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TRANSCATHETER OCCLUSION OF INTRA OR

extracardiac communications is increasingly
used as an attractive alternative to surgery,

attempting to reduce morbidity and operative risks.
Several interventional techniques and devices have
now been developed, mainly for closure of atrial sep-
tal defect, which was occluded as early as 19761 and
1983.2 The devices are designed either to enclose the
defect in a sandwich-like fashion,3 or to stent the
interatrial communication.4 The CardioSEAL septal
occluder, manufactured by NMT Medical, Boston,
MA, USA, is a second generation double-umbrella
implant constructed of an advanced nonferromagnetic
alloy. Its initial use proved satisfactory,5 and from 
it developed the STARFlex occluder, which had an
added flexible self-centring mechanism, along with 

a pin-pivot mechanism for attachment to the catheter
that facilitates pivoting of the occluder along the
septum during delivery.6 Both occluders are increas-
ingly used in closure of defects of small to moderate
size within the oval fossa.7

In addition to closing defects in the oval fossa, inter-
ventional techniques have been used to occlude various
intracardiac communications in patients with congen-
itally malformed hearts, such as closing Fontan fenes-
trations with coils,8 or umbrella devices.9 Persistent
patency of the arterial duct has successfully been
treated with coils10 or modified umbrella devices,11

while problematic hepatic veins after a Fontan opera-
tion have also been successfully managed with inter-
ventional techniques.12 The CardioSEAL occluder has
been used for occlusion of postoperative intracardiac
communications,13 as well as pulmonary arteriovenous
malformations.14

In this report, we show the efficacy and versatility
of CardioSEAL and STARFlex occluders in closure 
of various intra and extracardiac communications
other than the atrial septal defect for which they
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were originally designed, specifically for persistent
patency of the arterial duct, fenestrations of an extra-
cardiac Fontan procedure, an unwanted iatrogenic
interatrial communication, and a pulmonary arterio-
venous malformation.

Methods

Patient population
Between January 2000 and June 2002, we attempted
percutaneous transcatheter occlusion using Cardio-
SEAL and STARFlex occluders in 12 patients, 
3 male and 9 female, aged from 4 to 34 years, with
mean age of 17.3 � 11.2 years, and a median age
19.7 years. They had various intra and extracardiac
communications other than atrial septal defects. In
one male and 4 female patients, aged from 5 to 31
years, with mean age of 16.3 � 12.9 years and a
median age of 14.5 years, there was functionally uni-
ventricular physiology following completion of the
Fontan procedure using a 20 mm extracardiac con-
duit. A fenestration of 5 mm had been created
between the conduit and the pulmonary venous
atrium. In another male, and 4 female patients, aged
from 4 to 34 years, with mean age of 14.9 � 12.1
years, and a median age of 9.6 years, there was per-
sistent patency of the arterial duct, the duct itself
being greater than 3 or 4 mm in size, permitting a
left-to-right shunt of greater than two-to-one, and
producing left ventricular volume overload. Of note,
the oldest patient with a patent arterial duct had had
a previous sternotomy for closure of a ventricular
septal defect. A 26-year-old female patient had trans-
position with ventricular septal defect and pulmonary
stenosis with a residual shunt at atrial level �2 to 1
and atrial arrhythmias after an initial Mustard opera-
tion and subsequent surgical pulmonary valvotomy. A
25-year-old male patient had hereditary haemorrhagic
telangiectasia with cyanosis due to a huge pulmonary
arteriovenous malformation. Previous embolization,
attempted with a Gianturco-Grifka vascular occlusion
device of 9 mm, had been unsuccessful due to the
giant size of the feeding artery. The last 2 patients
have been previously reported.13,14

The occluders
The CardioSEAL occluder consists of 2 intercon-
nected umbrellas, each with 4 flexible spring-loaded
arms with central and 2 mid-arm hinges, covered with
sewn Dacron patches. It is available in 5 nominal
sizes corresponding to the diagonal length of each
umbrella, giving sizes of 17, 23, 28, 33, and 40 mm.
The STARFlex occluder, which comes in sizes 23, 28,
33, and 40 mm, is based on the CardioSEAL occluder,

but with the addition of a flexible, self-centring
mechanism using microsprings attached in an alter-
nating fashion between the opposing arms of the
umbrella, allowing the occluder automatically to
adjust to septal morphology without distorting the
surrounding structures. The mechanism for attach-
ment is modified to allow the implant to pivot freely
against the delivery catheter, thus improving its
alignment relative to the septum prior to release.

Procedures and techniques
Informed written consent was obtained from the
patient or their guardian prior to the procedure. The
protocol was approved by the Institutional Review
Committee. The procedure in the patient with atrial
shunting after the Mustard operation was performed
under general endotracheal anesthesia, using contin-
uous transesophageal echocardiographic monitoring
on a System 5, Vingmed Sound, manufactured in
Horten, Norway. The remaining procedures were
done under conscious sedation.

Closure of persistently patent arterial ducts was
attempted if aortography revealed the ducts to be
larger than 3 or 4 mm, and hence not suitable for
occlusion using single coils. The “stretched” diame-
ter of the duct was assessed by gentle withdrawal of
the balloon of a 7 French Swan-Ganz catheter filled
with contrast until it passed from the descending
aorta to pulmonary arteries, measuring the diameter
of the balloon at the time of passage through the
patent arterial duct. The size of occluder chosen for
closure was at least 2 or 3 times the stretched diam-
eter of the duct, taking care to avoid obstruction of
the aorta or left pulmonary artery by using very large
occluders. All procedures were performed trans-
venously following a previously reported technique.15

Patients with fenestrated extracardiac Fontan con-
duits underwent closure if test occlusion of the fen-
estration with a balloon produced a systemic venous
atrial pressure �15 mmHg, with a rise �4 mmHg,
increased aortic saturation, and stable aortic pressures
and systemic cardiac output. The size of occluder
chosen for closure was approximately twice the
“stretched” diameter of the defect, which was assessed
using a compliant balloon catheter, manufactured by
Meditech, Boston Scientific Corp., Natick, MA, USA.
Implantation was performed following the technique
described for closure of atrial septal defects.16

The techniques used in the patients with shunt-
ing across a Mustard baffle and a giant pulmonary
arteriovenous malformation have been previously
described.13,14

The patients with Fontan circulations, and the
patient with a Mustard baffle, received heparin at 
20 units/kg/h for 24 h, while all patients were placed
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on cephazolin at 75 mg/kg/day for 24 h, and were
discharged to home the day after the procedure. 
The patients with the Fontan circulation, and the
one with a Mustard baffle, were maintained on oral
coumadin to keep the International Normalized
Ratio twice normal with lifelong endocarditis pro-
phylaxis, while the patient with telangiectasia was
also maintained on coumadin due to a history of
deep venous thrombosis. Follow-up at 24 h, 3, 6 and
12 months included a physical examination, electro-
cardiogram and transthoracic echocardiogram, while
a chest radiograph was performed 24 h and 6 months
after the procedure.

Statistical methods
Descriptive data are expressed as the mean �
standard deviation, with median value and range, 
as appropriate.

Results

Patent arterial ducts
In four patients, the ducts were deemed to be type A
in the Toronto classification,17 with ampullas of sig-
nificant size, and a narrowest angiographic diameter
of 3–4 mm, with a “stretched” diameter from 4 to
7 mm. In these patients, we deployed 2 CardioSEAL
occluders of 17 mm, one of 23 mm, and one of
40 mm without complications. A trivial residual
shunt was present in 2 patients, but this had disap-
peared at the 6-month visit, with normalization of
the increased left ventricular dimensions. Mild pro-
tusion of the occluder for 1–2 mm in the left 

pulmonary artery was seen in 2 patients without dis-
turbing flow, and with normal velocities measured
by echocardiography. No obstruction at the isthmus
was observed (Fig. 1). The last patient had left ven-
tricular dilation, with an end-diastolic diameter of
64 mm, due to a left-to-right shunt through the arte-
rial duct of �3 to 1. The arterial duct was type B
according to the angiographic classification, without
a significant ampulla, and with a narrowest diameter
of 5 mm and a “stretched” diameter of 12 mm. Failure
to achieve a stable position across the patent arterial
duct using a 28 mm CardioSEAL occluder led to its
retrieval and deployment of a 40 mm CardioSEAL
occluder, which appeared stable and was released with
an angiographically satisfactory position and mild
residual flow. The occluder embolized to the right
pulmonary artery 5 min after implantation, and was
retrieved without complications through a 14 French
long Mullins sheath.

Fontan fenestrations
All 5 patients had a surgically created fenestration
between the extracardiac Fontan conduit and the
pulmonary venous atrium, with significant right-to-
left shunt on angiography resulting in an aortic sat-
uration of between 83 and 85%. After test occlusion
of the fenestration with a balloon, aortic saturation
improved to more than 95% on room air, and sys-
temic venous atrial pressure increased by up to
2 mmHg, while remaining below 15 mmHg. All
fenestrations had a “stretched” diameter of 7–8 mm.
In 4 fenestrations, we achieved closure using a
17 mm CardioSEAL occluder, and closed the other
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(a) (b)

Figure 1.
(a) Lateral projection of contrast injection in the aortic arch shows left-to-right flow through a patent arterial duct with a significant ampulla
and narrowing at the pulmonary end (arrows). (b) Injection after deployment of a 17 mm CardioSEAL occluder shows closure of the duct with
elimination of left-to-right flow.
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with a 23 mm STARFlex occluder, with immediate
cessation of flow and no complications (Fig. 2).

Other communications
The patient with a residual leak after a Mustard
operation had an interatrial communication with a
“stretched” diameter of 12 mm, which was occluded
with a 23 mm CardioSEAL occluder (Fig. 3).

The patient with hereditary hemorrhagic telangi-
ectasia had a giant pulmonary arteriovenous malfor-
mation arising from the pulmonary artery to the left
lower lobe, with its feeding vessel measured at 16 mm
“stretched” diameter. A 28 mm CardioSEAL occluder
deployed in the feeding vessel produced partial obstruc-
tion of flow, while deployment of a second 23 mm
CardioSEAL occluder proximal to the first achieved

obliteration of flow (Fig. 4) and an immediate rise in
arterial saturation from 84 to 94%.

Follow-up
All patients remain stable and free of further inter-
vention over 3.4 � 0.9 years of follow-up, ranging
from 1.6 to 4.5 years. After discharge, no patient had
embolization of the occluder, fracture of its arms,
myocardial perforation, pericardial effusion, obstruc-
tion of pulmonary or systemic veins, impaired 
atrioventricular valvar function, or thromboembolic
events. Left ventricular enlargement resolved com-
pletely during the 6 months following the procedure
in all the patients with patent arterial duct. The
patient with a Mustard operation had sustained
improvement of her atrial arrhythmias and exercise
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(a) (b)

Figure 2.
(a) Lateral projection of contrast injection in the extracardiac Fontan conduit shows right-to-left shunt through the fenestration to the pul-
monary venous atrium (arrow). (b) Same injection after deployment of a 17 mm CardioSEAL occluder shows complete closure of the fenestra-
tion with cessation of flow.

(a) (b)

Figure 3.
(a) Contrast injection at the entrance of the
inferior caval vein in the heart shows the
origin of the baffle leak at the lower portion
of the Mustard baffle with shunt from
anatomic left-to-right atrium at a certain
stage of the cardiac cycle. (b) Contrast
injection at the entrance of the caval vein
shows the device occluding the site of leak-
age with no residual shunt.
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tolerance, while the patient with telangiectasia
remained with stable pulse oximetry at 94%.

Discussion

Presence of significant left-to-right shunts through
communications at the ductal level creating left ven-
tricular volume overload and the possibility for pul-
monary hypertension is a recognized indication for
closure. Surgical closure is safe in general, albeit that
transcatheter occlusion has been increasingly used in
order to minimize morbidity, mortality, and hospital
stay, and to avoid surgical scarring. Persistent right-
to-left shunting through Fontan tunnel fenestra-
tions, if not needed for haemodynamic reasons,
carries the risk of right-to-left embolism and creates
cyanosis with its potential deleterious effects. Several
devices such as coils and/or specifically modified
umbrellas have been used for closure of Fontan fen-
estration and patent arterial ducts.8–11 In this report,
we present the acute and medium-term results of our
experience using the CardioSEAL and STARFlex
occluders in the interventional treatment not of atrial
septal defect, for which they were originally designed,
but of various other intra and extracardiac lesions,
specifically patent arterial ducts, extracardiac Fontan
fenestrations, postoperative interatrial communica-
tions, and arteriovenous malformations.

In general, the CardioSEAL and STARFlex occlud-
ers have proved to be safe, effective and versatile
tools for closure of various intra as well as extracar-
diac communications in congenital heart disease. In
our limited series, they were used both in children
and adults with few and treatable complications,
excellent rates of occlusion, absence of fracture and
protrusion of the arms, and without creating obstruc-
tion in various intra and extracardiac structures.

In this limited experience, the CardioSEAL occlud-
ers proved safer for use in those ducts with signifi-
cant narrowing towards their pulmonary artery and 
a sizable ampulla, so-called “Type A”, which can
accommodate the left atrial umbrella. One should
probably be cautious when dealing with patent 
arterial ducts with very “stretchable” diameters and
short ampullas, factors that may facilitate distortion
of the aortic disk and embolization of the occluder,
especially given the significant forces exercised on
the occluder by the aortic pressure.

Patent arterial ducts with maximal diameters
�2.5 mm may safely be occluded, at significantly
lower cost compared with the double-umbrella
devices, with various types of coils.18 Coils represent
the interventional treatment of choice for small
patent arterial ducts, but have limited usefulness
and high rates of embolization in large and distensi-
ble ducts, especially if placement of multiple coils is
to be avoided. The Amplatzer duct occluder, a device
probably more user-friendly than the CardioSEAL
family of occluders, has been extensively used for
closure of moderate and large patent arterial ducts
with satisfactory results.11 Still, proper implantation
of the Amplatzer duct occluder may present techni-
cal difficulties in large ducts with specific morphol-
ogy, such as those that are window-like, where risks
for embolization are increased. The CardioSEAL
family of occluders, as shown in this study, now offer
yet another option for closure of the larger ducts,
depending on their morphology.

As the most commonly used technique during a
Fontan operation has been creation of an intracardiac
baffle through the right atrium connecting the inferior
caval vein to the pulmonary arteries, most reports of
interventional occlusion of Fontan fenestrations have
described closure with coils or devices designed for
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(a) (b)

Figure 4.
(a) Anteroposterior projection of an injection in the artery to the left lower lobe during a previous attempt at occlusion and before the final posi-
tioning of the Gianturco-Grifka device shows a very dilated feeding artery (arrow) with rapid filling of a tortuous transverse portion (open
arrow) of the pulmonary arteriovenous malformation. (b) Anteroposterior projection of an injection on the left pulmonary artery after placement
of both CardioSEAL devices demonstrates absence of flow within the large pulmonary arteriovenous malformation. The contrast enhanced
smaller superimposed lesion (arrow) becomes apparent due to absence of contrast in the large pulmonary arteriovenous malformation.
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atrial septal defects.8,9,19 The advantages of an
extracardiac conduit, namely a decreased amount of
atrial surgery and arrhythmias, less leaks and obstruc-
tions, improved haemodynamics, and drainage of the
coronary sinus to the low-pressure atrium, have led
to increasing performance in recent years of the
extracardiac Fontan with or without fenestration.
Transcatheter occlusion of extracardiac fenestration
has been reported before with coils,20 as well as with
the Gianturco-Grifka device21 and Amplatzer duct
occluders.22 In our small series, the CardioSEAL and
STARFlex occluders proved a simple and effective
choice for closure of such fenestrations, without pro-
ducing complications such as induced atrioventricu-
lar valvar dysfunction or obstruction of the systemic
and pulmonary pathways.

The technical ease of closure, and absence of com-
plications and interactions with other intracardiac
structures in our series, is in accordance with previ-
ous larger reports in the case of intracardiac Fontan
tunnels,9 and is probably due to the smooth and low
profile of the CardioSEAL family of occluders after
implantation, a fact that makes them one of the
devices of choice for occlusion of Fontan fenestrations.

The relatively small number of patients in this
study with various types of communications does
not permit generalizations. Nevertheless, our experi-
ence suggests that the CardioSEAL family of double-
umbrella occluders have diverse applications, and
may be useful tools in a variety of situations involv-
ing attempted occlusion of structures and communi-
cations in the interventional catheterization laboratory.
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