Complications of transcatheter atrial
septal defect closure

Percutaneous closure of atrial septal defect has replaced surgical closure in most centers. Percutaneous
closure of patent foramen ovale is proposed as an alternative to medical therapy in the prevention of
recurrent thromboembolic events in stroke patients. The overall complication rate of the percutaneous
procedure is lower than the surgical complication rate. However, some of the major complications of
device closure are potentially lethal. The complications vary with device type, age, defect morphology
and center volume load. The most significant complications are device embolization, vascular complications
at the puncture site, thrombus on the device, recurrent thromboembolic events, atrial arrhythmias and
cardiac erosion or perforation. Meticulous technique, careful peri- and post-procedural monitoring and
adequate device choice could lower the incidence of complications. If they occur, early recognition and

treatment are warranted.
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Surgical closure of atrial septal defect (ASD) has
been the treatment of choice for decades, with
excellent results, negligible mortality and limited
morbidity. Percutaneous closure of ASD has been
reported since the 1970s [1], became widely used
in the 1990s in many centers, and replaced surgi-
cal ASD closure for anatomically suitable ASD.
Since the first actempts, several new devices have
been introduced with a continuous increase in
indications (size, rims and complexity) and better
results. Percutaneous closure of patent foramen
ovale (PFO) in stroke patients was introduced in
the 1990s and is now widely practiced [2].

Defects amenable for closure

Two types of atrial defects are amenable to per-
cutaneous closure. The secundum ASD (ASD 2)
is a congenital defect in the fossa ovalis of the
atrial septum. Typically the defect is located
in the middle of the atrial septum with rims
surrounding the defect. Not infrequently, the
anterior rim between the defect and the aorta is
missing. In certain cases, the posterior, postero-
inferior or coronary sinus rims are missing,
limiting the chances of successful percutaneous
closure. Sinus venosus ASD and primum ASD
are not suitable for percutaneous closure. The
ASD 2 is responsible for a variable left-to-right
shunt, depending on its size. Importantly, left-
to-right atrial shunting can be symptomatic at a
young age if the ASD is large, but in most cases
diagnosis is made on the occasion of a cardiac
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evaluation for an asymptomatic cardiac murmur.
Some children are symptomatic at a young age
and need closure of their ASD. In a series of
pediatric patients treated either surgically or by
catheter intervention for isolated ASDs, 2.2%
were infants with pulmonary hypertension [3].
The postoperative course can be complicated,
but the ultimate outcomes were good, with
persistent normalization of pulmonary artery
pressures [3]. In another series of small children
that were treated with percutaneous closure
of ASD, the majority of the smallest children
had associated cardiac (21%) or noncardiac
lesions (33%). Infants with a weight below
10 kg presented with 70% associated lesions [4].
If undetected during childhood, most patients
will present with symptoms beyond the age of
40 years with progressive exercise intolerance
and rhythm disturbances as their most frequent
symptoms. Large ASDs can eventually lead to
pulmonary hypertension and even Eisenmenger
syndrome if left untreated.

A PFO occurs in up to 25% of adults and is
a remnant of the fetal circulation [2]. During
fetal life, the two overlaying structures of the
atrial septum, the fibrous septum primum and
the muscular septum secundum, leave a central
opening, the foramen ovale. During fetal life,
the septum primum serves as a one-way ‘valve’,
allowing right-to-left shunting of placental blood
towards the left atrium. After birth, left atrial
pressure rises and right atrial pressure drops,
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resulting in a functional closure of the foramen
ovale by apposing the septum primum against
the septum secundum. In the majority of people
(75%) those two layers fuse permanently, sealing
the foramen. In 25% of cases however, fusion is
not complete and the foramen ovale remains pat-
ent. The size of this PFO can differ considerably.
In most people, this PFO will not produce any
symptoms, but in some, paradoxical emboli will
pass the foramen and be responsible for stroke.
In approximately 2% of patients, a PFO is associ-
ated with an aneurysm of the interatrial septum,
characterized by septal tissue in the area of the
foramen ovale that is very redundant and very
thin and membrane-like [2]. The association of
a PFO and an aneurismal interatrial septum has
been shown to increase the risk for recurrences in
patients with cryptogenic stroke [s,6).

Indications

The commonly accepted indications for closure
are hemodynamically significant ASD with
left-to-right shunt and right ventricular volume
overload. Patients presenting with a stroke and
a PFO are considered to present a high risk of
paradoxical embolism. PFO closure is thought
to prevent recurrences in young patients with a
PFO in the absence of another cause of the stroke
being found (cryptogenic stroke). Other more
miscellaneous indications for closure of ASD or
PFO are the platypnea—orthodexia syndrome,
characterized by dyspnea and desaturation in
an upright position due to right-to-left shunting
through a PFO, decompression illness in divers
and migraine. The real value of the technique for
these indications has yet to be proven.

Devices
Several types of devices are used for percutane-
ous closure of ASD and/or PFO. One type of
device features two parallel disks made of a niti-
nol mesh, which makes them very flexible and
easily retrievable, allowing for accurate and safe
closure of most ASD 2s and PFOs with sufficient
rims, not exceeding 40 mm of stretched dia-
meter (Amplatzer®, AGA Medical Corporation,
MA, USA, and Figulla®, Occlutech, Germany).
The second type of device consists of two par-
allel umbrellas fixed by a connection that is able to
angulate to a certain degree. Each umbrella con-
sists of a skeleton of different fabric covered by tis-
sue (CardioSEAL®/STARFlex®, NMT Medical,
MA, USA, and PFO-Star®/Intrasept/Cardiasept,
Cardia, MN, USA). The third is a variation of
the second, consisting of a double umbrella,
covered by a biodegradable layer (BioSTAR®,
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NMT Medical, MA, USA). Several other types
of devices are on the market: coil-like (HELEX®,
Gore, NJ, USA), adjustable (Premere™, St Jude
Medical, MN, USA), and others.

Results

The results of percutaneous closure are excel-
lent and although analysis of the overall success
rate is complicated by biases such as indica-
tions, size of ASD, ASD versus foramen and
selection (attempts to close, intention-to-treat
and completed procedures), complete closure
after 6 months to 1 year can be expected in the
vast majority of patients. Percutaneous closure
is now the treatment of choice in many centers
for closure of foramen ovale and ASD 2 if the
anatomy is suitable.

Complications

Although successful, the technique is not compli-
cation-free. Complications can occur during the
procedure, during immediate follow-up and in
the long term.

W Overall complication rate

The overall complication rate with the actual
devices should be low in experienced centers
and periprocedural complications should be
below 1% for closure of a PFO [2]. The reported
complication rate in the literature approaches
8% in the largest series [7-13). Comparison of
complication rates is difficult since literature
reports deal with different devices, indications,
age groups, length of follow-up, focus and defini-
tion of complications. The severity of complica-
tions is categorized as mild, moderate and severe
or as minor and major in most series. But even if
the minor/major classification of complications
is adopted, the definition of major complications
differs: for example, life-threatening, needing
surgery or needing treatment. In most recent
reports the overall complication rate reaches 8%.
Globally, major complications are reported in
1-3% and minor complications in up to 5%.
The complication rate tends to vary consider-
ably with the length of follow-up: in a report
of ASD closure in adults the complication rate
during the procedure was 1%, peaked to 5% in
the month following the procedure and lowered
to 2.8% after 1 month [12].

B Complication rate compared with
surgical closure

Although the reported success rate is excellent in
carefully selected patients, surgery is still neces-
sary in some patients with very large defects,
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Age of patients at time of closure

In a review of the data from the 2001-2005
Nationwide Inpatient Sample in the USA, evalu-
ating the adverse effects of primary ASD/PFO
closure in 2555 adult patients, patient age was
one of the predictors of adverse effects [8]. Adverse
effects occurred in 6.6% of patients between 20
and 39 years of age, 7.2% of patients between
40 and 59 years and 10.6% in those older than
60 years. Although increasing age was of course
associated with a greater number of comorbidities,
this did not entirely account for the relationship
between age and adverse effects [s).

When comparing children and adults, pre-
existing atrial arrhythmias are almost never
an issue in children, but do raise questions in
adults [4917.21]. Since a considerable percentage
(40%) of these arrhythmias persist despite clo-
sure, the ASD/PFO closure device can preclude
later transcatheter ablation of the arrhythmia
substrate, if located in the left atrium (pulmo-
nary veins). However, it has been shown recently
that despite the presence of a PFO/ASD device,
transseptal passage is not impossible and could
even be facilitated by using the caudal rim of the
device as a safe landmark for the puncture [22].
New persisting arrhythmias are also very rare in
children, but not infrequent in adults and the
incidence seems to be influenced by increasing
age [4-10,21,23].

Although the complication rate does not dif-
fer significantly between adults and children,
relatively more children are referred for surgery
after transesophageal echocardiography (TEE)
defect evaluation during the procedure [4.9.21].
Age and size of the children does not seem to
increase the complication rate [4.9,10].

Morphology of the defect

Closing a PFO or an ASD is technically some-
what different and periprocedural success
and complications will differ depending on
the defect’s morphology [9.24]. In experienced
hands, a simple PFO should not pose a problem
to close. Careful examination of the size of the
PFO, the length of the tunnel and the firmness
of the atrial septum can be evaluated by pre- or
peri-procedural TEE or intracardiac echocardio-
graphy (ICE). According to the findings, a suit-
able device can be chosen. Embolization is only
a problem due to technical failures (premature
release or inadequate fixing). On rare occasions,
the PFO is small with a long fixed tunnel and is
impossible to cross with catheter or wire. Some
advocate the use of a central transseptal punc-
ture and insertion of a device that will cover
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the PFO concomitantly. This author and oth-
ers think that the chances that such a small,
rigid PFO will be the substrate for a significant
right-to-left shunt and a paradoxical embolus
are so limited that a transseptal procedure is
probably not warranted and the PFO should be
left untouched.

It can be impossible to cover a large atrial
aneurysm completely with one closure device.
This could be a risk factor for early thrombotic
events [25-27). In my personal experience, any
device tends to stabilize the aneurismal atrial
septum over time and recurrences are not more
frequent in these patients if the foramen is closed
completely. However, for some devices the pres-
ence of an atrial aneurysm could prolong the
time interval for complete closure and hence
the time that anticoagulation or antiplatelet
treatment should be continued [27].

Closure of an ASD can be more difficult if
the ASD is large, if part of the rim is missing
or if the ASD extends towards the inferior sep-
tum. Small ASDs can be closed with the ease
and safety of PFO closure, while larger ASDs
harbor significant risk of device embolization.
However, any single ASD 2 with a stretched
diameter of 35 mm or less and with posterior
and/or inferior rims of more than 5 mm can be
closed safely with adequate material and delivery
techniques. Between 36 and 40 mm stretched
diameter the risk of malposition and emboli-
zation becomes important, but if carefully
selected, still feasible with reasonable safety [28].
In my personal opinion and experience, evalua-
tion of the exact morphology of the ASD (by 2D
and/or 3D echocardiography), adequate sizing
and careful monitoring of deployment and posi-
tion with intraprocedural TEE or ICE are the
cornerstones of a correct and safe percutaneous
closure procedure. A deficient anterosuperior
rim is not very rare (17% of cases) [9] and by
no means a contraindication for device closure
but can make correct device positioning more
cumbersome. Moreover, oversizing of the device
should be avoided in those cases, in order to
try and avoid erosion of the aortic wall by the
device. A deficient posteroinferior rim is less fre-
quent (4.2%) (9] and not always easily identified
before starting the procedure. The odds for mal-
position and embolization are too important in
these cases, and patients with this type of ASD
should be referred for surgery. Complex ASDs
(large ASDs with a deficient rim or a multi-
fenestrated atrial septum) are more difficult
to close (86% success) and procedure-related
complications are higher (12.5%) [29].
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Operator or center experience

A review of the data from the 2001-2005
Nationwide Inpatient Sample in the USA, evalu-
ating the adverse effects of primary ASD/PFO clo-
sure in 2555 adult patients, showed that hospital
procedure volume was correlated with in-hospital
adverse events. Higher hospital annual procedure
volume was associated with a shorter length of
stay and a lower risk of minor and major adverse
events [8]. The overall rate of adverse events as well
as the rate of major adverse events was higher in
those hospitals performing less than ten proce-
dures per year (below the recommendations of
the American College of Cardiology/American
Heart Association/Society for Cardiovascular
Angiography and Interventions 2007 update of
the Clinical Competence Statement on Cardiac
Interventional Procedures) [8]. Nevertheless,
many low-volume hospitals provided high-quality
and safe care [8].

Type of device used
Device choice is limited by ASD or PFO
morphology. For most types of PFO, the choice
of the device does not alter the rate of success,
provided devices with a fixed disc connector
(distance) are avoided if a long fixed tunnel is
present. In cases of ASD 2, size will be the limit-
ing factor for most devices. The Amplatzer atrial
septal occluder and the Figulla ASD occluder
are more suitable for ASDs with a diameter of
20 mm or more, and are the only devices suitable
for ASDs larger than 30 mm.

Differences in outcome between several
devices for closure of ASD and/or PFO have
been reported.

Patent foramen ovale

A comparison between the Amplatzer PFO
occluder and the PFO-Star in 100 consecu-
tive patients with a PFO showed more proce-
dural complications, more residual shunts after
6 months and more recurrent thromboembolic
events in the PFO-Star group (7).

In a large comparative study of 795 patients,
the results of three contemporary devices
for PFO closure were compared: PFO-Star,
Intrasept and the Amplatzer PFO occluder [30].
The periprocedural complication rate of 1.8%
was comparable for the three devices. Residual
shunting immediately following the proce-
dure was higher in patients treated with the
PFO-Star, but after a mean follow-up period of
26 months, no difference in residual shunting
was apparent. The annual incidence of recur-
rent thromboembolic events was 1.4%, which
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was not affected by the presence of a residual
shunt or the device used. New-onset atrial
fibrillation following PFO closure was the only
predictor of recurrent thromboembolic events
and was more common in patients treated with
the Amplatzer PFO occluder (10%). In another
large study of PFO closure with different devices
in 1349 patients, the use of the STARFlex
device predicted atrial fibrillation [23]. This
was confirmed by another report comparing
the results of the Amplatzer PFO occluder, the
Helex device and the CardioSEAL-STARFlex
device in 660 patients [31]. The Helex device
showed more periprocedural complications.
Device thrombus formation (3.6%) and atrial
fibrillation (5%) were more common in the
CardioSEAL-STARFlex occluders. Anzai ez al.
looked at thrombus formation and found that
thrombus formation occurred more frequently
on the CardioSEAL device (22%) than on the
Amplatzer device (0%) [32). However, no patient
developed a systemic thromboembolic episode
during follow-up in this study. In 1000 con-
secutive patients with ASD and PFO, different
devices were tested for thrombus formation:
the incidence was between 5 and 7% for the
PFO-Star, CardioSEAL and STARFlex com-
pared with 0 and 1% for Helex and Amplatzer
closure devices [25). Postprocedural atrial fibril-
lation and persistent atrial septal aneurysm were
the only predictors for thrombus formation.

Atrial septal defect

Three generations of ASD closure devices have
been compared in a single-center study in patients
of 2 years or older. The Clamshell (Bard, GA,
USA), CardioSEAL and STARflex devices were
compared. Each device modification resulted in
improved closure rates (79, 93 and 98%, respec-
tively). Severe complications were more frequent
in the Clamshell (the oldest device) compared
with the two others [21]. Another study com-
pared CardioSEAL/STARflex, Amplatzer and
ASDOS (Osypka, Germany) devices. The large
CardioSEAL/STARflex devices showed a higher
rate of embolization [33]. In any series, the emboli-
zation rate of the devices studied is unacceptably
high for closure of large ASDs compared with the
Amplatzer septal occluder.

B Specific complications

Groin hematoma & femoral
arteriovenous fistula

Groin hematoma and femoral arteriovenous
fistula are not infrequent and are probably
under-reported [7.8,10,11,18,34]. They result from
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inadvertent arterial puncture and/or the intro-
duction of relatively large venous sheaths and
an anticoagulation/antiplatelet protocol in the
immediate postprocedural period. The post-
catheterization groin should be treated with
meticulous care.

Device embolization

Device embolization is not much of an issue in
the PFO group and is mostly a consequence of
technical mistakes during manipulation of the
device. In the ASD group, correct sizing of the
defect and hence device choice is not always easy
and can cause the device to be in an unstable
position with subsequent embolization. This
can be avoided in many cases (but not always)
by testing the device’s stability before release
(‘wiggle’). Moreover, deficiency of the posterior
rims, especially the posteroinferior rim, renders
device stability very unlikely with device emboli-
zation within 12-24 h postimplantation. In
most reports, device embolization occurs in less
than 1% of procedures [4,9,10,12,15,33,35-37]. Most
devices can be retrieved by catheter techniques,
but for the larger device in particular, one must
be careful not to damage cardiac structures
(valves and atrial wall) and surgical retrieval can
be a safer alternative [35].

Erosion/perforation of the atrial wall
with pericardial effusion or tamponade
This potentially lethal complication is rare, but
can occur at any moment postimplantation and
with any device. The incidence of this compli-
cation is estimated to be approximately 0.1%.
The majority occurs within 3 days after the pro-
cedure, but a delay of several weeks is possible.
The erosion can result in perforation of atrial
and aortic wall, creating a fistula, but can also
affect the atrial free wall, resulting in hemoperi-
cardium and eventually tamponade and death
7.8,10-12,16,18,33,37-45]. Most patients will com-
plain of chest pain and this specific complaint
should always be taken seriously and checked
using echocardiography. If a pericardial effusion
has been confirmed, a cardiac CT can be ordered
to differentiate between a (rare) inflammartory
pericardial effusion and hemopericardium.
Oversizing of the device is thought to be one of
the causes and should be avoided, especially in
the presence of deficient rims [45].

Aortic incompetence
One report found an incidence of new or worsen-

ing aortic incompetence of approximately 10%
after closure of PFO or ASD with the Amplatzer
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septal occluder or the Cardia PFO/ASD
occluder [46]. The incidence seems to increase
with the length of follow-up and is thought to
result from traction on the noncoronary cusp
due to endothelialization and tissue overgrowth.
The aortic incompetence does not appear to be
hemodynamically significant to date. No other
series in the literature mentions this compli-
cation. Recently, another study addressed the
impact of percutaneous closure of PFO on valve
insufficiencies, evaluating the regurgitation frac-
tion of the semilunar and atrioventricular (AV)
valves by cardiac magnetic resonance imaging.
No significant changes in regurgitation fraction
of the four valves were found at 12 months of
follow-up [47].

Coronary compression

A rare case of coronary insufficiency producing
exercise angor has been described after closure of
a PFO in a patient with an abnormal course of
the circumflex coronary artery originating from
the right coronary sinus. The abnormal coronary
artery was compressed by the device [48].

New-onset migraine

Although it is known that pre-existing migraine
with aura tends to improve in some patients after
PFO closure [49], some patients suffer from new-
onset migraine after closure of PFO or ASD. Up
to 10% of patients develop new-onset migraine
in the first month after percutaneous closure of
PFO and ASD [s0]. Younger patients and those
with previous migraine seem to be at risk. And
although spontaneous recovery has been described
51], migraine seems to persist in the majority of
patients (69%) [s0]. Symptoms often respond to
the combination of aspirin and clopidogrel.

Arrhythmias

Atrial arrhythmias, supraventricular arrhyth-
mias and transient AV block have been described
after ASD and PFO closure. Atrial fibrillation
is of particular concern since the occurrence or
persistence of atrial fibrillation after the closure
of ASD/PFO seems to be associated with an
increased risk of device thrombosis and recur-
rence of thromboembolic events [25,30]. Atrial
fibrillation does not occur in children, but the risk
in adults increases with age [10,23]. In fact, atrial
fibrillation is part of the natural history of older
patients with ASD. Some devices seem to increase
the risk for postprocedural atrial fibrillation, but
the data are contradictory [23,25,30,31,52,53]. A series
of 1349 patients was examined for the incidence
and risk factors associated with the development
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of atrial fibrillation after PFO closure [23]. Over
a mean follow-up period of more than 3 years,
3.9% of patients developed new-onset atrial
fibrillation. Of these, 62.3% developed atrial
fibrillation within 4 weeks and 15% within
6 months following PFO closure. These account
for 3% of the total population studied and prob-
ably represent the patients in which the deploy-
ment of the device itself influenced the onset of
the arrhythmia. Chronic atrial fibrillation was
documented in only half of the affected patients.
In those with persisting atrial fibrillation, aggres-
sive treatment seems warranted, since persistent
atrial fibrillation is associated with thrombus for-
mation and recurrent thromboembolic events. If
necessary, cardioversion can be performed safely
(under anticoagulation).

Transient AV block is reported in up to 6%,
varying from first to third degree [19,54-56]. Most
patients recover normal AV conduction within
6 months [54]. On rare occasions, temporary
or permanent pacing is necessary [s¢]. A study
addressing the association of AV block and clo-
sure of ASDs with the Amplatzer septal occluder
found a larger shunt and device size to be the
only determinant factors for AV block [54]. The
variable timing of the occurrence of AV block
postdevice implantation (1 day to 1 week) and
the predominantly transient nature do not
facilitate treatment options [54]. Close follow-up
without medication or administration of steroids
have been reported [s4.55]. Early device removal
is probably not necessary.

Thrombosis & recurrent

thromboembolic events

Recurrent thromboembolic events are an impor-
tant issue after percutaneous closure of a PFO,
because closure is aimed at prevention of recur-
rences after a stroke with paradoxical embolus.
A systematic review of nonrandomized studies
of transcatheter closure or medical therapy for
PFO reported a 1-year rate of recurrent thrombo-
embolism of 0-4.9% with catheter inter-
vention and 3.8-12% with medical therapy [57].
Prospective, randomized trials are still ongoing
and the results are not yet available. The mecha-
nism of the recurrences is not clear: thrombosis
on the device has been reported, but without an
association with clinical thromboembolic events
[25.27.3134]. As it is never certain in cryptogenic
stroke that the PFO is part of the pathogenesis of
the stroke, recurrent stroke is much more likely
to be due to the original cause, which has not
been diagnosed. Atrial fibrillation and increasing
age have been identified as predictors of recurrent
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thromboembolic events [30]. Residual shunting
was also presumed to be a risk factor (s8], but this
was not confirmed in other studies [7.27]. It has
been postulated that the left atrial disk would be
the substrate of the thromboembolic events. The
missing association between device thrombi and
thromboembolic events questions this hypoth-
esis. For that matter, the development of new
biodegradable devices such as the BioSTAR s3],
designed to diminish the amount of synthetic
material in the heart, has not yet provided any evi-
dence that the rate of complications or recurrent
thromboembolic events decreases.

Left ventricular dysfunction

In elderly patients in particular, a restrictive
physiology of the left ventricle can lead to LV dys-
function and pulmonary edema after ASD clo-
sure [15,18-20,59-61]. In elderly patients, left atrial
pressures can be measured during temporary
balloon occlusion of the ASD. In patients with
normal mean left atrial pressure during occlu-
sion, definitive device closure of the ASD can
be performed during the same session. Patients
with LV restriction due to increased mean atrial
pressures (>10 mmHg) can be preconditioned
with intravenous inotropes and diuretics for 2 to
3 days [60]. If during a second session the mean
left atrial pressures are significantly decreased
with balloon-occluded ASD, permanent device
closure can be performed [60]. If mean left atrial
pressures remain elevated, the ASD can be closed
with a fenestrated device, providing significant
reduction of left-to-right shunting and avoiding
excessive volume overload of the restrictive left
ventricle [61].

Conclusion

Device closure for ASD and PFO has become
an established treatment in many centers. In
most, device closure has replaced surgery as the
treatment of choice for the treatment of ASD
2 in children and adults. The success rates are
comparable to surgery for those ASDs that are
anatomically suitable and the complication rate
is lower than the complication rate of surgi-
cal closure. In stroke patients with presumed
paradoxical embolus through a PFO, percutane-
ous closure seems feasible with a reasonable com-
plication rate. Randomized trials are ongoing
to establish the real advantages compared with
medical therapy. Even though the complication
rate seems reasonably low and acceptable, major
complications of device closure are dangerous
and potentially lethal, and patients and physi-
cians should be aware of these possible risks.
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Complications can be prevented in many cases
and adequately treated in others, if meticulous
defect visualization, device choice, technique,
monitoring and follow-up are adopted.

The results of the ongoing randomized tri-
als are expected to assess the real risk—efficiency
ratio of percutaneous closure of PFO versus
medical therapy in patients with thromboem-
bolic events and/or migraine.

Future perspective

The results of ongoing trials will hopefully estab-
lish the real advantages of percutaneous closure
of PFO in patients with cryptogenic stroke. We
need to evaluate the morphologic and clinical
features identifying those patients that benefit
from PFO closure with the lowest recurrence of
thromboembolic events. New designs from PFO

structures, lowering the risk of perforation and
arrthythmia. New designs do and will decrease
the embolization rate in cases of large ASDs and
ASDs with deficient rims. If the problem of a
higher rate of residual shunting can be solved,
the pursuit of biodegradable devices will con-
tinue, although the advantages of these devices
are currently hypothetical.
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Executive summary

Defects & percutaneous closure

= Morphologically suitable atrial septal defects (ASDs) and patent foramen ovales (PFOs) can be closed using percutaneous techniques
with very good results.

= Different types of devices are available, but only one type is suitable for large ASDs.

= Results are excellent and percutaneous closure is now the treatment of choice for anatomically suitable ASDs and PFOs.

Complications overall

= Minor complications are reported in up to 5% of patients, and major complications in 1-3%.

Complication rate compared with surgical closure

= The overall complication rate for surgery is higher.

= Typical complications in the surgical group consist of pericardial effusion and respiratory problems, with device embolization being the
typical complication in the interventional group.

Risk factors

= Increasing age is associated with more complications.

= Large ASDs are more difficult to close and absence of a posteroinferior rim is a major risk factor for device embolization.

= Better training and larger hospital procedure volume are associated with a lower risk of adverse events.

= Some complications appear to be device-dependent.

Specific complications

= Some complications are potentially lethal (perforation/erosion of the atrial wall).

= New-onset migraine is not uncommon after ASD closure.

= Arrhythmias are more frequent with increasing age.

= Recurrent thromboembolic events do occur. Atrial fibrillation and increasing age are risk factors for recurrence, probably reflecting the
uncertain role of PFO in cryptogenic stroke.

= Left ventricular dysfunction should be identified prospectively before closure of an ASD in the elderly.

3 Goetschmann S, Dibernardo S, 5 Overell ], Bone I, Lees K: Interatrial septal
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