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Abbreviations

ASD Atrial septal defect

ASO Amplatzer septal occluder

Cso Ceraflex septal occluder

PET Polyethylene terephthalate

TEE Transesophageal echocardiog-
raphy

TTE Transthoracic echocardiography

Since the first transcatheter closure of
atrial septal defect (ASD) performed by
King and Mills in 1974 [1], multiple devic-
es have been designed and tested in clini-
cal studies [2, 3, 4]. Today, device closure
of secundum ASD has proved to be a safe
technique and the Amplatzer septal oc-
cluder (ASO) is the most frequently used
implant because of its simple deployment
technique, applicable defect size range,
and occlusion rate compared with oth-
er devices [5, 6, 7]. The Ceraflex ASD oc-
cluder (Lifetech Scientific, Shenzhen, Chi-
na) is a novel septal occluder designed to
treat secundum ASDs. Construction and
deployment procedures are similar to
ASO. The device consists of a nitinol wire
frame without a left atrial hub covered by
a polyethylene terephthalate (PET) mem-
brane that minimizes the chance of clot
formation and increases flexibility. Fur-
thermore, animal experiments and clini-
cal trial have shown that ceramic mem-
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brane occluders can decrease the dissolu-
tion of nickel ion efficiently and promote
the growth of endothelial tissue [8].

In this study, we evaluated the efficien-
cy and safety of the Ceraflex septal occlud-
er (CSO) device in patients with a secun-
dum ASD and compared the outcomes of
this novel device with the ASO outcomes
in a series of patients.

Patients and methods

The study included 125 patients (90 wom-
en; mean age 40+16 years) who under-
went percutaneous transcatheter closure
for secundum ASD between 2010 and
2014 from four study centers in Turkey.
All clinical, procedural, echocardiograph-
ic, and outcome variables were prospec-
tively collected.

We included all consecutive patients
referred to our hospital for secundum
ASD closure and right ventricle volume
overload. Exclusion criteria were similar
for both devices. Patients with complex
congenital cardiac malformations, insuffi-
cient septal rims, left ventricular dysfunc-
tion, severe pulmonary artery hyperten-
sion, or small ASD with a pulmonary/sys-
temic flow ratio (Qp/Qs) of <1.5:1 and no
signs of right ventricular dilatation were
excluded from the study. Informed writ-

ten consent was obtained from all patients
before the procedure.

The CSO device

The CSO device consists of self-expand-
able double disc devices, which are made
of a nitinol wire mesh shaped into two flat
discs and a 4-mm waist between the two
discs. PET membranes are sewn into each
disc to seal the hole and provide a foun-
dation for growth of tissue over the oc-
cluder after placement. A special feature
of this device is the ceramic coating (ti-
tanium nitride) on the wire mesh that re-
duces the ability of the device to produce a
thrombus, providing faster endothelializa-
tion and improved biocompatibility. The
CSO differs from the ASO device in the
mesh design; it comprises only one stain-
less steel hub at the right atrial disc for ca-
ble connection and a connection system
to the delivery cable (B Fig. 1).

The size of the device is determined by
the diameter of the waist, available rang-
ing from 6 to 42 mm with 2-mm incre-
ments. The left atrial discs are 12-16 mm
and the right atrial discs are 8-12 mm
larger than the waist, respectively. Devic-
es ranging in size from 6 to 10 mm require
8-Fr; 12-mm devices require 9-Fr, devices
ranging in size from 14 to 18 mm require
10-Fr, devices ranging in size from 20 to
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Fig. 1 A aThe CSO consist of two flat discs with a 4-mm connecting waist attached by a cable mecha-
nism onto a delivery system (arrow). b The left atrial disc without a hub

Fig. 2 A aThe Ceraflex septal occluder has a unique delivery system with 360° rotation (arrow), to al-
low accurate positioning during the procedure. b The operator can observe the final position of the
device on the atrial septal wall before release

28 mm require 12-Fr, and devices ranging
in size from 30 to 42 mm require 14-Fr de-
livery sheaths.

The ASO device consists of two self-
expandable round disks made of a 0.004-
to 0.0075-in nitinol wire mesh that are
linked together by a 4-mm connecting
waist, corresponding to the thickness of
the atrial septum. The prosthesis is filled
with Dacron fabric to facilitate throm-
bosis. The device is attached by a micro-
screw mechanism onto a 0.038-in deliv-
ery cable made of stainless steel. The size
of the device is determined by the diame-
ter of the waist, available in the range from
4 to 40 mm with I-mm increment for siz-
es 4-20 mm and 2-mm increments for
sizes 20-40 mm. The device is delivered
through a 6-Fr to 12-Fr sheath.
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The device size was selected using
the stretched diameter of the defect as-
sessed by angiographic measurement plus
1-2 mm for both procedures.

Technique

The CSO implantation procedure is sim-
ilar to the technique used for ASO im-
plantation. All procedures were per-
formed with patients under general anes-
thesia using fluoroscopic and transesoph-
ageal echocardiography (TEE) imaging.
All patients received 300 mg aspirin be-
fore the procedure and intravenous hep-
arin (100 IU/kg) during the procedure.
After placement of the right femoral vein
sheath, a guide wire was positioned into
the upper left pulmonary vein through the

septal defect and the stretched diameter of
the defect was measured as previously de-
scribed [9, 10]. The device was placed us-
ing the standard technique. The position
and stability of the device were checked by
the Minnesota maneuver. Once the device
was implanted well in position, it was re-
leased from the loader system.

Follow-up

All patients underwent clinical examina-
tion, electrocardiography, chest radiog-
raphy, and transthoracic echocardiogra-
phy (TTE) before discharge, at 1, 6, and
12 months after the procedure, and yearly
thereafter; 300 mg aspirin daily was pre-
scribed for 6 months. Prophylaxis for in-
fective endocarditis was recommended
during the first 6 months.

Statistical analysis

Data are presented as mean + SD for con-
tinuous variables and as proportions for
categorical variables. Differences between
proportions were assessed by the chi-
square test and replaced by the Fisher ex-
act test when the expected cell count was
<5. Differences between outcomes with
different devices were analyzed with un-
paired Student’s ¢ test or the Mann-Whit-
ney test. Statistical analyses were per-
formed using SPSS version 13.0 (SPSS
Inc., Chicago, Ill.). A two-tailed p value
of <0.05 was considered significant for all
analyses.

Results

In all, 125 patients were screened for inclu-
sion in the study between 2010 and 2014.
Enrolments were distributed among the
four study centers in Turkey. Patient de-
mographics, procedural data, and follow-
up outcomes are presented in @ Tab. 1.
The CSO device was used in 58 pa-
tients, while the ASO was used in 67. All
procedures were carried out with a com-
bination of TEE and fluoroscopic guid-
ance. The stretched size of the defect, de-
vice size, and fluoroscopy time were not
significantly different between the groups.
The delivery sheath size was different in
both groups; however, there were no cas-
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es of a significant vascular access-related
complication in either group.

All devices were successfully delivered
and deployed (100%) with only procedur-
al complications related to the device. Af-
ter release of the ASO device, a thrombus
attached to the center of the left atrial disk
was seen on TEE. Treatment with contin-
uous infusion of heparin was started. On
repeat TEE the following day, there was
full resolution of the thrombus with no
clinical consequences. Immediate (within
24 h) and follow-up (12 months) complete
occlusion rates for both groups were 100%.
Eleven patients in the CSO group and sev-
en patients in the ASO group required ei-
ther no treatment or medical treatment for
transient atrial arrhythmias after implan-
tation. These patients tended to be older,
with an average age of 50 years, a factor
known to predispose patients toward ar-
rhythmia. The hospital stay was similar in
both groups, all patients being discharged
the following day.

All patients were evaluated by TTE
during the follow-up. In all these patients
the device was in the appropriate position
and no interference with the surrounding
cardiac structures was observed. None of
the patients presented with new pericar-
dial effusion, residual shunt, procedure-
related stroke, cardiac perforation, device
erosion, or embolization during the fol-
low-up.

Discussion

This study is, to our knowledge, the first
to assess the CSO device for closure of AS-
Ds and to compare it with the ASO device.
This clinical experience with the CSO has
demonstrated its feasibility, safety, and ef-
ficacy as a novel implant for the treatment
of ASD. There were no short- or mid-term
complications; however, long-term data
and higher patient numbers are needed
to see whether these results have a long-
term benefit.

The CSO device has a simple design
that permits precise positioning with a
single handle control. In addition, the sys-
tem is held by the cable and the operator
can evaluate the final position and orien-
tation of the device without tension from
the delivery catheter. This system provides
accurate positioning during the procedure
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Abstract

Aim. The Ceraflex atrial septal defect occlud-
er is an alternative device to the Amplatzer
septal occluder with some structural innova-
tions including flexible connection, increased
flexibility, and minimized amount of implant
material. We evaluated the efficiency and
safety of the Ceraflex septal occluder device
in percutaneous closure of secundum atrial
septal defects.

Patients and methods. This was a prospec-
tive, nonrandomized, multicenter study of
patients undergoing transcatheter closure for
an atrial septal defect with the Ceraflex and
the Amplatzer septal occluder devices. A clin-
ical evaluation and follow-up transthorac-

ic echocardiography were performed at 1, 6,
and 12 months.

Results. Between 2010 and 2014, 125 pa-
tients underwent atrial septal defect closure
with the Ceraflex septal occluder (n=58) and
the Amplatzer septal occluder (n=67) un-
der transesophageal echocardiography guid-

DOI10.1007/500059-014-4192-0

M.A. Astarcioglu - M. Kalcik - T. Sen - A.C. Aykan - T. Gokdeniz - O.M. Gursoy - S. Karakoyun -
S. Kulahcioglu - S. Gunduz - C. Kilit - M. Oylumlu - B. Amasyali

Ceraflex versus Amplatzer occluder for secundum atrial

septal defect closure. Multicenter clinical experience

ance. Patient characteristics, the stretched
size of the defect, device size, and fluorosco-
py time were similar between the groups. The
immediate and follow-up complete occlusion
rates for both groups were 100%. There was
no device embolization, procedure-related
stroke, or pericardial effusion.

Conclusions. The Ceraflex septal occluder is
a safe and efficient device for closure of se-
cundum atrial septal defects with no proce-
dural complications. The Ceraflex has simi-
lar outcomes when compared with the Amp-
latzer septal occluder device. The advantage
of the Ceraflex septal occluder device is that
it can be deployed without the tension of the
delivery catheter.

Keywords

Atrial septal defect - Interventional
cardiology - Occlusion device - Amplatzer -
Ceraflex

Multizenterstudie

Zusammenfassung

Ziel. Der Ceraflex™-Occluder zum Verschluss
eines Vorhofseptumdefekts stellt ein alterna-
tives System zum Amplatzer™-Occluder dar,
das mit einigen strukturellen Innovationen
einschlieBlich einer flexiblen Verbindung, er-
hohten Flexibilitat und Minimierung der
Menge implantierten Materials einhergeht.
Untersucht wurde die Wirksamkeit und Si-
cherheit des Ceraflex™-Occluders bei perkut-
anem Verschluss von Vorhofseptumdefekten
vom Sekundumtyp.

Methoden. Es handelte sich um eine pros-
pektive, nichtrandomisierte Multizenterstud-
ie an Patienten mit Verschluss eines Vorhof-
septumdefekts mittels eines Katheters, und
zwar dem Ceraflex™- oder dem Amplatzer™-
Occluder. Nach 1, 6 und 12 Monaten erfolg-
ten bei den Patienten mit Vorhofseptumde-
fekt eine klinische Untersuchung und eine
transthorakale Nachsorgeechokardiographie.
Ergebnisse. Zwischen 2010 und 2014
wurde bei 125 Patienten der Verschluss eines
Vorhofseptumdefekts mit dem Ceraflex™-
Occluder (n=58) bzw. dem Amplatzer™-
Occluder (n=67) unter transésophageal-

Ceraflex™- vs. Amplatzer™-Occluder zum Verschluss eines
Vorhofseptumdefekts vom Sekundumtyp. Klinische

er Steuerung durchgefiihrt. Patientenmerk-
male, DefektgroBe unter Dehnung, GréBe des
Occluders und Durchleuchtungsdauer waren
in beiden Gruppen dhnlich. Die vollstandige
Verschlussrate lag unmittelbar nach dem Ein-
griff und im Verlauf fiir beide Gruppen bei
100%. Es gab keine Occluderembolie, inter-
ventionsbedingten Schlaganfalle oder Peri-
karderg(isse.

Schlussfolgerungen. Der Ceraflex™-
Occluder ist ein sicheres und wirksames Sys-
tem zum Verschluss eines Vorhofseptumde-
fekts vom Sekundumtyp ohne interventions-
bedingte Komplikationen. Fiir den Ceraflex™-
Occluder liegen dhnliche Ergebnisse vor wie
fiir den Amplatzer™-Occluder. Der Vorteil des
Ceraflec™-Occluders liegt darin, dass er eing-
esetzt wird, ohne dass der Platzierungskathe-
ter Zug daran ausdibt.

Schliisselworter

Vorhofseptumdefekt - Interventionelle
Kardiologie - Okklusionssystem - Amplatzer™ -
Ceraflex™
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Tab.1 Comparison of baseline characteristics, procedure variables, and complications
among groups?

Characteristic CSO (n=58) ASO (n=67) p
Demographics

Sex, female/male 42/16 48/19 0.92
Age, years 39.8+14.4 41.2£15.8 0.51
Qp/Qs 2.24+0.78 2.61+1.56 0.49
Aortic rim <5 mm 29 31 0.85
ASD diameter

TEE (mm) 16.2+6.3 15.2+6.2 0.37
Stretched (mm) 17.8+4.2 17.0+5.4 0.36
Occluder size (mm) 20.2+7.8 20.3+8.5 0.94
Procedure

Delivery sheath size 11.5%1.1 10.2+0.9 <0.001
(French)

Fluoroscopy time 7.6x2.7 8.2+2.1 0.16
(min)

Residual shuntatpro- 7 1 0.036
cedure

Residual shuntatdis- 2 4 0.55
charge

Residual shunt at 0 1 -

1 month

Residual shunt at 0 0 -

6 months

Residual shunt at 0 0 -

1 year

Major complications

CA requiring major 0 0 -
treatment

Death 0 0 -
Device embolization 0 0 -

PE with tamponade 0 0 -
Device dislocation 0 0 -
Minor complications

CA requiring no/minor 11 7 0.27
treatment

Thrombus formation 0 1 =
Puncture site hema- 0 0 -
toma

Venous thrombosis 0 0 -
ASO Amplatzer septal occluder, ASD a1l septal defect, CSO Ceraflex septal occluder, PE Pericardialeffusion. p /05 pul-
monary/systemic flow ratio TEE transesophageal echocardiography ?Data are presented as mean + SD

and minimizes any unwanted drag or pull
on the implant (B Fig. 2). This point con-
stitutes one of the main advantages of the
CSO system compared to ASO device.
The ASO is the most widely used septal
occluder for closing ASDs and has been
demonstrated to be highly effective and
safe in pediatric and adult patients [11, 12,
13, 14]. There will be no learning curve
with the CSO and its delivery system
since the implantation procedure is sim-
ilar to that of the ASO. Although it looks
similar to the ASO, there are significant
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differences between the two devices. The
ASO consists of a nitinol wire tube that
is clamped in two stainless steel hubs on
each side of the discs, whereas the CSO
device is braided, avoiding a distal clamp,
thereby offering potential benefits to de-
crease the chance of clot formation on the
left atrial disc and to increase flexibility of
the disc for better adaptation in the inter-
atrial septum.

Thromboembolic events are a recog-
nized complication of all currently used
devices and often seen on the left atri-

al side. The type of device and amount
of material in the left atrium are the most
common risk factors for thrombus for-
mation. We experienced only a complica-
tion related to clot formation in the ASO
group. However, randomized studies
comparing the two devices with respect
to thrombus formation or other compli-
cations are still needed.

Atrial arrhythmia is a frequent compli-
cation following placement of all transsep-
tal devices [15]. Symptoms usually develop
within the first 2 weeks after implantation
and generally resolve within 1-2 months.
In the present study, atrial arrhythmias
occurred in 18 patients, and during the
follow-up period all symptoms had re-
solved in these patients.

Procedure-related complications in-
cluding transient ischemic attacks, atrio-
ventricular block, arrhythmias, thrombo-
sis, cardiac perforation, and pulmonary
thromboembolism are usually related to
oversized ASDs and choosing larger de-
vices [16, 17, 18]. In our study, only atri-
al tachyarrhythmias and thrombosis were
observed.

Interestingly, 48% of patients had an
aortic rim of <5 mm. All the patients with
deficient aortic rim had successful closure
at follow-up.

The present study has several limita-
tions. We only evaluated the clinical use
and safety of the CSO device in the short
and midterm. Studies to assess long-term
results (>3 years) evaluating late complica-
tions (device erosion) will be necessary to
confirm these outcomes.

Another limitation is that we evaluated
all patients by TTE before discharge and
at 1, 6, and 12 months. TTE does not suf-
fice to exclude trivial shunt or thrombi on
the devices.

Conclusion

This study demonstrates that the CSO de-
vice implantation is a feasible, safe, and
effective in the closure of secundum AS-
Ds, with less material on the left atrial
side, rendering it more flexible for adap-
tation in the interatrial septum. The oth-
er advantage of the CSO device is that it
can be deployed without tension of the
delivery catheter. Further studies with a
larger number of patients and longer fol-



low-up are needed to evaluate these two
advantages of the device.

Corresponding address

M.A. Astarcioglu MD

Department of Cardiology,

Evliya Celebi Training and Research Hospital
Kutahya

Turkey

maliastarcioglu@hotmail.com

Compliance with ethical
guidelines

Conflict of interest. M.A. Astarcioglu, M. Kalcik, T.
Sen, A.C. Aykan, T. Gokdeniz, O.M. Gursoy, S. Kara-
koyun, S. Kulahcioglu, S. Gunduz, C. Kilit, M. Oylumlu,
and B. Amasyali state that there are no conflicts of in-
terest. The accompanying manuscript does not include
studies on humans or animals.

References

_

. King TD, Thompson SL, Steiner C, Mills NL (1976)
Secundum atrial septal defect. Nonoperative
closure during cardiac catheterization. JAMA
235:2506-2509

. Prieto LR, Foreman CK, Cheatham JP, Latson LA
(1996) Intermediate-term outcome of transcath-
eter secundum atrial septal defect closure using
the Bard Clamshell Septal Umbrella. Am J Cardiol
78:1310-1312

. Rickers C, Hamm C, Stern H et al (1998) Percutane-
ous closure of secundum atrial septal defect with
a new self centering device (“angel wings”). Heart
80:517-521

. Rome JJ, Keane JF, Perry SB et al (1990) Double-
umbrella closure of atrial defects. Initial clinical ap-
plications. Circulation 82:751-758

. ilkay E, Kagmaz F, Ozeke O et al (2010) The efficien-
cy and safety of percutaneous closure of secun-
dum atrial septal defects with the Occlutech Fig-
ulla device: initial clinical experience. Turk Kardiyol
Dern Ars 38:189-193

. Berger F, Ewert P, Bjornstad PG et al (1999) Trans-
catheter closure as standard treatment for most in-
teratrial defects: experience in 200 patients treat-
ed with Amplatzer septal occluder. Cardiol Young
9:468-473

. Chan KC, Godman MJ, Walsh K et al (1999) Trans-
catheter closure of atrial septal defect and inter-
atrial communications with a new self expanding
nitinol double disc (Amplatzer septal occluder):
Multicenter UK experience. Heart 82:100-106

. Zhang DY, Zeng WJ, Zi ZJ, Chu PK (2009) Fabrica-
tion of graded TiN coatings on nitinol occluders
and effects on in vivo nickel release. Mater Sci Eng
C1599-1603

. Wang JK, Tsai SK, Lin SM et al (2008) Transcatheter
closure of atrial septal defect without balloon siz-
ing. Catheter Cardiovasc Interv 71:214-221

10. Zanchetta M (2004) On-line intracardiac echocar-

diography alone for Amplatzer Septal Occluder se-

lection and device deployment in adult patients

with atrial septal defect. Int J Cardiol 95:61-68

N

w

S

w

[=)}

~

oo}

Nl

. Du ZD, Hijazi ZM, Kleinman CS et al (2002) Com-

parison between transcatheter and surgical clo-
sure of secundum atrial septal defect in children
and adults: results of a multicenter nonrandom-
ized trial. J Am Coll Cardiol 39:1836-1844

. Patel A, Lopez K, Banerjee A et al (2007) Transcath-

eter closure of atrial septal defects in adults > or
=40 years of age: immediate and followup results.
JInterv Cardiol 20:82-88

. Spies C, Timmermanns |, Schrader R (2007) Trans-

catheter closure of secundum atrial septal defects
in adults with the Amplatzer septal occluder: in-
termediate and longterm results. Clin Res Cardiol
96:340-346

. Masura J, Gavora P, Podnar T (2005) Long-term

outcome of transcatheter secundum-type atri-
al septal defect closure using Amplatzer septal oc-
cluders. J Am Coll Cardiol 45:505-507

. Suda K, Raboisson MJ, Piette E et al (2004) Revers-

ible atrioventricular block associated with closure
of atrial septal defects using the Amplatzer device.
J Am Coll Cardiol 43:1677-1682

. Chessa M, Carminati M, Butera G et al (2002) Early

and late complications associated with transcath-
eter occlusion of secundum atrial septal defect. J
Am Coll Cardiol 39:1061-1065

. Levi DS, Moore JW (2004) Embolization and re-

trieval of the Amplatzer septal occluder. Catheter
Cardiovasc Interv 61:543-547

. Amin Z, Hijazi ZM, Bass JL et al (2004) Erosion of

Amplatzer septal occlude device after closure of
secundum atrial septal defects: review of regis-
try of complications and recommendations to
minimize future risk. Catheter Cardiovasc Interv
63:496-502

Herz 2015 ‘ 5



