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Abstract

The success rate and the most suitable catheter tip for crossing over various types of ventricular septal
defects (VSDs) were examined as a preliminary study for transcatheter closure of VSD.

The 18 consecutive patients with various types of VSD were aged from 1 to 95 (mean [+ SD] 13+22)
months. Body weight was 3.7 to 25.0 (8.0%5.1) kg. Two-dimensional echocardiography showed that the
maximal diameter of the defects ranged from 1.0 to 12.0 (7.5£3.1) mm. There were 10 patients with
perimembranous defects, 4 with outlet defects, 2 with muscular defects, and 2 with tetralogy of Fallot with
perimembranous defects. An angiographic balloon catheter, or an original or modified Judkins right coro-
nary catheter could be passed through the VSD antegradely or retrogradely in 16 of 18 patients. In only
two patients, with a small VSD of 2.0 and 1.0 mm, the catheter could not cross over the defect. The
catheter entered the ascending aorta antegradely in 12 cases.

The Judkins right coronary catheter is most suitable for crossing a VSD either antegradely or retro-

gradely.
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Current progress in catheter interventional tech-
niques is facilitating transcatheter closure of con-
genital cardiac defects. However, transcatheter clo-
sure of ventricular septal defect (VSD) remains
challenging'-. Closing of any defect by catheter in-
tervention requires the catheter to cross over the
defect. Passing across a VSD is a much less com-
mon procedure than crossing an atrial septal defect
or patent ductus arteriosus®.

We examined the success rate, and the most suit-
able shape of the catheter tip for crossing various
types of VSD.

SUBJECTS AND METHODS

Eighteen consecutive patients with various types

22) months. Body weight was 3.7 to 25.0 (8.0+5.1)
kg.

Two-dimensional echocardiography showed that
the maximal diameter of the defects ranged from 1.0
to 12.0 (7.5+3.1) mm. Ten patients had a perimem-
branous defect, including a pouch formation of the
septal leaflet in one, and three were complicated by
slight anterior malalignment. There were four pa-
tients with outlet defects, two with muscular de-
fects, and two with tetralogy of Fallot with
perimembranous defects.

During routine cardiac catheterization to evaluate
the indications for surgical treatment, we examined
the feasibility of the crossing VSD either ante-
gradely or retrogradely using either an angiographic
balloon catheter, or the original Judkins right coro-
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Selected abbreviations and acronyms

VSD =ventricular septal defect

nary catheter (2.0 or 2.5) or a modification (3.0).
Informed consent for this study was obtained
from the parents.

RESULTS

In 16 of the 18 patients an angiographic balloon
catheter or an original or a modified Judkins right
catheter could be passed through the VSD within 15
min. If these catheters could not be passed through
the VSD in 30 min, we discontinued the trial.

An angiographic balloon catheter introduced
antegradely passed through the defect without bal-
loon inflation in two cases of muscular defect (Fig.
1), and in three cases of perimembranous defect.
The catheter was easily introduced to the left ven-
tricle by clockwise rotation and pushing at the api-
cal or the perimembranous portion in the right ven-
tricle. To introduce the catheter to the aorta, the
catheter tip was deflected in the left ventricle using a
guide wire. Once the catheter tip was turned to the
left ventricular outflow, balloon inflation brought it
to the aorta. The original or modified Judkins right
catheter was used successfully to cross the outlet
and all other perimembranous defects, two retro-
gradely and the others antegradely (Table 1, Figs. 2,
3). In two patients (cases 15 and 16) with a small
outlet defect of 2.0 and 1.0 mm, the catheter failed
to cross the defect either antegradely or retro-
gradely.

In the antegrade approach to an outlet defect, the
catheter could be passed across the defect by direct-
ing the tip of catheter posteriorly to face the ven-
tricular septum in the right ventricular outflow using
a Radifocus® guide wire (Terumo, Tokyo). In the
retrograde approach, the catheter could be advanced
across the outlet or perimembranous VSD by turn-
ing the catheter tip anteriorly in the left ventricle,
similar to inserting the Judkins catheter in the right
coronary artery. In the antegrade approach to
perimembranous defects, advancing the catheter
with a clockwise rotation in the right ventricular in-
flow easily introduced the catheter into the left ven-
tricle and ascending aorta (Figs. 1, 3).

The angiographic balloon and the original or
modified Judkins catheter entered the ascending

aorta in 12 of the 14 cases in which the VSD could
be passed antegradely.

The shape of the catheter is suitable for crossing
the VSD either antegradely or retrogradely, so we
devised a modified catheter from a Judkins right
catheter 3.0 (Fig. 4; Cathex, Tokyo). This modifica-
tion has a deeper angulation at the distal curve than
the original to make it more suitable for passing
through the defect. The proximal portion of this
catheter is made of polyurethane with stainless steel
mesh, but the distal 40 mm is elastic without a braid,
so that it is safe and easy to handle in the ventricle.
There are four side holes in the distal end, with the
softened catheter tip tapered to 0.032 inch in inner
diameter, which permits safe left ventriculography
or aortography with the antegrade approach.

There was no complication associated with cross-
ing the VSD, and the catheter was easily stabilized
in the left ventricle. Although transient ventricular
arrhythmias, that did not need any treatment, some-
times occurred following ventriculography using
the end hole catheter, a modified catheter with side
holes and softened catheter tip enabled safer, good
quality left ventriculography than that achieved us-
ing the end hole catheter.

DISCUSSION

Most ducts can be closed by devices such as coils,
the Rashkind occluder, buttoned device, etc., and
around 60% of atrial septal defects may be candi-
dates for transcatheter closure®. Various devices
have been developed to close an atrial septal defect
by catheter intervention, and animal experimental
work has investigated transcatheter suture closure
of atrial septal defects®. Although there are a few
reports of VSD closure by these devices'™, the
methodology is still challenging. All of these de-
vices basically have a similar structure, that is a
double disc structure, so a catheter must be passed
through the defect before closing the VSD.

Our results show that it is possible to cross most
VSDs with a maximum diameter of larger than 5
mm measured by echocardiography. As most VSDs
that need to be closed are usually larger than 5 mm,
these defects have the minimal requirement of
transcatheter closure. One exception is the outlet
defect that is decreased in size by the herniated right
coronary cusp. As shown in our study, the defect in
this condition is often too small to allow the catheter
to pass.
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Fig. 1 Antegrade aortography and left ventriculography through muscular defect using an angiographic balloon catheter
(case 13)

A, B : Frontal and lateral projections of aortography.
C, D : Left anterior oblique of 45 degrees with cranial angulation of 30 degrees, and right anterior oblique of 30
degrees by left ventriculography.

J Cardiol 1997; 30: 265-271



268

Tomita, Fuse, Chiba

Table 1 Clinical characteristics

No. Mo Sex Weight (kg) Height (cm) Location Size (mm) Complication Catheter Route
1 17, F 8.6 74/5) Perimem 6.0 PH 4F m-JR R
2 5 F 6.5 64.5 Perimem 5.0 PH, PDA 5F balloon A
3 5 M 6.1 64.5 Perimem 10.0 LSVC, MR 4F o-JR A
4 10 F 5.8 63.8 Perimem, PSL 5.0 PDA, PH, Down 4F m-JR A
5 7 F 6.6 67.8 Perimem-mal 8.5 PH 4F o-JR A
6 22 M 10.0 85.0 Perimem 5.0 RVOTO, RAA 4F 0-JR A
7/ 5 M 5.6 63.0 Perimem-mal 9.0 PH SF balloon A
8 1 E 357 50.4 Perimem-mal 10.0 TF 4F o-JR A
9 23 M 11.6 86.6 Perimem-mal 10.0 TF, RAA 5F m-JR A
10 S M 5.6 63.0 Perimem-mal 9.0 PH 5F balloon A
11 4 F 53 63.0 Perimem 10.0 PH SF m-JR A
12 2 M 43 58.0 Perimem 12.0 PH SF m-JR A
13 4 M 5:1 63.0 Outlet 10.0 PH 4F 0-JR A
14 18 M 10.7 84.0 Outlet 6.0 PH 4F m-JR R
15 95 M 25.0 128.0 Outlet 2.0 RCCH, AR 4F o-JR —
16 37 M 13.8 93.0 Outlet 1.0 RCCH 4F m-JR —
17 2 F 3.8 573 Muscular 10.0 PH SF balloon A
18 3 F 519 61.0 Muscular 7.0 PH SF balloon A
Mo=months; F=female; M=male; Perimem=perimembranous; PSL=pouch formation of septal leaflet; mal=malalignment; PH=

pulmonary hypertension;
tricular outflow tract obstruction;
m=modified;

regurgitation;

A

o=original;

PDA = patent ductus arteriosus;

JR =Judkins right;

R =retrograde;

LSVC=left superior vena cava;
RAA=right aortic arch; TF=tetralogy of Fallot;

MR = mitral regurgitation;
RCCH=right coronary cusp herniation;

A=antegrade.

RVOTO=right ven-
AR =aortic

Fig. 2 Retrograde crossing using a modified Judkins right catheter through an outlet defect (case 11)

The catheter tip was in the right ventricle as confirmed by pressure study and test injection.
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Fig.3 Antegrade aortography and left ventriculography through a perimembranous defect using an original Judkins right
catheter (case 6)

A, B : Frontal and lateral projections of aortography.
C, D : Frontal and lateral projections of left ventriculography.

J Cardiol 1997; 30: 265-271



270 Tomita, Fuse, Chiba

Fig. 4 Modified Judkins right catheter with side holes and soft catheter tip

Although a little modification is sometimes nec-

essary, the shape of the Judkins catheter is ideal for CONCLUSION

crossing a VSD regardless of its location. In small
infants with a VSD and without a foramen ovale, the
modified catheter with side holes is useful to avoid
damage to the femoral artery by omitting retrograde
left heart catheterization.

£3

The Judkins right catheter can be passed through
most VSDs that need to be closed. A modified type
with side holes is useful for omitting retrograde
left heart catheterization, and will be useful in
transcatheter closure of VSD in the future.

#
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