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Transcatheter occlusion of the arterial duct with
Cook detachable coils: early experience
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Abstract
Objective-To assess the effectiveness of
modified, controlled release Gianturco
coils for transcatheter occlusion of the
arterial duct.
Design-Prospective study, approved by
local medical ethics committee.
Setting-Tertiary paediatric cardiac cen-
tre.
Patients-43 patients with left to right
shunting through the arterial duct, two of
whom had a residual leak after surgical
ligation and three had residual shunting
after previous Rashkind umbrella
implantation.
Intervention-Transcatheter delivery of
one or more coils to the arterial duct.
Main outcome measures-Complete
occlusion of the arterial duct, based on
intention to treat and judged by Doppler
echocardiography. Absence of flow dis-
turbance in the branch pulmonary arter-
ies and the descending aorta following the
procedure. Assessment of cost of the dis-
posable items used.
Results-At a median follow up period of
three months complete duct occlusion
was achieved in 37 (86%) of the 43
patients. No flow disturbance in the
branch pulmonary arteries or the
descending aorta was detected in any
patient. The median cost of disposable
items used during the procedure was
£342.
Conclusions-The Cook detachable coil is
an effective and financially attractive
alternative to the Rashkind umbrella for
closure ofthe arterial duct.
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Transcatheter occlusion of the arterial duct
(ductus arteriosus) has been attempted with
several different devices with varying success.

Despite initial enthusiasm, none of these tech-
niques has proven to be superior to surgical
ligation when judged by complete occlusion of
the duct or cost-effectiveness. The Rashkind
double umbrella was considered to be the
treatment of choice for patients with isolated
left to right ductal shunting at our centre
between 1989 and 1994; we found residual
ductal shunting in 21% of patients and the
mean cost of consumables for the procedure

was £3198. This incidence of residual
shunting and the high cost of the procedure
led us to investigate an alternative device.
Early experience at other centres using simple
Gianturco embolisation coils has met with
some success"A but the absence of any mecha-
nism to control the release of the coil has led
to a reluctance for the technique to be widely
employed. The Cook detachable coil (Cook
UK Ltd) is a Gianturco coil modified such
that it is attached to a delivery wire which
allows control over both the positioning of the
coil and its release. This design has the addi-
tional advantage that retrieval of the coil is
possible up until the moment it is released
from the delivery wire. The coils are available
with diameters of 5 or 8 mm and in variable
lengths which result in the deployed coil hav-
ing three, four, or five turns.

Methods
PATIENTS
All patients referred to our centre with a left to
right ductal shunt as their primary cardiac
anomaly were considered for entry to the
study, but patients who were in overt heart
failure were excluded. In each case written
information explaining the study and the alter-
native choices of surgery or umbrella implan-
tation in place of coil occlusion was provided.
The study was approved by the local medical
ethics committee and informed consent was
obtained in each case.
The patient's ages ranged between six

weeks and 67 years (median 30 months) and
their weights between 2-7 and 90 (median 13)
kg. Two patients also had a small ventricular
septal defect, three had previous Rashkind
umbrella implantation and a residual shunt
(one of whom also had congenital complete
heart block and a permanent epicardial pace-
maker), two had a residual leak after surgical
ligation of the duct, one had Down's syn-
drome, and another with multiple abnormali-
ties also had mild valvar pulmonary stenosis
and an atrial septal defect. The 67 year old
patient had ischaemic heart disease and the
duct was electively occluded before coronary
artery bypass grafting.

PROCEDURES
The procedures were performed under general
anaesthesia in all cases except for the patient
awaiting coronary artery bypass surgery.
Femoral vascular access was used in each case.
In 20 patients venous catheterisation alone
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was used, two patients had only arterial
catheterisation, and the remaining 21 had
both arterial and venous catheterisation.
Antibiotic prophylaxis (a cephalosporin) was
given at the start of the procedure and contin-
ued for two days. Heparin (50 units/kg) was
given to patients who had arterial catheterisa-
tion. A 4F sheath and catheter was used for all
arterial catheterisation and either a 4F or a 6F
sheath was used for venous catheterisation.
Aortography was performed in the lateral
projection and the minimum diameter of the
duct was crudely assessed by visual compari-
son of the angiographic appearance of the duct
and the diameter of the catheter. The coils
were delivered using either 5-5F (Cook UK
Ltd) or 4F (Microvena Corporation, USA)
multipurpose catheters with a single end
hole.

If the duct appeared less than 3 mm in
diameter we initially attempted occlusion with a
single 5 mm diameter coil, the choice of the
coil length (the number of turns of the coil)
depending on the length and shape of the
duct. If the duct appeared to be 3 mm or
larger in diameter we initially attempted to
occlude it with a single 8 mm diameter coil,
proceeding to further coil implantation if a
murmur was still present or if a residual shunt
was thought unlikely to close spontaneously.
Later in the series we chose to implant two 5
mm diameter coils simultaneously (either
using an arterial and venous approach together
or two venous catheters) in the ducts of 3 mm
or larger, with the aim of interlocking the coils
together more effectively and therefore
hopefully avoiding the use of 8 mm coils. The
shape and length of the duct had little effect
on the choice of coil size, but if the duct
appeared short with a very small aortic
ampulla we tended to use shorter (three or
four turn) 5 mm coils, and if it appeared long
we used the longest (five turn) 5 mm coil. We
initially used repeat aortography to assess
residual shunting, but after the first 19 cases
immediate as well as later assessment of ductal
patency after coil implantation was made by
echocardiography rather than angiography.
Clinical examination, echocardiography, and
plain chest radiography were carried out the
morning after coil implantation. Clinical
examination and echocardiography were
repeated after one and three months, with fur-
ther follow up planned after one year.
A record was kept of all disposable items

used for each procedure (including contrast,
coils which were wasted, and any equipment
used for device retrieval), and the total cost,
including value added tax (VAT), of these
items was calculated.

Results
Results were analysed prospectively, based on
intention to treat. The narrowest diameter of
the duct ranged from 1 to 5 mm (mean 2-2
mm). Pulmonary artery systolic pressure
ranged from 20 to 70 (median 24) mm Hg. Of
the 43 patients a single coil was used in 28
cases, two coils were used in 14 cases, and

three were implanted in one patient.
Fluoroscopy time ranged from 2-9 to 57'5 min
(median 7-2 min).

Complete occlusion of the duct before the
patient left the catheter laboratory was
achieved in 26 patients (60%); 64% of imme-
diately detected residual shunts had resolved
spontaneously by the following morning.
Twelve cases (27%) still had a residual shunt
the following morning. In six of these (13%)
the shunt was still present at the median follow
up time of three months. Complete duct
occlusion therefore occurred in 60% of
patients immediately, rising to 72% by the fol-
lowing morning, and 86% three months later.
The murmur was abolished in 38 (88%) of the
43 patients at follow up. We have not yet seen
any further spontaneous resolution of residual
shunts occurring later than one month after
implantation.
One child, who had a tiny residual shunt

(without any murmur) immediately after
implantation of three coils had an easily
detectable shunt with a clearly audible mur-
mur the following morning despite the coils
remaining, apparently undisplaced, within the
duct.
No obstruction to flow in the left pul-

monary artery or the descending aorta was
detected in any patient. A case is illustrated in
the figure.

COMPLICATIONS
Coil embolisation to the pulmonary artery was
the only complication encountered, occurring
during the procedure in three patients and
after the patient had returned to the ward in
two. Immediate embolisation in one case was
related to difficulty in releasing a second coil
from the delivery wire. Persistent attempts to
release the second coil resulted in dislodge-
ment of both coils (one to each pulmonary
artery). Both coils were retrieved by snare
(Microvena Corporation, USA) and two fur-
ther coils were then successfully implanted. In
the second case of immediate embolisation a
5 mm diameter coil with five turns appeared to
be in a very satisfactory position in a 2-5 mm
duct, but embolised to the left pulmonary
artery within a few minutes. The coil was
again retrieved without difficulty and the duct
was then successfully occluded with two coils
(one 8 mm, one 5 mm) implanted serially. In
the third case we elected to retrieve an 8 mm
coil from the duct because of partial prolapse
of the coil into the origin of the left pulmonary
artery after release; the coil was only loosely
snared and embolised to the right pulmonary
artery, from which it was easily retrieved, and
the procedure was completed by simultaneous
implantation of a pair of 5 mm coils (one
delivered from each side of the duct).
Of the two cases of late embolisation (after

the patients returned to the ward and before
the following morning), single coils (one 5 mm
and one 8 mm) had been implanted. The
5 mm coil initially appeared ideally sited in a
tortuous duct of 2 mm diameter. The 8 mm
coil had already migrated slightly toward the
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(A) Aortography in the
lateral projection showing a
small (diameter
approximately 2 mm),
tortuous duct. (B)
Delivery ofa single 5 mm
x five turn coil into the
duct was uneventful and
the coil position appears
very satisfactory. (C) The
chest radiograph, taken the
morning after coil
implantation, shows the
coil to have embolised to
the left pulmonary artery
at some stage during the
12 h after implantation.
(D) and (E) Chest
radiographs in the
posteroanterior and lateral
projections after successful
retrieval of the embolised
coil and delivery oftwo
further coils. Simultaneous
implantation of one coil
from each side of the duct
allowed the coils to be
neatly interlocked and
complete occlusion of the
duct was achieved.

pulmonary trunk after release, but was left in
situ as it appeared stable 30 minutes later. In
both these cases the coil had embolised to the
left pulmonary artery and was retrieved using a
snare; the duct was then successfully occluded
using two coils in one patient, but in the other
no further attempt to occlude the duct was
made. In the latter case the threaded part of
the coil was avulsed from the coil during snar-
ing and embolised to the distal left pulmonary
artery. As the fragment was so small (0-038
inches x approximately 3 mm) no attempt to
retrieve it was made and no ill effects were
observed.

COST
The cost of each coil is £7640 and the delivery
wire (reusable for further coil implantation in
the same patient) is £99. The total cost of dis-
posable items used for each procedure ranged
from £259 to £1352 with a median cost of
£342.

Discussion
The introduction of non-surgical methods of
closing the arterial duct has led to careful
scrutiny of all methods of closing the duct. It is
clear that surgery is imperfect, with not only
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the inevitable morbidity associated with thora-
cotomy but with residual shunts being
reported in up to 23% of cases.5 The very first
attempts at transcatheter occlusion of the duct
using the Porstmann plug6 proved successful
in older patients (90% complete occlusion)
but the minimum introducer diameter of 4-2
mm (approximately size 1 3F) restricted its
clinical value. The Botallooccluder,7 a varia-
tion on the theme of a plug, also met with
modest success in occluding the duct but also
required a minimum introducer size of 12F
and was associated with serious morbidity in a
small percentage of patients in whom the
device embolised to the aorta. The Rashkind
double umbrella, the most widely employed
device for duct occlusion, requires a minimum
introducer size of 8F (unless modified by the
operator8), and residual shunts have been
reported in up to 23% of patients at late follow
up.9 Furthermore, and particularly with the
larger Rashkind device, umbrella implantation
may be associated with a small risk of stenosis
at the origin of the left pulmonary artery due
to partial occlusion of the orifice by the proxi-
mal half of the umbrella.'0 Early results with
the DuctOcclud (PFM, Germany), a new
device consisting of a preshaped metal coil,
appear promising and it may be introduced
through a 4F catheter." However, both the
Rashkind and the DuctOcclud devices are
expensive. These factors have led to a search
for a cheaper alternative device.

Gianturco embolisation coils (stainless steel
coils with interwoven Dacron fibres), which
have been in use for 20 years for occlusion of
other vascular anomalies, may be delivered
through small catheters, are economically very
attractive, and may effectively occlude the
arterial duct. " However they have not been
widely adopted because of the relative lack of
control of coil positioning and the lack of con-
trolled release, such that the coil cannot be
withdrawn back into the delivery catheter at
any stage. The Cook detachable coil is a
Gianturco coil which has been modified by
adding a short threaded extension at the proxi-
mal end of the coil, by which it is attached to
the distal threaded portion of a delivery wire.
This provides fine control of the positioning of
the coil, enables retrieval of the coil back into
the delivery catheter even after the coil is posi-
tioned in the duct, and provides controlled
release of the coil by unscrewing the wire from
the coil.

TECHNIQUE
For coil delivery a single end hole multipur-
pose 5-5F catheter (Cook UK) is recom-
mended by the coil manufacturers. A lumen of
at least 0-038 inches is necessary for introduc-
tion of the coils. In older children we used the
recommended catheter, introduced through a
6F sheath. It is possible, at extra expense, to
obtain 4F catheters with a sufficiently large
lumen (Microvena Corporation, USA, for
example). The nature of both the 5-5F and the
4F delivery catheters dictates that a guide wire
is often required in order to cross the duct and
advance the catheter into the descending

aorta. With increasing experience we have
favoured using a 4F delivery catheter for all
coils implanted using arterial access and for
coils implanted in infancy, even when using
venous access alone. We have found assess-
ment of residual shunting after coil implanta-
tion no more difficult with echocardiography
than with repeat angiography. When a residual
leak was detected and deemed significant after
implantation and release of one coil, recross-
ing the duct to deliver a second or third coil
proved surprisingly safe. We observed slight
displacement of the initial coil during delivery
of a subsequent coil in one case but this did
not prevent successful delivery of the second
device. In our youngest patient the duct was
recrossed with a guide wire without difficulty,
but there was alarming displacement of the
first coil towards the descending aorta at every
repeated attempt to pass a 4F catheter over the
wire; attempts to implant a second coil were
abandoned and repeat echocardiography 20
minutes later showed the residual shunt to
have spontaneously resolved. As our experi-
ence increased, if we anticipated that more
than one coil would be required, we chose to
deploy two 5 mm coils simultaneously, persist-
ing in our desire to avoid using the larger
8 mm coil. Simultaneous deployment of one
coil from each side of the duct allowed more
controlled interlocking of the two coils, per-
haps providing a better substrate for thrombo-
sis and occlusion of the duct than using two
simultaneous approaches from the pulmonary
artery.

RESIDUAL SHUNTS
The importance of a small residual shunt early
after coil implantation is difficult to judge, and
it is clear that these may sometimes resolve
spontaneously. Careful consideration of any
residual shunt detectable while the patient is
still on the catheter table is particularly impor-
tant because (in contrast to the Rashkind
umbrella) further devices may be implanted
immediately with relative ease. We still find it
difficult to judge which residual shunts may
close spontaneously, and on occasion have
avoided further coil implantation by patiently
repeating the echocardiogram at 10 minute
intervals for up to 30 minutes. We choose not
to implant a further coil if the shunt jet
appears very narrow on echocardiography and
there is no murmur audible with a stetho-
scope.

Seventeen patients left the catheter table
with a small residual shunt; in 11 (64%) of
these the residual shunt had resolved by the
following morning. While six cases had a
shunt detectable both early and the following
morning, five further residual shunts were
detected in patients whose ducts were thought
to be completely occluded on the catheter
table. In three of these the shunt was very
small and there was no murmur so it is possible
that the small residual shunt had been missed
at immediate echocardiography. However, as
in one case the newly detected shunt was due to
the coil having embolised to the pulmonary
artery, and in another child a trivial shunt had
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become easily detectable overnight with a
murmur reappearing, it is possible that minor
as well as major migration of the coils may
occur after the patient has left the catheter lab-
oratory.

COIL EMBOLISATION
In our experience coils may embolise to the
pulmonary artery after release, particularly
when a single small (5 mm) coil is implanted
into a duct of 3 mm or larger diameter, despite
the control over delivery afforded by the deliv-
ery wire. Fortunately, we found retrieval of
embolised coils from the pulmonary artery
using a snare usually straightforward (this may
be facilitated by the introduction of a long 6F
or 8F sheath to the pulmonary trunk). We
believe our persistent attempts to implant the
smaller diameter coils, singly if possible, is jus-
tified on the basis of avoidance of obstruction
to the origin of the left pulmonary artery,
although it is likely that a lower threshold for
initial implantation of an 8 mm coil and multi-
ple coils is likely to reduce the risk of embolisa-
tion (personal communication, K Walsh,
Alder Hey Hospital, Liverpool). As our experi-
ence has increased we have tended to deploy a
greater proportion of the coil into the aortic
end of the duct, sometimes leaving as little as
one full turn of the coil in the pulmonary
artery. This may increase the chance of com-
plete occlusion using a single coil and seems to
have no detectable effect on coil stability
within the duct.

RADIATION EXPOSURE
In our early experience we used both arterial
and venous catheterisation and assessed ductal
patency by repeat aortography. Later in the
study when we anticipated use of a single coil
we successfully avoided arterial catheterisation
in the majority by performing the initial aor-
togram with a single venous catheter through
the duct, subsequent assessment of residual
shunting being by echocardiography alone.
This approach is attractive in that it avoids
morbidity associated with arterial access and
considerably reduces radiation exposure.

COST
The median cost of disposables for duct coil
implantation in our series of patients was
£342, a saving of approximately 90% when
compared to the average cost of implantation
of a Rashkind umbrella in our centre. We find
the prospect of duct occlusion using a 4F
catheter sufficiently attractive to warrant the
greater expense of the smaller catheter.
However, the cost of the consumables used for
coil implantation can be reduced further (by
about £100) by using the larger 5-5F delivery
catheter recommended by the coil manufac-
turer.

THE LEARNING CURVE
As our experience and confidence increased
we found the complication rate, radiation
exposure (the number of angiograms as well as

the duration of fluoroscopy), and the cost of
the procedure fell. Although, in the first half of
the study (22 patients) embolisation of a coil
occurred in 9%, in the second half (21
patients) no embolisation was recorded; the
mean number of angiograms per patient fell
from 2-5 to 1; the mean duration of fluo-
roscopy fell from 17-5 minutes to 7 9 minutes;
and the average cost of disposable items fell
from £491 to £369.

CONCLUSIONS
Complete duct occlusion assessed three
months after coil implantation was achieved in
37 (86%) of the 43 patients. Increasing experi-
ence with the technique is likely to reduce the
incidence of residual shunts. Whether further
late spontaneous resolution of residual shunts
will occur as reported with the Rashkind
umbrella'2-'4 remains to be seen. Comparison
of our own experience of the Rashkind
umbrella with our early experience with the
Cook detachable coil suggests that the coil
produces superior results in terms of complete
duct occlusion. Successful occlusion of the
duct in a 2-7 kg infant with a large shunt and
pulmonary hypertension using only venous
access with a 4F catheter has led us to broaden
our indications to attempt non-surgical clo-
sure of the duct. The cost of coil occlusion is
approximately one tenth that of occlusion with
the umbrella.
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