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Background: Ventricular septal defect is a common congenital heart defect.

Transcatheter closure of perimembranous ventricular septal defect (pmVSD) is an

effective method alternative to surgical closure. The aim of the study is to evaluate the

procedural result, early and long-term follow-up outcome of transcatheter closure of

pmVSD.

Methods: From January 2005 to December 2016, we retrospectively identified the

patients who underwent transcatheter device closure of pmVSD. All patients underwent

transthoracic echocardiography (TTE) and electrocardiogram (ECG) before and after the

procedure. Follow-up evaluation was done at 1, 3, 6, 12 months and yearly thereafter

with TTE and ECG.

Results: Total 186 patients (95 male, 91 female) had catheter-based intervention of

pmVSD. The mean age at the time of procedure was 5.4 ± 2.8 years (range 2∼14

years) and the mean weight was 18.1 ± 6.7 kg (range 10.5∼43 kg). The mean size of

the implanted device was 8.4 ± 2.1mm (range 5∼16mm). The device was successfully

implanted in 180 patients (96.8%). Immediate post-procedural echocardiography

showed complete occlusion in all but one patient had trivial residual shunt. Total early

adverse events occurred in 16 patients (8.9%). Only in two patients it was significant,

complete AVB occurred in a 9 years old boy, managed with temporary pacemaker and

one patient had complete left bundle branch block, recovered fully after steroid therapy.

During a median follow-up period of 18.4 months (range 6∼120 months), no serious

adverse events and complete AVB were encountered.

Conclusion: In our experience, The incidence of serious adverse event is low and no late

onset of complete AVB with excellent success rate and follow-up results, confirming the

transcatheter closure of pmVSD is a valuable alternative to surgical closure in selected

patients.

Keywords: cardiac catheterization, congenital heart defect, device closure, outcomes, ventricular septal defect

INTRODUCTION

Despite medical and surgical therapy, congenital heart disease (CHD) is the one of the leading cause
of morbidity and mortality from a birth defect. It affects∼0.8% of live birth (1). Due to advance in
cardiac imaging modalities and techniques, more type of CHD can be treated in cardiac catheter
laboratory. However, transcatheter device closure of perimembranous ventricular septal defect
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(pmVSD) remains challenging procedure due to proximity of
the defect to the aortic and tricuspid valves as well to the
conduction system. Therefore, there is Possibility of device
influencing the aortic valve (2), and interfering the conduction
system (3–6). Complete atrioventricular block (AVB) is the most
serious complication related to the procedure and device, which
can occur either during or any time after the procedure (5–
8). Published literature demonstrated that variety of device has
been used to close the pmVSD. The immediate and mid term
result of percutaneous closure of pmVSD has been documented
previously (5, 7, 9, 10). However, long-term results are missing.
In the present study, we sought to evaluate the procedural result,
early and long-term follow-up outcomes of transcatheter device
closure of PmVSD.

MATERIALS AND METHODS

From January 2005 to December 2016, we retrospectively
identified the patients diagnosed with pmVSD who underwent
percutaneous device closure of pmVSD at First Affiliated
Hospital of Guangxi Medical University. Written informed
consent was obtained from the patient’s parents, and the medical
ethics committee of the hospital approved the study. All patients
were assessed by transthoracic echocardiography (TTE) (iE33,
Philips medical system, Andover, Massachusetts), including M-
mode, two dimensional, and color Doppler examination. Size
and types of VSD were measured by a standard four-chamber
view, five-chamber view, and parasternal long and short axis
view. Only patients with minimal weight of 10 kg and age ≥2
years old were qualified for the procedure. Following inclusion
criteria were used in this study: TTE evidence of left ventricular
and/ or left atrial enlargement, pmVSD located at the 9–11 o’clock
position of an analog clock in the short axis parasternal view with
significant left to right shunt through the pmVSD, pulmonary
to systemic blood flow ratio (QP/QS) >1.5, cardiomegaly on
chest x-ray, frequent respiratory infection (six events per year),
failure to thrive according to literature (6), and New York Heart
Association function class II or greater.

Patients with pmVSD prolapse aortic cups, pmVSD with
infundibular defect, mal-alignment, rims ≤1mm under the
aortic valve, active endocarditis, contraindication to antiplatelet
or anticoagulation therapy, severe pulmonary hypertension
or pulmonary vascular resistance >8 wood units, and VSD
associated with other congenital cardiac anomalies which need
surgical treatment were excluded from the study.

Preoperative routine examination including standard 12 leads
electrocardiogram (ECG), chest X-ray, TTE, and blood test was
done in all patients. Patient’s general characteristics are reported
in Table 1.

Device and Delivery System
All the device and delivery systems were used in this study
made by Lifetech Scientific Shenzhen Co. Ltd (Shenzhen, China)
and occasionally we used Shanghai pmVSD occluder made by
Shanghai shape memory alloy Co. Ltd (Shanghai, China). Both
the occluders are symmetrical double disk self-expandable made
of 0.005-inch nitinol wire mesh and fabric inside each. The

TABLE 1 | Patients general characteristic, age distribution and their indication for

transcatheter procedure.

Patients (n) 186

Male 95 (51.1%)

Female 91 (48.9%)

Age (years) 5.4 ± 2.8 (2–14)

AGE GROUP (n)

< 5 years 96 (51.6%)

5–10 years 75 (40.3%)

> 10 years 15 (8.1%)

Weight (kg) 18.1 ± 6.7(10.5–43)

INDICATION

Symptoms (frequent respiratory infection, edema, NYHA

function class II or grater)

89 (47.8%)

Hemodynamic changes (cardiomegaly in chest x-ray, left

atrial or ventricle enlarge by TTE)

97 (52.1%)

NYHA; New York Hear Association; mean ± standard deviation (range) (percentage).

FIGURE 1 | (A) Shanghai perimembranous ventricular septal defect occluder;

(B) Lifetech Shenzhen perimembranous ventricular septal defect occluder.

symmetric occluder was used for those defects with rim ≥2mm
under the aortic valves. The diameter of both discs is 4mm larger
than that of the waist diameter and thickness of the waist of the
occluder is 3mm. The Shanghai pmVSD occluder was approved
by the state Food and Drugs Administration, P.R. China, in 2003
and received trademark in 2008 (7, 11). The Lifetech Scientific
Shenzhen pmVSD occluder and delivery system has been
described previously (12). Shenzhen pmVSD concluder’s both
disc are connected by short waist, that corresponds to defect size
and the device is sewn with expanded polytetrafluoroethylene to
increase its closing ability (both the occluders shown in Figure 1).

Procedure
Transcatheter closure of pmVSD was performed under general
anesthesia, conscious sedation and under local anesthesia with
1% lidocaine (usually >10 years old) for the children who
can coordinate. Access was through the femoral vein and
artery. Heparin (100 IU/kg) and intravenous antibiotic were
administrated.
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The procedure was performed under fluoroscopic control.
Standard right and left cardiac catheterization were performed
for hemodynamic assessment in all cases. Left ventricular
angiography was performed at 60◦ to 20◦ left anterior oblique
projection/cranial to profile the pmVSD and angiography of
ascending aorta to profile the aortic valves. Left ventriculography
combine with intraoperative TTE were used to obtain the
location, size of pmVSD, and its relationship with adjacent
aortic valves. The diameter of pmVSD was measured at largest
diastolic phage on the left ventricular side and was calculated by
integrating data from the TTE and angiography measurement.
The device was selected 1mm or 2mm larger than the measured
VSD diameter.

The defect was crossed from the left ventricle using partly
cutting pigtail catheter and an exchange floppy guide wire
was advanced into the pulmonary artery or the superior or
inferior vena cava. The wire was then snared to establish an
arteriovenous circuit through femoral vein approach on the
same side. An appropriate size of dilator and long sheath was
advanced to the left ventricle through the arteriovenous circuit
and positioned beneath the aortic valve. Through the long sheath,
selected occluder was deployed under fluoroscopic control. The
procedure was described in detailed previously (11). After full
deployment of the occluder, TTE combined with angiography
were performed again to verify position and shape of the
device, complete occlusion, residual shunt, and new onset of
aortic valve regurgitation. Then the device was released after
confirming the correct position of it and an entire delivery
system was withdrawn. Patients were transferred to general
wards; continuous ECG monitoring was used for 24 h after the
procedure. Aspirin (3-5 mg/kg) was administered for 6 months
in all patients. Clinical examination, chest x-ray, TTE, and ECG
were done before the hospital discharge.

Follow-Up Protocol
All the patients were follow-up at 1, 3, 6, 12 months after the
procedure and yearly thereafter. Adverse events were monitored
in each visit on the basis of basic clinical evaluation, chest x-ray,
TTE, ECG. The patient’s records were reviewed in detailed and
telephone survey was attempted with the patient who did not
have documented follow-up record.

Statistics
Data are expressed as frequency or percentage for normal
variables, and mean ± standard deviation for continuous
variables, median, and range as appropriate. Univariate analysis
was performed using chi-square test, Fisher exact test, unpaired
student t-test and multivariable analysis to study risk factor
for the occurrence of early adverse event and arrhythmia
was performed using logistic regression analysis. All statistical
analysis were performed by using SPSS version 16.0 for windows,
P-value < 0.05 was considered significant.

RESULTS

Following the inclusion criteria total 186 patients (95 male, 91
female) had catheter-based intervention of pmVSD. The mean

TABLE 2 | Tabulation of procedural characteristics, device and defect size.

Procedure time (min) 86.1 ± 29.7 (25–200)

Fluoroscopic time (min) 20.9 ± 14.5 (2.3–83)

QP/QS 1.82 ± 0.54 (1.4–4.41)

Mean PAP (mmHg) 17.1± 5.1

Defect size by angiography (mm) 6.9 ± 2.2 (3–14)

Device size (mm) 8.4 ± 2.1 (5–16)

TYPES OF DEVICE USED (n)

Shenzhen pmVSD-O 166

Shanghai pmVSD-O 14

COMBINED PROCEDURE

Pulmonary valvuloplasty 1

PDA closure 1

Min, minutes; QP/QS, pulmonary to systemic flow ratio; PAP, pulmonary artery

pressure; PDA, patent ductus arteriosus, mean ± standard deviation (range); pmVSD-O,

perimembranous ventricular septal defect occluder.

age at the time of procedure was 5.4 ± 2.8 years (range 2∼14
years) and themean weight was 18.1± 6.7 kg (range 10.5∼43 kg).
During the procedure, the mean QP/QS recorded as 1.82 ± 0.54
(range 1.4∼4.41), the mean defect size measured by angiography
was 6.9 ± 2.2mm (range 3∼14mm), and the mean size of
the implanted device was 8.4 ± 2.1mm (range 5∼16mm).
The device was successfully implanted in 180 patients (96.8%)
whereas failed to implant in 6 patients (3.2%). The reason of
failure was; severe residual shunt on angiography after placement
of the occluder, so the device was removed before unscrewing
in one patient, in a 6-years-old boy the procedure time was
prolonged with excess bleeding at puncture site, and in remaining
four patients due to instability, we were unable to position the
device even after several attempted. so the devices were not
released and procedures were aborted in all these patents. It is
possible that there were an error in their patient selection and/
or device and delivery techniques. All these patients underwent
uneventful surgical closure of pmVSD. Furthermore, two patients
underwent combined procedure; patent ductus arteriousus
closure and pulmonary balloon valvuloplasty simultaneously in
each. The procedural data summarized in Table 2.

Early Post Procedure Adverse Events
In 180 (96.8%) successful procedure total 19 early adverse events
occurred in 16 patients (8.9%). the most common adverse
events related with pmVSD closure was rhythm disturbance
(9 of 16). Only in two patients, it was significant remaining
were transient; Complete AVB occurred 4 days after placement
of 12mm pmVSD occluder in a 9 years old boy, the patient
was managed successfully with temporary pacemaker and
corticosteroid therapy, AVB recovered after 2 weeks of treatment
and complete left bundle branch block (LBBB) developed in 4-
years-old boy after the procedure and the patient was recovered
fully after 13 days of steroid therapy.

One patient had transient complete right bundle branch
block (RBBB) with T wave abnormality after the procedure and
reoccurred during the follow-up.

Frontiers in Pediatrics | www.frontiersin.org 3 May 2018 | Volume 6 | Article 128

https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles


Mandal et al. Transcatheter Intervention of Perimembranous VSD

TABLE 3 | Early adverse events and their distribution.

Events No.

Complete AVB 1

Complete LBBB 1

Complete RBBB 1

Incomplete RBBB 5

Atrial premature contraction 1

Mild TR 1

Hemolysis 2

Blood transfusion 3

Bleeding and groin hematoma 3

Residual shunt 1

Total 19

Some patients experienced more than one early adverse event. AVB, atrioventricular

block; RBBB, right bundle branch block; LBBB, left bundle branch block; TR, tricuspid

regurgitation.

Five patients (2.8%) experienced transient incomplete RBBB.
One of five patients suffered from brady-arrhythmia with a heart
rate of 57 beats per minutes. All of these patients recovered before
discharge. However, one patient had recurrent incomplete RBBB
during the follow-up.

Frequent atrial premature contraction with junctional escape
rhythm occurred in one patient (0.6%), which resolved
spontaneously before discharge.

One patient (0.6%) had new onset of mild tricuspid
regurgitation (TR), who was treated with 7mm of pmVSD
occluder, the regurgitation was disappeared completely in first
visit.

Three patients (1.7%) needed blood transfusion due to
bleeding at puncture site in one patient; hemolysis in one and
hemoglobin dropped in one patient, the cause remains unknown.
The transfusion volumes were less than one unit in all these
patients.

Hemolysis developed in two patients (1.1%). A 6-years-old
female had brown color of urine after the procedure and needed
blood transfusion that was mentioned above and another 3-
years-old boy who had G6PD deficiency, resolved spontaneously
after stopping the aspirin.

Bleeding and groin hematoma occurred in three patients
(1.7%). one patient needed blood transfusion as described above.
Immediate post-procedural TTE showed complete occlusion of
the defect in all patients but trivial residual shunt was seen in one
patient and resolve in first visit. Summarize in Table 3.

In the univariate analysis, we used sex, age, weight, device
diameter, defect diameter, procedure time and fluoroscopic
time. However, no variable was significantly associated with the
occurrence of early adverse events.

Follow-Up Result
Total follow-up data were available in 175 patients (97.2%)
whereas five patients (2.8%) lost the follow-up. The mean
duration of follow-up was 18.4 month (range 6∼120 month).
No mortality and major adverse events were noted. Patients with

frequent respiratory infection had no recurrence; patients with
failure to thrive had recovered of growth corresponding to their
age and sex; Cardiomegaly resolved in all patients and the New
York Heart Association functional class returns to I in all cases.

No complete AVB occurred during the entire follow-up,
however, total 17 patients (9.7%) had transient adverse events.
Complete RBBB occurred in four patients (2.3%) without any
clinical symptoms. It occurred early after 1 month in one
patient, after 1 year in another one patient and after 3 years
in remaining two patients. Nine patients (5.1%) experienced
incomplete RBBB in between 6 and 12 months of follow-up, no
treatment was needed. First degree AVB occurred in one patient
(0.6%) after 2 years without any symptoms. All of those transient
arrhythmias either resolved spontaneously or were managed with
pharmacotherapy. Mild TR occurred in two patients (1.1%) after
3 months in 10 years old boy treated with 10mm of pmVSD
occluder and after 6 months in 3 years old boy treated with 7mm
of pmVSD occluder. One patient (0.6%) had aortic regurgitation
(AR) after 4 years, treated with 10mm of pmVSD occluder; all
of the above regurgitate volumes measured by Doppler were
less than 5ml; no evidence of enlarged heart and none of them
required intervention.

DISCUSSION

Interventional therapy of pmVSD has been wildly used,
previously cited report shown variety of devices have been used
to treat the pmVSD with encouraging result. Now, the use of
pmVSD device in patients, who had 1–2mm distance between
the defect and aortic valve. However, the Amplatzer MVSD-
O was used in patients who had a distance of at least 5mm
between the superior rim of the defect and the aortic valve
(6). Therefore, treatment option of pmVSD has been increased.
Published literature reported that the rate of successful device
closure of pmVSD was between 91.9 and 99% (3, 5–7, 9–13).
Consistent with this, in our report the rate of successful device
implantation was 96.8%.We found an aneurysm tissue in 7.5% of
our patients. An aneurysm of the membranous septum we tried
to close the true anatomical hole with using appropriate device
size. In a case of small aneurysm, the device could cover the defect
as well as the aneurysm; in a case of large aneurysm, the device
was implanted entirely within the aneurysm.

Total early adverse events occurred in 8.9% whereas 9.7%
during the follow-up. However, no severe adverse events
complete AVB and mortality occurred during the entire follow-
up in current study. This is similar to a previous report (5, 14),
total early adverse events was 10.3% whereas significant adverse
event was 1.3% with 32 months of follow-up and no serious
adverse events during 10 years of follow-up respectively. As per
others reports the total early adverse events ranges as 11.5–
14.49% and serious adverse events ranges as 1.12–8.7% (3, 6,
7, 12), which is relatively higher than the current study. Recent
published data of VSD closed with the Nit-Occlud R© Lê VSD-Coil
in 110 patients showed total adverse events occurred in 20.5% and
serious events in 1.9% of patients (10). It is possible that variety
of devices have been used to minimize the risk of complication.

Frontiers in Pediatrics | www.frontiersin.org 4 May 2018 | Volume 6 | Article 128

https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles


Mandal et al. Transcatheter Intervention of Perimembranous VSD

Cardiac arrhythmia has been commonly reported in
transcatheter closure of pmVSD due to the proximity of the
conduction system closure to the perimembranous defect. One
of serious complication is complete AVB and has been reported
in 0.23–6.4% of the cases in various studies (3, 5–7, 12, 14).
Complete AVB usually occurred soon after the transcatheter
procedure due to squeezing effect of the device, an oversized
device, and direct compression or late due to inflammation and
fibrous tissue formation (6, 15). In present study complete AVB
occurred 4 days after placement of 12mm pmVSD occluder in a
9 years old boy. Initially, the patient was treated with steroid, and
on 6th day, temporary pacemaker was implanted. The patient
was successfully managed with both temporary pacemaker
and corticosteroid therapy, after 2 weeks ECG showed normal
rhythm. Possible explanation are the early AVB may be due to
mobile device disc rubbing the conduction tissue in each cardiac
cycle or could be the large device size (12mm) may compress
perinodal tissue which may provoke inflammation and edema,
this explains why patent had early AVB andmanaged successfully
with a temporary pacemaker and steroid therapy.

Steroid has been used in various studies to treat the complete
AVB with varying success (5, 16). Steroid therapy can reduced
the inflammation and edema in the perinodal tissue. There
was a beneficial effect of steroid and temporary pacemaker
in our patient, which suggest inflammatory cause rather than
mechanical, that is similar to previous report (12, 14). As per
literature, Age is significantly associated with the occurrence
of complete AVB in <6 years old (5, 6), while other report
showed AVB mainly noted in <3 years of age group (17). In
our case, the patient was more than 5 years old. Complete AVB
occurred even in surgical closure of pmVSD in 1.1% of patients,
however, a recent meta-analysis of device closure vs. surgical
closure of pmVSD showed no significant differences in complete
AVB complication; (18, 19). Therefore surgical and device closure
of pmVSD both may interfere the conduction system.

Bundle branch block including right and left branch block are
quite common which may cause adverse hemodynamic outcome.
Complete LBBB is relatively rare andmay resolve with or without
steroid therapy, in some case, it can cause chamber enlargement
and heart failure (6, 8, 12, 20). In our study, CLBBB developed
in 4-years-old boy early after implantation of 6mm occluder.
The patient recovered fully after 13 days of steroid therapy.
A mechanism is same as above. Other transient arrhythmias
occurred early as well as during the follow-up, which resolved
spontaneously without treatment.

Hemolysis is another serious complication usually emerged
immediately after the procedure. It may transient in some
case, require medication, or need blood transfusion (6, 7, 10).
However, in case of massive hemolysis, that required surgical
retrieval of the device (3). In our experience hemolysis occurred
in two patients, blood transfusion required in one patient treated
with 10mmof pmVSD occluder and in another one patient it was
transient resolved spontaneously.

New onset of valve regurgitation both aortic and tricuspid
regurgitation are well known after the procedure. Valves

regurgitation caused by impingement of occluder on the aortic
leaflets leads to instant AR and by interfering with the chordae
tendineae leads to TR (2, 3, 21). TR has seen in 5.4% of
case and did not required intervention (21). However, surgical
intervention required in case of severe TR (12) and progressive
AR (3, 7). Thus, TTE is crucial for pre, intra, and post
procedure monitoring. In present study, TR occurred in three
patients, early after the procedure in one patient, in 3 and 6
months respectively in remaining two. AR was noted after 4
years of procedure in one patient, who treated with 10mm of
occluder. All these patients were asymptomatic; TTE revealed
no evidence of chamber enlargement and no intervention was
needed during follow-up. Mechanism is not well understood.
Possibly, TR was caused by interference with chordae tendineae
by catheter or guide wire during the procedure or right disc
of device may cause injury to tricuspid valve and AR during
follow-up may cause by impingement of device on aortic
leaflets.

Author experiences the risk of pediatric catheterization
continue to decline, majority of adverse event in present study
were self-limited only few patients required medical attendance.
Careful patient selection, skillful technique, and good medical
care could reduce the risk of complication.

STUDY LIMITATION

Current study has some limitation such as this is single-center
retrospective study, selection bias could play role, sample size
and the follow-up period could be judged to be moderate because
some patient had only 6 months of follow-up, and complication
related to anesthesia were failed to document.

CONCLUSION

In our experience, the incidence of serious adverse event is
very low and no late onset of complete AVB with excellent
success and closure rate, confirming the transcatheter device
closure of pmVSD is a valuable in selected patients with favorable
early and long-term outcome. Conduction disorders remains
a common problem; further large-scale study is needed in
future to identify the potential risk factor for the occurrence of
complication.
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