximately 2% of patients (6 study
with 121 patients) in whom the ADO Il was used
were included. Coincidentally, a meta-analysis by
Hong et al? including 15 studies with 1368 pa-
tients examined the outcomes of the use of any
type of device, with a pooled success rate of 0.95
(I? = 86.2%; P <0.001). Our study showed that
the success rate of the ADO II was much higher
than that reported by Santhanam et al,*? a study
that incorporated all types of devices. Overall,
patients may benefit from the unique design of
the ADO II, which is conducive to an easier and
faster operation.

The ADO II is a double-disc device connect-
ed by the waist; it is made of nitinol alloy wire
without a high-molecular-weight polymer fill-
er. The supporting TorqVue LP delivery sheath
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tube has a small diameter (4F-5F); hence, there
is less damage to the vessel wall, enabling retro-
grade placement through the artery. Moreover,
establishment of an arteriovenous track is not
needed, and there are fewer consumables (sav-
ing a set of gooseneck trap consumables). Fur-
thermore, the surgery is simpler, with a short-
er time as well as less mechanical damage and
intraoperative blood loss.®'

Soft and elastic design of Amplatzer Duct
Occluder II reduces surgical complications
According to Santhanam et al,* the most com-
mon complication during VSD occlusion is RS
(pooled rate, 15.9%; 95% CI, 10.9%—21.5%). Other
complications included arrhythmia (pooled rate,
10.3%; 95% CI, 8.3%-12.4%) and valve dysfunction
(pooled rate, 4.1%; 95% Cl, 2.4%-6.1%), and the in-
cidence of cAVB was 1.1% (95% CI, 0.5%-1.9%).

In the meta-analysis of pmVSD by Hong et al,?
the pooled rate of postoperative RS was 2% (95%
CL, 1%-3%; I? = 87.3%; P <0.001). The pooled esti-
mated rate of severe complications was 7.4% (95%
CIL, 4.6% -10.2%, I? = 30.5%; P = 0.13); the pooled
incidence of cAVB was 0.2% (95% CI, 0%-0.5%;
2 =0%; P = 0.58). We reported a lower incidence
of complications than Santhanam et al*? and
Hong et al.?®

Residual shunts Although an oversized de-
vice will lead to more damage to adjacent tissues,
an undersized device may increase the embolic
rate of the device and RSs.”® In the follow-up of
other conventional blockers, the occurrence of
RSs was found to be much lower than that ob-
served immediately after the device was closed,
indicating that time is critical for small RS clo-
sure.?*303233 The population of the ADO II study
in this meta-analysis included all patients with
defects less than 6.5 mm, small VSD shunt vol-
umes, and smaller RSs after surgery, and some
of them closed spontaneously during follow-up.

The waist of the ADO Il is easily stretchable,
with the waist diameter ranging from 3 to 6 mm.
Unlike the cylindrical waist of other occluders,
the ADO II's waist has a spherical curvature.
Therefore, in VSD with a membranous aneu-
rysm, it enables a closer connection to the an-
eurysm and defect. Hence, the incidence of RS
associated with the ADO II is low.

In addition, the ADO II with its unique waist
structure can also release the occluder for
the pmVSD without the aneurysm, which ex-
erts a greater tension on the defect than oth-
er occluders, closely blocking the VSD, and has
alow probability of participating in the shunt.

Moreover, the ADO II has a narrower waist
and is made of softer material than other oc-
cluders, preventing it from affecting valves, es-
pecially the aortic valve. Due to the low probabil-
ity of new valve regurgitation after the surgery,
the stable hemodynamic state in the cardiac cav-
ity is more conducive to endothelialization and
endocardial formation, so even if a small amount
of RS occurs, it can spontaneously disappear af-
ter a few weeks or months.?%3032:33

Complete atrioventricular block Complete
atrioventricular block is a major challenge for
transcatheter closure of pmVSD." It can oc-
cur during surgery or months and years after-
ward.?® It may be reversible or persistent, and
persistent cAVB requires permanent pacing. Al-
though the mechanism of cAVB is unknown,
possible causes are as follows. First, compression
of the device on both sides of the discleads to in-
jury of the conduction system. Then, mechanical
stimulation is performed during the operation.
Additionally, most pmVSDs lack the myosep-
tum surrounding the membrane-forming area,
and the membrane-septal residue itself often
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compensatively develops into a pseudoseptal
aneurysm in an attempt to close the defect.?3-*

Consequently, in most cases, there is no con-
ducting tissue at the top of the VSD, and it is
less vulnerable to damage from device extru-
sion. However, in pmVSD without pseudosep-
tal aneurysm, the marginal portion of the de-
fect consists of fibrous tissue from the contin-
uous site of the tricuspid valve and the aor-
tic valve, and the Hiss bundle passes through
the posterior lower margin of pmVSD. There-
fore, the heart conduction system is easily af-
fected when the device is extruded, especial-
ly when the size of the blocker is overly large.
Haddad et al” and Vijayalakshmi et al" claimed
that the unique design of the ADO II makes it
softer than other conventional devices and min-
imizes radial stress on the conduction system.
It has also been reported that the pressure on
ventricular septum tissue is small, tissue ede-
ma is light, and that heart block after surgery

rarely occurs.?3

Valvular regurgitation The local anatomi-
cal structure of pmVSD is complex and adjacent
to the tricuspid and aortic valves. Hence, inap-
propriate device selection during intervention-
al treatment can easily result in valve insuffi-
ciency. The disc surface of the ADO II is sym-
metrical and 3 mm larger than that of the waist.
Therefore, the distance between the defect up-
per margin and the aortic valve should be great-
er than 3 mm to avoid aortic valve regurgita-
tion.®'" Nevertheless, one of the studies (51 cas-
es of the ADO II) included in our meta-analysis
concluded that a subaortic residual length of
2 mm or greater was safe for the application of
the ADO I1.%6

Due to the long waist of the ADO II, the sur-
geon needs to avoid excessive pulling of the oc-
cluder into the right ventricle, which could result
in tricuspid dysfunction. Vijayalakshmi et al"
claimed that the ADO II is tailored to close
the Gerbode defect because the central cylin-
der fits the defect and the soft disc without poly-
ester material does not impinge on the mitral or
tricuspid valve.

In conclusion, based on the summary of ex-
isting studies, we believe that the recommend-
ed application range of the ADO II for VSD is as
follows: diameter from 3 to 6 mm, pmVSD and
mVSD (with or without aneurysm), and distance
from the edge of the defect to the aortic valve of
2 mm or greater.310117-24

Innovation and limitations To the best of
our knowledge, our study is the first systemat-
ic review and meta-analysis to collate the out-
comes of VSD closure with the ADO II. Never-
theless, this study had some limitations of note.

First, for ethical reasons and informed con-
sent requirements, the included studies could
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not be treated blindly and had no blank con-
trol group. In addition, most of the included
studies were retrospective and with small sam-
ples, and thus, it was difficult for the NOS score
to exceed 6. We believe that a low to medium
NOS score is an unavoidable problem in most
cohort studies of congenital heart disease. Sec-
ond, the mean follow-up of the included stud-
ies ranged from 6 to 40 months, with most be-
ing short- and medium-term follow-ups. Third,
different studies defined valve regurgitation
differently. Indeed, a number of studies record-
ed only moderate or new valve regurgitation
postoperatively, but others registered all types
(preoperative and postoperative). As a conse-
quence, we only included cases of newly occur-
ring or aggravated valve regurgitation after sur-
gery in the statistics, which may have caused
underestimation of the result. Fourth, as most
of the studies involving mVSD and pmVSD did
not group them separately, we were unable to
compare outcomes between pmVSD and mVSD.
Finally, publication bias in this meta-analysis
should be taken into consideration.

Conclusions This meta-analysis indicates
the successful use of the ADO II, with a low in-
cidence of RSs, AR, and TR. The ADO II may be
a cost-effective device option in children with
relatively small defects. These good outcomes
may be limited by the number of enrolled pa-
tients, and more detailed observations in larger
samples and long-term follow-up data are need-
ed for further analysis.
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