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Abstract

VSD is the most common congenital heart disease in neab¥®SD can close spontaneously in the early years oHdwever, VSD
can not close spontaneously in a few patients and caong#ications so that it is necessary to perform VSDu® arlier, one of all
options is transcatheter. Transcatheter is a minimasive procedure with a high success rate and safetyttiscidence of
cardiorespiratory disturbances are less while using &tireter devices making it an alternative intervenfitorVSD closure. This styd
aims to determine the outcome characteristics and ocettiplis of VSD closure with transcatheter interventidhis study was a
descriptive observational study using a cross-section@rdegth a retrospective approach, based on secondary dataliSg was done

by total sampling technique. A sample of 27 patients was oltaiite a mean age of 4.48 + 3,298 years, an averamghtnad 17.70 +
10.5550 kg, and male sex dominated by 55.6%. The most commoroftyg€D that was closed with a transcatheter was the
perimembranous type of 70.4% and the size of the VSD was atadiby the medium size of 85.2%. The transcatheter VSDrelosas
successful in 24 patients (88.9%) and failed in three ¥@)l.Residual shunt developed in one of three patients vilea.faAhe most
common complication was arrhythmia with NSVT type of 62,96%e0tomplications were PVC 7.4%, aortic valve regurgita8. 7%,
and hypotension 3.7%. Closure of VSD by transcatheterizatisrahizigh success rate, no death is found, and there are oo maj
complications that require long-term or life-threateningapg. All complications found only occurred during transcatietgon, i.e.
arrhythmia, mild aortic valve regurgitation, and hypotemsio
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1. Introduction

Ventricular septal defecW/SD) is one of the most common congenital heart diseasedting in cardiac malformations
.1 VSD occurs due to the failure of the development of theniatericular septum during pregnancy, leaving a hole lmtwe
the two ventricled.VSD occurs in 2-6 per 1000 babies born and around 15-20% of @jéwcital heart diseaseThe most
common type is the perimembranous type with a prevalehaeound 70%of the total cases of VSD. The Muscular type
VSD isthe second most common type with a prevalence of 5&fQ¥e total cases &fSD. Other types of VSD are outlet
type which has more percentage in far eastern countriesviéstarn countries and infét.

Ventricular septal defects can close spontaneously in theyears of life> Even though/SD can close spontaneously,
VSD can cause several complications such as pulmonary hygertén infants, aortic regurgitation, infective endodisd
and also sub-valvular pulmonary stenosis, requiring imme#&D closure interventiof.Although a small defect size is
asymptomatic, a smalWSD can cause long-term sequelae, such as left ventricyfsrthophy, aortic regurgitation,
pulmonary hypertension, arrhythmias, right ventricular dooblmber, and endocarditis. Therefo/&D patients must be
routinely monitored for symptoms that appear because iffisigni hemodynamic disturbances occWSD closure
interventions must be carried out immediately.

VSD closure is performed routinely by open heart surgery i@agulmonary bypass) or by percutaneous transcatheter
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intervention® Open heart surgery is the gold standard of interveritio’VSD closure. However, open heart surgery has
disadvantages and contraications so that in certain cases an alternative inteoremtith a percutaneous transcatheter is
performed. The disadvantages of open heart surgery anectteased length of stay in hospital, surgical scaesnéed for
reoperation, and cardiorespiat disorders. One of the other disadvantage of open heart surgery iméstm hospitals is
the long queues to get the intervention, so patients wia toaehave theiW/SD closed immediately have to wait longer. In
addition, open heart surgery requim@sre human resources and facilities to specifically morptatients in the ICU,
making it more inefficient and costl.Open heart surgery is also contraindicated in patiehtshave severe pulmonary
hypertension, have previously undergone thoracicesyrgnd patients who have many comorbiditfes.

Percutaneous transcatheter interventionM8D closure has now been widely used because of its mininmadasive
action so that for pediatric patients who have perimengduand muscular typéSD, transcéheter intervention can be an
alternative choice because of its high safety and favegiiénces of cardiorespiratory disorders as evidenceuelnetiuced
duration of use ventilator compared to patients who unadrW&D closure with open-heart surgéfyin addition,
transcatheter intervention can help overcome the gmolof waiting for open heart surgery to close 8D in the hospital
because the time needed to perform the transcatheteedore is faster. This study aims to determine the outcome

chaacteristics and complications of VSD closure with trattseir intervention.

2. Method

This was a descriptive observational study using a-@estsonal design with a retrospective approach. Theweate in
the form of secondary data obtained from the inadecords of VSD patienia Dr. Soetomo General Hospital Surabaya
from January 2019 to December 2021. The samples weretedlly total sampling method, with the results of 27 pestie
The samples were VSD patients aged 1-18 years who hactlosed with transcatheter Dr. Soetomo General Hospital
Surabaya from January 2019 to December 2021. Patients whmtdichdergo transcatheter VSD closure were excluded
from this study. This research had obtained permissan the Health Research Ethicsriittee of Dr. Soetomo General
Hospital with Letter of Exemption number 0774/LOE/301.4.2/1/202% data included patient characteristics such as age,
gender, weightVSD type, VSD ste outcomes which includes the success rate, the faiiee and redual shunt,
complication after transcatheterization. The data wetkeated using Microsoft Excel 2016 and then analyzed usiag th

IBM SPSS Statistic version 26 application.

3. Results

A total of 27 patients met the inclusion and exclusioredatand becae study participants. The characteristics of the
participants are shown in Table 1. The average age wayehd® The percentage of male (55.6%) was higher thaadem
(44.4%). The average weight was 17.7 kg.

Table 1. TheVSD patients characteristiemed 1-18 years who had been closed with transcatheter indetoi®o General
Hospital Surabaya from April 2020 to March 2021

Variables Total 27)
Age 4,48+ 3,298
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Gender
Male 15 (55,6%)
Female 12 (44,4%)
Weight 17,7 £ 10,5550
VSD types

Perimembranous 19 (70,4%)

Subaortic 4 (14,8%)

SADC 4 (14,8%)
VSD sizes

Small 2 (7,4%)

Medum 23 (85,2%)

Large 2 (7,%%)

The lowest patient's weight was 7.5 kg and the largesb®&sg). The most common type 88D that had been closed
by transcatheterization was the perimembranous VSD (70th&s) followed by the SADC and subaortic types with the
same percdaages for these 2 types (14.8%). There was one case gbetimembranous type that had underwent
transcatheterization to close the residual defeat pftvious transcatheter VSD closu

The most common defect size was medium size whichriet in 23 patients with a percentage of 85.2% followed by
small and large sizes with the same percentages (7.4%).

Table 2. The outcomes after percutaneous transcathéterizaDr. Soetomo General Hospital Surabaya from Af@I2®
to March 2021

Outcomes Total (27)

Success 24 (88,9%)

Failed 3 (11,®%)
Residual Shunt 1(3,7%)

Transcatheter occlusion for VSD closure has a relstiviglh success rate of 88.9%. Failure afhscatheter occlusion

including residual shunt occurred in 3 patients or 11.1%.

Table 3. The complications after percutaneous trandesittedion in Dr. Soetomo General Hospital Surabayan fApril
2020 to March 2021

Complication Number of casesj

Arrhythmia
NSVT* 17
PVC**

Aortic Valve Regurgitation

Thrombosis

Embolism

Bleeding Requiring Blood Transfusion

Hypotension*

Death
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Notes: *one patient had NSVT and hypotension coraily
**one patient had NSVT and PVC concurrgntl

Complications from closing th¥SD with a transcatheterization occluder acamly during the transcatheterization
procedure and disappear after the transcatheterizationdprec&he most common complications were arrhythmias with
the NSVT ty of 62.96% of the total patients. One patient had NSVT and RWCucrently. One pant had NSVT and
hypotension concurrently. Aortic valve regurgitation weed in 1 patient and hypotension was also found intigrnta

There were no complications sugbdeath, thrombosis, embolism, or bleeding requiring blaastusion.

4, Discussion

In this study, the mean agd VSD patients was 4.48 + 3.298 yeafsmother study with a sample age of 2-18 years
showed that the average age/&D patients who had transcatheter defect closure was&2years? This can occur due
to spontaneous closure of defects which generally occuriedifg, usually in the first 2 years of lifé.Thus, the incidence
of VSD is less at older ageBefect closure should be done at the maximum age ofr2.yldawever, several factors caused
delays in closing the €&t in the sample of this study. Factors that might caheseéelays of patients age in closing defects
are a slow referral system, delays in referring docfmsents who delay closing, and symptomd/8D that appear late.
The sex that performedSD dosure with a transcatheter was dominated by the maléHgavever, in the journabf Li et
al., (2016), studies from many researchers did not meriiah gender is a factor that determines the incidence of
spontaneou®’SD closure'® The average weight of patients who underwé8D closure with transcatheter intervention
was 17.7 kg with the lowest patient weight was 7.5 kg,emtie patient's largest body weight was 56 kg. Anothugtyst
with a sample age of 2-18 years showed that the medignvimight d VSD patients who had transcatheter defect closure
was 15 kg with a range of 7.6 kg to 64%én this study, four patients were found to be underweighthfeir normal age
and the four patients had moderate size VSD. Thus,rttlerweight in these four patients might be an effect of medium
sizeVSD. The ideal body weight for transcatheterizationM&D closure is 8-10 kg. Even so, other studies have shown that
the patient's weight that can be done with a transeatdefect closte is at least 7 kg and even 6 ¥g’ This is because
body weight is one of the factors that contribute toshecessful closure of defects with transcatheter occlubereuse
patients with low body weight have small vascular diameterthat the selection of the rightvilee and vascular access
becomes more difficuft

The most common type ®SD that was closed with a transcatheter in this studytiaperimembranous type, followed
by the subaortic type and the SADC type. The subaanticSADC types had the same numbé patients in this study.
Another study with a sample age of 2-18 years showed W&tt\M8D patients who had transcatheter defect closure had the
perimembranou¥'SD type!® This could happen because the perimembranous type issgteommon type df SD with a
percentage of 70%, followed by 15-20% muscular type and 5% subaftetiawever, the prevalence of the subarterial
type is higher in Asia, which is 30%.n addition, the difference in the number of typed/8D that were performed the
transcateter VSD closure could be influenced by the prevalencgpohtaneous closure of the defect which was different
for each type o¥/SD. The spontaneous closure ocouestly in musculartype followed by perimembranous, whereas the
subarterial type had a low prevalence of spontaneowssirefd The most common size VSD that was closed with a
transcatheter occluder in this study was medium size anshtbk and large size VSD has the same amount of patien

This difference in the number of patients can b&uerfced by spontaneous closure of defects that differ in ®aehand
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degree of severity of hemodynamic disturbances dugetsite of the defect which is an indication for clesihe size of
the defect affects the size of the shunt. The sizthiefshunt can cause hemodynamic disturbances ramgingHeart
failure to pulmonary arterial hypertensithAlthough small defects are more likely to close spordaslg early in life than
large defects, small defects can cause complications,asukeart fiure in some patients, so that closure interventions are
needed at once to prevent long-term complications, asgiulmonary arterial hypertension, arrhythmias, endocartitis
pulmonary vascular obstructive disease or Eisenmenger synétéme

Indicabrs of successful transcatheter implantation for closifirgSD in this study were successful insertion of the
occluder device, stable position, good occluder functeasaessed using echocardiography and no residual shunts. This
study shows that trangbater intervention for closure of ventricular septal defed¢telivhas been performed on 27 people
using various types of occluder devices has a high sucdessfrianplantation(88.9%). The percentage of successful
transcatheter implantation in this study correspondbtdosuccess rates of transcatheterizatioV®b closure in other
literature, which ar&7-100%22 Occluder failed to be implanted in 2 patients. It mightlbe to the defect was too large or
the size of the occluder was too small, véi@serone patient was said to have had an occluder unsudbessiplanted
because he had a residual central shunt. Residual slamntxour because the occluder is unable to completsyg ¢the
defect. Therefore, the type of occluder must be chosen @mpgirely according to the location of the defect, tize sf the
defect, and other specific conditions of the defect toldsed®

There was a death and no major complications found in this study whichtlifeatening and require long term
medicationsComplications that can occur after transcatheterizatioW & closure are heart rhythm disturbances with the
most serious and frequent type being complete heart blo8k26P6. Other complications are aortic or tricuspid valve
disorders with an incide® of 5-26%, embolization of 4%, residual shunt, up to d&ailhe most common complications
found in this study were heart rhythm disturbances or arrhgtinml7 patients. NSVT type in 17 patients and PVCs type
were found in 2 patients. Arrhythmias that occur during carch#tveterization can be caused by the catheter andeaiirg
adjacent to the ventricular wall thereby stimulating ¥eatricular myocardial tissue and interfering with lodaictical
activity. It can also be caused by contrast dityi Isolated NSVT or PVC events often occur during ribleart
catheterization, that is, when the catheter tip erkersight atrium, right ventricle, pulmonary artery witlpercentage of
about 209¢° Other complication in this study was mild qualitataortic valve regurgitation in 3.7% of the total 27 gl
and no new case of tricuspid regurgitation was found fromota of 27 samples in this study shortly aftie
transcatheterization procesure. In a study conductedubgtlal., (2013), it wafound that the emergence of new cases of
aortic valve regurgitation was 1.37% and tricuspid regurgitatias only around 0.57% of a total of 871 samfiiésortic
valve regurgitation after transcatheter intervention tsecltheVSD can occur due to oksion of the occluder with the
aortic valve, defects near the right coronary valve gdgd impact of the occluder on aortic valve closure. Mbdaw
regurgitation of the tricuspid valve occurs as a resuthefocclusion of the occluder with the valve leaflefscv disrupts
the structure of the chordae tendid&®.Hypotension was found in 1 patient during the transcathaten procedure.
Hypotension during cardiac catheterization can occur du@govagal reflexes, bleeding, myocardial ischemii@rgic
reactions, or bacteremia. However, hypotension durindjazacatheterization is most often caused by vasovadexesf®
A vasovagal reaction is a sudden decrease in blood prelearérate, and cardiac output (CO) due to stimulationeof th
parasympathetic nervous system and causes activation vddlis nerve. The vasovagal reflex is most often induced by
pain?Pain at the arterial and venous puncture site and fehe gfatient during transcatheterization can induce avagab

reflex and cause the patient to be hypotensive.
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Conclusion and Suggestion

This study figured ouhat percutaneous transcatheter is a minimally invasive aligsesnmethod to close VSD with high
successful rate (88.9%) and safety with no major complicatiomisis study, there are several limitations includingdata
collection is only done one time and cannot followeegsh subjects prospectively in analyzing the effectiverodés
transcatheter occlusion aMED complications that appear in the long teResearchers suggest further research to collect
data in time series (e.g. 1, 3, 6, 12-month) and longidar& follow up the efficacy and complications of traatbeter
VSD closure in long term and ensure the clinical improent of patients. Moreover, & @lso necessary to look for the

effect of occluder size, occluder type, and distance betdefect and valve on successful rate and complications.
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