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Abstract
Background: There have been concerns of heart block 
and rhythm disturbances following transcatheter clo-
sure of VSD. Our aim in this study is to evaluate rhythm 
and conduction disturbances following percutaneous 
device closure of ventricular septal defects at immedi-
ate and long-term follow up. 
Methods: A retrospective review of all patients who un-
derwent transcatheter VSD closure using an Amplatzer 
device from January 2003 to September 2012 at Ha-
mad General Hospital in Qatar was performed, includ-
ing catheterization data, echocardiograms, and EKGs 
at latest follow up.  
Results: Of 49 patients, 45 (35 perimembranous and 10 
muscular) were successfully closed. Median age was 8.5 
years and median weight was 24 kg. The median VSD 
size was 6 mm. Median pulmonary to systemic blood 
flow was 1.4:1, and the median Amplatzer device size 
was 8 mm. There was no immediate or late mortality, 
and the closure rate was 91.8%, whereas the procedure 
was unsuccessful or abandoned in 8.2% of cases. At 
a mean follow up of 54.5 months, echocardiography 

revealed complete ventricular septal defect closure 
in 41 (91%) patients, and 4 (9%) patients had a small 
residual shunt. An electrocardiography median follow 
up of 61.9 months revealed normal sinus rhythm in 
37 (84%) cases, incomplete right bundle branch block 
in 1 (2%) case, complete right bundle branch block in 
4 (8%) cases, and left bundle branch block in 2 (4%) 
study group cases. However, complete atrioventricular 
block was observed in one (2.9%) of the perimembra-
nous VSD patients. 
Conclusions: Transcatheter closure of perimembranous 
and muscular ventricular septal defects is a safe and 
effective procedure. Rhythm disturbance at late follow 
up is comparable with surgical closure rhythm distur-
bances and is less frequent than previously found in 
some transcatheter closure reports. 
Copyright © 2016 Science International Corp.
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Introduction

Ventricular septal defect (VSD) is the most com-
mon congenital heart disease (CHD), constituting 
30–40% of all congenital heart diseases [1]. Symptom-
atic patients need medical management and probably 
surgical closure if medical therapy fails. Although ad-
vances in surgical, anesthetic, and postoperative care 
have made surgical closure of VSD safer, morbidities 
like cerebrovascular accidents, seizures, chorea/athe-
tosis, lung collapse, phrenic nerve injury, and junc-
tional ectopic tachycardia are still concerns following 
open heart surgery [2, 3]. One of the serious compli-
cations of surgery is complete atrioventricular block 
(CAVB), which has been reported from 0.7% to 3.1% 
for membranous and outlet VSDs [4, 5]. Transcatheter 
approach to close such VSDs has been an attractive 
option to avoid these morbidities. Ten years after the 
initial transcatheter closure, in 1998, the Amplatzer 
muscular occluder had revolutionized the percutane-
ous VSD closure with favorable outcomes  [6,  7]. Ap-
proximately two-thirds of VSDs are in the perimembra-
nous (pmVSD) location, and there have been growing 
concerns about complete heart block at late follow up 
of percutaneous membranous VSD closure. A special 
Amplatzer membranous VSD device with an eccentric 
left ventricular disc was designed for the closure of 
pmVSDs with good initial results [8–10]. Occasionally, 
pmVSD with aneurysmal tissue can be closed with an 
Amplatzer duct occluder (ADO) [11, 12]. The aim of this 
study is to evaluate rhythm disturbances caused by 
transcatheter VSD devices at immediate and long-term  
follow up.

Materials and Methods

This is a retrospective observational study to assess imme-
diate to long-term rhythm follow up of percutaneous closure 
of muscular VSD (mVSD) and pmVSD with different types of 
Amplatzer occluders. All patients who were taken to the cath-
eterization laboratory for attempted VSD closure using an 
Amplatzer device during the period of January 2003 and Sep-
tember 2012 at Hamad General Hospital, Doha, Qatar, were 
included. Inclusion criteria for percutaneous VSD closure was 
a muscular or pmVSD with clinical and or echocardiographic 
evidence of significant left to right shunt or a significant re-
sidual VSD after surgical repair. Exclusion criteria for percu-
taneous VSD closure was a body weight less than 7 kg, right 
to left shunt across the VSD, a pmVSD with less than 2-mm 
subaortic rim on long axis echocardiographic view, VSDs asso-

ciated with complex heart lesions, and or contraindication to 
antiplatelet therapy. 

Hospital IRB approval for the study was obtained. Data col-
lected included patient’s demographics, echocardiographic 
and cardiac catheterizations data (Tables 1 and 2). Electrocar-
diographic (EKG) data was collected and analyzed to evaluate 
the rhythm disorders in this cohort (Tables 3 and 4).

Previously described technique for VSD closure was used 
[14]. Echocardiogram and EKG on the first post-catheteriza-
tion day and at 1, 3, 6, and 12 months, and then yearly were 
reviewed for any conduction abnormality, residual VSD shunt, 
aortic regurgitation (AR), or tricuspid regurgitation (TR).

The data were initially entered into an Excel spread sheet 
and subsequently imported into the JMP Statistics Package 
v8.0.1 (SAS Corp., USA). All statistical analyses were carried out 
within JMP. In addition to basic descriptive statistics (mean, 
medians, ranges, standard deviations, and counts of missing 
data), both Pearson’s and Spearman’s correlation coefficients 
(and their associated p values) were calculated to explore the 
linear correlations between specific pairs of variables, and the 
correlations quoted here are Spearman’s rho. Potential outli-
ers were identified by eye (based on JMP scatter plots) and 
aided by the superimposition of a 95% bivariate normal den-
sity ellipse generated by JMP. The statistical significance of the 
differences between the means of continuous variables was 
explored using the t test (for equal or unequal variances as ap-
plicable) and Wilcoxon’s test, and the p values quoted here are 
for Wilcoxon’s. The alpha-level for statistical significance was 
set to be 0.05 for all tests.

Results

VSD device closure was attempted on 49 patients 
with successful closure achieved in 45 patients (success 

Table 1: Patient demographics, VSD size, device size, Qp:Qs, RVSP, 
fluoro time, and procedure time

Mean Median Range

Age (years) 11.2 8.5 2–36.7

Weight (kg) 35.5 24 10–106

VSD size (mm) by TTE 7.2 7 3–14

VSD size (mm) by TEE 7.5 6 4–15

VSD size (mm) by LV angiography 6.2 6 3–14

Device size (mm) 8.7 8 4–18

Qp:Qs 1.5 1.4 1– 3

RVSP (mm Hg) 31.5 28.5 20–50

Fluoro time (min) 47.11 41.5 17–138

Procedure time (min) 145 132.5 46–310

TTE = transthoracic echo; TEE = transesophageal echo; Qp:Qs = pulmonary 
to systemic blood flow ratio; RVSP = right ventricular systolic pressure.
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related aortic regurgitation and the device was re-
trieved with no residual regurgitation, and in another 
case, there was transient complete heart block that 
reverted to normal sinus rhythm after device remov-
al. All four patients who failed device closure were re-
ferred for surgical closure.

At the time of VSD closure, the median age of the 
study group was 8.5 years (range 2–36.7 years) and 
the median weight of 24 kg (range 10–106 kg). The 
median VSD size by transthoracic echocardiogram 
(TTE), TEE, and by LV angiogram was 7, 6, and 6 mm, 
respectively, and the device size was with a median 
of 8 mm (range 4–18). The median ratio of systemic 
to pulmonary blood flow (Qp:Qs) was 1.4 (range 1–3) 
and the median right ventricular systolic pressure was 
28.5 mm Hg (range 20–50 mm Hg). The median fluoro 
and the median procedure times were 41.5 minutes 
and 132.5 minutes, respectively (Table 1).

There was no significant correlation between 
weight and VSD size with fluoroscopy time [when 
outliers were removed the correlation coefficient was 
0.282 (p=0.11) and 0.066 (p=0.73), respectively]. 

rate of 91.8%); the female to male ratio was 1.14. 
Among these 45 VSD closure cases, 35 were perimem-
branous (78%) (34 native and 1 surgical residual) and 
10 muscular (9 native and 1 surgical residual) defects. 
The pmVSDs were closed using 23 pmVSD devices,  
6  muscular VSD devices, and 6 Amplatzer duct 
occluders (ADO), whereas the muscular VSDs were 
closed with nine muscular VSD devices and one ADO 
device. The ADO devices were used only in tunnel 
shape aneurysmal VSDs. Ten (22%) patients had asso-
ciated cardiac anomalies including patent ductus ar-
teriosus in one, pulmonary valve stenosis in four, mild 
mitral stenosis in one, additional small muscular VSDs 
in two, and bicuspid aortic valve in two. 

In two out of four unsuccessful cases, the VSD de-
livery sheath could not be advanced through VSD due 
to aneurysmal tissue; in one case, there was device 

Table 2: Comparison of muscular and membranous VSD groups and their mean values

Type of VSD Age (years) Wt (kg)
VSD TEE 
(mm) Qp:Qs

Device Size 
(mm)

Proc. Time 
(min)

Fluoro Time 
(min)

Follow Up 
(months)

Muscular 13.2 46.5 6.67 1.65 8.25 159.16 61 54.78

Membranous 12.43 36.35 6.66 1.4 8.14 137.81 43.93 64.03

P value 0.31 0.11 0.49 0.11 0.71 0.67 0.21 0.51

Wt = weight; TEE = transesophageal echo; Qp:Qs = pulmonary to systemic blood flow ratio; Proc time = procedure time.

Table 3: New onset rhythm disorders in the membranous VSD 
group

Rhythm Disorder 
& Patient Number

Age 
(years)

Weight 
(kg)

VSD Size 
(mm) by 
TEE

Device 
Size 
(mm)

CRBBB - 4
1
2
3
4

17.5
9.4
5
5.7

57
18
18
14

12
14
8
4

12
16
10
4

CLBBB - 1 5 16 6 6

CAVB - 1 5 17 12 12

EAT - 1 27.2 54 4 4

V. Tach - 1 14.3 77 11 10

TEE = transesophageal echo; CRBBB = complete right bundle branch block; 
CAVB = complete atrio-ventricular block; EAT = ectopic atrial tachycardia; V. 
Tach = ventricular tachycardia.

Table 4: New onset rhythm disorders in the muscular VSD group

Rhythm Disorder 
& Patient Number

Age 
(years)

Weight 
(kg)

VSD Size 
(mm) by 
TEE

Device 
Size 
(mm)

ICRBBB - 1 10.5 37 6 6

CLBBB - 1 3.5 23 6 6

PVCs - 1 8 21 4 4

TEE = transesophageal echo; CLBBB = complete left bundle branch block; 
ICRBBB = incomplete right bundle branch block; PVCs = premature ventric-
ular contractions.
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long-term follow up. 
Interestingly, we noted resolution of ICRBBB in two 

of the four who had it at baseline EKG before closure 
and both had normal EKG at all follow-up visits. Of 
the other two patients of ICRBBB at baseline, one pro-
gressed to CRBBB and one maintained the same after 
device closure.   

For all groups at long-term follow up, no mortal-
ity, stroke or neurologic deficit, device migration, 
wire fracture, thromboembolism, endocarditis, or  
hemolysis was seen.

Discussion

Nonsurgical closure of VSD has been an attractive 
option to avoid artificial circulation and sternotomy 
scars. The Amplatzer muscular occluder has been suc-
cessfully used to close muscular VSDs [6, 7] and a spe-
cially designed Amplatzer ventricular septal occluder 
has been used in perimembranous defects [8, 10, 14]. 
The Amplatzer duct occluder has been used success-
fully for the closure of tunnel-type VSDs with aneu-
rysmal tissue [11, 12]; recently, ADO - II has been tried 
with good success rates and minimal rhythm distur-
bances [13]. One of the major drawbacks for membra-
nous VSD closure is the significant incidence of heart 
block and rhythm abnormality. In one study, the CAVB 
was reported as high as 5.8% [17] with the need for 
pacemaker therapy. In other studies, the major ad-
verse events have been reported as low as 0.6% in pm-
VSD patients under 3 years of age using symmetrical 
devices [15]. Late occurrence of CAVB also has been re-
ported at 1 year follow up [20]. The junctional rhythm 
at early (within 48 hours) post-device pmVSD implan-
tation indicates an inflammatory process around the 
atrioventricular node. Some studies showed occur-
rence of early post-implantation junctional rhythm 
up to 14% of their patients [15]. This can explain the 
observed benefit of steroid administration in some 
patients who developed CAVB early post-device  
implantation [15].

We showed a low incidence of CAVB in one (2.9%) 
patient in the pmVSD group with a mean follow up 
of 62 months. This patient developed CAVB between 
6 and 12 months post-implantation, remained as-
ymptomatic, and was diagnosed by routine EKG. This 
warrants the necessity of long-term follow up of all 

Base line EKG

At baseline, all patients had 12-lead EKG prior to 
VSD closure. EKG was normal in 40 (89%) patients 
and abnormal in 5 (11%) patients [4 incomplete right 
bundle branch block (ICRBBB) and 1 complete right 
bundle branch block (CRBBB) (Figure 1)].

Latest EKG

During 8 year follow up, EKG findings were ana-
lyzed in all 45 subjects. At a median follow up of 61.9 
months, EKG revealed one patient with muscular VSD 
had developed ICRBBB. There were total 5 patients 
with CRBBB at the latest follow up. Out of these 5 pa-
tients, 3 patients had new onset CRBBB, fourth patient 
had progression of base line ICRBBB to CRBBB and in 
the fifth patient the base line CRBBB persisted as it 
is at the latest follow up. All the patients with CRBBB 
were having  pmVSD and they received a pmVSD Am-
platzer device of mean size 10.5 mm at a mean age of 
9.4 years and weight of 26.7 kg. There was no CRBBB 
observed in muscular VSD patients at follow up.   

Complete left bundle branch block (CLBBB) was 
seen in two (4%) patients in this cohort, one had 
pmVSD and one had muscular VSD. Both patients re-
ceived muscular VSD Amplatzer devices (6 mm size) 
and their mean age and weight were 4.3 years and 
19.5 kg, respectively.  

Complete atrioventricular block occurred in one 
(2.9%) of the patients in the perimembranous VSD 
group. This patient received a 12-mm membranous 
type Amplatzer device, and his age and weight were 
5 years and 17 kg, respectively. He developed CRBBB 
immediately after the procedure, which persisted for 
6  months; at 1 year follow up, he was found to have 
CAVB and underwent placement of a permanent  
pacemaker. 

Other arrhythmias observed in the pmVSD group 
included 3 beats run of ventricular tachycardia in one 
patient and ectopic atrial tachycardia in another pa-
tient. Occasional premature ventricular contractions 
were observed in one of the cases from the muscu-
lar VSD group (Tables 3 and 4). All the patients who 
received ADO Amplatzer devices (six patients with 
pmVSD and one muscular VSD) had no arrhythmia 
or conduction abnormality at either immediate or 
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We observed other “benign” conduction and rhythm 
disturbances in about 12% of the pmVSD group. Of 
those 12%, there was only one patient who devel-
oped LBBB, which is less frequent than that reported 
in other studies. This LBBB didn’t progress during 5 
years of follow up. The pmVSD patients with aneu-
rysmal tissue (six patients) that were closed by ductal 
occluders (ADO) did not show any rhythm disturbanc-
es. This may encourage investigators to utilize this 
approach whenever possible to avoid rhythm com-
plications. The other interesting finding in our study 
was the resolution of IRBBB post-device implantation 
in two out of four patients who had it at baseline. This 
observation could be secondary to the decrease in 
right ventricular volume overload after stopping the 
left-to-right shunt. Our reported benign conduction 

patients with VSD device closure. CAVB has been re-
ported in up to 5.8% with an asymmetric Amplatzer 
device [17] and as low as 0.1% with symmetrical oc-
cluders [15]. Acute (within 48 hours) and late (at 5 and 
12 months post-procedure) CAVB in pmVSD was not-
ed by Carminati et al. [18]. Independent risk factors 
for CAVB include younger age, low body weight, over-
sized device, type of device, repeated maneuvers, and 
position of defects [17–19]. Butera et al. [20] reported 
two cases of late-onset CAVB at 4 and 12 months af-
ter the procedure. Up to 30 days after Amplatzer VSD 
device closure, recovery of various forms of arrhyth-
mias and heart block with corticosteroid therapy was 
observed [21, 22]. CAVB has been recovered in 70% 
of the patients within 2 weeks post-procedure after 
being treated with steroids and isoprenaline [16].

Figure 1. EKGs at baseline and at latest follow up. CAVB = complete atrioventricular block; CLBBB = complete left bundle brach 
block; CRBBB = complete right bundle branch block; ICRBBB = incomplete right bundle branch block; PM = perimembranous VSD;  
M = membranous VSD.
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adequate safety margin. Heart block following de-
vice closure is comparable to the surgical approach. 
Other rhythm disturbances in VSD device closure are 
far fewer than those of postsurgical closure. Rhythm 
disturbances at late follow up are uncommon but 
warrant close follow up. 
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disturbances in pmVSD are similar to another re-
port of 12% CRBBB [10]. CLBBB has been reported at 
an incidence of 3.7% [16]; however, the incidence of 
CLBBB was lower at 1.1% using the symmetrical VSD  
occluder [15].

Overall, our reported incidence of CAVB post-pm-
VSD device closure is similar to that reported for sur-
gical closure. Certainly the occurrence of “benign” 
conduction disturbances with device closure is far 
fewer than that seen in surgical closures.  

At 54.5 months mean echocardiographic follow 
up, complete VSD closure was observed in 91.2% of 
patients, whereas a small (1–2 mm in size by trans-
thoracic echo) residual shunt was found in 8.8% of 
patients. This is similar to other reports that noted a 
success rate of 92–97.6% [7, 9, 16]. 

Conclusion

Transcatheter closure of perimembranous and 
muscular VSDs has a high success rate with an 
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