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Background: Transcatheter closure for atrial septal defect (ASD) with inferior-posterior rim deficiency has
been scarcely reported with proper identification of the indications and limits. We aimed to assess the safety
and feasibility of transcatheter closure of ASDs with deficient rims, paying particular attention to cases with
inferior-posterior rim deficiency.

Methods: From January 2008 to January 2013, 241 patients underwent transcatheter ASD closure,
including 50 cases (20.7%) with deficient rims, other than the anterior-superior one. Eighteen patients
(12 females) presented inferior-posterior rim deficiency. Their median age was 8 (1.4-85) years and their
median weight was 24 [9-97] kg. Transcatheter closure was performed in all cases under transesophageal
echocardiography (TEE) guidance in children and intracardiac echocardiography (ICE) guidance in adults.
Results: Out of 18 patients with inferior-posterior rim deficiency, only 8 underwent successful immediate
transcatheter closure. Four cases failed to be closed. Major complications occurred in 6 patients, including
4 device embolizations, 1 pericardial effusion and 1 complete atrioventricular block that resolved after
surgical removal of the device. During a median follow up of 54x13 months, a residual right-to-left shunt
was documented in 2 more cases, requiring surgery in one case because of cyanosis. Transcatheter closure
was successfully performed in the rest of the 223 patients, including in the 32 cases with deficient rims other
than inferior-posterior.

Conclusions: Transcatheter closure of ASDs with inferior-posterior rim deficiency cannot be

recommended.
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Introduction

Transcatheter closure has become an accepted alternative to
surgical repair for most types of atrial septal defect (ASD)
(1,2). The technique is commonly used in patients with a
defect inferior to 38 mm in diameter without deficient rims,
and allows safe and effective ASD closure in nearly 80%
of unselected cases (3). Complex ASDs, which are defined
as defects above 38 mm in diameter and/or the presence
of deficient rims other than anterior superior, represent
approximately 20% of patients with ASD (3,4).

Recently, several studies described transcatheter ASD
closure for complex cases, using a variety of modified
implantation methods (4-12). However, the authors mostly
emphasized that transcatheter closure in complex ASDs was
usually feasible in experienced hands, but did not clarify
which types of defect were unsuitable for transcatheter
closure. In their single center study, Ohno ez al. reported
that patients with a ratio ASD diameter over weight above
1.5 and deficient rims were not eligible for transcatheter
ASD closure (13). However, the authors did not analyze
complex transcatheter ASD closure procedures and the
operator bias was not controlled. In many cases, patients
are directly referred to surgery for ASD closure because of
physician’s experience or family preference. Consequently,
the types of ASDs to be considered as unsuitable for
transcatheter closure remain unclear.

In previous studies, we demonstrated the feasibility
of transcatheter closure in complex ASDs under
transesophageal echocardiography (TEE) and intracardiac
echocardiography (ICE) guidance (4,9). Moreover, all types
of complex ASDs referred for transcatheter closure to our
institution in the past decade have been systematically
collected between 2008 and 2013. Therefore, from this
cohort, we aimed to determine which ASD characteristics
should contraindicate transcatheter closure.

Methods
Patient population

The study population consisted of 241 consecutive
patients referred to our institution for ASD closure over a
five-year period (January 1%, 2008 to January 1%, 2013). In
this population patients with deficient rims were screened to
further analyze cases with inferior-posterior rim deficiency.
Patients’ data were collected during the study period. This
observational retrospective study was approved by our
institutional ethics committee.

Figure 1 Relation of ASD to surrounding rims and structures. A,
coronary sinus; B, inferior-posterior rim (towards the inferior vena
cava); C, posterior rim; D, superior-posterior rim (towards the
superior vena cava); E, anterior-superior (or retro-aortic) rim; F,

inferior rim (towards the tricuspid valve). ASD, atrial septal defect.

The patient population comprises cases with a
hemodynamically significant ASD (right ventricle overload
and left-to-right shunt with Qp: Qs ratio >1.5), including
patients with heart failure and arrhythmia (14,15). In
addition, transcatheter closure was proposed for patients
with ASDs presenting with a stroke or showing any evidence
of paradoxical embolization, regardless the hemodynamic
significance. All patients with a patent foramen ovale (PFO)
were excluded from the study.

Pre-catbeter procedure protocol

All patients had a physical examination, a standard
12-lead electrocardiogram (ECG), and a transthoracic
echocardiography (T'TE). TEE was only performed prior
to the intervention in the adult population. TTE and
TEE included multiple views to assess the ASD number,
position, diameter, rim adequacy and relation with adjacent
cardiac structures. The rim was classified as either adequate
(=5 mm) or inadequate in case of deficiency (<5 mm)
around the ASD for the following structures: coronary sinus
rim, inferior-posterior rim (towards the inferior vena cava),
inferior rim (towards the atrioventricular valves), posterior
rim (towards the pulmonary veins) and superior-posterior
rim (towards the superior vena cava) (Figure 1) (3). As
retro-aortic rim deficiency is well known to not influence



the success rate for transcatheter ASD closure (3,4,16),
such patients were not considered as complex cases in this
study. All complex cases were discussed in our joint cardiac
surgical conference.

Transcatheter ASD closure procedure

We used our previously reported device closure protocol (4).
In children, transcatheter closure was performed using
venous access through the femoral vein under general
anesthesia and TEE guidance. In adults, procedures
were performed under local anesthesia and ICE guidance
(Acuson Corporation, Siemens, Mountain View, CA,
USA), using the 8-French probe through the contralateral
femoral vein access (9,17,18). All patients received heparin
(100 units/kg IV, maximum: 5,000 units) and antibiotic
prophylaxis (cefamandole, 50 mg/kg). All the patients
underwent right heart catheterization as a first step of the
interventional procedure.

The Amplatzer Septal Occluder (ASO) was used
for single or adjacent multiple defects, the Amplatzer
Cribriform for distant multiple defects (AGA Medical
Corporation, Golden Valley, MN, USA). A Cardia Occluder
device (Eagan, MN, USA) was used in 2 cases. For small
defects (largest measured diameter on Color-Doppler flow
<20 mm by TEE or ICE), the occluding device was 2 to 4
mm larger than the largest measured diameter (19). Balloon
sizing of the defect was performed for large (>20 mm) or
complex defects, with the Meditech balloon (Meditech,
Boston Scientific, Watertown, MA, USA). When the initial
attempt of implantation using standard method failed,
a modified implantation technique involving the sizing
balloon was employed, as previously described (4).

Patients were considered to have had successful ASD
closure if color Doppler flow imaging found no significant
residual shunt.

Follow-up

Before discharge, all patients underwent a T'TE examination
the day after ASD closure, to verify the position of the
occluding device, and the absence of thrombus, pericardial
effusion, or valvular lesion. Any complications during and
after the intervention were recorded.

Patients were subsequently evaluated by clinical
examination, ECG and TTE at 1 week, 1 month and
6 months after the procedure. Any complications related to
the device implantation were noted at each visit.

Medical treatment

For a 6 month-period after catheter procedure, patients
received oral daily anti-platelet therapy (acetylsalicylic
acid, 3.5 mg/kg; maximum: 250 mg in adult patients) and,
when necessary, antibiotic prophylaxis of endocarditis (20).
Patients with pre-existing anticoagulation therapy were
maintained under the same medication, without any
additional anti-platelet treatment.

Statistical analyses

Data were expressed as frequency or percentage for the nominal
variables and as mean + standard deviation (SD) for continuous
variables. When their distribution was not Gaussian, quantitative
variables were described with median and extreme values.

Results
Patient population

During the 5-year study period, 241 patients underwent
transcatheter closure of an ASD. Fifty patients (21%) had
one or several deficient rims, other than the anterior-
superior one. Inferior-posterior rim deficiency was found
in 18 patients, including 12 females and 6 males, with
a median age of 8 (1.4-85) years and median weight of
24 [9-97] kg. Five patients had inferior-posterior rim
deficiency associated with superior-posterior (N=3) or
inferior (N=2) rim deficiencies. In patients with inferior-
posterior rim deficiency, the median ASD diameter was
20 [17-40] mm, among which three patients had an ASD
diameter above 38 mm (7able I). The mean overall follows
up was 49+10 months.

Transcatheter closure in cases without inferior-posterior
rim deficiency

All 223 patients without any inferior-posterior rim
deficiency underwent successful ASD transcatheter
closure. No major complication occurred in this group:
mild pericardial effusion in 3 cases and groin hematoma
in 5 cases. In greater detail, all patients with deficient rims
other than the inferior-posterior one underwent successful
transcatheter ASD closure. Transcatheter closure was
performed with ASO in all cases with deficient rims and in
most of the other patients. An Amplatzer Cribriform device



Table 1 Characteristics of patients with complex ASD and inferior-posterior rim deficiency

Patient Age Weight Bi.m ASD indexzsize ASD size Device size Imaging Suctess Complications
(years) (k) deficiency (mm/m°) (mm) (mm) guidance

1 85 60 IP 16 26 28 ICE Yes None

2 1.4 9 P 35 17 18 TEE Yes None

3 67 97 P 15 30 32 ICE Yes None

4 10 37 IP; SP 24.4 30 32 TEE Yes Device embolization

5 12 24 P 26.5 26 30 TEE Yes Device embolization

6 16 33 IP 225 30 32 TEE No None

7 32 50 IP; SP 27.2 40 40 ICE Yes Pericardial effusion

8 6 20 IP 35.7 25 30 TEE Yes Device embolization

9 55 51 IP 26.5 40 40 ICE Yes None

10 6 14 P 33 21 22 TEE Yes Right-to-left shunt

11 3 145 P 32 21 22 TEE Yes None

12 6 24 IP; SP 22 20 22 TEE Yes Device embolization

13 3 13 IP 32 18 20 TEE No None

14 6 17.5 IP; | 23 17 18 TEE Yes Right-to-left shunt

15 6 24 P 28 30 28 TEE No None

16 8 20 P 29 24 26 TEE No None

17 17.7 95 IP; | 20.5 39 40 TEE Yes None

18 1.6 9.2 IP 51 22 20 TEE Yes Complete atrioventricular block

ASD, atrial septal defect; ICE, intracardiac echocardiography; TEE, transesophageal echocardiography; IP, inferior-posterior rim; |, inferior

rim; SP, superior-posterior rim.

was used in 9 cases with multiple defects.

Results of transcatbeter closure in cases with inferior
posterior rim deficiency

In this group of 18 patients, 13 were under 18 years old,
5 weighed less than 15 kg, 5 had more than one deficient
rim, 4 had reversible pulmonary arterial hypertension (mean
pulmonary arterial pressure >25 mmHg, Qp: Qs ratio >2
and low pulmonary vascular resistance <4 WU.m’), and
6 had an ASD index over 30 mm/m’ (Tuble I).

The technical success rate for transcatheter closure
during the procedure was 78% (14 out of 18) in patients
with inferior-posterior rim deficiency. Four patients could
not have their defect closed despite the use of multiple
modified implantation methods. The median size of ASO
devices was 28 [18-40] mm. A 40 mm ASO was used for
the 3 patients with an ASD diameter above 38 mm. The

modified sizing balloon assisted technique was used in all
cases. Oversizing of ASO, defined as over four millimeters,
was present in 2 patients.

As regards early complications in the inferior-posterior
rim deficiency group, 4 patients experienced device
embolization, in the right ventricle (N=3) or the left atrium
(N=1). Embolization in the right ventricle occurred within
2 to 4 hours after catheter procedure and was associated
with ventricular ectopics and non-sustained ventricular
tachycardia (Figure 2). Embolization in the left atrium was
diagnosed 24 hours after catheter procedure during TTE
in an asymptomatic patient. Device embolization was well
tolerated in all cases. Surgical removal of the device and ASD
closure under cardiopulmonary bypass were successfully
performed in the 4 patients. The inferior-posterior
rim deficiency was confirmed in the 4 cases (Figure 3).
One 9 kg-child with inferior-posterior rim deficiency
experienced a complete atrioventricular block three hours



after implantation of a 20-mm device. The device was
surgically removed the following day and the patient
recovered normal sinus rhythm. Finally, one adult patient
with inferior-posterior rim deficiency and ASD closure with
a 40 mm ASO experienced mild pericardial effusion that
spontaneously resolved without requiring any intervention
or medication.

During a mean follow up was 54+13 months in this
group of 18 patients with inferior-posterior rim deficiency,
right-to-left shunt was diagnosed in 2 cases. In one,
cyanosis was documented during cardiopulmonary exercise
test performed 3 years after transcatheter procedure. A
cardiac C'T-scan demonstrated straddling of the inferior
vena cava by the device with a residual defect between the
inferior border of the device and the inferior vena cava.

Figure 2 Intra-operative view of Amplatzer device embolization
in the right ventricle. IVC, inferior vena cava; SVC, superior vena

cava; Tric. annulus, tricuspid annulus.

Blood of the inferior vena cava was then redirected towards
the left atrium, causing clinically significant cyanosis
during exercise (Figure 4). The patient underwent surgery
under right thoracotomy. The position of the device over
the inferior vena cava, as well as the residual defect, were
confirmed during intraoperative examination. The device
was explanted and the residual defect was closed with a
pericardial patch. Postoperative course was uncomplicated.
In the remaining patient with right-to-left shunt, this was
suspected during follow-up echocardiography 3 years after
transcatheter closure and confirmed by contrast TTE.
Surgery has been decided and is pending. All the other
patients are doing well with no residual shunt.

Discussion

Our “aggressive” strategy to attempt transcatheter closure
in all types of ASDs regardless the size of the defect and
rim’s deficiency (4,9,21) resulted in a significant number of
failures or complications in cases with inferior-posterior
rim deficiency. Out of 18 patients with deficient inferior-
posterior rim only 50% had eventually their defect
successfully closed, whereas we experienced 4 failures,
4 embolizations and 1 complete atrioventricular block
necessitating surgical removal after 24 hours. Moreover,
right-to-left shunt was diagnosed in 2 additional patients
during follow-up, which brings the overall success rate
down to only 44%. Interestingly, iatrogenic diversion
of the inferior vena cava to the left atrium has also been
reported after surgical ASD closure (22). Conversely, all
the remaining 223 cases of our study population, with or

Figure 3 Intra-operative view from the right atrium in the patient who experienced cyanosis during exercise because of a device straddling

over the inferior vena cava. In this view from the right atrium we can see that part of the inferior vena cava is not seen, being “redirected”

towards the left atrium by the device (arrows). LA, left atrium; IVC, inferior vena cava.



Figure 4 Cyanosis at exercise after transcatheter ASD closure. CT-scan showing device straddling over the inferior vena cava, with part of

cava venous blood redirected to the left atrium. LA, left atrium; RA, right atrium; IVC, inferior vena cava, RIPV, right inferior pulmonary

vein; ASD, atrial septal defect.

without rim deficiency, underwent successful transcatheter
closure with no major complication.

Many studies reported the safety and feasibility of
transcatheter ASD closure in non-complex cases (3,23).
In complex cases with deficient rims, few studies have
demonstrated the feasibility of transcatheter closure. In
those cases, modified implantation methods have been
described to optimize implantation of the device (5,6).
Although the majority of patients had anterior-superior rim
deficiency in the reported cohorts, a recent study pointed
out the feasibility of transcatheter closure in patients with
posterior rim deficiency, using modified implantation
techniques (7). However, transcatheter closure is almost
always possible in the latest (24), whereas in the present
study our results do not support transcatheter closure in

cases with deficiency.

Large ASDs with deficient posterior-inferior rim were
previously considered for transcatheter closure in small
cohorts. Device closure seems feasible in a limited number
of cases (5,24,25). Varma er al. reported deficient inferior
rim as a possible explanation for unsuccessful transcatheter
closure (26). Mathewson et 4/. defined the absence of an
inferior-posterior rim as a rim <3 mm. As the difference
in radius length between right and left ASO atrial disks is
2-3 mm, a rim <3 mm will not allow both disks to hang
on both sides of the rim. Although device implantation
is possible in such cases, Mathewson et #/. suggested
that, these defects were at risk for complications, such
as pulmonary vein or inferior vena caval obstruction,
encroachment onto the anterior leaflet of the mitral valve or



embolization (25). Such statements are limited because they
rely on the 2-dimensional echocardiographic assessment
of three-dimensional structures. Finally, the more recent
self-expandable nitinol device Figulla Flex Occluder
(Occlutech GmbH, Jena, Germany) with a lower and more
flexible left-sided profile may provide better alignment
with the atrial septum and decrease the need for modified
implantation techniques in cases with deficient rim (27).
However, no comparison between the 2 devices has been
reported yet for closure of ASD with rim deficiencies.

In their prospective study on more than 1,000 patients
referred for ASD closure, Butera et al reported a 3.3%
rate of patients diagnosed with inferior-posterior rim
deficiency, and considered it as a contraindication for
ASD percutaneous closure (3). By using immediate and
late complications after ASD percutaneous closure as a
primary endpoint, our retrospective study reinforces this
statement. Based on our results, transcatheter closure
cannot be recommended in patients with inferior-posterior
rim deficiency, whereas this seems suitable in most of
other cases. Importantly there is often confusion between
the posterior and the inferior-posterior rim. The latest is
difficult to diagnose and especially is not well seen with
TEE guidance, which was the imaging modality guidance in
the majority of our cases. In most cases, inferior-posterior
rim is only seen on a short axis TTE sub-costal view, by
following the inferior vena cava towards the right atrium.
We did not use intracardiac echocardiography in children,
but this might be helpful especially when performing the
balloon sizing test: if the rim is truly deficient or really
tfloppy after very gentle inflation (e.g., producing no
pressure inside the balloon), there will be no waist over the
sizing balloon. When inferior-posterior rim is absent, the
risk for embolization is major because even if it is initially
well positioned the device will tend to slip towards the
inferior vena cava. The connection of the IVC into the
right atrium is a very large, funnel-shaped and compliant
structure that will not prevent slipping of the device. Finally,
these types of ASD with inferior-posterior rim deficiency
may be classified as inferior vena cava type sinus venosus
defects rather than ostium secundum defects (28).

Study limitations

Our results are limited by the retrospective study design,
and the small sample size from a single center experience.
However, no focus on transcatheter ASD closure in inferior-
posterior rim deficiency had been previously reported.

Moreover, we did not assess partial or complete inferior-
posterior rim deficiency. However, only 3D assessment
of the rims would be accurate and this is not possible
retrospectively as 3D echocardiography is not yet used in
routine practice in all cases.

Conclusions

Transcatheter closure of secundum ASDs is safe and
effective, except for patients with inferior-posterior
rim deficiency. In the present study, nearly two thirds
of the patients with inferior-posterior rim deficiency
experienced failure or complications, such as device
embolization, complete atrioventricular block, and
right-to-left shunt. All patients with other types of rim
deficiencies underwent successful transcatheter closure.
Based on our experience, patients with ASDs associated
with inferior-posterior rim deficiency should rather be
considered for surgical closure.
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