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BACKGROUND: Ventricular septal defect (VSD) is the most common
congenital heart disease in the pediatric population. Nowadays, trans-
catheter closure is considered a feasible method of therapy for most
muscular and some perimembranous types of VSDs.

OBJECTIVES: Assess the safety, efficacy and outcome of percutaneous
transcatheter closure of VSDs in children.

DESIGN: Retrospective, single center study.

SETTING: Madinah Cardiac Center, Madinah, Saudi Arabia.
PATIENTS AND METHODS: The study included all consecutive chil-
dren who underwent transcatheter closure of isolated VSD during the
period from December 2014 to January 2019. The data were collected
from hospital database medical records. Transthoracic echocardiog-
raphy (TTE) and an electrocardiogram (ECG) were done before and
after the procedure in all the patients. The device was implanted by
the retrograde or antegrade approach. All patients were subjected to
follow-up evaluation at 1, 3, 6, 12 months, and annually thereafter with
TTE and ECG.

MAIN OUTCOME MEASURES: Procedure success rate, clinical fol-
low-up, TTE.

SAMPLE SIZE: 70 children.

RESULTS: The mean (standard deviation) age of patients was 10.2 (4.1)
years (range: 2-18 years), and their mean body weight was 30.9 (13.9)
kg (range: 7.0-57.7 kg). Forty-eight (68.6%) children had muscular VSD
(mVSD), and 22 (31.4%) children had perimembranous VSD (pmVSD).
The majority of defects were closed via the retrograde approach using
the Amplatzer muscular occluder device. At 24 hours after the pro-
cedure, the success rate was 90%. Only four (5.7%) cases had major
adverse events including complete atrioventricular block, hemolysis,
and thrombus formation.

CONCLUSIONS: Transcatheter closure is a safe and feasible proce-
dure in VSDs of various morphologies, with a low adverse event rate.
LIMITATIONS: Retrospective design, single-center study, absence of
control group.

CONFLICT OF INTEREST: None.

ANN SAUDI MED 2020 SEPTEMBER-OCTOBER WWW.ANNSAUDIMED.NET



TRANSCATHETER VSD CLOSURE

entricular septal defect (VSD) is currently the
Vmost common congenital heart disease found

in the pediatric population, representing 20%
of isolated congenital heart diseases.! Despite the fact
that VSDs can present in any part of the interventricu-
lar septum, the most common morphological variants
are perimembranous VSD (pmVSD) and muscular VSD
(mVSD) (anterior, mid, posterior, inlet, or outlet in loca-
tion); the supracristal type is less common.? Depending
on the size and flow of the VSD, hemodynamic compro-
mise may occur. Closure is mandatory in hemodynami-
cally unstable patients.?

Traditionally, VSDs have been closed with an open
surgical approach, but there remains a risk of complete
atrioventricular block (CAVB), infection, postpericardi-
otomy syndrome, chylothorax, and complications of
cardiopulmonary bypass (e.g., myocardial and pulmo-
nary injury, electrolyte disturbance, coagulopathy, and
acute kidney failure). In addition, longer intensive care
unit (ICU)/hospital stays postoperatively occur as com-
pared to nonsurgical interventions.*® Catheter-based
interventions are showing promising results compared
to surgery since the first reported case in 1988 with ac-
ceptable results.®’

This study aims to assess the safety, efficacy, and
outcome of transcatheter closure of different anatomi-
cal variants of VSD in children in a major cardiac center
in Saudi Arabia. This included all the small and most of
the moderate muscular VSD types (outlet, mid-muscu-
lar, apical; posterior and anterior variants), and included
most of the pmVSD type, especially with aneurysmal
tissue.

PATIENTS AND METHODS
This retrospective study was conducted at the Madinah
Cardiac Center between December 2014 and January
2019. The data for all consecutive children who under-
went transcatheter VSD closure during the study period
were retrieved and included in the study. A complete
pre-procedural evaluation included clinical examina-
tion, chest X-rays, electrocardiograms (ECG), trans-
thoracic echocardiogram (TTE) and specific laboratory
investigations to rule out any bleeding disorders (e.g.,
complete blood count, platelet count, prothrombin
time, and activated partial thromboplastin time).
Transcatheter VSD closure was indicated in the fol-
lowing conditions: (1) significant left-to-right shunt af-
fecting the child clinically; e.g. failure to thrive, and/or
recurrent chest infections in spite of adequate medica-
tions (= 2 attacks of chest infections per month that ne-
cessitate medical management). (2) Chest x-ray showing
cardiomegaly and/or lung plethora. (3) TTE evidence of
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significant shunt (increased left atrial and left ventricular
end diastolic diameters above upper normal limits ac-
cording to the child body weight). Also, (4) The estimat-
ed pulmonary artery blood pressure less than 2/3 of the
systolic blood pressure (measured as the gradient over
tricuspid valve regurgitation plus right atrial pressure in
relation to the systemic pressure at the same time). (5)
Specifically in pmVSD type, it was mandatory to have a
good aneurysmal tissue (for better deployment of the
occluding device inside it away from aortic valve) and a
sub-aortic rim =4 mm (to avoid compression of the de-
vice on the aortic valve and other adjacent structures).
Patients were excluded from the procedure if: (1) age
was less than 2 years, and the body weight less than
8 kg, (2) the size of the VSD was larger than 2/3 of the
aortic annulus, (3) for the pmVSD type, the presence of
significant aortic valve prolapse, aortic regurgitation, or
inadequate aneurysmal tissue. Also, patients with any
additional lesions requiring surgical intervention were
excluded.

Procedure

The procedure was done under general anesthesia
with transesophageal echocardiography (TEE) and fluo-
roscopic guidance. Access was via the femoral artery
and femoral vein. A 100 U/kg heparin dose and intrave-
nous antibiotics were given to all patients prior to the
procedure. A hemodynamic study was performed con-
firming the TTE findings (2-D imaging and color flow
in short- and long-axis views). The VSD was profiled
through angiographic evaluation of the left ventricle
(LV) at a 60° left anterior oblique / 20°cranial projec-
tion. At the maximum diastolic phase, the angiography
delineated the VSD location, size of VSD (at the narrow-
est area), and number of defects and their relationship
with the surrounding structures. The majority of VSDs
were closed by the retrograde approach via the femo-
ral artery, in which the VSD is crossed from the LV side
with a Judkins right coronary catheter (Infinity, CORDIS)
and Terumo guidewire (Radifocus, Terumo Corporation)
combination, and then the tip of the JR catheter was
placed in the right ventricle (RV). The appropriate de-
vice is delivered, where the distal RV right ventricular
disc was initially deployed, followed by the waist and
the LV disc.

In some cases, after crossing the VSD from the
left to the right ventricle using a guide catheter, the
Terumo guidewire was inserted into any pulmonary ar-
tery branch and then snared out from the venous end,
making an arteriovenous loop. The delivery sheath was
advanced antegradely over the wire from the venous
side. The tip of the delivery sheath was then crossed
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into the LV apex. From that point, the device was con-
veyed through the delivery sheath under fluoroscopic
guidance.

The type and size of the device was selected during
the procedure based on VSD type and its narrowest di-
ameter. In the majority of cases (64 cases), we used the
Amplatzer muscular VSD Occluder (AmVSDo) device
(AGA medical Corporation, Plymouth, MN, USA), but in
few of cases (6 cases) especially with a thick interventric-
ular septum, we used Amplatzer Duct Occluder type-I
(ADO-I) device (AGA medical Corporation, Plymouth,
MN, USA). The size of the device was either equal to or
up to 2 mm larger than the angiographically measured
narrowest defect size. For the pmVSD type, we selected
pmVSDs with subaortic rim =4 mm because the length
of the left retention skirt of the device is 4 mm larger
than the waist diameter and the right retention skirt is 3
mm larger, so the device can be successfully implanted
without creation of aortic regurgitation or rhythm dis-
turbances. Post-deployment, LV and ascending aortic
root angiograms were repeated to confirm the final po-
sition of the device, to assess any residual shunt, and to
confirm the presence or absence of aortic insufficiency.
Procedure success was defined as successful closure of
the VSD with the device with appropriate placement
without any residual or with mild residual shunt (color
doppler flow jet ranging 1-2 mm width).

The color of the urine was observed for 24 hours
after the procedure to exclude hemolysis. Oral aspirin
(5 mgrkg/d) was prescribed for 6 months to decrease
the risk of thromboembolism. In addition, infective
endocarditis prophylaxis was taken into consideration
following the procedure. All patients underwent chest
x-ray, ECG and TTE before hospital discharge and then
followed up at 1, 3, 6, 12 months after the procedure,
and yearly thereafter.

Statistical analysis

Data were analyzed using IBM SPSS software package,
version 20.0 (IBM Corp., Armonk, NY, USA). Data were
expressed as the mean (standard deviation) for continu-
ous variables and as frequency or percentage for nomi-
nal variables.

RESULTS

Data on 70 children (28 males and 42 females; P=.0276)
were collected retrospectively from hospital database
medical records (Table 1). The VSD variants included
22 children diagnosed to have pmVSD type (partially
covered with aneurysmal tissue of tricuspid valve); and
26 patient with outlet mVSD (22 with low outlet, and 4
with high outlet subtypes), 18 patient with mid mVSD
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(12 anterior, and 6 posterior subtypes), and 4 apical
mVSD. The mean size of the defects by TTE was 5.77
(1.89) mm (range: 3 - 11.5 mm) (Table 2). The mean pro-
cedure time was 115.8 (27.0) minutes (range: 92-138
minutes), and the mean fluoroscopy time was 21.92
(4.5) minutes (range: 17.5-27 minutes) (Table 3). Other
procedure data as the mean PA pressures (mmHg), Qp/
Qs, VSD narrowest diameter on TEE and on left ven-
tricular (LV) angiography, the diameter of device used,
its type, and route of deployment are listed in Table 3.
No significant difference was observed in the size of the
defect measured either by TTE, TEE or measured by LV
angiography (P=.059). Immediately after VSD closure,
the procedure was successful (presence of mild residual
shunt 1-2 mm or no residual shunt) was observed in 59
of 70 (84.3%) patients. By 24 hours after discharge, the
procedure was successful in 63 (90%) patients, By 3
months, success increased to 65 (92.8%)and by 1-year
follow up, success was achieved in 67 (95.7%) patients.

The adverse events (minor and major) reported in
patients who underwent attempted VSD device closure
are listed in Table 4 compared with data from other
sources. A minor complication was defined as an event
that may require drug therapy but was not life threat-
ening, with no long-term sequelae, and which did not
require long-term therapy. On the other hand, a major
complication was defined as an event that resulted in
death, potentially life-threatening events, long-term se-
quelae (>6 months), and need for surgery. All patients
in the study survived without any peripheral vascular
injury, or severe adverse events (death, valve injury re-
quiring surgical treatment, infective endocarditis, de-
vice embolization, cardiac perforations) during the early
period or follow-up.

Residual shunting (<2 mm) immediately after the
procedure was detected in 11 (15.7%) patients, which
decreased significantly during the follow-up evaluation
of patients. Transient cardiac conduction abnormalities
were seen in 2.9% of patients during device deploy-
ment, which disappeared shortly. Other than this, there
was no new onset rhythm disturbance during 1-year
follow-up. Four cases with major adverse events (5.7%)
were reported in our study. The procedure was aborted
in one patient aged 3 years, in which the defect was
the subaortic pomVSD type. After partial release of the
AmVSDo device into the defect, the patient developed
cAVB with no response to steroids (methylprednisolone
IV, 1 mg/kg/dose), leading to hemodynamic instability
(severe bradycardia and hypotension). The sinus rhythm
was restored only when the device coils were pulled
back into the sheath again. Therefore, the procedure
had to be stopped without deployment of the device.
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Table 1. Demographic and diagnostic characteristics of
the study group (n=70).

Sex
Male 28 (40)
Female 42 (60)
Age (y) 10.2 (4.1), 2-18
Weight (kg) 30.9(13.9),7.0-57.7
Height (cm) 131.4 (24.1), 47-175

Body surface area 1.1(0.3),0.3- 1.6

VSD type
pmVSD 22 (31.4)
mVSD 48 (68.6)
Outlet 26 (37.2)
Mid 18 (25.7)
Apical 4(5.7)

Data are number (%) or mean (standard deviation) and range, and median for
height and body surface area, which were not uniformly distributed. pmVSD:

perimembranous ventricular septal defect; mVSD: muscular ventricular septal
defect.

Table 2. Transthoracic echocardiography (TTE)
measurements.

original article

Table 3. Procedural and device data.

Procedure time (min) 115.8 (27.0), 92-138

Fluoroscopy time (min) 21.9 (4.5), 17.5-27

Mean PA pressure (mnmHg) by
TTE 23.0 (4.0
Qp/Qs 1.5 (0.6)

VSD diameter on TEE (mm) 6.0(0.8), 2.9-10.8

VSD diameter on LV

angiography (mm) S () 241

Amplatzer device size — LV side

(mm) 8.2(2.3), 6-16
Route of deployment of the
device
Retrograde 56 (80)
Anterograde 14 (20)

Type of the Amplatzer device
used

64 cases (22 pmVSDs

AmVSDo device + 42 mVSDs)

6 cases (mid mVSD

ADO-| device subtype)

Echo parameter

FS (%) 33.5(3.9)
RVDd (mm) 13.6 (1.6)
LVESD (mm) 27.8 (3.7)
LVEDD (mm) 43.9 (5.1)
LA diameter (mm) 22.8 (2.0)
Ao annulus diameter (mm) 16.1 (5.1)

VSD diameter (mm) 5.8(1.9), 3-11.5

Data are number (%) or mean (standard deviation) and range. FS: fractional
shortening; RVDd: right ventricular diastolic diameter; LVESD: left ventricular
end systolic diameter; LVEDD: left ventricular end diastolic diameter; LA: left
atrium; Ao: aortic.

Then, the defect was closed surgically 6 months later.
A 4-year-old child with high outlet mVSD developed
persistent cAVB after the procedure, and the child was
sent to surgery to remove the device (AmVSDo) and
close the defect. A third patient developed persistent
gross hematuria and hemolytic anemia requiring blood
transfusion following the ADO-I device implantation,
which was tackled with device removal surgically and
defect closure. In the day following the procedure, a
fourth patient having the pmVSD type showed a small
echogenic mass by TTE in the LV outlet track (LVOT)

Data are number (%) or mean (standard deviation) and range. Qp: Pulmonary
flow; Qs: Systemic flow; PA: pulmonary artery; VSD: Ventricular septal defect;
TEE: Transesophageal echocardiogram; LV: left ventricle; mVSD: muscular
ventricular septal defect; pmVSD: perimembranous ventricular septal

defect; AmVSDo device: Amplatzer muscular VSD Occluder device; ADO-I:
Amplatzer Duct Occluder type-I device.

just below the aortic valve and attached to the VSD de-
vice (AmVSDo), mostly a thrombus or a blood clot, so
the patient was started on heparin infusion for 7 days.
The follow-up echo showed complete dissolution of the
mass and the patient was discharged. During the pro-
cedure of a child with pmVSD; the right ventricular disk
of the Amplatzer device was released within the right
atrium, catching the septal leaflet of the tricuspid valve,
and causing severe tricuspid valve regurgitation. After
assessment by TEE, the disc was repositioned by infla-
tion of a balloon inside the right atrium, thus ending
the severe valvular regurgitation. There was no statisti-
cal correlation between the type of the device used for
closure, or the route of device deployment with the rate
of complications (data not shown).

DISCUSSION

Nowadays, percutaneous trascatheter closure is con-
sidered feasible therapy for VSD compared to closure
by surgery, which carries the risks of complete atrio-
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Table 4. Adverse events of the procedure in Madinah Cardiac Center compared with data from other sources.

Mehta Institute

European VSD Rajaie Cardiac, and

MCC Experience A N of Cardiology and
(n=70) '}:2':;3;‘ h::::;gﬂii": g)r, Research, India’
- - (n=376)

Minor adverse events

Residual shunt (>2mm) immediately

after the procedure 11(15.7) 65 (15.1) 7 (6.4) 7(1.9)

Transient cardiac conduction

abnormalities (bradycardia/asystole/ 2 (2.9 4(0.9) 9(8.2) 2 (0.5)

cAVB)

Hematoma of the groin 1(1.4) 3(0.7) 0 5(1.3)

Others (fever >38°C, temporary loss

of peripheral pulsations) 2(2.9) 5(1.2) 10(9) 32(8.5)
Major adverse events

cAVB (permanent) that required 2(2.9) 8(1.8) 2(1.8) 1(0.3)

surgery/pacemaker

Hemolysis requiring surgical removal

of device 1014 5(1.2) 0 1(0.3)

'(Ij'hrgmbgs or clot formation at 101.4) 0 0 0

evice site

Device embolization 0 4(0.9) 1(0.9) 1(0.3)

Infective endocarditis 0 2(0.5) 0 0

New-onset valvular regurge 0 0 1(0.9) 1(0.3)

requiring surgery

Death 0 1(0.2) 0 0

Data are number (%). cAVB: Complete atrioventricular block.

ventricular block (cAVB) (about 2.9-5.7%), and cardio-
pulmonary bypass complications and wound infection,
with higher morbidity and mortality rates.®'° According
to the American College of Cardiology/American Heart
Association guidelines, VSD closure should not be done
in patients with severe pulmonary artery hypertension;
with pulmonary systolic pressure greater than two thirds
systemic, and a net right-to-left shunt.”" This was con-
sidered in the this study during inclusion of the partici-
pating children performing the VSD closure procedure.

Various types of VSDs can be closed percutane-
ously; in this study, 68.6% of the included children had
mVSD and 31.4% diagnosed by pmVSD. The common-
ly used devices in literature are the Amplatzer family of
occluders designed either for closure of different types
of VSDs or for other indications.® The majority of cases
(91.4%) were closed by the AmVSDo device. The wide
use this device in different variants of VSD in literature
provide exceptionally good results with minimal comor-
bidities and is correlated with good outcomes, which is

consistent with our results.>'* The choice of AmVSDo
device (with a 7-mm long connecting waist) for clos-
ing the pmVSDs was well considered. The close prox-
imity of the pmVSD to the aortic and tricuspid valves
as well as the conduction system, which passes at the
posterior border of these defects, makes closure a chal-
lenge. Specially designed eccentric Amplatzer devices
for closing pmVSD did not work perfectly in reports of
its use. It also could produce potential complications
resulting from compression on adjacent structures, such
as rhythm disturbances or valve incompetence.™

After 24 hours, the success rate was 90%. This was
comparable to many previous studies that showed
good results for this procedure with a success rate rang-
ing from 90-97%.">"® Approximately, 5-6.7% of patients
who undergo VSD closure will develop a trivial residual
shunt,® but a significant reduction of residual shunt
occurs during the first year follow-up after the proce-
dure.” This could be due to closure of the tiny residual
leaks by endothelialization of the device.?°
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Some concerns remain over the percutaneous trans-
catheter technique because of the high exposure to
radiation, especially for infants and children; and the in-
creased potential risks of vascular complications caused
by puncture of the femoral artery for angiography.
Fortunately, the occurrence of these factors were con-
sistent with other studies, and these risk factors did not
appear to have any adverse impact on the participating
children in our study.?'?*

Blood transfusion and hemolysis are other adverse
events that may happen soon after device implantation
(1% of cases). Hemolysis may occur because of me-
chanical injury to red blood cells with significant resid-
ual shunts following device closure. It can be minimal
and self-limited or it may be severely needing surgical
removal of the device.'®" However, in our study, there
was only one case reported with hemolysis that needed
blood transfusion, and surgical removal of the device
and defect closure.

The commonest major reported complication of
VSD closure is arrhythmia (risk 4.6-17% following device
implantation).? In our study, transient cardiac conduc-
tion abnormalities represented 2.9% of the whole cases,
which was treated with intraoperative steroids. Recent
studies have assumed that cAVB is the most significant
arrhythmia leading to complications either immediately
during the procedure or during the follow-up period,
with an incidence ranging from 3.5% to 8.6%," but
we only reported two children in this study (2.8%) with
cAVB. An oversized device, low body weight, younger
age, and repeated maneuvers are the potential risks
for the development different types of arrhythmias.?¢%
This can be explained by myocardial edema due to an
immature myocardium with higher water content and
tender structure in young patients leading to a higher
incidence of cAVB in younger patients.?®

The association of cAVB with the pmVSD type is a
common finding in the literature, with an incidence rate
varying from 2% to 7.5%.7'7"® This adverse event may
be explained by the proximity of the conduction system
of the heart with the rim of the pmVSD, so the risk for
developing cAVB increases whether the approach is via
tanscatheter or surgical.?’?® One of our children diag-
nosed with cAVB had pmVSD, but the other one had
high outlet mVSD, and both needed surgical interven-
tion for closing the VSDs.

original article

According to reports from the European Registry
and the opinion of Dr. Kurt Amplatz, the designer of
the muscular VSD occluder device (oral report), the cut-
ting of the tricuspid tendinous chords causing regur-
gitation during the device implantation is possible in
practice, especially for defects located in the inlet area
of the muscular septum.®'*?* In addition, new aortic re-
gurgitation following VSD device closure was reported
to be approximately 3.4%..2> Favorably, this study did
not report any new-onset valvular regurgitation require
treatment.

There were certain limitations in this study. First, as a
retrospective study, the data is recorded only from the
hospital database and any missing data is irretrievable.
Second, as a single-center study, the results are not
generalizable. In addition, there was no control group
(i.e. a group did VSD surgical closure) to compare with
our findings.

In conclusion, this study confirmed the outstanding
safety and efficacy benefits of transcatheter VSD clo-
sure in children and showed a minimal complication
rate. These results can be fulfilled with proper case se-
lection during inclusion of patients and with a team that
has good expertise.

Acknowledgment

The authors would like to thank Madinah Cardiac
Center, Al-Madinah, Saudi Arabia, for their cooperation
and allowing us to undertake this study. Also, the au-
thors extend their thanks to all the children and their le-
gal guardians who so willingly participated in this study.

Disclosure of Benefit

Authors have no conflict of interests and the work was
not supported or funded by any commercial party re-
lated directly or indirectly to the subject of this article.

Ethical approval
Ethical Committee Board of Madinah Cardiac Center,
(Reference no. MCC2018-18), Madinah, Saudi Arabia.

Consent

After explaining the benefits and the risks of the pro-
cedure, a detailed and informed written consent was
taken from all the eligible patients or parents before
the procedure.

ANN SAUDI MED 2020 SEPTEMBER-OCTOBER WWW.ANNSAUDIMED.NET

401



402

original article
REFERENCES

1. Borges F, Sparano A, Robles Y, Urbano E,
Hermanni M, Garcia C, et al. Percutaneous
transcatheter closure of perimembranous
ventricular septal defects in one working
group, long-term follow-up. J Pediatr Neo-
natal Care. 2016;5(1):00168.

2. Soto B, Becker AE, Moulaert AJ, Lie JT, An-
derson RH. Classification of ventricular septal
defects. Br Heart J. 1980;43(3):332-334.

3. El Shedoudy S, El-Doklah E. Midterm
results of transcatheter closure of Midterm
results of transcatheter closure of ventricular
septal defect using Nit-Occlud Lé ventricular
septal defect coil, single-center experience.
J Saudi Heart Assoc. 2019;31(2):78-87.

4. Bol-Raap G, Weerheim J, Kappetein AP,
Witsenburg M, Bogers AJ. Follow-up af-
ter surgical closure of congenital ventricu-
lar septal defect. Eur J Cardiothorac Surg.
2003;24(4):511-515.

5. Saurav A, Kaushik M, Mahesh Alla V, White
MD, Satpathy R, Lanspa T, et al. Comparison
of percutaneous device closure versus sur-
gical closure of peri-membranous ventricu-
lar septal defects: a systematic review and
meta-analysis. Catheter Cardiovasc Interv.
2015;86(6):1048-1056.

6. Carminati M, Butera G, Chessa M, De
Giovanni J, Fisher G, Gewillig M, et al. In-
vestigators of the European VSD Registry.
Transcatheter closure of congenital ventricu-
lar septal defects: results of the European
Registry. Eur. Heart J. 2007;28(19):2361-2368
7. Shah JH, Saraiya SP, Nikam TS, Jha MJ.
Transcatheter device closure of perimem-
branous ventricular septal defect in pediatric
patients: long-term outcomes. Heart Views.
2020;21(1): 17-21.

8. Zheng Q, Zhao Z, Zuo J, Yang J, Wang H,
Yu S, et al. A comparative study: early results
and complications of percutaneous and sur-
gical closure of ventricular septal defect. Car-
diology. 2009;114(4):238-243.

9. Liu S, Chen F, Ding X, Zhao Z, Ke W, Yan
Y, et al. Comparison of results and economic
analysis of surgical and transcatheter closure
of perimembranous ventricular septal defect.
Eur J Cardiothorac Surg. 2012;42(6):157-162.
10. Yang J, Yang L, Yu S, Liu J, Zuo J, Chen
W, et al. Transcatheter versus surgical clo-
sure of perimembranous ventricular sep-
tal defects in children. J Am Coll Cardiol.
2014;63(12):1159-1168.

11. Lock JE, Block PC, McKay RG, Baim DS,

Keane JF. Transcatheter closure of ventricular
septal defects. Circulation. 1988;78(2):361-
368.

12. Fu YC, Bass J, Amin Z, Radtke W, Cheath-
am JP, Hellenbrand WE, et al. Transcatheter
closure of perimembranous ventricular septal
defects using the new Amplatzer membra-
nous VSD occluder: Results of the U.S. phase
| trial. J Am Coll Cardiol. 2006;47(2):319-325.
13. Hijazi ZM, Hakim F, Al-Fadley F, Abdelha-
mid J, Cao QL. Transcatheter closure of sin-
gle muscular ventricular septal defects using
the Amplatzer muscular VSD occluder: Initial
results and technical considerations. Cath-
eter Cardiovasc Interv. 2000;49(2):167-172.
14. Szkutnik M, Qureshi SA, Kusa J, Rosen-
thal E, Bialkowski J. Use of the Amplatzer
muscular ventricular septal defect occluder
for closure of perimembranous ventricular
septal defects. Heart. 2007;93(3):355-358.
15. Shrestha M, Promphan W, Layangool
T, Roymanee S, Wongwaitaweewong K,
Prachasilchai P, et al. Feasibility and 1-year
outcome of transcatheter closure of peri-
membranous ventricular septal defects with
different devices. Catheter Cardiovasc Interv.
2019;93(1):E30-E37.

16. Mandal KD, Danyan Su, Pang Y. Long-
term outcome of transcatheter device clo-
sure of perimembranous ventricular septal
defects. Front Pediatr. 2018;6:128.

17. Wei Y, Wang X, Zhang S, Hou L, Wang Y,
XuY, et al. Transcatheter closure of perimem-
branous ventricular septal defects (VSD) with
VSD occluder: early and mid-term results.
Heart Vessels. 2012;27(4):398-404.

18. Zhao LJ, Han B, Zhang JJ, Yi YC, Jiang
DD, Lyu JL. Postprocedural outcomes and
risk factors for arrhythmias following trans-
catheter closure of congenital perimembra-
nous ventricular septal defect: a single-cen-
ter retrospective study. Chin Med J (Engl).
2017;130(5):516-521.

19. El-Kadeem S, El Nemr S, El Amrousy D,
Zoair A. Comparison of transcatheter versus
surgical closure of perimembranous ven-
tricular septal defect in pediatric patients:
A systematic review and meta-analysis. J
Saudi Heart Assoc. 2019;31(4):188-197.

20. Walavalkar V, Maiya S, Pujar S, Ram-
achandra P, Siddaiah S, Spronck B, et al.
Percutaneous Device Closure of Congeni-
tal Isolated Ventricular Septal Defects: A
Single-Center  Retrospective ~ Database

TRANSCATHETER VSD CLOSURE

Study Amongst 412 Cases. Pediatr Cardiol.
2020;41(3):591-598.

21. Thanopoulos BD, Tsaousis GS, Kon-
stadopoulou GN, Zarayelyan AG. Trans-
catheter closure of muscular ventricular
septal defects with the Amplatzer ventricu-
lar septal defect occluder: Initial clinical
applications in children. J Am Coll Cardiol.
1999;33(5):1395-1399.

22.BuH, Yang Y, Wu Q, Jin W, Zhao T. Echo-
cardiography- guided percutaneous closure
of perimembranous ventricular septal de-
fects without arterial access and fluoroscopy.
BMC Pediatr. 2019;19(1):302.

23. Kulkarni S, Naidu R. Vascular ultrasound
imaging to study immediate postcatheteriza-
tion vascular complications in children. Cath-
eter Cardiovasc Interv. 2006;68(3):450-455.
24. Jameel AA, Arfi AM, Arif H, Amjad K,
Omar GM. Retrograde approach for device
closure of muscular ventricular septal defects
in children and adolescents, using the Am-
platzer muscular ventricular septal defect oc-
cluder. Pediatr Cardiol. 2006;27(6):720-728.
25. Jortveit J, Leirgul E, Eskedal L, Greve
G, Fomina T, Dghlen G, et al. Mortality and
complications in 3495 children with isolated
ventricular septal defects. Arch Dis Child.
2016;101(9):808-813.

26. Sullivan ID. Transcatheter closure of peri-
membranous ventricular septal defect: Is the
risk of heart block too high a price? Heart.
2007;93(3):284-286.

27. Predescu D, Chaturvedi RR, Friedberg
MK, Benson LN, Ozawa A, Lee KJ. Complete
heart block associated with device closure of
perimembranous ventricular septal defects. J
Thorac Cardiovasc Surg. 2008;136(5):1223-
1228.

28. Hammon JW Jr. Myocardial protection
in the immature heart. Ann Thorac Surg.
1995;60(3):839-842.

29, Szkutnik M, Biatkowski J, Dymitrow L, Ka-
neva A, Lazarov S, Tsonzarova M. Problems
that occurred during and after transcath-
eter closure of muscular ventricular septal
defects in two patients. Post Kardiol Interw.
2009;2(16): 58-61

30. Ghaderian M, Merajie M, Mortezaeian H,
Aarabi Moghadam MY, Shah Mohammadi
A. Mid-term Follow-up of the Transcatheter
Closure of Perimembranous Ventricular Sep-
tal Defects in Children Using the Amplatzer. J
Teh Univ Heart Ctr. 2015;10(4):182-187.

ANN SAUDI MED 2020 SEPTEMBER-OCTOBER WWW.ANNSAUDIMED.NET



