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Percutaneous closure of perimembranous ventricular septal
defects associated with septal aneurysm in adults

Eriskinlerde septal anevrizmanin eslik ettigi perimembran6z
ventrikuler septal defektlerin perkutan kapatiimasi
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ABSTRACT

Objective: Percutaneous closure of perimembranous ven-
tricular septal defects (pmVSD) has become an accepted
alternative to surgical closure in selected cases. However,
closure of pmVSDs associated with septal aneurysm is more
challenging. We report our experience of device closure of
pmVSDs associated with septal aneurysm.

Methods: Between 2008 and 2012, percutaneous closure of
pmVSD associated with septal aneurysm was attempted in 11
adult patients in our institution. The patients were followed up
at 1, 3, 6, and 12 months after the procedure.

Results: Mean age of the patients (64% male, 36% female)
was 36.2+1.3 years. Diameter of the left and right ventricular
openings of the aneurysm measured by ventriculography was
13.5+5.6 mm and 5.9+2.2 mm, respectively. The defect was
occluded with Amplatzer pmVSD Occluder in 4 patients, Am-
platzer Muscular Ventricular Septal Defect Occluder in 4 pa-
tients, Amplatzer Duct Occluder | in 1 patient, and Amplatzer
Duct Occluder Il in 2 patients (AGA Medical Corp., Plymouth,
MN, USA). The procedure was succesfull in all patients. Mean
follow-up time was 22+1.9 months. There was no device- or
procedure-related complications at the acute setting or mid-
term follow-up.

Conclusion: Percutaneous closure of pmVSDs associated
with aneurysm is more challenging than that of simple de-
fects. The selection of the device type and size should be
made according to the configuration and size of the aneurysm
and defect.

Ventricular septal defects are the most common
congenital heart defect constituting more than
20% of all congenital heart diseases.!"! Of these de-
fects, 80% involve the membranous septum. With the

OZET

Amac: Perimembrandz ventrikiler septal defektlerin (pmVSD)
perkitan olarak kapatiimasi secilmis olgularda cerrahi kapat-
maya sec¢enek olarak kabul gérmustur. Ancak septal anevriz-
manin eslik ettigi pmVSD’lerin kapatilmasi daha zorlayicidir.
Bu makalede septal anevrizmanin eslik ettigi pmVSD’lerin ci-
haz ile kapatiimasi ile ilgili deneyimlerimizi bildirdik.
Yéntemler: Merkezimizde 2008-2012 yillar arasinda septal
anevrizmanin eslik ettigi pmVSD’si olan 11 olguda perkitan
kapatma girisiminde bulunuldu. Islem sonrasi 1., 3., 6. ve 12.
aylarda hastalarin klinik takipleri yapildi.

Bulgular: Hastalarin ortalama yasi 36.2+1.3 (%64 erkek,
%36 kadin) idi. Ventrikulografide interventrikuler septumdaki
anevrizmanin sol ve sag ventrikule olan acikliklarinin cap-
lari sirasi ile 13.5£5.6 mm ve 5.9+2.2 mm idi. Defektin ka-
patilmasinda 4 hastada Amplatzer pmVSD okluder cihazi, 4
hastada Amplatzer muskuler ventrikuler septal defekt okluder
cihazi, 1 hastada Amplatzer Duct okluder-1 cihazi, 2 hastada
ise Amplatzer Duct okluder-II cihazi kullaniimasi tercih edildi.
Butun hastalarda islem basarili olarak tamamlandi. Hasta-
lar islem sonrasi ortalama 22+1.9 ay takip edildi. Erken veya
orta donem takipte cihaz veya islemle iliskili hichbir komplikas-
yon gelismedi.

Sonuc: Anevrizmanin eslik ettigi pmVSD’lerde perkutan ka-
patma basit defektlere gore daha zorlayicidir. Cihaz tipinin ve
boyutunun secimi anevrizma ve defektin sekline ve boyutuna
gore yapilmalidir.

introduction of eccentric perimembranous ventricular
septal defect (pmVSD) occluder devices, percutane-
ous closure of pmVSDs has become an alternative
to surgical closure.) However, closure of pmVSDs
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associated with septal aneurysm is more challenging,
and various types of devices have been used to oc-
clude these type of defects.*®! We report our expe-
rience of device closure of pmVSDs associated with
septal aneurysm.

METHODS

Between 2008 and 2012, percutaneous closure of pm-
VSD associated with septal aneurysm was attempted
in 11 adult patients in our institution. The indication
for closure was the presence of hemodynamically sig-
nificant pmVSD demonstrated by cardiac catheteriza-
tion (Qp:Qs>1.5). The defect was examined pre-pro-
cedurally by transthoracic (TTE) and transesophageal
echocardiography (TEE) to assess the localization
and size of the defect and aneurysm, as well as the
relationship with respect to the aortic and tricuspid
valves. Cardiac catheterization and left ventriculog-
raphy were performed to calculate the shunt volume
and evaluate the defect size and position. The defects
causing hemodynamically significant left-to-right
shunt that were at least 2 mm away from the aortic
valve and localized in the infracristal position were
considered suitable for percutaneous closure.

The procedures were performed under general an-
esthesia with transesophageal echocardiographic and
fluoroscopic guidance. The left ventricular opening of
the aneurysm was defined as the inlet portion of the an-
eurysm, and right ventricular opening of the aneurysm
was defined as the outlet portion of the aneurysm. The
diameter of the left ventricular opening of the aneu-
rysm (the inlet portion) and the diameter of the defect
(outlet portion of the aneurysm) were determined by
echocardiography and left ventriculography. The clo-
sure procedure was performed in accordance with the
technique described in previous reports.[”? The defect
was crossed from the left ventricular side by using a
right Judkins catheter, and a 0.035” glide wire was ad-
vanced to the pulmonary artery. The catheter was then
advanced over this wire to the pulmonary artery. The
glide wire was exchanged for a 0.035” noodle wire
(AGA Medical Corp. Plymouth, MN, USA), which
was then snared and exteriorized from the right femo-
ral vein, forming an arteriovenous wire loop. The de-
livery sheath was advanced over the guide wire from
the femoral vein and across the defect into the apex
of the left ventricle (LV). The device was loaded and
advanced to the left ventricular apex. The distal disc

was deployed Abbreviations:
in the LV and ,,

withdrawn
baCk to the sep- PmVSD  Perimembranous ventricular septal defect

. RV Right ventricle
tum. The proxi- .

mal disc was 7178
then  opened.

In some cases, it was difficult to position the sheath
in the left ventricular apex. In those cases, the sheath
was left in the ascending aorta, and the left ventricu-
lar disc was opened under the aortic valve. The de-
vice was released after confirming the device position
and normal function of the aortic and atrioventricular
(AV) valves by TEE and angiography.

Atrioventricular
Left ventricle

Transesophageal echocardiography
Transthoracic echocardiography

Four devices were used to occlude pmVSD asso-
ciated with septal aneurysm: Amplatzer pmVSD Oc-
cluder, Amplatzer Muscular Ventricular Septal Defect
Occluder Device, Amplatzer Duct Occluder I, and
Amplatzer Duct Occluder II (AGA Medical Corp.,
Plymouth, MN, USA). Patients were prescribed an-
tiplatelet therapy and endocarditis prophylaxis for 6
months.

Patients were followed up at 1, 3, 6, and 12 months
after the procedure by TTE and TEE. All patients un-
derwent 24-hour electrocardiography Holter monitor-
ing at 6-month follow-up. The study protocol was ap-
proved by the local ethics committee.

RESULTS

Mean age of the patients (64% male, 36% female) was
36.2+1.3 years. Demographic and clinical character-
istics of the patients are shown in Table 1. Average
diameter of the defect at the outlet portion of the aneu-
rysm was 5.9£2.2 mm (range: 3—9 mm), as measured
by angiography. Average diameter of the left ven-
tricular opening of the aneurysm was 13.5£5.6 mm
(range: 5-20 mm). One patient had 2 defects within
the aneurysm. Amplatzer pmVSD Occluder was used
in 4 patients, Amplatzer Muscular Ventricular Septal
Defect Occluder in 4 patients, Amplatzer Duct Oc-
cluder I in 1 patient, and Amplatzer Duct Occluder 11
in 2 patients. The closure procedure was successful in
all of the patients.

Amplatzer pmVSD Occluder was chosen in 4
patients (Table 1) who had cone-shaped small aneu-
rysms associated with ventricular septal defect. In
those cases, there was adequate distance between the
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Table 1. Demographic, clinical, and procedural characteristics of patients

Patient Age Gender Anerysm Defect Distance from Qp/Qs Device
number (years) inlet size size the aortic

(mm) (mm) valve (mm)
1 26 Male 5 4 2 2.2 PmVSD occluder
2 18 Female 18 8 4 2.0 Muscular VSD occluder
3 36 Male 20 5 8 1.6 Muscular VSD occluder
4 36 Male 19 5) 4 1.6 ADO I
5 42 Female 19 8 6 1.7 Muscular VSD occluder
6 62 Male 11 8 8 2.0 PmVSD occluder
7 21 Male 13 9 2 1.7 ADO |
8 49 Female 8 3 7 1.6 PmVSD occluder
9 49 Female 5 3 8 1.7 PmVSD occluder
10 23 Male 14 5) 8 2.1 ADO Il
11 36 Female 17 8 5 1.7 Muscular VSD occluder

ADO: Amplatzer Duct Occluder; PmVSD: Perimembraneous ventricular septal defect.

aortic valve and the left ventricular opening of the an-
eurysm, with a range of 2—-8 mm (Table 1). The de-
fect was closed at the inlet portion of the aneurysm
by anchoring the distal disc of the occluder at the left
ventricular opening of the aneurysm and aiming to
compress the aneurysm and defect between the proxi-
mal and distal discs of the device. Some mushroom-
ing appearance towards the right ventricle (RV) was
seen in 2 cases (Figure 1).

Amplatzer Muscular Ventricular Septal Defect Oc-
cluder was used in 4 patients who had a large circular
aneurysm associated with pmVSD. The defect was

closed at the true anatomic hole by anchoring the dis-
tal disc of the device at the left side of the outlet por-
tion of the aneurysm, hence placing the device within
the aneurysmal pouch (Figure 2).

Amplatzer Duct Occluder I was preferred in 1 pa-
tient who had a large tunnel-shaped aneurysm asso-
ciated with defect, resembling that of a patent ductus
arteriosus (Table 1). The distance between the aortic
valve and left ventricular opening of the aneurysm was
short. The retention skirt of the device was deployed in
the ascending aorta and withdrawn back to the septum.
The retention skirt was situated within the aneurysm,

B

of the right ventricular disc has occurred.

Figure 1. (A) Left ventricular angiogram in the left anterior oblique view, demonstrating pmVSD associated with a small septal
aneurysm (Patient 8 in Table 1). (B) Cine image during deployment of the left ventricular disc of an 8-mm Amplatzer pmVSD
Occluder in the left ventricle. The left ventricular disc is pulled towards the ventricular septum, anchoring the proximal disc at the
left ventricular opening of the aneurysm. (C) Cine image showing the deployment of the right ventricular disc. (D) Left ventricular
angiogram after the device has been released, indicating no residual shunt. However, some mushrooming appearance (arrow)
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Figure 2. (A) Apical 4-chamber view from transthoracic echocardiography demonstrating a pmVSD (arrow) associated with a
large septal aneurysm (Patient 2 in Table 1). (B) Left ventricular angiogram in the left anterior oblique view showing the pmVSD
and septal aneurysm. (C) Cine image immediately after deployment of the 10-mm Amplatzer Muscular Ventricular Septal Defect
Occluder, occluding the defect at the outlet portion of the aneurysm. (D) Left ventricular angiogram after release of the device,
demonstrating that the device is in good position with the left ventricular disc within the aneurysm and there is no residual shunt.

Figure 3. (A) Left ventricular angiogram in the left anterior oblique view demonstrating pmVSD with a tunnel-shaped large septal
aneurysm (Patient 7 in Table 1). (B) Cine image showing deployment of the retention disc of the Amplatzer Duct Occluder | in the
ascending aorta. The retention disc is then pulled into the aneurysm, and the rest of the device is deployed. (C) Left ventricular
angiogram demonstrating the device situated in the septal aneurysm prior to release from delivery cable. (D) Left ventricular

angiogram in left anterior oblique view demonstrating the device is in good position and there is no residual shunt.

and the rest of the device was deployed (Figure 3).

Amplatzer Duct Occluder II was used in 2 pa-
tients. One of them had dextrocardia associated with
pmVSD, which was reported previously,® and the
other patient had 2 small defects within the aneurysm.
In those cases, a good delivery sheath positon in the
LV could not be achieved because of the configura-
tion of the defect and aneurysm. Therefore, retrograde
approach was used to deploy the device. Using retro-
grade approach, the distal disc of the device was ini-
tially deployed in the RV; accordingly, a device with
symmetrical discs was required. Amplatzer Duct Oc-
cluder II was preferred in those cases, as it could be
delivered through a small delivery catheter.

A trivial residual shunt was detected by ventricu-
lography in 4 patients immediately after implantation
of the device. However, complete closure was ob-

served by TTE in all patients at time of discharge. All
patients remained in sinus rhythm, and no arrhythmia
or conduction defect was observed. There was no dys-
function of the aortic or AV valves. The patients were
followed-up at a mean of 22+1.9 months. There was
no device- or procedure-related complications at the
acute setting or mid-term follow-up.

DISCUSSION

Perimembranous ventricular septal defect is the most
common congenital heart disease, and percutaneous
closure has become an alternative to surgical closure
in most cases. However, the proximity of the margins
of the pmVSD to the conduction system, aortic valve,
and AV valves increases the risk of adverse events re-
lated to percutaneous closure. The presence of aneu-
rysmal tissue around a pmVSD makes the morphol-
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ogy and device selection even more complex. Several
types of devices and techniques have been used for
percutaneous closure of pmVSDs associated with sep-
tal aneurysm. Occlusion of these type of defects with
the eccentric pmVSD occluder have been attempted,
but disfigurement of the device has been reported.’”!
Mushrooming appearance of the body and right disc
can occur when a pmVSD occluder is used in patients
with septal aneurysm. Similar to those reported cases,
mushrooming effect was observed in 2 patients in the
present study whose defect was occluded with a pm-
VSD occluder at the left ventricular opening of the
aneurysm.

In cases with a large aneurysmal pouch which
seems to accommodate the left ventricular disc of the
occluder device, the defect was closed at the outlet
portion of the aneurysm by anchoring the left ventric-
ular disc of the occluder at the left side of the outlet
portion of the aneurysm. The type of occluder device
was selected based on the size and shape of the aneu-
rysm and the defect. The Amplatzer Muscular Ven-
tricular Septal Defect Occluder was used in patients
who had a large circular aneurysm. Diameter of the
aneurysmal pouch was taken into consideration to be
certain that the aneurysm would accommodate the
distal disc of the muscular ventricular septal defect
occluder device.

The morphology of some pmVSDs associated
with aneurysm resembles that of patent ductus arte-
riosus, with a large opening on the left ventricular side
and a restrictive opening on the right ventricular side.
Therefore, occlusion of these types of defects with de-
vices designed for patent ductus arteriosus has been at-
tempted in a small number of patients.**!% We chose
to use the Amplatzer Duct Occluder I in a patient with
a tunnel-shaped aneurysm. The retention skirt was
implanted within the aneurysm, and the cylindrical
portion was secured in the opening of the aneurysm
to the RV. El Said et al. reported that suitability of
the Amplatzer Duct Occluder I was assessed accord-
ing to the configuration of the aneurysm and defect.[!
Amplatzer Duct Occluder I was found to be suitable if
the orientation of the right ventricular opening of the
aneurysm was at an acute angle to the interventricu-
lar septum. Although long-term follow-up data is not
available for the Amplatzer Duct Occluder I, no de-
vice disfigurement or conduction block was reported
in the acute setting or at mid-term follow-up.®!

Amplatzer Duct Occluder Il was used in a patient
with multiple holes within the aneurysm and in a pa-
tient with dextrocardia. Because of the configuration
of the defect and aneurysm, retrograde approach was
used to deploy the device. Therefore, Amplatzer Duct
Occluder II with symmetrical discs was preferred.
Having symmetrical discs, Amplatzer Muscular Ven-
tricular Septal Defect Occluder might have been an
alternative in those cases. However, Amplatzer Duct
Occluder II can be delivered through a smaller deliv-
ery sheath, which could be advantageous in manipu-
lating the delivery system and the device.

Implantation of the occluder device at the right
ventricular opening of the aneurysm places the device
within the aneurysm at a distance remote from the aor-
tic valve and conduction tissue. This may be related to
decreased risk of AV block and interference with the
aortic valve. Accordingly, the absence of conduction
disorders in our patients as well as those reported in
previous studies®™® might be related to the implanta-
tion of the device away from the conduction tissue.

Limitations

This study is limited by its small sample size. Larger
series with longer follow-up data are needed to reach
conclusions reagarding the suitability, efficacy, and
safety of each device.

In conclusion, percutaneous closure of pmVSDs
associated with septal aneurysm is feasible, but pm-
VSD occluder devices seem to be unsuitable for these
defects. However, if the aneurysm is small, the device
could cover the hole and aneurysmal tissue. In cases
of large aneurysms, implantation of the device within
the aneurysm and occlusion of the true anatomic hole
might be considered. Selection of the device should
be made according to the configuration and size of the
aneurysm and anatomic hole.

Acknowledgements

The data of the present study was presented at the 29"
Turkish Cardiology Congress in an oral presentation.

Conflict-of-interest issues regarding the authorship or
article: None declared

REFERENCES

1. Anderson RH, Becker AE, Tynan M. Description of ventricu-
lar septal defects--or how long is a piece of string? Int J Car-
diol 1986;13:267—-78. CrossRef


http://dx.doi.org/10.1016/0167-5273(86)90114-2

704

Turk Kardiyol Dern Ars

Butera G, Chessa M, Carminati M. Percutaneous closure of
ventricular septal defects. State of the art. J Cardiovasc Med
(Hagerstown) 2007;8:39—45. crossRef

Pedra CA, Pedra SR, Esteves CA, Pontes SC Jr, Braga SL,
Arrieta SR, et al. Percutaneous closure of perimembranous
ventricular septal defects with the Amplatzer device: techni-
cal and morphological considerations. Catheter Cardiovasc
Interv 2004;61:403—10. CrossRef

Tan CA, Levi DS, Moore JW. Percutaneous closure of peri-
membranous ventricular septal defect associated with a ven-
tricular septal aneurysm using the Amplatzer ductal occluder.
Catheter Cardiovasc Interv 2005;66:427—-31. CrossRef

Bian C, Ma J, Wang J, Xu G, Jiang J, Yao S, et al. Perimem-
branous ventricular septal defect with aneurysm: two options
for transcatheter closure. Tex Heart Inst J 2011;38:528-32.

El Said HG, Bratincsak A, Gordon BM, Moore JW. Closure of
perimembranous ventricular septal defects with aneurysmal
tissue using the Amplazter Duct Occluder I: lessons learned
and medium term follow up. Catheter Cardiovasc Interv
2012;80:895-903. Crosskef

10

Hijazi ZM. Device closure of ventricular septal defects. Cath-
eter Cardiovasc Interv 2003;60:107—14. CrossRef

Ergene O, Nazli C, Kocabas U, Duygu H, Akyildiz ZI, Hi-
jazi ZM. Percutaneous closure of perimembranous ventricular
septal defect with an Amplatzer Duct Occluder in a dextrocar-
dia patient. Int J Cardiol 2011;150:77-80. CrossRef

Masura J, Gao W, Gavora P, Sun K, Zhou AQ, Jiang S, et
al. Percutaneous closure of perimembranous ventricular sep-
tal defects with the eccentric Amplatzer device: multicenter
follow-up study. Pediatr Cardiol 2005;26:216-9. CrossRef

. Dilawar M, Numan M, El-Sisi A, Gendi SM, Ahmad Z. Per-

cutaneous closure of ventricular septal defect associated with
tunnel-shaped aneurysm using the Amplatzer duct occluder.
Pediatr Cardiol 2008;29:366—70. CrossRef

Keywords: Congenital heart disease; percutaneous closure; ven-
tricular septal defect.

Anahtar sézclikler: Konjenital kalp hastaligi; perkutan kapatma;
ventrikuler septal defekt.


http://dx.doi.org/10.2459/01.JCM.0000247434.59451.d7
http://dx.doi.org/10.1002/ccd.10797
http://dx.doi.org/10.1002/ccd.20499
http://dx.doi.org/10.1002/ccd.23074
http://dx.doi.org/10.1002/ccd.10567
http://dx.doi.org/10.1016/j.ijcard.2009.11.016
http://dx.doi.org/10.1007/s00246-005-1003-7
http://dx.doi.org/10.1007/s00246-007-9092-0

