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Self-Expanding Platinum-Coated Nitinol Devices for
Transcatheter Closure of Atrial Septal Defect: Prevention

of Nickel Release

‘Pornthep Lertsapcharoen, MD, “Apichai Khongphatthanayothin, MD, ‘Suphot Srimahachota, MD,
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ABSTRACT: Background. A varicty of nitinol-conraining
devices for transcatheter closure of atrial septal defects (ASD) has
been widely used. However, there is concern about the release of
nickel after nitinol device implantation. In this study, a platinum-
coated nitinol device was braided from nanoplatinum-coated nitinol
wires in order to prevent nickel release. The serum nickel levels
before and after device implantation and the 1-year results were eval-
uated. Methods. Thirty-one patients, aged 4-59 years, and weighing
13.7-90.0 kg, underwent transcatheter closure. Blood samples for
serum nickel levels were taken before, 1 day, 1 week, 1 month and 3
months after implantation. Results. Twenty-nine (93.6%) patients
had a successful implantation. The mean ASD diameter was 19.7 +
4.8 mm (range 10-30 mm). Procedure-related complications includ-
ed transient brachial plexus injury in 1 patient, and transient dys-
rhythmia in 4 patients. All 29 patients had complete closure within 1
month after implantation. The mean serum nickel levels ar baseline
and at 1 day, 1 week, 1 month and 3 months after implantation were
0.65 + 0.28, 0.63 = 0.18, 0.67 + 0.34, 0.55 = 0.16, 0.52 + 0.14
ng/ml, respectively. There was no significant difference in serum
nickel levels before and after implantation. There were no device-
related complications at 1-year follow up. Conclusions. Tran-
scatheter ASD closure using a platinum-coated nitinol device can be
performed safely and successfully with good outcomes. Nano-coating
of platinum on nitinol wires can prevent nickel release following
device implantation.
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Nitinol, an alloy composed of 55% nickel and 45% titani-
um, has been widely used in medical products, Wich its
superelastic and shape-memory properties, nitinol has gener-
ated new models of occlusion devices for transcatheter closure
of atrial septal defects (ASD) and various other cardiovascular
defects. These nitinol devices not only yielded excellent
results, but also made for easy and safe device implanration.
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However, there is a concern about release of nickel after
implantation of nitinol devices,'? especially in patients wich
nickel allergy.** This is where platinum-activation of nitinol
by nanotechnology has a role. By a process called plasma
deposition, ultra-thin layers of platinum atoms are deposited
on the surface of nitinol wires. The platinum layers prevent
nickel release, but do not change the superelastic and shape-
memory properties of nitinol. This concept has produced a
new ASD occlusion device model that should resolve the
nickel release problem.

The purpose of this study was to evaluate the 1-year
results of platinum-coated nitinol device use in percuta-
neous transcatheter closure of ASDs and to study the differ-
ence in serum nickel levels before and after ASD closure
with this device.

Methods

The study protocol and informed consent form were
approved by the ethics committee of the Faculty of Medicine,
Chulalongkorn University, Bangkok, Thailand. All patients
or their guardians gave written consent for their participation
in the study.

Patient population. Patients > 3 years of age who had a
secundum ASD and right ventricular volume load by transtho-
racic echocardiography (TTE) and in whom defect closure was
indicated were invited to participate in the trial. Patients were
excluded who had associated cardiac defects that needed
open-heart surgery and in whom TTE demonstrated an ASD
size > 30 mm and septal rims < 7 mm from the right pul-
monary vein, coronary sinus, superior vena cava, inferior vena
cava and mitral valve,

Device design. The device was braided from platinum-
coated nitinol wires into 2 circular discs (acting as left and
right atrial discs) with a central connecting waist (stenting at
the ASD), and filled with 3 circular polypropylene sheaths
(each was sewn at the rim of the right atrial disc, the central
connecting waist and the left atrial disc, respectively) to
enhance thrombogenicity (Figure 1). Although the structure
of the device appears similar to the Amplatzer septal occluder
(AGA Medical, Golden Vafff’y, Minnesota), the surface compo-
sition of the nitinol wires that was platinum coated, includ-
ing the fabric used for occlusion, are different. The loading
system consisted of a small tube that acted as a loader and a
delivery cable that could be connected with the device by
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Figure 1. The atrial septal defect closure device. (A) Frontal view of the right atrial disc; (B) frontal view of the left atrial disc; (C) side view
with the left atrial disc on the right and the right atrial disc on the left (the right atrial disc is connected to the delivery cable)

screw connection. Because the platinum layers did not
interfere with the superelastic and shape-memory proper-
ties of the nitinol, the device that was connected to the
delivery cable could be easily pulled and collapsed in the
loader. The device that was prepared in the loading system
was loaded into a long vascular sheath and deployed at the
ASD. The size of the device is indicated as the diameter of
the central connecting waist. In our previous animal exper-
iment using a swine model, we demonstrated safe and suc-
cessful outcomes with this device. The post-mortem
finding showed complete neo-endothelialization over the
surface of the device on both the right and left atrial discs
at 6 weeks after implantation.®

Transcatheter closure technique. The entire procedure
was performed under general anesthesia, with a trans-
esophageal echocardiographic study (TEE) and fluoroscopic
control. The patient was given heparin 100 units/kg and a
single dose of intravenous cefazolin 50 mg/kg (maximum
dose of 2 gm) as a prophylactic antibiotic. ASD size and mor-
phology were assessed by TEE. The device size was selected
according to the stretched diameter of the ASD indicated by
the diameter of the sizing balloon that stopped left-to-right
flow across the ASD. In the cases where balloon sizing was
not done, device deployment was attempted according to the
size of the ASD diameter by TEE plus 4 mm. The selected
device that was attached to the delivery cable was collapsed in
the loader and introduced into the long sheath. Using fluoro-
scopic and TEE guidance, the device was deployed for ASD
closure with the central waist of the device stenting at the
ASD, and both the left and right atrial discs attaching to both
sides of the atrial septum. If the device position and align-
ment, as assessed by TEE and fluoroscopy, were not ade-
quate, the device was retrieved and exchanged for a new one
that was larger or smaller than the previous device, as deter-
mined by the operator. Once satisfactory device position and
stability were achieved, the delivery cable was unscrewed to
detach from the deployed device.

To avoid oversized device implantation, a balloon-assist-
ed technique was applied in large ASD cases, requiring a
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different deployment technique using a balloon angioplasty
catheter to assist in alignment of the device during deploy-
ment. The balloon supported the left atrial disc and pre-
vented it from prolapsing into the right atrium (Figure 2).
Follow up and laboratory analysis. Between July 2005
and May 2006, 31 patients (10 males and 21 females) under-
went attempted transcatheter ASD closure. There were 20
pediatric and 11 adult cases. The ages ranged from 4 to 59
years, with a median age of 11 years. The patients” weight

ranged from 13.7-90 kg, with a median weight of 33 kg.

25 D 7

Figure 2. A 15 mm balloon valvuloplasty catheter was used to assist
in the deployment of the 30 mm ASD device in a 14-year-old girl
who had a 26 mm ASD as measured by TEE. (A) The balloon was
inflated first and then the left atrial disc was deployed, followed by
partial deployment of the right atrial disc. (B) The right atrial disc
was fully deployed with simultaneous gradual balloon deflation. (C
and D) While the right atrial disc was pushed toward the left atrial
dise to flatten the device, the balloon catheter was gently pulled back
to the right atrium.
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Antiplatelet thera-
py after device
implantation
included clopido-
grel 1 mglkg/day
in pediatric cases,
or 75 mg/day in
adult cases for 1
month, combined
with aspirin 3-5
mg/kg/day  in
pediatric cases, or
300 mg/day in
adult cases for 6
months. Clinical
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Figure 3. Echocardiographic study in a 26 mm awial sepral defect case that was closed with a 30 mm device (the same
patient as in Figure 2). (A) Preimplantation; (B) 6 months post implantation.

information,
including a TTE study, was evaluated at 1 day, 1 ng/ml

Means (error bars: 1 SD)

week, 1 month, 3 months, 6 months and 1 year after 20 |
device implantation. Blood samples for serum nickel
analysis were collected before device implantation
and at 1 day, 1 week, 1 month and 3 months after
implantation. The blood was centrifuged immediate-
ly and the serum collection was frozen at -20°C until
analysis was performed. Serum nickel levels were also
analyzed in 100 normal populations for comparison
with the baseline before implantation. Serum nickel
analysis was conducted by electrothermal atomic
absorption spectrophotometry (ETAAS) with Zee-
man background using Varian Spectra AA 220 (Var-
ian Australia Pty Ltd., Mulgrave, Victoria, Australia)
and Zeeman background equipped with a GTA 110
graphirte furnace and a PSD-100 autosample.
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Statistical analysis. Data were expressed as
mean + standard deviation. For comparison of the
serum nickel values at 1 day, 1 week, 1 month and
3 months after device implantation with the base-

p-value

1week 1 month 3 months Control
22 21 23 100

0.56 0.14 0.11 0.50

1 day
16

0.86

line before implantation, statistical analysis was per-
formed using the paired t-test. The difference

Figure 4. Serum nickel levels at pre-and post-implantaion. (n = number of
cases in each group; p-value = the p-value as compared to the mean level at
baseline).

between the serum nickel levels in the patients and

those in the normal populations was analyzed using
the independent samples t-test. A p-value < 0.05 was consid-
ered statistically significant.

Results

Device deployment was successful in 29/31 patients
(93.6%). One patient, a 50-year-old female, had dislodge-
ment of the device to the left atrium during the procedure
which required emergent surgery for device removal and ASD
closure. The other patient, a 15-year-old female, experienced
device deployment failure and underwent subsequent elective
surgical ASD closure. The ASD size measured by TEE in 29
cases ranged from 10-30 mm, with a mean size of 19.1 + 4.5
mm. The device size ranged from 14-34 mm, with a mean
size of 23.5 = 4.6 mm. Balloon sizing was performed in 19
patients. The mean stretched ASD diameter by sizing balloon
was 20.8 + 5.4 mm, and the implanted device size in the 19
patients was 22.1 + 5.2 mm. The balloon-assisted technique
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was applied in 7 children and 2 adults. Procedure-related
complications included transient brachial plexus injury in 1
patient, transient complete heart block in 1, and transient
junctional thythm in 3 patients.

Clinical information and serial TTE follow up (Figure 3)
at 1 day, 1 week, 1 month, 3 months, 6 months and 1 year
after implantation revealed no device-related complications.
The complete closure rate by TTE was 58.6% (17 cases),
82.8% (24 cases) and 100% (29 cases) at 1 day, 1 week and 1
month after implantation, respectively. One patient, a 4-year-
old girl who had 2 ASDs (10 and 4 mm, respectively, by
TEE), underwent implantation with a 14 mm device for clo-
sure of the larger defect. The patient had complete closure of
the larger defect at 1 week after implantation, bur still had
residual flow across the smaller defect at 1-year follow up.
Two patients complained of frequent episodes of ecchymosis
when given their antiplatelet medication.

281



Jour nal of

LERTSAPCHAROEN, et al.

Twenty-five patients underwent serial blood sample collec-
tion for serum nickel analysis, but only 18 of them had a base-
line level. The mean serum nickel levels at baseline (2 = 18)
and at 1 day (# = 16), 1 weck (n = 22), 1 month (z = 21), and
3 months (r = 23) after implantation were 0.65 = 0.28, 0.63
0.18, 0.67 + 0.34, 0.55 £ 0.16, and 0.52 + 0.14 ng/ml,
respectively. Serum nickel concentrations at baseline and post
implantation, using the paired t-test, were not statistically dif-
ferent before and after device implantation. P-values were
0.86 (versus 1 day, # = 15), 0.56 (versus 1 week, n = 17),
0.14 (versus 1 month, # = 15), and 0.11 (versus 3 months, »
= 17). The mean serum nickel level in the 100 normal popu-
lations was 0.60 + 0.30 ng/ml. The patients” mean baseline
level was also not significantly different from that in the nor-
mal population (p-value = 0.5), as shown in Figure 4.
Patient blood samples (pre- and post implantation), when
compared with those from the normal population, showed
no statistically significant difference in mean serum nickel
levels (p-value = 0.90).

Discussion

Nitinol-containing devices for transcatheter closure of
atrial septal defects (ASDs) have been used worldwide over
the past decade. With its excellent shape memory and
superelasticity, nitinol has made ASD closure safe, easy and
successful, According to recent reports, the Amplatzer ASD
occluder, a self-expandable nitinol-containing device, has
been widely used and has yielded excellent outcomes.™
This study was our first experience with transcatheter ASD
closure. We had a successful implantation rate of 93.6%.
However, all of our successful cases had complete closure by
TTE within 1 month and had no device-related complica-
tions at 1-year follow up. One of our patients experienced
transient brachial plexus injury due to overstretch of the
arm during the procedure, which recovered completely
within 1 week. One of our patients, a 5-year-old girl who
weighed 13.7 kg and had an ASD size of 17 mm by TEE
and 18 mm by balloon sizing, experienced transient com-
plete heart block. We first chose an 18 mm device to close
the defect, but this failed. We then retrieved it and
exchanged it for a 22 mm size device, but the patient devel-
oped complete heart block immediately after implantation.
Finally, the 22 mm device was retrieved and changed to a
20 mm device, which was well-positioned and aligned. After
the procedure, the patient had normal sinus rhythm.

Dalvi et al described a balloon-assisted technique for clo-
sure of large ASDs with the Amplatzer septal occluder by
using a Meditech sizing balloon catheter to stabilize the
device during deployment."” To avoid an oversized device,
we applied the balloon-assisted technique in those cases
where the device could not be loaded by the usual tech-
nique. Applying the same concept, we used an angioplasty
balloon catheter to support the left atrial disc, resulting in
successful deployment.

Some reports in the literature demonstrated evidence of
nickel release after Amplatzer ASD occluder implantation.,
Ries et al described a significant rise in serum nickel levels
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after Amplaczer device implantation. The mean serum nick-
el level significantly increased at 24 hours, had a maximum
threefold increase at 1 month, and declined to the baseline
level at 6 months after implantation. No adverse effects
from increased nickel levels were found.! Burian et al also
demonstrated a significant rise in both scrum and urine
nickel levels after implantation of an Amplatzer ASD
occluder. The serum nickel levels increased up to fivefold
from baseline during the 6-week postimplantation period.
However, serum and urine concentrations returned to base-
line levels within 4-6 months post implantation.* The nick-
el release after implantation of nitinol-containing devices
may induce reaction in the patients, especially in those with
nickel allergy. Fukahara et al reported systemic reaction that
developed in a 37-year-old female 2 months after patent
foramen ovale (PFO) closure with a nitinol-containing
Cardia PFO-Star occluder (Cardia, Inc, Burnsville, Min-
nesora). Skin patch testing demonstrated hypersensitivity
for nickel. Her symptoms completely resolved after the
device was explanted 4 months post transcatheter closure.’
Singh et al demonstrated skin reactivity after 12 hours of a
skin patch test with the Amplatzer septal occluder in a 54-
year-old female ASD patient who had a history of potential
nickel allergy. The patient experienced cutaneous erythema
and swelling after the patch was removed and developed
blistering of the skin for the next 24 hours. With the nega-
tive reactivity to the patch test using the CardioSEAL
device (Nitinol Medical Technologies, Boston, Massachusetts),
the patient underwent successful ASD closure using the
CardioSEAL device.' Lai et al demonstrated clinical find-
ings of pericarditis in a 38-year-old male who underwent
PFO closure with the Amplatzer PFO occluder device.
Allergy patch testing showed a Type IV hypersensitivity
reaction to nickel. His symptoms improved over a 3-week
period while on prednisolone.’

In our study, the ASD occluder device was braided from
platinum-coated nitinol wires. The platinum coating prevents
nitinol exposure and nickel release. Our patients did not
develop any device-related complications, including potential
nickel allergic reaction, at 1-year follow up. Serum nickel
analysis showed no significant difference in nickel levels before
and after device implantation. Compared to the normal pop-
ulation, nickel levels, both before and after implantation, did
not statistically differ from the controls, a finding that sup-
ports the notion that nickel release is prevented by nano-
coating the surface of nitinol wires with platinum layers.

Conclusion

Transcatheter ASD closure using a self-expandable
platinum-coated nitinol device can be performed safely
and successfully with good results. There was no evidence
of nickel release after implantation.
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