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TECHNIQUE

Occlusion of congenital ventricular septal defects
by the buttoned device

Eleftherios B Sideris, Kevin P Walsh, Jorge L Haddad, Chuan-Rong Chen, Seng Gen Ren,
Hema Kulkarni on behalf of the "Buttoned device" clinical trials international register

Abstract
Objectives-To study the feasibility of
congenital ventricular septal defect occlu-
sion by the buttoned device and to estab-
lish guidelines for its safe and effective
application.
Design-A descriptive study of all
patients with a congenital ventricular sep-
tal defect undergoing transcatheter occlu-
sion with the buttoned device, from
March 1994 to May 1995. These patients
were otherwise candidates for elective
surgery at their institutions because they
had persistence of a significant shunt
(Qp:Qs = 1-5-2-1:1, median = 1.7), with
left ventricular enlargement and/or symp-
toms, although their systolic pulmonary
artery pressure was invariably normal
(20-28 mm Hg, median = 25). The angio-
graphic diameter of the defect ranged
from 2 5 to 14 mm (median 6 mm).
Setting-A multi-institutional study.
Patients-Out of 25 cases attempted, 18
children and adults aged 4-35 years had
devices implanted. Fifteen of these
patients had membranous ventricular
septal defects and three had muscular
defects. All patients with a membranous
ventricular septal defect had an associ-
ated aneurysm of the membranous sep-
tum.
Interventions-The buttoned device was
introduced either directly or, in the last 12
cases, over a wire bridging the femoral
artery and the femoral or jugular vein; the
devices were delivered through 7-9
French (F) long sheaths. A membranous
defect was regarded as suitable for device
closure if the distance from the centre of
the defect to the insertion of the right
coronary aortic valve leaflet was more
than 50% of the size of the required
device. The device was guided by
echocardiography and fluoroscopy. All
muscular defects were corrected through
the right jugular vein and all membra-
nous ones through the femoral vein.
Results-All 18 patients underwent initial
successful implantation of the device. In
thirteen patients the shunts were com-
pletely occluded and in the remainig five
there were trivial residual shunts. In two
patients with membranous ventricular

septal defects a change from the original
position was noticed at two weeks; mild
aortic regurgitation developed in one and
the murmur recurred in the other; the
devices had to be removed surgically. One
patient developed transient third degree
atrioventricular block during implanta-
tion; no tricuspid regurgitation was
observed.
Conclusion-Clinical occlusion of con-
genital ventricular septal defects was
achieved in 16 out of the 18 attempted
cases (13 full occlusions). Membranous
ventricular septal defect occlusion can be
effective and safe if patients and device
sizes are carefully selected.
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The buttoned device has been used extensively
to occlude atrial septal defects'-3 and patent
ductus arteriosus4 since 1988. We describe the
extension of its application to the occlusion of
ventricular septal defects. Occlusion of a
defect of the muscular ventricular septum is
anatomically relatively straightforward,
because the defect does not lie near the critical
structures (fig 1); therefore successful occlu-
sion of muscular ventricular septal defects was
reported early.5-7 A membranous ventricular
septal defect is more difficult to close safely by
transcatheter means because of its proximity
to critical structures (aortic valve, tricuspid
valve), the lack of a sufficient rim, and its rela-
tively large size in small children. Attempts at
transcatheter occlusion of membranous
defects using a modification of the Rashkind
device were technically successful but clini-
cally disappointing.8 The buttoned device9
may have some advantages over other devices
for the occlusion of ventricular septal defects.
These include its availability in various sizes
which can be introduced through small
sheaths; the ability of the occluder to be
manoeuvred away from critical structures; and
the fact that the counter-occluder is thin and is
unlikely to interfere with the tricuspid valve.
Furthermore the recent development of over-
the-wire placement allows even greater device
manoeuvrability. Because our goal was not the
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Figure1 Occlusion ofan outflow muscular ventricular septal defect in a 1 7year old
patient with a 2 5:1 pulmonary-systemic flow ratio. (A) Left ventricular angiogram shows
the defect (dots) in the outflow muscular ventricular septum. (B) Transoesophageal long
axial view showing the occluder well aligned with the septal surface of the left ventricular
outflow. Ao, aorta; OCC, occluder; LV, left ventnicle; RV, right ventricle.

palliation but the clinical occlusion of the
defects, selection criteria were of great impor-
tance. In this study we describe the results of
occlusion by the buttoned device of congenital
ventricular septal defects in a selected group of
patients.

Patients and methods
Between March 1994 and June 1995, 25
patients with congenital ventricular septal
defects (five muscular and 20 membranous)
were considered for transcatheter occlusion
with the buttoned device (Custom Medical
Devices, Athens, Greece). Thirteen of them
were children or adolescents (4-17 years) and
12 were adults (18-51 years). All patients who
participated in the study, or their parents, gave
informed consent to an investigational proto-
col approved by their institution before being
accepted in the study. These patients were

otherwise candidates for elective surgery at
their institutions because they had persistence
of a significant shunt (Qp:Qs = 1 5-2-5:1,
median = 1-7), with left ventricular enlarge-
ment and/or symptoms, although their systolic
pulmonary artery pressure was invariably nor-

mal (20-28 mm Hg, median = 25). The
angiographic defect diameter ranged from 2-5
to 14 mm (median 6 mm). Patients with mal-
alignment type ventricular septal defects or
with pre-existing aortic regurgitation were
excluded. Echocardiographic screening was
performed by transthoracic echocardiography,
using the apical five chamber view. We consid-
ered as appropriate for entry into the study
those membranous defects where the distance
from the centre of the defect to the right
coronary aortic valve leaflet was more than
50% of the size of the device required. The
patients selected by the transthoracic echo-
cardiography as good candidates underwent
cardiac catheterisation and angiography. A left
ventricular angiogram was performed in the
long axis view (60 left anterior oblique, 30 cra-
nial), and the size of the defect and the dis-
tance from the defect to the aortic leaflet were
measured. None of the defects were balloon
sized. Most patients underwent the procedure
under sedation with the exception of eight
patients who had general anaesthesia. Trans-
thoracic7 and transoesophageal echocardiogra-
phy9 were used in addition to fluoroscopy to
guide device placement.

TECHNQUE
A retrograde arterial right Judkins or modified
Amplatz coronary catheter connected to pres-
sure was used to cross the ventricular septal
defect from the left ventricle. When entry into
the right ventricle was verified by pressure
recording and fluoroscopy, a 0-025 inch
TSCF exchange wire (Cook, Bloomington,
Indiana), was advanced into the pulmonary
artery where it was snared to the appropriate
vein (femoral for membranous defects or jugu-
lar for muscular defects). A Mullins type long
sheath (Cook, Bloomington, Indiana) was
then passed over the wire to just above the
aortic valve (the position was verified by arter-
ial pressure obtained with a transducer con-
nected to the side-arm of the long sheath).
The size of the long sheath varied from 7F to
9F depending on the size of the occluder used.
In the last 12 cases the occluder was intro-
duced over the exchange wire and all subse-
quent manipulations were done over the
exchange wire. Other than these over-the-wire
manipulations, buttoning and release of the
device was done as described previously.'
Echocardiographic guidance by trans-
oesophageal or transthoracic approaches was
used to demonstrate good alignment of the
device without aortic or tricuspid valve
encroachment (fig 1). For defects up to 4 mm
in diameter the smallest device (15 mm) was
used; for defects up to 8 mm a 20 mm device
was used; for larger defects the criteria for
device selection for atrial septal defects were
used.3

FOLLOW UP
All patients were followed clinically and with
electrocardiograms and echocardiograms and
chest x rays for a period up to one year and
nine months after implantation (median =
one year).
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Figure 2 Modified apicalfive chamber view showing an occluder positioned in the
associated aneurysm ofa perimembranous ventricular septal defect. The device was close
to the aortic valve but did not impinge upon it. Ao, aorta; OC, occluder; COC, counter-
occluder; LA, left atrium; LV, left ventricle; RV, right ventricle.

Results
We failed to or decided not to implant a device
in seven of 25 patients who we had intended to
treat. In none of these cases was there release
of the device. Two of the defects were low
muscular (apical) and five were membranous.
The apical defects were approached from the
right jugular vein and the device could not be
advanced through the sheath at the septal
region. In three of the membranous defects,
the occluder could not be manipulated into a

good position and had to be withdrawn. In the
last two cases the device (still connected to the
loading wire) pulled through the defect and
was removed.

Eighteen patients had devices implanted.
The procedure lasted a mean of 2-5 hours and
the fluoroscopy time ranged from 0 to 60 min-
utes (median = 35 minutes). Two patients
received the smallest device (15 mm) and one

patient with multiple muscular ventricular sep-
tal defects the biggest device (40 mm). The
median device size was 25 mm. The defect size
by angiography ranged from 2-5 to 14 mm
(median = 6 mm); in one case with multiple
muscular defects, the defect size could not be
calculated accurately. Transient arrhythmias
were common during placement. A 51 year old
patient had transient third degree atrioventricu-
lar block and was left with a persistently pro-
longed P-R interval. In one patient the 25 mm
occluder pulled through and was removed and
the defect was recrossed and another 25 mm
device was successfully implanted. Thirteen
patients had immediate complete occlusion of
their defects and five were left with trivial
echocardiographic residual shunts. There was

no evidence of tricuspid or aortic regurgitation
and no persistence of significant arrhythmia.
No patient developed haemolysis or vascular
complications and all were discharged home
within 24 to 48 hours. At the two week follow

up studies the device had moved from its origi-
nal position in two of the patients. In the first
one, a 13 year old patient with a 10 mm defect
and a 17 mm aortic valve-defect distance, a
35 mm device had been placed; two weeks
later, the corner of the occluder encroached on
the right coronary aortic cusp, causing mild
aortic regurgitation. The device was extracted
during surgery and the ventricular septal defect
was repaired. The second patient, a 35 year
old patient with a 10 mm defect, a 12 mm aor-
tic valve-defect distance, and a 25 mm device,
had full occlusion at 24 hours with no mur-
mur; there was recurrence of the murmur and a
moderate residual shunt at two weeks and the
device appeared to have tilted and was there-
fore removed surgically and the defect closed.
The remaining 16 patients were asymptomatic.
Thirteen had complete occlusion and three
continued to have a ventricular septal defect
murmur with trivial shunts on echocardiogra-
phy. The three with muscular defects with
implanted devices had complete occlusion.
Chest radiography showed no evidence of
device wire fractures.

Discussion
Eighteen out of the 25 attempted cases with a
congenital ventricular septal defect had a suc-
cessful implantation; all patients with devices
implanted appeared to have a good initial
result. Very low muscular (apical) defects were
difficult to cross with the long sheath, without
kinking or narrowing of the sheath, which
impedes easy device delivery.

Three of five muscular defects were
occluded, which accords with results obtained
by other investigators using different devices.5-
Indeed our three cases were remarkable by the
absence of haemodynamic instability,
hypotension, and the need for transfusions
noted by the Boston group, probably because
they were larger but also because the long
sheaths used to deliver the devices are signifi-
cantly smaller.'0

Fifteen patients with membranous defects
had devices implanted and two of these were
removed surgically. We showed, by pulling
two devices through the membranous defect,
that angiographic estimation of the defect may
result in undersizing as we have previously
shown with atrial septal defect occlusion.8
Balloon sizing was not performed in any of our
cases because we did not want to prolong an
already long procedure by one more step and
there was concern that balloon sizing could
disrupt the associated aneurysmal tissue.
Indeed we thought that by using the largest
allowed device we would easily exceed the
device/defect ratio established during our
experience with atrial septal defect occlusion."
Use of the largest allowed device was probably
unwise because when we followed this rule we
had our only case of aortic regurgitation; we
now advocate selection of a device that is at
least 2 mm smaller than the aortic valve-defect
distance. A 30 mm device instead of the
35 mm used, may have avoided the observed
aortic encroachment.
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On an intention to treat basis our results
with membranous defects are not quite as
good as surgery in this group of patients and
probably reflect a learning curve in terms of
patient selection and procedure performance.
However, surgery has a universal morbidity
and also an incidence of residual shunts.
Thirteen of the 15 patients in whom we
implanted a device have an effective occlusion.
Although three of these have a trivial residual
shunt, the results in this group of patients are
comparable to surgery.
We found no evidence of tricuspid regurgi-

tation, haemolysis or thromboembolic
episodes. A possible explanation for the
absence of significant tricuspid regurgitation is
the shape of the counter-occluder. The
counter-occluder is a thin disc made with one
wire which does not appear significantly to
interfere with the tricuspid valve on the right
side of the defect. The lack of observed
haemolysis is probably related to the absence
of sizeable residual shunts and the appropriate
alignment of the device.
Our indication for the occlusion of mem-

branous ventricular septal defects was the per-
sistence of a significant shunt after early
childhood in patients in whom surgery would
otherwise have been planned. This indication
is not as clear cut as for closure of ventricular
septal defects in infancy.' Clearly there is con-
cern that the persistence of a trivial residual
shunt and a prosthetic device in three of the
patients could increase their risk of endocardi-
tis.

In conclusion, we found the occlusion of
congenital ventricular septal defects by the
buttoned device to be a feasible, effective, and
safe treatment for a carefully selected sub-
group of membranous and muscular defects.
All double disc devices, including the but-

toned device, have limitations for septal occlu-
sion because they require large margins for
stability which then results in the device
encroaching on nearby critical structures.
Better patient selection or different device
design is needed to improve results and widen
the applicability of transcatheter occlusion to
ventricular septal defects.

Twenty eight patients with congenital VSDs have been
repaired up to December 1996 (including the 18 reported
here). Twenty three were membraneous. All patients were
doing well and free from intervention at follow up (5-32
months).
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