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Abstract  

Objective: Percutaneous closure of atrial septal defect is a well-established procedure and has evolved to become the standard of care due to its many 

advantages. However, atrial septal defect closure devices covered with polyvinyl alcohol membrane could cause recurrent significant shunts due to a 

spontaneous polyvinyl alcohol membrane perforation. To investigate whether spontaneous polyvinyl alcohol membrane perforation developed in our 

patients who had implanted with CARDIA Ultrasept atrial septal defect occluder (Eagan, Minnesota, USA) that covered with Polyvinyl Alcohol 

membrane. 

Methods: We retrospectively rewieved all patients with a diagnosis of secundum type atrial septal defect who underwent percutanoues closure with 

CARDIA Ultrasept prosthesis.  

Results: Ten patients aged 4 to 56 years who underwent atrial septal defect closure with UItrasept device were included. During a median 26 months 

follow up period, we detected a four cases of polyvinyl alcohol membrane failure. In 3 patients, perforation of polyvinyl alcohol membrane caused 

significant left to right shunt that required re-intervention, while in one patient it caused minimal residual shunt. The devices were used were 14 mm 

(two patients), 16 mm (one patient) and 30 mm (one patient). Two patients underwent surgical device removal and pericardial patch closure. One 

patient underwent device in device procedure. Residual shunts were not occured in after reinterventions.  

Conclusion: Polyvinyl alcohol membrane perforation is rare and can require reintervention. Operators have to be aware of this malfunction. 

Keywords: Polyvinyl alcohol membrane, perforation, atrial septal defect occluder, recurrent shunt 

Öz 

Amaç: Atriyal septal defektin perkütan yolla kapatılması etkinliği kanıtlanmış bir prosedür olup birçok avantajı nedeniyle standart tedavi haline 

gelmiştir. Bununla birlikte, polivinil alkol membran ile kaplanmış Atriyal septal defektin kapama cihazları, spontan Polivinil Alkol membran 

perforasyonuna bağlı olarak tekrarlayan ciddi şantlara neden olabilir. Çalışmamızda, Polivinil Alkol membran ile kaplı CARDIA Ultrasept Atriyal 

septal defektin kapama cihazı (Eagan, Minnesota, ABD) implante edilen hastalarımızda, spontan polivinil alkol membran perforasyonu gelişip 

gelişmediğini araştırmayı amaçladık. 

Yöntem: CARDIA Ultrasept protezi ile perkütan kapama uygulanan sekundum tip Atriyal septal defektin tanılı tüm hastalarımızı retrospektif olarak 

gözden geçirdik. 

Bulgular: UItrasept cihazı ile atriyal septal defektin kapama işlemi uygulanan, 4 ila 56 yaşları arasında olan on hasta çalışmaya alındı. Medyan 26 

aylık takip periyodu sırasında, dört hastada polivinil alkol membran sorunu saptandı. Üç hastada polivinil alkol membran perforasyonu tekrar girişim 

gerektiren ciddi soldan sağa şanta neden olurken, bir hastada minimal rezidü şanta neden oldu. Kullanılan cihazlar 14 mm (iki hasta), 16 mm (bir hasta) 

ve 30 mm (bir hasta) idi. İki hastada, sorunlu cihazın cerrahi olarak çıkarılması ve perikardiyal yama ile kapama işlemi uygulandı. Bir hastada ise 

perkütan ikinci atriyal septal defektin cihazı ile kapama işlemi uygulandı. İkinci prosedürler sonrası, bu üç hastada da rezidü şant tespit edilmedi. 

Sonuç: Polivinil alkol membran perforasyonu nadir görülür ve genellikle yeniden girişim gerektirir. Operatörler bu sorunun farkında olmalı ve polivinil 

alkol membran kaplı cihaz implante edilen tüm hastalarını tekrar gözden geçirmelidirler.  

Anahtar Kelimeler: Polivinil alkol membran, perforasyon, atriyal septal defekt kapama cihazı, rekürren şant 
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Introduction 

 
Percutaneous ASD closure has evolved to become the 

preferred strategy because of its certain advantages, including 

avoidance of sternotomy, a lower incidence of procedural 

complications, and an early discharge.1,2 

Since the first successful ASD closure with a device, a great 

deal improvements have been made and some devices have 

been developed in closure device technology.2 One of them is 

CARDIA ASD prostheses (Eagan, Minnesota, USA), which 

have been available since 1998 and advanced several 

generations. The latter versions were named Atriasept I/II and 

afterwards the Ultrasept I/II. In order to minimise device 

material and improve flexibility, all Cardia devices are made 

of two low-profile nitinol disc frames covered with PVA 

membrane which is a water-soluble polymer, can become 

insoluble for certain medical purposes.4 The devices, with a 

patented self-centring mechanism, have both retrievable and 

repositionable features.5,6 However, It has been revealed that 

the CARDIA ASD prostheses show multiple PVA membrane 

perforations from 1 week to 24 months following post-

implantation.7-12 This malfunction was found independent from 

device size and noticed in the last two generations.  

The purpose of the study was to investigate retrospectively all 

ASD patients with CARDIA Ultrasept ASD occluder (an older 

version of the Ultrasept II) in our centre and examine whether 

spontaneous PVA membrane perforation developed in the long 

term. 

 

Methods 

 
This is a retrospective study consisted of a total of 10 patients 

with a diagnosis of secundum type ASD who underwent ASD 

closure with CARDIA Ultrasept prosthesis at our centre. 

  

Preoperative Assessment  

Patients’ suitability for procedure were assessed by 

transthoracic and transesophageal echocardiography 

(TTE/TEE). ASD number, size, position and rims were 

appraised. The largest size of defect was accepted as reference 

diameter. Cardiac dimensions, ventricular functions and valves 

were also assessed. 

 

Implantation Procedure 

The all procedures were performed under general anesthesia. 

The deployment and release steps were done under 

fluoroscopy and TEE guidance. After releasing the device, a 

final TEE examination was undertaken to show the position of 

the device and any residual shunting.  

 

Follow-up 

Patients were discharged one day after the procedure with 100 

mg aspirin and clopidogrel 75 mg. The follow-up was 

conducted by clinical evaluations, electrocardiography and 

transthoracic echocardiography at day 1, at 1, 6, and 12 

months, then yearly thereafter. All patients underwent TTE 

during each visit. If a suspicious shunt was detected in the 

patient's echocardiography, then the measurements also 

performed by different operator and the finally, three 

dimensional TEE was performed. 

Written informed consent was obtained from all patients.  

 

Statistical Analysis 

Statistical analysis was performed with IBM SPSS 20.0 (IBM 

Corp., Armonk, NY, USA) package program. Continuous 

variables were expressed as means ± standard deviations, and  

 

 
categorical variables were expressed as numbers and 

percentages. 

 

Results 

 
Ten patients who underwent ASD closure with UItrasept 

device were included in the analysis. This group included 7 

female patients (70%) aged 4 to 56 years, with median age 31. 

The devices used were 14 mm (two patients), 16 mm (three 

patients), 20 mm (four patients), 30 mm (one patient). All 

devices were placed successfully.  

During a median 26 months (range 13-44 months) follow up 

period, we detected four PVA membrane failure cases. All of 

them were female aged 4 to 54 years, with mean age 32.2. 

Minimal residual shunt was detected in one patient in the 3rd 

month following the operation and there was no progress in 

residual shunt in the 31st month of follow-up. While minimal 

shunt was detected in one patient in the 9th month, the shunt 

was observed to progress significantly in the 25th month 

during regular follow-up. Severe shunt development was 

determined in remaining two patients during 19th and 34th 

months.  

In three patients, PVA membrane failure caused significant 

shunt through the central portion of the devices that required 

re-intervention (Figure 1A, B, C) while in one patient it caused 

only minimal residual shunt. 3 of these patients were 

asymptomatic and the diagnosis was made during regular 

polyclinic follow-up. Case-2 was diagnosed by routine 

examination performed in her admission with unstable angina 

pectoris. The devices used were 14 mm (two patients), 16 mm 

(one patient) and 30 mm (one patient).  

Percutaneous or surgical re-intervention was decided upon 

detection of severe recurrent shunting. No other measurements 

were made. Case 2 and 3 were underwent surgical failing 

device removal and patch closure. Since the case-2 had a 

serious coronary artery disease, device removal and ASD 

closure were performed together with coronary artery bypass 

graft surgery. On perioperative view, the device appeared 

correctly implanted, frames were intact and PVA membrane 

around the frame almost totally disappeared with incomplete 

endothelialisation (Figure 2 A, B). Case-4 underwent device in 

device procedure in another centre. Amplatzer ASD Occluder 

was used as a second device. Residual shunts were not detected 

in these three patients after reintervenion. A close follow-up 

was planned for patients with minimal residual shunt. Baseline 

patient characteristics, review of diagnosis and management of 

device malfunctions were shown in the Table 1. 
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Figure 1. Two dimensional (2D) transesophageal echocardiography (TEE) demonstrated significant left to right shunt through the central portion 

of the prosthesis (1A). Three dimensional (3D) TEE showed a multiple perforations on PVA membrane with intact image of nitinol frame (1B) 

and 3D color doppler imaging showed significant shunt through the central portion of the device (1C). 

 

 
 

Figure 2. Perioperative view showing incomplete endothelialization around the intact frame in both right and left of the disc of the device (2A). 

Another view showing totally disappeared PVA membrane with incomplete endothelialization around the intact frame (2B). 

 
Table 1.  Baseline patient characteristics, review of diagnosis and management of device malfunction 

 

Cases Age, 

Gender 

Defect/Device 

size (mm) 

Comorbidities Recurrence time and 

degree of shunt after the 

procedure 

Symptom Management Follow -up 

(months) 

Case 1 4, F 13/14 None 
3 months-minimal residual 

shunt 
No Follow-up 31 

Case 2 54, F 27/30 CAD 

9 months-minimal residual 
shunt 

25 months-significant 

residual shunt 

No 
Surgical device removal 

and pericardial patch repair 
44 

Case 3 41, F 16/16 None 
34 months-significant 
residual shunt 

No 
Surgical device removal 
and pericardial patch repair 

36 

Case 4 30, F 14/14 None 
19 months-significant 

residual shunt 
No Device in device technique 21 

Case 5 44, M 18/20 None None - - 15 

Case 6 32, F 14/16 None None - - 13 

Case 7 6, F 16/16 None None - - 34 

Case 8 13, M 18/20 None None - - 40 

Case 9 26, M 18/20 None None - - 34 

Case 10 56, F 16/20 None None - - 19 

F, female; M, male; mm, milimeter; CAD, coronary artery disease 
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Discussion 

 
Ultrasept ASD Occluder has a double round nitinol disc covered 

with PVA membrane which is frequently used in medical 

devices due to its chemical resistance, biocompatibility and high 

water solubility. It is stated that PVA can decrease the risk of 

thrombus formation and enhance more homogeneous 

endothelialisation.1,2 However, it has been reported in several 

publications that PVA membrane with many versions of the 

CARDIA ASD prostheses have early or delayed malfunctions.7-

12 Bartel et al reported two cases, including devices failure in 

patients treated with the Atriasept II (Cardia Inc, Eagan, MN), 

an older version of the device that we used.7 Bhattacharyya et al. 

also revealed disintegration of PVA with the same version 

device that we have.8 Besides, several cases of device failure 

were reported with Ultrasept II ASD occluders.9-11 

PVA membrane disintegration mostly lead to significant 

recurrent shunts that reintervention was required. In most cases, 

surgical removal and pacth repair were advised. Covering the 

damaged membrane with a second device can be considered as 

an alternative to surgery.8-11 The space between the nitinol struts 

made it possible to cross the long sheath for implanting the 

second device. Chamié et al. applied ‘device in device 

technique’ to four patients and showed that implanting a second 

nitinol symmetrical double disk over the first one was 

technically feasible. As surgery has many risks and the patient 

preference is particularly considered, the second device 

technique can be performed. Similar to the Cardia ASD 

prosthesis, having the same low profile metal frame could help 

the second device achieve better apposition to the first.13 

However, since the mechanism of PVA membrane 

disappearance is unknown, a second device with a different 

structure should be chosen to avoid recurrent inadequate 

endothelialization response8,11,14 

ASD device sizes utilized in reported cases range from 14 mm 

to 30 mm, so the complication seems to be independent from 

size. There was no evidence of infection or any failure 

mechanism. However, it is likely associated with early 

reabsorption of the PVA sail, related to late or incomplete 

endothelialization. This phenomenon has been reported with 

other ASD devices, supporting the hypothesis of an inadequate 

endothelization response, of unknown cause.15,16 

After 2015, manufacturer produced a new generation device –

Ultrasept II™ – where a Goretex patch has been interposed 

between the two nitinol discs to prevent this complication. In 

reported series of 30 cases with this new device, it has been 

demonstrated that there were no recurrent shunts due to 

membrane perforation during 7.1±4.7 months.17 It is more likely 

due to the new interposed Goretex patch, avoiding perforation 

of the PVA membrane. In conclusion, PVA membrane 

perforation is rare and serious problem that usually leads to 

second procedure. New Ultrasept II™ device is promising and 

might change the perspective of operators. However, questions 

about the longterm safety of this device still remain. 

 

Limitations 

We acknowledge that there were some limitations in this study. It 

was a single-center and retrospective study with a small sample 

size. The follow-up period of patients was limited to two years. 
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