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TRANSCATHETER DEVICE CLOSURE OF SECUNDUM ATRIAL SEPTAL DEFECT
(ASD) IN YOUNG CHILDREN
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ABSTRACT

Objective: To analyze the safety and efficacy of device closure of secundum atrial septal defect in children < 5
years of age.

Study Design: Quasi-experimental study.

Place and Duration of Study: The study was conducted at Armed Forces Institute of Cardiology / National
Institute of Heart Diseases Rawalpindi, Pakistan from Dec 2010 - Dec 2012.

Patients and Method: Forty eight patients < 5 years of age underwent transcatheter closure of secundum ASD
during two years. All patients were evaluated with 2-D echocardiography before the procedure. The sizing
balloon was used in 6% and general anaesthesia was given in 83% (n=40) of patients.

Results: Ninety seven point nine percent (47/48) had successful closure of ASD. The mean age was 4.1 + .68 years
(range 2.5-5 years) and 58.4% (28/48) were females. The defect size and occluders used were between 5-20 mm
(mean 12 * 3.5) and 8-22 mm (mean 15 * 3.9) respectively, three patients had simultaneous procedures including
pulmonary valvuloplasty in two and percutaneous transmitral commissurotomy (PTMC) in one. The major
complications remained 2% (1/48) which included device embolization just after release of device while minor
complication rate was 12.5%. The median procedure time was 30 min (15-100 min) and median fluoroscopic time
was 6 min (1.50-45 min). There was no emergency surgical exploration or death during this period.

Conclusion: Transcatheter device closure of suitable secundum atrial septal defect is effective and safe in young
children in skilled and professional hands.
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INTRODUCTION treatment for secundum ASDs? but with the

The overall incidence of congenital heart advancement in‘tec}‘mology and to avoid surgery
disease (CHD) in general population is 6-9 per related complications, transcatheter device
1000 live births!. ASD is one of the most common  closure of secundum ASD is an attractive
CHD and accounts for 8-10% of CHD, secundum alternative. The first transcatheter device closure
or ASD is the most common form which accounts ~ Was reported by King and Mills in 1976°.
for 70% of all ASDs. It remains asymptomatic in

) ) ot In Pakistan few centers are providing facility
most patients and picked up on clinical

_be ; ) i for transcatheter device closure of secundum
examination usually during respiratory illness2. If ~ Agp AFIC /NIHD is providing a broad range of
remains unc.hag.nosed 1t may .result Ina numPer transcatheter intervention for congenital heart
of  complications 1nclgd1ng arrhythm}as, defects in children and adults. At our centre first
pulmonary _ hypertension, . paradoxical  javice closure of secundum ASD was done in
thromboemb'ohsmf heart  failure —etc. In 5001 Now with experience we are performing
asymptomatic patients cl.osure may be' deferred {3 nscatheter closure of ASD in young children.
to 2-4 years of age but in some situations may  The aim of this study was to find out the safety

necessitate earlier closure®*. The surgical closure 44 effectiveness of transcatheter closure of ASD
of septal defect remained a gold standard young children.
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to Dec 2012. Forty out of 227 were included in
this study population and the age varied from 2.5
to 5 (. 68 SD) years and 58.4% (n=28) were
females. All these patients were evaluated in
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with standard protocol with Philips IE-33 for
rims, total septal length and associated lesions.
Eleven patients were having deficit aortic rim,
two patients were having severe pulmonary

Table-1: Descriptive analysis of different variables included in the study population of secundum
Atrial Septal Defect (ASD) for transthoracic device closure.

Variables Minimum | Maximum Mean SD
Ht (cm) 86.00 110.00 98.4000 6.74007
Wt (kg) 9.50 19.00 13.8000 1.93781
Age (years) 2.5 5.0 4170 6810
Procedural time (mins) 15 100 34.98 14.891
ASD device size (mm) 8 22 15.04 3.903
Size of ASD (mm) 5.00 20.00 12.1000 3.59705
Fluoroscopic time (min) 1.50 45.00 8.5854 8.51639

Figure-1: Transthoracic echocardiogram showing well placed Atrial Septal Defect (ASD) device.

patients with isolated secundum ASD were
booked for device closure. The patients that were
included comprised of elective closure n=29, with
frequent respiratory infection n=4, social reasons
and parents’ anxiety n=12, pulmonary stenosis
n=2 and mitral stenosis n=1.

The patients associated with other complex
cardiac malformation, with partial anomalous
pulmonary venous connection, too large defect,
with deficient inferior vena caval/
posterosuperior rim and multifenestrated ASD
were not included in the study. A detailed 2-
dimensional echocardiography was performed

stenosis, one was having kyphoscoliosis with
severe mitral stenosis and two patients were
having two defects, one larger than the other.

The occluder size (ASD + 3-5 mm) was
decided on the Dbasis of transthoracic
echocardiography in OPD. In three patients we
decided to use sizing balloon with stop flow
technique for sizing the defect and the occluder
size (defect size + 1-2 mm) as in these 3/48
patients the septal length seemed challenging for
the device. A written informed consent was taken
before the procedure. All the patients were
recalled a day before the procedure for clinical
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examination, blood complete picture, chest x-ray
was done to rule out infection and admitted on
the same day of procedure. Forty out of 48 (83%)
had device closure under general anesthesia
while conscious sedation was used in 8 patients.
After venous access a catheter was passed
through the defect to right upper pulmonary vein
(RUPV) and a contrast injection was given in 4
chamber view to define the alignment of septum.
A super stiff exchange wire was parked in RUPV
and a recommended delivery sheath was passed
and device loaded with delivery cable into the
sheath. The left atrial disc of device was opened
and under guidance of  transthoracic
echocardiography / fluoroscopy the device was
then pulled along the septum and RA disc then
deployed. The device was then unscrewed after
confirming the position by transthoracic
echocardiography as shown in figure-1.

A continuous monitoring was done with
transthoracic echocardiography and fluoroscopy
during the whole procedure. All patients
received IV heparin 100u/kg and ceftriaxone
50mg/kg during the procedure followed by two
more doses of antibiotics 12 hourly. Transthoracic
echocardiography was performed after 24 hours
at the time of discharge and advice to continue to
take aspirin (3-5 mg/kg) for 6 months with
follow up at 1, 3 and 6 months.

RESULTS

Forty seven out of 48 (97.9%) patients had
successful closure of secundum atrial septal
defect during the study period. The age varied
from 2.5-5 (+. 68 SD) years and weight between
9.5-19 kg (£ 1.9 SD). Twenty eight (58.4%)
patients were female and 40 (83%) had general
anesthesia while in 8 patients the procedure was
done with conscious sedation. The ASD size was
5-20 mm (+ 3.5 mm) and occluder size was
between 8-22 mm (+ 3.9 mm). In 93.7% (n=45)
patients transthoracic echocardiography was
used for size/device estimation and guidance
tool for device deployment. The sizing balloon
with stop flow technique under transthoracic
guidance with sizing plate was used in three
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patients for sizing the defect. In 3/50 patients
transesophageal echocardiography was used for
defect size and for guidance of device
deployment. The median procedure time was 30
min (15-100 min) and median fluoroscopic time
was 6 min(1.50-45 min) as shown in table-1.

Three patients (3/48) had simultaneous
procedure including two patients who had
pulmonary valvuloplasty and the pressure
gradient reduced from 60 mmHg to 16 mmHg
and 80 mmHg to 25 mmHg respectively. The
third patient, a 5 years old female child with
kyphoscoliosis, who had severe mitral stenosis
underwent successful mitral valve
commissurotomy (mean pressure gradient
reduced from 21 mmHg to 10 mmHg) without
any mitral regurgitation along with device
closure of ASD.

In two patients the two defects were closed
with single device. There was difficulty in
deployment of device in four patients requiring
multiple attempts. In two patients the device
could not be deployed even after multiple
attempts then transesophageal echocardiography
(TOE) was done which showed larger defect than
the previous one (multiple attempts might have
torn the septum) so larger size devices were then
taken and deployed with satisfactory results and
in one patient balloon assisted technique was
used for deployment of device. In one patient
IVC rim was attenuated so TOE was used as
guidance for deployment but the device
dislodged immediately after release into left
atrium which was snared and retrieved
successfully percutaneously and referred for
surgical closure.

In two patients the device looked too large
obstructing the AV valves (mitral regurgitation)
so it was replaced with smaller device with good
results. The overall minor complication rate was
12.5% including residual leak (n=1) which settled
after 24 hrs, 4 had transient bradycardia and first
degree heart block in one patient during the
procedure. No death occurred during the study
period.
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DISCUSSION

The device closure of secundum ASD in
young population remained successful and safe
procedure with fewer complications in our study
population. Although surgical closure of ASD has
long history with excellent results, low
complication rate and little or no mortality and
also has good outcome even in young children?.
The technique of device closure of ASD is
progressing since 1976. This technique is a widely
accepted mode of treatment in adolescent and
adults with favorable outcome during long term
follow up'oll, It provides an effective and safe
method of closure for secundum ASD as an
alternative to surgical closure!214, Butera et al has
systematic review and meta-analysis of the
available data and found percutaneous closure of
ASD more safe with less complications compared
to surgical closurel2. It has been extensively
experienced in older patients2’> but in very
young children studies are lacking. Now with the
availability of small sized catheters/devices and
the expertise, it is possible even in small
children'¢17. Lim DS reported device closure of
secundum ASD in premature infant and there
was significant improvement in respiratory
problems!s. Karim et al had experienced it in 15
infants with success in 14/15 and concluded that
it is safe and alternative to surgery even in
infants!. A number of factors including size/rims
of defect, septal length and associated anomalies
are important considerations for successful ASD
closure. As in our study population meticulous
analysis of all aspects was carried out in OPD by
transthoracic echocardiography in most patients.
Petit et al pointed out that the ASD size to weight
ratio > 1.2 1is associated with failure of
percutaneous approach in infants and toddlers2.
Keeping in view this observation we did not
attempt the procedure in two patients.

Butera et al had device closure in 48/553
young patients during 5 years period and
reflected no major complication in young
children for transcatheter device closure of
ASD2,.  We had the same results but
unfortunately one device dislodged with success
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rate 97.9% (47/48). Similarly Cardenas et al
reported closure of ASD in 52/278 children
weighing <15 kg during 4.5 years and there was
no major procedural complication except device
embolization in two patients which were
retrieved successfully with snare?2. The minor
complications ranged 10-16% which are
comparable with our results as minor
complication remained 12.5%.

A number of different tools including TOE,
transthoracic ~ echocardiography, intracardiac
echocardiography = and  cardiac  magnetic
resonance  imaging are  available  for
measurements of atrial septal defect, estimation

of device size and guidance for device
deployment. We used transthoracic
echocardiography as  primary tool for

measurement of defect / occluder size as well as
guiding equipment during the deployment of
device except in 3 cases (6%) where we switched
from  transthoracic = echocardiography to
transesophageal echocardiography.

On transthoracic echocardiography in two
patients it was found that the occluder size was
large and obstructing the mitral valve so we used
smaller device with satisfactory results as
supported by other studies?2. The experience of
Wang et al in 165 children under five years also
supported our study with success rate of 98.8%
and TTE was used for ASD/ occluder size
estimation and deployment guidance while TOE
was used in 5 cases (3%)%.

During this study period we faced difficulty
in venous access in some children which
prolonged the procedure time as also pointed out
by Kim et al about smaller sized vessels, larger
sheath and relatively rigid delivery system with
potential risk of damage to cardiac tissue2. There
was no tearing, perforation, avulsion, thrombus
formation cardiac temponade or death during
our study period.

We have not compared our results with the
surgical results in young children, as in this age
group parents opt for percutaneous closure
rather than having surgery.
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CONCLUSION

Transcatheter device closure of ASD in
young children is safe and effective in
experienced hands with appropriate selection of
cases.
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