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ABSTRACT

ÖZ

Methods: A total of 25 patients (8 males, 17 females; mean age
8.4±3.6 years; range 5 to 12 years) who underwent percutaneous
closure of secundum atrial septal defect between July 2008 and June
2010 were included in this study.

Çalışm a planı: Bu çalışmaya Temmuz 2008 - Haziran 2010
tarihleri arasında sekundum atriyal septal defektin perkütan olarak
kapatıldığı toplam 25 hasta (8 erkek, 17 kız; ort. yaş 8.4±3.6 yıl;
dağılım 5-12 yıl) alındı.

Results: The mean follow-up was 6.1±0.5 (range, 5.2 to 7.2) years.
The device was successfully implanted in 22 of 25 patients. The
mean stretched diameter of the atrial septal defect as assessed by
balloon sizing was 13.6±4.4 (range, 8 to 26) mm. Nine 15-mm
devices, eight 20-mm devices, six 25-mm devices, and two 35-mm
devices were used. A 20-mm and two 35-mm devices were used in
three patients and the procedure failed in these patients. Among
the remaining 22 patients, no pericardial effusion, endocarditis,
hemolysis, electrocardiographic changes, valvular problems, or
suspicious echocardiographic findings were observed during or after
the procedure. Only in one patient, a wire fraction was seen at six
years, while another patient had a residual shunt during a six-year
follow-up. Device embolization (n=1) and hemiparesis (n=1) were the
early major complications related to the procedure.

Bulgul ar: Ortalama takip süresi 6.1±0.5 (dağılım 5.2-7.2) yıldı.
Cihaz 25 hastanın 22’sine başarılı bir şekilde yerleştirildi. Balon
ölçümü ile yapılan değerlendirmede gerilmiş atriyal septal defect
çapı ortalama 13.6±4.4 (dağılım 8-26) mm idi. 15 mm’lik dokuz,
20 mm’lik sekiz, 25 mm’lik altı ve 35 mm’lik iki cihaz kullanıldı.
Üç hastada 20 mm’lik bir ve 35 mm’lik iki cihaz kullanıldı ve
bu hastalarda işlem başarısız oldu. Geriye kalan 22 hastada
işlem sırasında veya sonrasında perikard efüzyonu, endokardit,
hemoliz, elektrokardiyografik değişiklikleri, kapak problemleri
veya şüpheli ekokardiyografik bulgulara rastlanmadı. Yalnızca
bir hastada altıncı yılda tel kırılması ve bir diğer hastada altı
yıllık takip süresince rezidüel şant görüldü. Cihaz embolizasyonu
(n=1) ve hemiparezi (n=1) işlem ile ilişkili erken dönem majör
komplikasyonlardı.

Conclusion: Although percutaneous closure of secundum atrial
septal defects is successful, it would be wiser to check the device
regularly, at least once a year, as the manufacturing of the device has
been discontinued due to wire fractions.

Sonuç: Sekundum atriyal septal defektlerin perkütan kapatılması
başarılı olmakla birlikte, tel kırılmalarına bağlı olarak üretimden
kaldırılması nedeniyle, cihazın en az yılda bir kere olmak üzere
belirli aralıklarla kontrol edilmesinin daha uygun olacağı düşünüldü.

Keywords: Atrial septal defect; complication; self-centering device;
transcatheter closure.
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Background: In this article, we report mid-term follow-up results of
the Solysafe® septal occluder for percutaneous closure of secundum
atrial septal defects.

Amaç: Bu makalede perkütan olarak Solysafe® septal tıkayıcı ile
sekundum atriyal septal defektlerin kapatılmasının orta dönem takip
sonuçları sunuldu.
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Transcatheter device closure of secundum atrial septal
defects (ASDs) or valvular incompetent patent foramen
ovale (PFO) has become a well-accepted alternative
to surgical therapy for more than two decades.[1-6]
Solysafe® septal occluder (SSO) (Swissimplant AG,
Solothurn, Switzerland) was a self-centering device
and was first introduced for transcatheter closure of
secundum ASDs and PFOs.[7-9] The CE mark approval
was obtained for both smaller (15, 20, and 25 mm)
and larger (30- and 35-mm) devices in 2007 and 2009,
respectively.[7-9] There were promising advantages of
this device with the flat design and the reduced
amount of foreign metal material. An additional
possible advantage of this occluder is that it does not
require a long sheath, which is also beneficial for
young children.[7,9] After unpublished cases of device
fracture and embolization, however, the manufacturer
(Swissimplant AG, Solothurn, Switzerland) issued an
“urgent field safety notice” on August 4th, 2010, asking
for an immediate discontinuation of implantation
and distribution of device with diameters of 30 and
35 mm, and prompting all healthcare providers to
check all patients with SSO. On August 13th, 2010 this
warning was extended to cover all models including
implants of diameters 15 mm, 20 mm, and 25 mm.
Follow-up data are critically important for the
evaluation of complications previously mentioned.
Limited data exist on the use of Solysafe® device
and its outcomes in children. In this study, we
report our mid-term results of transcatheter closure
of secundum ASDs using the Solysafe® device in
children.

PATIENTS AND METHODS
A total of 25 patients (8 males, 17 females; mean age
8.4±3.6 years; range 5 to 12 years) who underwent
percutaneous closure of secundum ASD at two
centers including Izmir Behcet Uz Children’s Hospital
Department of Pediatric Cardiology and Adana
Baskent University, Pediatric Cardiology Unit between
July 2008 and June 2010 were included in this
study. Transthoracic echocardiography (TTE) was
performed routinely before ASD closure to assess the
right ventricular size and function. Detailed anatomy
of the defect and interatrial septum was examined
using transesophageal echocardiography (TEE) at
least one week before the closure operation. The
study protocol was approved by the Adana Baskent
University Ethics Committee. A written informed
consent was obtained from each patient. The study
was conducted in accordance with the principles of the
Declaration of Helsinki.

We selected patients who had secundum ASD from
7 to 8 mm or larger with significant left-to-right shunt
(Qp/Qs >1.5) and evidence of right heart enlargement
for interventional closure. We excluded patients who
had defects with deficient rims (inferior and superior
rims smaller than 5 mm), Qp/Qs ratio less than 1.5,
and pulmonary vascular resistance exceeding 8 Woods
units/m² and very large defects with atrial septal length
to ASD ratio <1.5/1.
Solysafe® septal occluder and intervention protocol
The Solysafe® septal occluder (Swissimplant AG,
Solothurn, Switzerland) is a self-centering device which
consists of eight metal wires made of phynox (special
cobalt-based alloy), two foldable polyester patches, and
two wire holders.[7,10,11] It is often recommended that
the nominal diameter of the device should exceed the
stretched defect size by at least 3 mm.[10] Balloon sizing
was performed with a balloon catheter to determine the
stretched diameter of the ASD. The device size was
chosen based on the manufacturer’s recommendations:
15 mm device for defects between 4 and 12 mm,
20 mm device for defects between 13 and 17 mm,
25 mm device for defects between 18 and 22 mm,
30 mm device for defects between 23 and 26 mm, and
35 mm device for defects between 27 and 30 mm.[3,4]
Before implantation, the occluder was stretched by
two coaxial control catheters and could be easily
configured due to the special arrangement of the
metal wires to take the typical shape of bananas.
The stretched device was introduced through a short
10 French sheath into the femoral vein over a stiff
0.018-inch guide-wire already positioned in the left
atrium or left upper pulmonary vein. The implantation
was successfully completed without the assistance of
the long sheath. We controlled the device configuration
under fluoroscopy (45 LAO and 15 cranial angulation).
After the placement of the streched device in the
defect, by pulling the distal and pushing the proximal
position control catheter, the two discs were fixed by
the locking mechanism.[10,11]
All interventions were performed under general
anaesthesia with the TEE guidance. All patients
received a bolus of 50 U/kg heparin at the beginning
of procedure, followed by a second bolus of 50 U/kg
during the placement of a stiff guide-wire. An antibiotic
prophylaxis with cefazolin (100 mg/kg) was given
before the procedure and repeated after eight hours
with half of the initial dose.
Follow-up
The patients were discharged the day after
the procedure after the careful assessment of the
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Figure 1. Fluoroscopic views of Solysafe® septal occluder. (a) Lateral profile (LAO 45º-cranial 15º) of the device. (b) Right anterior
oblique view. (c) Frontal view (RAO 45º-caudal 15º) of the occluder.
LAO: Left anterior oblique; RAO: Right anterior oblique.

device position by chest X-ray and TTE. Low-dose
acetylsalicylic acid (3-5 mg/kg) therapy was initiated
for six months following the defect occlusion. Infective
endocarditis prophylaxis was continued for at least
six months. Follow-up included clinical assessment,
telecardiography, TTE, and electrocardiography
(ECG) at one, three, six, and 12 months after the
procedure and annually thereafter, as a policy of our
practice. After the announcement of the withdrawal
of the device when the mean follow-up duration was
1.1±0.6 years, we called back all patients to evaluate
with telecardiography, ECG, TTE, and fluoroscopy.
All patients had at least one fluoroscopic examination
during the total follow-up period. In order to evaluate
possible wire-fractures, we examined all patients
with fluoroscopy according to the positions shown in
Figure 1. In cases of suspected irregularity on TEE,
detailed fluoroscopy was reperformed to check for
wire fracture (Figures 2 and 3). In one patient who

(a)

had a residual shunt at the end of six years after the
device implantation, TEE was performed. A Holter
ECG was performed in all patients after one year of
intervention.

RESULTS
Demographic, clinical, and angiographic data are
presented in Table 1. It was attempted to close secundum
ASDs with the Solysafe® device in 25 patients in two
centers (15 patients at the first center, 10 patients
at the second center). The mean size of the defects
measured by TTE was 11.0±3.8 mm (range, 6 to
21-mm) and measured by TEE was 11.5±4.0 mm
(range, 7 to 23 mm). The mean stretched diameter of
ASD assessed by balloon sizing was 13.6±4.4 mm
(range, 8 to 26 mm). As a result, TEE and angiographic
measurements of nine of 15-mm devices, eight of
20-mm devices, six of 25-mm devices, and two of
35-mm devices were used.

(b)

Figure 2. Evaluation of the detailed configuration of the device. (a) 90º left lateral view. (b) No wire fracture was
observed in maximal size of the same image.
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Figure 3. Fluroscopic view of the irregularity in fractured wire device. (a) Anteroposterior view.
(b) 90º left lateral view.

Procedural success and complications
The procedure was completed successfully in
22 of 25 patients (14 of 15 patients at the first center
and eight of 10 patients at the second center). The
overall success rate was 88% (22/25). In 22 patients,
successful ASD closure was achieved using single
SSO device. In one patient from the first center,
complete implantation of a 25-mm SSO was unable
to be achieved due to aneurysmatic floppy septum.
The device was unclicked, straightened, and totally
retrieved through the guidewire. Therefore, elective
surgery was planned for this patient. In two patients
from the second center, the attempts of ASD closure
(35 mm in both patients) failed. In the first patient,
floopy rims prevented the secure placement of a 35-mm
SSO device. Each attempt of device implantation
resulted with a significant shunt as shown by TEE.
Therefore, we decided to refer the patient to surgery.
The device was implanted successfully in the second
patient. However, the day after the intervention, TTE

showed that device was not at the previous location
of the atrial septum and adopted the shape of the
loading position by opening the locking mechanism
and embolized into the main pulmonary artery. There
was no detection of clinical symptoms or deterioration
related to embolization. The patient was referred to
surgery immediately and the device was removed and
ASD was closed surgically.
There were no mortality or pericardial effusions.
However, there were two major complications (8%).
The first one was an embolization into the pulmonary
artery in a 17-year-old girl, as discussed above. The
other case was an 11 year-old girl from the first center
who had implantation of 15-mm SSO device into an
8-mm defect. Right hemiparesis developed after the
intervention. Left hemispheric infarct was noted using
cranial magnetic resonance imaging (MRI). Physical
therapy was initiated in this patient. There were two
minor complications (8%) related to the procedure.
One patient developed junctional rhythm during

Table 1. Demographic and clinical data of the patients (n=25)

n

%

Procedural success
22
88
Age at the time of intervention (year)			
Gender
Female
17
Male
8
Atrial septal defect size by TTE (mm)			
Atrial septal defect size by TEE (mm)			
Atrial septal defect size by balloon stretched (mm)			
Follow-up duration (year)			

Mean±SD

Range

8.4±3.6

11.0±3.8
11.5±4.0
13.6±4.4
6.1±0.5

6-21
7-23
8-26
5.2-7.2

TEE: Transesophageal echocardiography; TTE: Transthoracic echocardiography.
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the procedure in the first center, which improved
spontaneously without any medication. Other patient
developed partial occlusion of the right femoral vein
in the second center, which resolved with heparin
infusion in a short time. Additionally, one patient had
a residual shunt immediately after the procedure (4%)
in the first center.
Mid-term follow-up data
At least six control visits were done during the first
year of the implantation (on Day 1, Week 1, Month 1,
Month 3, Month 6, and Year 1). Follow-up examinations
were scheduled annually starting by the end of the first
year following the procedure. The complete ASD
closure rate immediately after the procedure was
95% (21/22). All patients had mid-term follow-up at a
mean of 6.1±0.5 years (range, 5.2 to 7.2 years). During
six-year follow-up, a residual shunt was persistent in
one patient. The rate of successful implementation
without the occurrence of a residual shunt was 95%
after six years of follow-up. There were no cases of
mortality or major adverse events during follow-up.
Echocardiographic follow-up data were available for all
patients. We did not observe clinical symptoms related
to the procedure during follow-up. All patients were in
sinus rhythm; none developed significant arrhythmia
in Holter ECG monitorizations. Initially, the patients
were evaluated with conventional left anterior oblique
(LAO) cranial and lateral views in angiogram for the
wire fractures. None had wire fracture and during
follow-up, we repeated fluoroscopy in eight patients
with suspected irregularity shown in TEE. We also
used fluoroscopic views suggested by Gielen et al.[12]
after the announcement of urgent safety notice. The
patient with right hemiparesis had improved motor
control and strength with physical therapy and botox
injections into her right extremities. However, she did
not recover fully, and she is still on physical therapy.
In our patient group, we observed wire fracture only in
one patient without major or minor health problems at
the end of the six years of follow-up.

DISCUSSION
There are few reports regarding short- and mid-term
follow-up data of ASD closure with the SSO.[13] In the
present study, we report the results from two centers
regarding ASD closure with SSO in children. During the
mean six years of follow-up period, we found only one
wire fraction; however, we observed no embolization
of wire fragments and other complications including
pericardial effusion, valvular problems, endocarditis
or thrombus formation, hemolysis, and dysrhythmias in
our patients, except for periprocedural complications.
62

Preliminary reports showing wire fractures in the
short-term follow-up warned the manufacturer and
urged the company to make a decision on the fate of
SSO device.[13] On August 4th, 2010, the manufacturer
immediately stopped implanting, marketing, selling,
and the distribution of devices with big sizes
(30- and 35-mm devices). The notice was, then,
extended for all sizes on August 13th, 2010. The first
wire fracture was observed in early 2010 in Turkey
(at the Department of Pediatric Cardiology, Istanbul
University, Turkey). Following these case reports,
other centers continued to report wire fractures and
embolizations.[12,14] Gielen et al.[12] showed that the
overall probability of freedom from wire fractures was
82.3% at five years. In this most large-scale study on
SSO, the authors suggested clinical and fluoroscopic
examinations in all patients with SSO device occlusion
to control possible device fractures. The manufacturer’s
urgent safety notice did not contain information about
the fluoroscopy views and timing of evaluation of
patients. During the follow-up period, we evaluated
patients with chest X-ray and TEE. We preferred 45°
of LAO and 15° of cranial angulation during the device
implementation. After urgent safety field notice, we
used additional views to see the device from as many
angles as possible, until the suggestions of Gielen et
al.[12] were reported. In our study, therefore, all patients
were evaluated after five years of implementation and
underwent fluoroscopy as suggested by Gielen et al.[12]
In our series, we observed wire fractures only in
one case in the mid-term follow-up. Each patient had
at least one fluoroscopic evaluation with TEE and
ECG. In the current study, TEE showed only mild
regurgitation in a patient with a residual shunt. Gielen
et al.[12] showed that device fractures developed only
in adult patients with PFO. A possible explanation
suggested by the aforementioned authors is that extraseptal tissue, which was only present in PFO, but not
in secundum type atrial septal defect, might have
caused increased stress on the wires of the selfcentering device. Moreover, Knirsch et al.[13] reported
wire fractures in two boys (a five-year-old and an
eight-year-old children) with a 30-mm and 25-mm
SSO, respectively. Complications were reported more
frequently in patients with PFO and in patients with
the larger sizes of SSO. We attempted to use 35-mm
devices in two patients. We were unable to achieve
stabilization of the device in the septum in one patient.
Another attempt resulted in the embolization of the
device, due to the unexpected opening of the locking
system. Low-profile feature of the device may be
related to this complication in which the wires were
unable to show resistance at large defects. However,
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devices with locking systems may have the probability
of opening in a steady beating heart. Although the
pressure would not open the locker, it may produce
enough force to break the wire. Excluding these two
cases, we chose particular patients with smaller size
defects and appropriate rims for this device. Wire
fractures were usually observed the first few years
after implantation in the reported series. Our study
provides the longest follow-up period and we observed
a wire fracture in one case for whom we used a 20-mm
device for 12-mm ASD at six years of follow-up. As
there is no guarantee that any wire fractures would not
occur in the long-term, close monitoring is required in
these patients and our plan is to check all intact devices
annually using fluoroscopy.
In the present study, one of our patients had right
hemiparesis due to cerebral embolization. Cranial MRI
revealed the cerebral infarct area. We routinely use
heparin 100 U/kg in all patients during the procedure.
Our patient had normal coagulation studies. Probably,
thrombogenicity of the device and the delivery system
may have given rise to thrombus formation, despite the
concurrent use of heparin.
The SSO was previously used in several tertiary
care centers. In the present study, we summarized
data from two centers, which have mutual cooperation
between each other and patients with similar
indications for closure. Two centers did not present
data separately due to relatively small number of
patients. However, we believe that study population of
the present study is adequate to draw conclusion from
these findings of the device.
One of our patients had a residual shunt that
persisted after the implantation of the device without
showing any regression. During the last visit, we
decided to check the residual shunt with TEE due to
the suspicions of an increasing shunt size at the TTE
imaging which revealed that the shunt did not increase
and the device had no abnormality. The SSO has a
lower profile than other products in the market.[7-9]
Based on this unique character, it was initially thought
that it could be used to close defects with aneurysmatic
interatrial septums. However, aneurysmatic nature,
thin thickness, and flexibility of the interatrial septum,
when combined with this device, potentiate the risk
of residual shunts and embolizations. Among our
patients, one had an aneurysmatic interatrial septum,
and the device mostly attached to the upper rim. This
patient had a trivial shunt which was considered to
improve over time. Unfortunately, in this case, residual
shunt persisted; however, the device did not mobilize,
nor had a wire fracture.

Although the SSO is no longer available in the
market, it has been emerged as a promising low-profile
device. Basically, we can make two statements based
on our experience with this device. First, low-profile
devices are not sufficient in closing large defects.
Therefore, we pay more attention in clinical practice.
For larger defects, we use Amplatzer occluders or
devices with similar configuration. Second, we believe
that devices such as SSO with the locking mechanism
are not the most optimal choices in the beating heart,
as one cannot predict when the locking mechanism
would be released.
In conclusion, although this study was conducted
with a relatively small group of patients, we believe
that our report contributed to the current literature
owing to its longest follow-up results. In our study, we
did not observe any significant complications during
the mid-term, except for periprocedural complications
including device embolization, thrombus formation,
and residual shunt. The main reason of low number
of wire fractures in this population may be related to
the selection of patients with smaller size defects at
baseline. As a result, we continue to regularly follow
our patient cohort and we are willing to report any
complications related to this device. Our plan is to
check all intact devices annually using fluoroscopy, as
recommended by the manufacturer.
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