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CASE REPORT

A massive left-to-right shunt due to delayed spontaneous
perforation of polyvinyl alcohol membrane of atrial septal occluder

Atriyal septal defekt kapama cihazinin polivinil alkol membraninin
spontan gecikmis perforasyonuna bagli yogun soldan saga sant
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Summary- Percutaneous closure of an atrial septal defect
(ASD) has emerged as an alternative to surgery. A 54-year-
old woman with a history of percutaneous ASD closure with a
30-mm Cardia Ultrasept septal occluder (Cardia Inc., Eagan,
MN, USA) comprising 2 discs made of Nitinol wire mesh cov-
ered with polyvinyl alcohol (PVA) membrane, was admitted to
the hospital with unstable angina pectoris. In a routine exami-
nation, transthoracic echocardiography revealed a left-to-right
shunt through the device. Transesophageal echocardiogra-
phy (TEE) also demonstrated significant left-to-right shunt
through the central portion of the prosthesis. Coronary angi-
ography was performed, which disclosed severe stenosis in
the right and left anterior descending coronary arteries. Three-
dimensional TEE showed multiple perforations of the PVA
membrane with intact nitinol frame. Surgical removal of failing
device and closure of the ASD with a pericardial patch was
performed together with coronary artery bypass graft surgery.
On perioperative view, the device appeared to have been cor-
rectly implanted, and the device frame was completely intact;
however, the PVA membrane of both the right and left discs
had almost completely disappeared and there was incomplete
endothelialization around the frame. Surgeons must be aware
of this rarely seen complication and they should re-examine
all patients implanted with Cardia devices in regular follow-up
examinations for a long period of time.

ercutaneous closure of atrial septal defect (ASD)
has emerged as an alternative to surgery and sev-
eral devices have been developed. Cardia ASD pros-
theses have been available since 1998 and have been

Ozet- Perkiitan girisimle atriyal septal defektin (ASD)
kapatiimasi cerrahiye secenek olarak ortaya ¢ikmistir.
Polivinil alkol (PVA) ile kaph iki nitinol diskten yapilmig
30-mm Cardia Ultrasept Septal oklider (Cardia Inc, Ea-
gan, MN, USA) cihazi ile perkutan yolla ASD kapatilma
Oykisl olan 54 yasinda bir kadin hasta kararsiz anjina
pektoris tanisi ile hastanemize kabul edildi. Transtorasik
ekokardiyografide cihazin iginden soldan saga sant iz-
lendi. Transézofajiyal ekokardiyografide (TOE) ise ciha-
zin orta béliminden gecen soldan saga gecisli 6nemli
miktarda sant gosterildi. Hastaya koroner anjiyografi ya-
pildi ve sag koroner ve sol 6n inen koroner arterlerde
ciddi darlik saptandi. Uc boyutlu TOE’de nitinol gati sag-
lam ve PVA membran Uzerinde ¢ok sayida perforasyon
g6ruldi. Hastanin koroner arter baypas greft ameliyati ile
birlikte ASD kapama cihazi ¢ikarildi ve ASD perikardiyal
yama ile tekrar kapatildi. Ameliyat sirasindaki inceleme-
de, cihazin dogru bir sekilde yerlestirildigi cihazin cati-
sinin tamamen saglam oldugu ve cati etrafindaki eksik
endotelizasyon ile sag ve sol disklerin tamamen kaybol-
dugu géruldi. islemcilerin bu nadir gérilen komplikas-
yonun farkinda olmalari ve Cardia cihaz yerlestirilen tim
hastalari tekrar muayene etmeleri ve uzun sire dizenli
izlemeleri gerekmektedir.

redesigned several times. The Ultrasept (Cardia Inc.,
Eagan, MN, USA) septal occluder consists of 2 disc
frames made of Nitinol covered with polyvinyl alco-
hol (PVA) membrane. PVA is a water-soluble poly-
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mer, which becomes
insoluble for medical
purposes with form-
aldehyde or glutaral- *V4
dehy de CI'OSS-liIlkS.“ 1 TEE Transesophageal echocardiography
A case of dissolution of the PVA membrane detected 2
years after implantation of Cardia Ultrasept ASD oc-
cluder in a 54-year-old woman is described.

Abbreviations:

ASD  Atrial septal defect
CABG Coronary artery bypass graft
Polyvinyl alcohol

CASE REPORT

A 54-year-old woman with a history of percutaneous
ASD closure with a 30-mm Cardia Ultrasept sep-
tal occluder in September 2014 was admitted to the
emergency department with unstable angina pectoris
in September 2016.

In a routine examination, transthoracic echocar-
diography revealed an important, recurrent, left-
to-right shunt through the device. Transesophageal
echocardiography (TEE) demonstrated significant
left-to-right shunt through the central portion of the
prosthesis and a mobile thrombus on the right atrial
disc. (Figure 1a, b). Coronary angiography disclosed
severe stenosis in the right and left anterior descend-

ing coronary arteries (Figure 1c, d). The Ultrasept
ASD device is made of 2 discs with Nitinol frame
covered with PVA membrane (Figure 2a, b). Three-
dimensional TEE revealed multiple perforations of
the PVA membrane of the device with intact metallic
structure (Figure 2c).

Surgical removal of the failing device and closure
of the ASD with a pericardial patch was performed suc-
cessfully, together with a coronary artery bypass graft
(CABG) surgery. On perioperative view, the device
appeared to have been correctly implanted, the device
frame was completely intact. On both the right and left
discs of the device, the PVA membrane had almost to-
tally disintegrated, and there was incomplete endothe-
lialization around the frame (Figure 2d, e). Analysis
of the explanted device did not indicate any evidence
of infection and culture remained sterile. The device
manufacturer was informed of the adverse event.

DISCUSSION

The Ultrasept ASD occluder device is the seventh
generation Cardia prosthesis. It has a double, round
disc design; the frame is made of Nitinol and covered

Figure 1. (A and B) Transesophageal echocardiography demonstrated important left-to-right shunt through the central portion of
the prosthesis and a mobile thrombus on the right atrial disc (green arrow). (C and D) Coronary angiography disclosed severe
stenosis in the right and left anterior descending coronary arteries.

Figure 2. (A) Right atrial disc of the Cardia Ultrasept (Cardia Inc., Eagan, MN, USA) closure device, comprised of a Nitinol frame

covered with polyvinyl alcohol (PVA) membrane. (B) Left atrial disc made of a Nitinol frame covered with PVA membrane. (C)
Three-dimensional transesophageal echocardiography showed multiple perforations in the PVA membrane of the device with
intact Nitinol frame. (D) Left disc of the removed device with missing PVA membrane and incomplete endothelialization around
the intact frame. (E) Intraoperative view of the right disc of the device with virtually no PVA membrane remaining.
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with PVA membrane. PVA is a synthetic polymer
commonly used in medical devices due to its bio-
compatibility, high water solubility, and chemical re-
sistance. This device offers a minimal metallic frame
and both discs have rounded edges to minimize the
risks of erosion and/or perforation. It was also devel-
oped to allow percutaneous access to the left atrium
through the inserted device.!'*

We report a case of dissolution of the PVA mem-
brane observed after 2 years in a patient treated with
30-mm Ultrasept ASD occluder. Similar cases have
previously been reported with many versions of Car-
dia ASD prostheses (Table 1). Bartel et al. reported
2 cases of device failure in patients treated with the
Atriasept II (Cardia Inc., Eagan, MN, USA), an older
version of the device we used.® Bhattacharyya et al.
demonstrated disintegration of PVA with the same
version of the device as in our case.”! Several other

cases of device failure have also been reported with
latest generation of Cardia devices (Ultrasept II ASD
occluders) .7

Patients with device failure were asymptomatic
in most cases, but it may be revealed in dyspnea, fa-
tigue, or multiple stroke.*>7 Although minimal shunt
through the device was noticed at ninth month, our
patient remained asymptomatic for 2 years. Surgical
removal of the failing device and repair with a patch
was preferred in most reported cases. Covering the
damaged membrane with a second device has been
reported and may be considered an alternative to sur-
gery.*”l The space between the Nitinol struts makes
passage of long sheath possible in order to implant a
second device without damaging the structure of the
first device. Since our patient also had severe coro-
nary artery disease at the same time, we performed a
concomitant CABG and patch closure.

Table 1. Review of reported cases of patients with malfunction of polyvinyl alcohol membrane of septal occluder

First author Patient Device Device Recurrence Symptom Management
(year) age/sex Type size of shunt after
procedure
Bartel (2010) 62/NA Atriasept Il 24 mm 6 weeks No Endoscopic device removal
42/NA Atriasept Il 20 mm 3 months No Endoscopic device removal
Aubry (2014) 77/M Ultrasept Il 24 mm 3 months No Surgical device removal and
Gore-Tex patch repair
Bhattacharyya 69/M Ultrasept 28 mm 10 months Several Covering the damaged
(2015) transient membrane with a second
neurological device
events
Ramoglu 4/M Ultrasept Il 20 mm 1 week No Surgical device removal and
(2016) Gore-Tex patch repair
Labombarda 19/F Ultrasept Il 26 mm 1 months Dyspnea Surgical device removal and
(2016) Gore-Tex patch repair
30/M Ultrasept Il 26 mm 6 months No
44/F Ultrasept Il 16 mm 6 months No
75/F Ultrasept Il 18 mm 11 months No
Chamie (2016) 28/F Ultrasept Il 20 mm 6 months Exercise- Device in device technique
induced
fatigue
33/F Ultrasept Il 16 mm 4 months No Device in device technique
49/F Ultrasept Il 16 mm 6 months No Device in device technique
17/F Ultrasept Il 14 mm 14 months No Device in device technique

NA: Not available; M: Male; F: Female.
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Neither previous authors nor the manufacturer has
been able to explain the mechanism of PVA mem-
brane disappearance. ASD device sizes used in re-
ported cases varies from 14 mm to 28 mm, so this
complication is independent of device size. We could
not find any evidence of infection, a possible cause
of degradation. It may be caused by early reabsorp-
tion of the PVA sail, associated with late endotheli-
alization of the device. After a declaration of adverse
events made by Labombarda et al., the manufacturer
announced the development of a new consolidated
device with the addition of a Gore-tex (W. L. Gore
and Associates, Newark, DE, USA) patch between the
2 Nitinol discs.?

Conclusion

We have reported the malfunction of the PVA mem-
brane in ASD device detected in the second year af-
ter the implantation procedure. Disintegration of the
PVA membrane is rare and usually requires surgical
intervention. Surgeons must be aware of this potential
complication and they should re-examine all patients
implanted with Cardia devices at the earliest opportu-
nity and conduct regular follow-up examinations for a
long period of time.
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