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      Background

      
				Some ventricular septal defects (VSDs) require an interventional
				procedure for closure. Transcatheter and surgical closures of VSD have similar
				effectiveness, but transcatheter VSD closure is considered associated with less
				complication than surgical closure. This study aimed to compare mid- or long-term
				complications of transcatheter and surgical VSD closures.			


      


      Methods

      
				This was a retrospective cohort study compared the complication rates
				of transcatheter and surgical VSD closures performed in Cipto Mangunkusumo
				Hospital from January 1, 2010, to April 30, 2017, with 34 subjects in each group. The
				inclusion criteria were as follows: single lesion outlet perimembranous or doubly
				committed subarterial VSD, age 2–18 years, body weight >8 kg, and no arrhythmia.
				Electrocardiography and echocardiography were done to collect primary data. Other
				data were collected from medical records. Mid-term complications occurred 1–24
				months after interventional closure. Long-term complications occurred 24 months
				after interventional closure. Complications were arrhythmia, valve regurgitation, and
				residual shunt. Data were analyzed by chi-square test.			


      


      Results

      
				The rate of worsening valve regurgitation was higher in the transcatheter
				group than in the surgical group (16 versus 11, p = 0.322). The number of patients with
				residual shunts were similar between the transcatheter group and surgical group (5
				versus 5; p = 1.000). Both complications were found in mid- and long-term. Arrhythmia
				as a long-term complication occurred in five and seven patients in the transcatheter
				and surgical groups, respectively (p = 0.752).			


      


      Conclusions

      
				Transcatheter and surgical VSD closures have similar mid- or long-term
				complications.			
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				Ventricular septal defect (VSD), the most common
				congenital heart disease (CHD), is characterized by
				a defect or a hole in the septum separating the left
				ventricle and the right ventricle.¹ VSD is estimated to
				occur in 20–30% of all CHD cases and perimembranous
				VSD (PM VSD) accounts for approximately 70% of all
				VSDs.¹


				
				VSD is divided according to the location of the
				defect: perimembranous outlet VSD (PMO VSD),
				doubly committed subarterial VSD (DCSA VSD),
				perimembranous inlet VSD, and muscular VSD.¹
				The disease course of VSD widely varied, ranging
				from spontaneous closure to death in early infancy.
				Spontaneous closure usually occurs at age 2 years
				and uncommon after age 4 years, though it has ever
				been reported in adults.² Spontaneous closure most
				commonly occurs in muscular defects (80%), followed
				by perimembranous defects (35–40%) and small
				defects. PMO VSDs have a low rate of spontaneous
				closure at age 2 years until 4 years (7.3%), while
				perimembranous inlet VSDs almost never close
				spontaneously.³


				
				Before the interventional cardiology era, VSD
				closure was done by the surgery alone, which is
				still the current gold standard. The complications
				often occur during and after VSD closure due to
				the use of a cardiopulmonary bypass (CPB). These
				complications can lead to developmental problems in
				pediatric patients.⁴ Transcatheter closure of the VSD
				is considered more efficient, especially for hospitals
				with limited human resources and facilities, because
				it does not require special monitoring in the intensive
				care unit after the procedure; thus, it may reduce
				maintenance costs. It is also considered less life-threatening
				because CPB is not needed. However, not
				all VSDs can be closed via the transcatheter approach,
				including large-sized VSD which is usually accompanied
				by heart failure and VSD in complex CHD. Moreover,
				controversy arises for the device used, that is, whether
				it can cause compression on the conduction pathway
				and heart rhythm disorders.⁵


				
				The most commonly observed complications after
				transcatheter VSD closure are heart rhythm disorders,
				aortic and tricuspid valve regurgitation, residual
				shunt, thrombosis, hemolysis, and embolization.⁵
				One of the serious complications of transcatheter
				VSD closure is total atrioventricular (AV) block which
				occurred in 2% of cases during nearly 2 years of follow-up.
				Hence, long-term monitoring is necessary. Aortic
				and tricuspid regurgitations can be mid- or
				long-term complications of transcatheter or surgical
				VSD closure,⁶ and the residual shunt is another
				complication.⁷


				
				Complications of transcatheter and surgical VSD
				closures are often missed during monitoring, resulting
				in the late intervention. Therefore, this study aimed
				to monitor mid- and long-term complications
				through echocardiography and electrocardiography
				(ECG) and to compare the complications in both
				procedures, including heart rhythm disorders, valve
				regurgitation, and residual shunts in our center.						




			

      
        METHODS

      


			
			

			
				Study design

			
				This retrospective cohort study was conducted
				at Cipto Mangunkusumo Hospital from March to May
				2017. Data were taken from electronic health records of
				all subjects with PMO VSDs and DCSA VSDs attending
				the Integrated Heart Service of subjects between
				January 1, 2010, and April 30, 2017. Parents of children
				who met the inclusion criteria were then contacted
				by telephone for participation, examination, and
				appointment for ECG and echocardiography between
				March 1 and May 30, 2017. ECG and echocardiography
				were performed by a pediatric trainee cardiologist and
				confirmed by a consultant pediatric cardiologist.


				
				Sampling was done consecutively. The inclusion
				criteria were as follows: (1) subjects with single lesion
				PMO or DCSA VSD who had transcatheter or surgical
				VSD closure and (2) age 2–18 years and/or body weight
				≥8 kg at the time of VSD closure. The exclusion criteria
				were as follows: (1) VSD subjects with complex CHD,
				(2) inlet and muscular VSD subjects, (3) incomplete
				medical record data, (4) unwilling to participate in the
				mid- or long-term monitoring, and (5) history of
				arrhythmias prior to VSD closure.


				
				Every subject was classified to have mid- or
				long-term complications according to the results of
				the last examination after interventions. Mid-term
				complications were measured 1–24 months after
				transcatheter and surgical VSD closures, while long-term
				complications were measured 24 months after
				VSD closure.⁸ Arrhythmia was defined as an abnormal
				heart rhythm outside the sinus rhythm based on the
				ECG recorded at the time of monitoring. Residual
				shunt was the presence of flow from the left ventricle
				to the right ventricle as detected by transthoracic
				color Doppler echocardiography with the following
				classification: (a) trivial (<1 mm), (2) small (1–2 mm),
				(3) moderate (>2–4 mm), and (d) large (>4 mm).⁹
				Valve regurgitation was assessed by jet areas on color
				Doppler transthoracic echocardiography with the
				following classification: mild, moderate, and severe.


				
				VSD size before VSD closure was based on
				transthoracic echocardiography data, including (1)
				small VSD, defect size less than ½ diameter of the
				aortic annulus; (2) moderate VSD, defect size ½
				diameter of the aortic annulus; and (3) large VSD,
				defect size equal to or greater than the aortic annulus
				diameter. The aortic annulus diameter of infants and
				young children and of older children and adults are
				10 and 20 mm, respectively.⁹ The right atrial approach
				is a technique for VSD closure in which the tricuspid
				valve leaflets are retracted to expose the location of
				the VSD. The transpulmonary arterial approach is a
				technique for VSD closure in which the right atrial
				approach is accomplished through a vertical incision in
				the pulmonary trunk.⁹


				

				
					Statistical analyses

				
				The number of samples was calculated based
				on a minimum sample size of each procedure by
				using a formula for differences in the proportion of
				transcatheter and surgical complications. We assumed
				an alpha value of 5% and beta value of 20%, with p1
				(proportion of complication of surgical VSD closure
				according to literature)¹⁰ of 0.323 and p2 (proportion
				of complication of transcatheter VSD closure according
				to literature)¹⁰ of 0.07. Differences in the proportion
				of arrhythmia events, changes in the severity of
				valve regurgitation, and residual shunts between the
				transcatheter and surgical groups were analyzed by chi-square
				with 95% confidence interval and significance
				value at p<0.05.


				

				
					Ethical approval

				
				This study received ethical approval from the Ethics
				Committee of the Faculty of Medicine, Universitas
				Indonesia (No: 171/UN2.F1/ETIK/2017).			



      

      
        RESULTS

      


			
			

			
				In total, 115 and 72 subjects with PMO VSDs and
				DCSA VSDs underwent transcatheter and surgical
				closures, respectively, but only 34 subjects in
				each treatment were eligible to participate in the
				monitoring. The flowchart diagram of the subject’s
				recruitment is shown in Figure 1. The subjects’
				characteristics are shown in Table 1.
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							Figure 1.
						
						
							Flowchart diagram of subjects’
							recruitment. VSD=ventricular septal
							defect; ECG=electrocardiography						
					

				

				

				

				
				

				
					
						
							Table 1.
						
						
							Subjects’ characteristics
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				PM VSD was more prevalent in the transcatheter
				group than in the surgical group, whereas DCSA VSD
				was more common in the surgical group. In this study, 32
				subjects had small VSD, 20 subjects had moderate VSD,
				and 16 subjects had large VSD. Small VSD accounted
				for the largest proportion of VSD in the transcatheter
				group, while it was large VSD in the surgical group.
				Compared with the mean duration time procedure
				of VSD transcatheter closure, the mean duration
				time of VSD surgery closure was longer (108.2 versus
				157.2 min, p<0.001). The mean duration time of CPB
				was 54.7 (range, 38–78) min, and the average cross-clamp
				duration was 30.8 (range, 17–68) min. Surgical
				approaches used for VSD closure were the right atrial
				approach and transpulmonary approach, which were
				performed in 22 and 12 subjects, respectively, and all
				defect closures were performed using patches. For
				transcatheter VSD closure, the antegrade approach was
				employed, and ADO II was used in majority of the cases.


				
				ECG features, valve regurgitation, and residual
				shunt in subjects before and after VSD closure are
				shown in Table 2. Prior to VSD closure, all subjects had
				sinus heart rhythm as well as normal PR interval and
				QRS duration. Left ventricular hypertrophy was found
				in 61 subjects, with a larger proportion in the surgical
				group than in the transcatheter group (33 versus 28).


				
				

				
					
						
							Table 2.
						
						
							ECG and valve regurgitation features before and after VSD closure and residual shunt features after VSD closure
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				After VSD closure, arrhythmias were detected in
				12 subjects, including 5 subjects in the transcatheter
				group and 7 subjects in the surgical group (p = 0.732).
				Four subjects experienced arrhythmia during mid-term
				monitoring. The most common type of arrhythmias
				after VSD closure was incomplete right bundle branch
				block (RBBB), which occurred in three and four
				subjects in the transcatheter and surgical groups,
				respectively. The largest proportion of patients with
				arrhythmias was found in subjects with Amplatzer
				perimembranous VSD occlusion. The number of
				patients who developed arrhythmias following VSD
				closure was higher in the surgical group using the right
				atrial approach technique (n = 5) than those using the
				right atrial and transpulmonary approach (n = 2).


				
				Valve regurgitation was observed in 34 subjects
				prior to VSD closure and was more common in the
				surgical group (n = 31) than in the transcatheter
				group (n = 3). Aortic valve regurgitation occurred in
				16 subjects after VSD closure, all of which are trivial/mild aortic valve regurgitation, and no moderate and
				severe aortic valve regurgitation were found after both
				procedures. Tricuspid valve regurgitation occurred in
				19 subjects after closure. Increasing severity of valve
				regurgitation (aortic and tricuspid) before and after
				both procedures was found in 27 subjects, which was
				more common in the transcatheter group than in the
				surgical group (16 versus 11; p = 0.322). Overall, five
				subjects (14.7%) had residual shunt after VSD closure
				in both groups (p = 1.000).						




			

      
        DISCUSSION

      


			
			

			
				This study showed an increase in the severity of
				regurgitation after transcatheter (n = 16) and surgical
				(n = 11) closures of VSD. No severe regurgitation was
				observed after the closure procedure. Similarly, in a
				previous study, no subjects developed severe tricuspid
				regurgitation after surgical VSD closure11 which
				suggested that valve regurgitation complications
				occurred at a similar rate after transcatheter and
				surgical closures of VSDs.


				
				A residual shunt was found in 5.9% of cases
				after transcatheter VSD closure and in 8.8% of cases
				after surgical closure. These results were similar to
				the findings of a previous study, i.e., residual shunt
				occurred in 5.4% of transcatheter cases and in 8.8% of
				surgical cases.⁸ In the present study, residual shunts
				were found on those using APMVO (50%) and ADO II
				(7.1%); in the surgical group, they occurred in patients
				with DCSA VSDs (8.3%) and in those with moderate
				VSDs (18.2%). A previous study revealed that the
				safety and efficacy of the device used for VSD closure
				depends on the device suitability and type of defect.¹²


				
				Arrhythmias were found in five and seven subjects
				who underwent transcatheter and surgical closure of
				VSDs, respectively. Moreover, in this study, no total
				AV blocks were found following both VSD closure
				procedures. These results were similar to the finding
				of a study in China in which no total AV blocks were
				found following both VSD closure.10 Another study
				found that total AV block occurred in 3.5% of subjects
				who underwent surgical VSD closure,11 while other
				studies in Egypt reported 14 AV blocks in 400 subjects
				who underwent surgical VSD closure.¹³ Differences in
				total AV block events in the present study with other
				studies could be caused by many factors, especially
				the patient’s condition before the procedure and
				the surgical technique used.⁸ Incomplete RBBB was
				the most common arrhythmia in both procedures;
				however, the rates were much lower than those
				in another study that reported 8.8% and 2.9% for
				transcatheter and surgical closure, respectively. In the
				present study, the incidence of incomplete RBBB was
				lower than that in another study, with 19.4% following
				transcatheter closure and 82.3% with surgical closure.¹¹
				The difference in the incidence rate could be due to
				the difference in monitoring time. In general, total AV
				block events did not occur immediately and required
				a more extended monitoring period.¹⁴ Arrhythmia was
				the most common complication of VSD closure. It was
				caused by compression of the conduction pathway by
				the device after transcatheter closure or His bundle
				injury, which is located in the ventricular septum and
				occurred due to the surgical process.¹⁴ Monitoring
				should be done periodically, encompassing mid-
				and long-term monitoring, because complications can
				occur at different periods.


				
				Mean (standard deviation [SD]) age subjects who
				underwent transcatheter closure were older than
				those who underwent surgical closure in our study
				(6.1 [4.4] versus 5.6 [3.4]). Other studies showed a
				median age of 7.5 versus 4.4 years⁷ and mean age of
				9 versus 1.8 years.⁹ Subjects who underwent surgical
				closure were older than those in other studies, so
				the complications after surgical closure were fewer
				than those in other studies. The number of DCSA
				cases in the surgical group was higher than that in the
				transcatheter group, i.e., 13 versus 6. This is because
				DCSA VSDs are often accompanied by prolapse and
				aortic valve regurgitation; thus, surgical closure would
				be the best choice.¹⁵


				
				In this study, the mean (SD) procedure duration
				of transcatheter closure was 108.2 (37.8) min, and
				this value was not much different from those in other
				studies in Canada wherein the mean (SD) procedure
				duration for transcatheter and surgical closures was
				123 (26.9) min.⁹ In the present study, the mean (SD)
				fluoroscopy time in the transcatheter group was 27.5
				(12.8) min versus 29.89 (12) min⁹ and 29 (14) min16 in
				other studies. The mean (SD) procedure duration
				of surgical closure was 157.2 (23.0) min, which was
				shorter than those in other studies in China, with
				a mean (SD) of 180.5 (66.1) min.¹⁴ The procedure
				duration of VSD closure did not affect mid- and long-term
				complications.


				
				This study had some limitations. First, this was a
				retrospective cohort study using medical records and
				some data were unavailable. Second, some children
				who underwent transcatheter or surgical closure were
				lost to follow-up. Thus, the results may not represent
				mid- and long-term complications of VSD closure
				in Indonesia. A prospective cohort study with larger
				subjects is needed to assess the duration of arrhythmia,
				valve regurgitation, and residual shunts. Providing
				appropriate counseling to the patient and family is
				necessary, especially for the possibility of arrhythmia after
				transcatheter and surgical closure of VSD.


				
				In conclusion, the incidence of arrhythmia, increased
				severity of aortic and tricuspid regurgitation, and the
				incidence of residual shunt after transcatheter VSD
				closure was not higher than after surgical VSD closure.									
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OEBPS/Images/29-3-3837-Table-2.jpg
Procedure

Before VSD closure After VSD closure
Feature Transcatheter, Surgery, Transcatheter, Surgery,
n (N =34) n (N =34) n (N =34) n (N = 34)
Mid-term*  Long-term® Mid-term* Long-term’
ECG
Sinus rhythm 34 34 22 7 7 20
Arrhythmia
Incomplete RBBB 0 0 1 2 2 2
Complete RBBB 0 0 0 1 0 1
First-degree AV block 0 0 0 1 1 0
Junctional rhythm 0 0 0 0 1 0
Heart rate
Normal 34 34 22 11 8 23
Bradycardia 0 0 1 0 3 0
Axis
Left deviation 0 0 1 0 i 0
Right deviation 1 2 0 0 1 1
Prolonged PR interval 0 0 il 0 il 0
Prolonged QRS complex 0 0 2 2 3 2
LVH 28 33 2 2 2 3
Valve regurgitation
Aortic
Trivial/mild 1 16 6 4 1 -]
Moderate 0 1 0 0 0 0
Severe 0 0 0 0 0 0
Tricuspid
Trivial/mild 2 12 5 0 8 4
Moderate 0 i 0 0 il 0
Severe 0 1 0 0 1 0
Lnncc;eaaf:;r;g severity reguritasi valve before 10 6 7 4
Residual shunts
No 21 8 7 21
Mild 3 4 1
Moderate 0 0 0 0
Severe 0 0 0

ECG=electrocardiography; VSD=ventricular septal defect; RBBB=right bundle branch block; AV=atrioventricular; LVYH=left ventricular hypertrophy
*Mid-term follow-up was done 1-24 months after VSD closure; flong-term follow-up was done 24 months after VSD closure
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Characteristic

Procedure

Transcatheter, n (N = 34) Surgery, n (N = 34)

Sex

Boy 17 22

Girl 17 12
Age at the procedure (years), mean (SD) 6.1(4.4) 5.6 (3.4)
Body weight at the procedure (kg), median (min—max) 15 (8-69) 13 (8-52)
Type of VSD

PMO 28 21

DCSA 6 13
Defect size before a procedure (mm), median (min—max) 4 (2-8) 8 (2—-16)
The time of procedure (min), mean (SD) 108.2 (37.8) 157.2(23.0)
Intervals between procedure monitoring (year), mean (SD) 1.6 (1.3) 1.8(1.3)
Follow-up

Mid-term* 23 11

Long-term® 11 23

SD=standard deviation; VSD=ventricular septal defect; PMO=perimembranous outlet; DCSA=doubly committed subarterial
*Mid-term follow-up was done 1-24 months after VSD closure; ‘long-term follow-up was done 24 months after VSD closure
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438 patients assessed for eligibility after
transcatheter VSD closure or surgical VSD closure
on January 1, 2010-March 30, 2017

154 patients underwent
transcatheter VSD closure

39 patients did not
meet the inclusion
criteria

284 patients underwent
surgical VSD closure

212 patients did not
meet the inclusion
criteria

115 patients underwent
transcatheter VSD closure

72 patients underwent surgical
VSD closure

30 patients could not
be contacted via
telephone

85 patients allocated to the
transcatheter VSD closure group

19 patients could not
be contacted via
telephone

Parents of 51 patients
were unwilling to
participate for mid-
term and long-term
monitoring with ECG
and echocardiography

\4

53 patients allocated to the
surgical VSD closure group

Parents of 19 patients
were unwilling to
participate for mid-
term and long-term
monitoring with ECG
and echocardiography

A

34 patients were analyzed
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