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Abstract
Background: Nitinol-containing devices are widely used in clinical practice. However, there are concerns about nickel release after
nitinol-containing device implantation. This study aimed to compare the efficacy and safety of a parylene-coated occluder vs. a
traditional nitinol-containing device for atrial septal defect (ASD).
Methods:One-hundred-and-eight patients with ASD were prospectively enrolled and randomly assigned to either the trial group to
receive a parylene-coated occluder (n= 54) or the control group to receive a traditional occluder (n= 54). The plugging success rate
at 6 months after device implantation and the pre- and post-implantation serum nickel levels were compared between the two
groups. A non-inferiority design was used to prove that the therapeutic effect of the parylene-coated device was non-inferior to that
of the traditional device. The Cochran–Mantel–Haenszel chi-squared test with adjustment for central effects was used for the
comparison between groups.
Results: At 6 months after implantation, successful ASD closure was achieved in 52 of 53 patients (98.11%) in both the trial and
control groups (95% confidence interval (CI): [�4.90, 5.16]) based on per-protocol set analysis. The absolute value of the lower
limit of the 95% CI was 4.90%, which was less than the specified non-inferiority margin of 8%. No deaths or severe complications
occurred during 6 months of follow-up. The serum nickel levels were significantly increased at 2 weeks and reached the maximum
value at 1 month after implantation in the control group (P< 0.05 vs. baseline). In the trial group, there was no significant difference
in the serum nickel level before vs. after device implantation (P> 0.05).
Conclusions: The efficacy of a parylene-coated ASD occluder is non-inferior to that of a traditional uncoated ASD occluder. The
parylene-coated occluder prevents nickel release after device implantation and may be an alternative for ASD, especially in patients
with a nickel allergy.
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Introduction

Percutaneous atrial septal defect (ASD) closure is a well-
established cardiovascular interventional therapy that has
been widely used for >three decades and has become the
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first-line treatment strategy for most cases of secundum
ASD in both adults and children.[1-3] Compared with
surgical thoracotomy, percutaneous ASD closure has
many advantages, including avoidance of cardiopulmo-
nary bypass, avoidance of sternotomy scar, shorter
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hospitalization, and a potentially lower incidence of post-
procedural complications. However, many modern cardi-
ac devices used for percutaneous closure are made of
nitinol, an alloy consisting of nickel and titanium. Many
clinical applications and follow-up results have shown that
nickel and its compounds have potential toxic adverse
effects on the human body, which has aroused concern
about the long-term safety of nickel-containing closure
devices.[4-7] Therefore, the prevention of the release of
nickel contained in nitinol alloys and improvement of the
metal corrosion resistance and biological safety of the
closure device are very important issues. Proposed
strategies included the use of platinum-coated or bio-
ceramic-coated devices that prevent the release of nickel
while maintaining the same elasticity.[8,9] In recent years, a
parylene-coated occluder produced in China has been used
in clinical practice. Preliminary clinical results have shown
that the parylene-coated occluder has good safety and
efficacy and reduces the release of nickel into the blood to
some extent, but there is still a lack of evidence from
prospective, multicenter, and large-scale studies. There-
fore, the present study aimed to evaluate the efficacy
and safety of the parylene-coated occluder by performing
a prospective, multicenter, and randomized controlled
clinical trial.
Methods

Ethical approval

The study complied with the Declaration of Helsinki and
was approved by the investigational review board or ethics
committee at each site. All patients provided written
informed consent.
Study design

The present study was a prospective, multicenter, blind
evaluation, and randomized controlled clinical trial
conducted in three hospitals (Beijing Fuwai Hospital,
Henan Provincial People’s Hospital, and West China
Hospital of Sichuan University) in China. Patients in the
trial group were treated with a parylene-coated ASD
occluder device (Starway Medical Technology, Inc.,
Beijing, China), while patients in the control group were
treated with a traditional ASD occluder device (Starway
Medical Technology). A non-inferiority design was used to
prove that the therapeutic effect of the parylene-coated
device was non-inferior to that of the traditional device.
The primary efficacy indicator (success rate of ASD
closure) was evaluated on echocardiography by an
independent third party who was blinded to the grouping
of patients to ensure the objectivity and impartiality of the
evaluation results.
Study population

The study subjects were patients with ASD who met the
indications for interventional therapy and agreed to be
enrolled in this clinical trial.

The inclusion criteria were: (1) males or non-pregnant
females aged 3 to 60 years; (2) clinical diagnosis of
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secundum ASD; (3) sufficient defect margins on transtho-
racic echocardiography or transesophageal echocardiog-
raphy (the distance to the opening of the coronary sinus,
superior and inferior vena cava, and a pulmonary vein was
≥5 mm, and the distance to the atrioventricular valve was
≥7 mm); (4) indications for surgical ASD repair; (5)
agreement to undergo regular follow-up evaluations as
required by the study protocol; (6) provision of written
informed consent.

The exclusion criteria were: (1) secundum ASD with other
intracardiac malformations requiring surgical correction;
(2) ASD with severe pulmonary hypertension with a
bidirectional shunt; (3) active endocarditis, intracardiac
vegetations, sepsis, bacteremia, and other systematic
infectious diseases within 1 month before ASD treatment;
(4) intolerance to oral aspirin.
Sample size and randomization

In clinical application, traditional ASD occluders achieve a
satisfactory plugging effect. According to previous stud-
ies[10,11] and the experience of the clinicians, the plugging
success rate of the control group was estimated to be 98%
at 6 months after occluder implantation, and the clinically
acceptable non-inferiority margin was 8%; thus, with a
two-sided a level of 0.05 and a power of the test (1�b) of
80%, a minimum of 50 patients were needed in each
group. Considering the possibility of a 5% dropout rate
and the length of the randomized block, the aim was to
enroll at least 54 patients in each group. A total of 108
patients were randomly assigned to the trial group or the
control group in a 1:1 ratio using a web-based allocation
system [Figure 1].
Parylene-coated ASD occluder device

The device is braided from parylene-coated nitinol wires
into two round discs with a 3 to 4-mm connection waist.
The left atrial disc is 12 to 16 mm and the right atrial disc is
8 to 10 mm larger than the waist. The device is filled with
three layers of polyester alone or polyester and expanded
polytetrafluoroethylene to facilitate complete occlusion. In
accordance with the different waist diameters, the device
can be divided into different models with diameters of 4 to
44 mm, all of which can be delivered, positioned, and
released through the same delivery system (6–14F delivery
sheath) as for the traditional uncoated ASD occluder
device [Supplementary Figure S1, http://links.lww.com/
CM9/A833].
Procedure

The right femoral vein was punctured under local
anesthesia (general anesthesia for children <10 years),
and routine right cardiac catheterization was performed.
Transthoracic echocardiography or transesophageal echo-
cardiography was performed to assess the size, location,
and relationship of the ASD to the surrounding tissues. An
appropriate occluder was selected and delivered to the left
atrium via a delivery sheath. Under fluoroscopic guidance,
the left atrial disc was extruded. The sheath and the
delivery wire were withdrawn in unison until resistance
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Figure 1: The study flow chart on evaluation of a parylene-coated occluder for ASD. ASD: Atrial septal defect.
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was met when the extruded left atrial disc was apposed to
the atrial septum. The occluder was then fully deployed by
withdrawing the sheath over the delivery wire to extrude
the right atrial disc. Once satisfactory occluder position
and stability were achieved, the occluder was released by
counterclockwise rotation of the delivery wire.
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Follow-up and primary endpoint
The patients received echocardiography, chest radiogra-
phy, electrocardiography, routine blood testing of liver
and kidney function, and serum nickel concentration tests
pre-operatively, and at 24 h, 2 weeks, 1, 2, 3, and 6months
post-operatively. The endpoint events assessed at 6 months
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post-operatively included occluder displacement, death,
and other complications requiring surgical or interven-
tional treatment.
Primary efficacy and safety assessment

The primary efficacy indicator was the plugging success
rate at 6 months after the ASD occluder device implanta-
tion. Successful closure was defined as no residual shunt or
only a small amount of residual shunt at the plugging site
(shunt beam diameter �2 mm on echocardiography).
Safety assessment included measurements of serum nickel
levels and routine blood testing of liver and kidney
function at the stated time points after ASD occluder device
implantation.
Statistical analysis

The full analysis set (FAS) comprised a set of subjects
determined by the intention-to-treat principle and included
all patients who were randomly assigned to receive
treatment with the study product and underwent baseline
evaluations. The per-protocol set (PPS) comprised a subset
of subjects whose compliance with the protocol was
sufficient to ensure that their data would likely exhibit the
effects of treatment according to the underlying scientific
model. The safety set (SS) comprised a set of subjects who
were randomized to receive treatment with the study
product and underwent at least one safety evaluation. The
primary efficacy analysis was conducted using the FAS and
PPS, baseline demographic data were analyzed using the
FAS, and safety assessment was performed using the SS.
Continuous variables were presented as mean ± standard
deviation, while categorical variables were presented as
frequencies and percentages. Intergroup differences were
analyzed using the paired-samples t test for normally
distributed continuous variables, and the Chi-squared or
Fisher exact test for categorical variables. For primary
efficacy analyses, the 95% confidence intervals (CIs) of the
differences between the two groups were calculated using
Table 1: Baseline characteristics of the trial and control groups of ASD

Characteristics Trial group (n=

Male, n (%) 14 (25.93
Age (years) 33.18± 16.
BMI (kg/m2) 21.17± 4.9
Family history of CHD, n (%) 0
Metal allergy history, n (%) 0
Previous medical history, n (%) 1 (1.85)
Defect diameter of ASD (mm) 17.07 ± 7.2
Distance between ASD and orifice of IVC (mm) 14.46± 6.7
Distance between ASD and root of MV (mm) 12.18 ± 4.0
RVAPD (mm) 28.21 ± 7.3
Estimated PASP (mmHg) 44.59± 10.
CTR 0.51± 0.0
∗
x2 value for the chi-squared test. † t value for the t test. ‡No statistical value f

Atrial septal defect; BMI: Body mass index; CTR: Cardiothoracic ratio; CHD:
Not available; PASP: Pulmonary arterial systolic pressure; RVAPD: Right v
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the Cochran–Mantel–Haenszel Chi-squared test with
adjustment for central effects. Sensitivity analysis based
on different statistical analysis methods and missing value
imputation methods was also performed to determine
whether the results were robust. The selected non-
inferiority margin was the same for both the FAS and
PPS. If the absolute value of the lower limit of the 95% CI
was less than the specified non-inferiority margin of 8%,
then the non-inferiority conclusion was valid. All statistical
analyses were performed with SAS® 9.1.3 software (SAS
Institute, Cary, NC). A two-tailed P value < 0.05 was
considered to indicate statistical significance.
Results

Study population

A total of 108 patients from three centers (Beijing Fuwai
Hospital (n= 66), Henan Provincial People’s Hospital
(n= 26), and West China Hospital of Sichuan University
(n= 16)) were recruited, including 54 in the trial group and
54 in the control group [Figure 1]. During the trial, one
patient (1.85%) in the trial group and one (1.85%) in the
control group were lost to follow-up, and no patients
seriously violated the study protocol. The FAS included 54
patients in the trial group and 54 in the control group, the
PPS included 53 patients in the trial group and 53 in the
control group, and the SS included 54 patients in the trial
group and 54 in the control group.
Baseline characteristics

The baseline characteristics of the trial and control groups
were basically balanced. There were no significant differ-
ences between the two groups in demographic data, family
history, previous medical history, and history of metal
allergy. Among the pre-operative clinical diagnostic
indicators, there were no significant intergroup differences
in other indicators except for the diameter of the ASD
(P= 0.02). The detailed information is shown in [Table 1].
patients.

54) Control group (n= 54) Statistical value P value

) 19 (35.19) 1.09
∗

0.30
46 27.14± 17.92 2.07† 0.07
4 19.54± 4.09 1.73† 0.07

2 (3.70) NA‡ 0.50
0 NA‡ NA

3 (5.56) NA‡ 0.62
3 13.92± 7.10 2.28† 0.02
6 13.39± 6.10 0.86† 0.60
5 12.86± 4.57 0.82† 0.62
7 26.06± 9.07 1.35† 0.19
51 42.38± 9.65 1.14† 0.44
7 0.48± 0.06 2.39† 0.07

or the Fisher exact test. Data was presented by mean ± SD or n (%). ASD:
Congenital heart disease; IVC: Inferior vena cava; MV:Mitral valve; NA:
entricular anteroposterior diameter.
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Table 2: Comparison of the plugging success rate in the two groups
at 6 months after ASD occluder device implantation.

∗

Parameters Trial group Control group

Overall population, n 54 54
Successful closure, n (%) 52 (96.30) 52 (96.30)
Unsuccessful closure, n (%) 2 (3.70) 2 (3.70)
CMH Chi-squared test Difference

(95% CI)†
0 (�6.81; 7.33)

The CMH Chi-squared test with adjustment for central effects was used
for the comparison between groups.

∗
Difference in the success rate

between the trial and control groups. †Based on the FAS with the missing
values considered as unsuccessful closures. ASD: Atrial septal defect;
CMH: Cochran–Mantel–Haenszel; CI: Confidence interval; FAS: Full
analysis set.

Table 3: Comparison of the plugging success rate between the two
groups at 6 months after ASD occluder device implantation.

∗

Parameters Trial group Control group

Overall population, n 53 53
Successful closure, n (%) 52 (98.11) 52 (98.11)
Unsuccessful closure, n (%) 1 (1.89) 1 (1.89)
CMH Chi-squared test Difference

(95% CI)†
0 (�4.90; 5.16)

The CMH Chi-squared test with adjustment for central effects was used
for the comparison between groups.

∗
Difference in the success rate

between the trial and control groups. †Based on the PPS. ASD: Atrial
septal defect; CMH: Cochran–Mantel–Haenszel; CI: Confidence interval;
PPS: Per-protocol set.
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Primary endpoint event

One patient (1.85%, 1/54) in the trial group and one
patient (1.85%, 1/54) in the control group had occluder
displacement 1 day after device implantation. The reasons
for these two failures were errors in the measurements of
the size and margin of the defect on pre-operative
ultrasonography. During 6 months of follow-up, there
were no deaths or severe complications requiring surgical
or interventional treatments, except for incomplete right
bundle branch block in two patients (3.70%, 2/54) in the
trial group.
Primary efficacy

The FAS analysis (with the missing values considered as
unsuccessful plugging cases) showed that 52 patients
(96.30%, 52/54) had successful ASD closure and two
patients (3.70%, 2/54) had a failure at 6 months post-
operatively in the trial group. In the control group, the
closure was successful in 52 patients (96.30%, 52/54) but
unsuccessful in two patients (3.70%, 2/54) at 6 months
post-operatively. The difference in the success rate between
the trial and control groups was 0 (95%CI: [�6.81; 7.33]).
The absolute value of the lower limit of the 95% CI was
6.81%, which was less than the non-inferiority margin of
8% specified in the trial design; thus, the non-inferiority
conclusion was valid [Table 2].

The PPS analysis showed that at 6 months post-
operatively, successful closure was achieved in 52 patients
(98.11%, 52/53) in the trial group and 52 patients
(98.11%, 52/53) in the control group, while the closure
was unsuccessful in one patient (1.89%, 1/53) in the trial
group and one patient (1.89%, 1/53) in the control group.
The difference in the success rate between these two groups
was 0 (95% CI: [�4.90; 5.16]). The absolute value of the
lower limit of the 95% CI was 4.90%, which was less than
the specified non-inferiority margin of 8%; therefore, the
non-inferiority conclusion was valid [Table 3].

Sensitivity analysis based on different statistical analysis
methods and missing value imputation methods showed
that the absolute values of the lower limits of the 95% CIs
were all less than the specified non-inferiority margin of
8%; therefore, the non-inferiority conclusion was valid
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[Supplementary Table S1, http://links.lww.com/CM9/
A833]

The right ventricular anteroposterior diameter gradually
decreased during follow-up after ASD occluder device
implantation, indicating restored right ventricular function
[Figure 2].
Safety assessment

In the trial group, the serum nickel levels were not
significantly different before and after device implantation
(all P> 0.05). In contrast, the serum levels of nickel in the
control group were significantly increased at 2 weeks and
reached the maximum value at 1 month after device
implantation (both P< 0.05 vs. baseline), then gradually
decreased to baseline levels during follow-up [Figure 3 and
Supplementary Table S2, http://links.lww.com/CM9/A833].

There were no significant differences in liver and kidney
function between the two groups before and after
implantation of the ASD occluder device [Supplementary
Table S3, http://links.lww.com/CM9/A833].
Discussion

Nitinol-containing devices for percutaneous transcatheter
closure of ASD have been widely used for over three
decades, with satisfactory and excellent results in clinical
application.[1,2] However, there are concerns about the
release of nickel after nitinol device implantation.
Therefore, it is very important to determine how to
prevent nickel release while preserving the super-elastic
and shape-memory properties of nitinol. In the present
study, we used a parylene-coated nitinol device braided
from nanoparylene-coated nitinol wires to prevent nickel
release. The results showed that transcatheter closure of
ASD using a parylene-coated occluder device can be
performed safely and successfully with good results that
are non-inferior to the results obtained using the
traditional ASD occluder device. More importantly, the
parylene-coated occluder device potentially prevents nickel
release after nitinol device implantation and may be an
alternative for ASD closure, especially in patients with
potential nickel allergy.
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Figure 2: Change in the RVAPD during 6 months of follow-up in the trial group (n= 52 at 6
months) and control group (n= 52 at 6 months). The RVAPD gradually decreased after ASD
occluder device implantation, indicating restored right ventricular function. ASD: Atrial
septal defect; RVAPD: Right ventricular anteroposterior diameter.

Figure 3: Serum nickel levels before and after ASD occluder device implantation in the trial
group (n= 47 at 6 months) and control group (n= 51 at 6 months).

∗
P< 0.05 vs. baseline

levels of serum nickel in the control group. ASD: Atrial septal defect.
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An ASD occluder device is one of the main implanted
instruments in interventional therapy for congenital heart
disease; its mechanism is to place the nitinol mesh structure
containing polyester fabric in the lesion area and close the
congenital defect by mechanically blocking the blood flow
across the septum. The parylene-coated occluder device
tested in this clinical trial is an innovation based on the
traditional uncoated ASD occluder device that has been
widely used in clinical practice. The structural features,
production process, executive standards, specifications
and models, sterilization methods, clinical indications, and
operation methods of the parylene-coated occluder device
are the same as for the traditional uncoated ASD occluder
device except that the nitinol wire is coated with parylene.
Therefore, doctors are familiar with the procedure and do
not need additional skills to implant this new device. In the
present study, both the trial and control groups had high
successful closure rates (96.30%–98.11%), and the
therapeutic effect of the parylene-coated device was non-
inferior to that of the traditional device.
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Previous studies have demonstrated evidence of nickel
release after nitinol-containing occluder implanta-
tion.[12-14] Ries et al[12] reported a significant rise in serum
nickel levels after the Amplatzer device implantation; the
mean serum levels of nickel were significantly increased at
24 h and reached the peak value at 1 month after
implantation, before gradually decreasing to the baseline
level. Burian et al[13] also reported a significant rise in both
serum and urine nickel levels after implantation of a nickel
device in patients with ASD; the serum nickel levels
significantly increased by up to five-fold (P< 0.01 vs.
baseline) during the 6-week post-closure period, and the
mean nickel concentrations in serum and urine returned to
baseline levels within 4 to 6 months post-implantation. A
recent study also demonstrated a significant rise in serum
nickel levels after implantation of the Amplatzer occluder;
the maximum serum level of nickel was detected at 3
months after implantation and gradually returned to the
baseline level during follow-up.[14] The nickel release after
implantation of nitinol-containing devices may trigger
allergic reactions. Systemic adverse effects associated with
nickel allergy, such as pericarditis and increased frequency
of migraine headaches, have been reported in patients with
transcatheter closure of interatrial shunts.[4-7,15] In most
reported cases, the symptoms resolved spontaneously or
with non-steroidal anti-inflammatory therapy. However, a
small number of patients with nickel allergy and severe
refractory symptoms may require surgical explantation of
the device.[16-18] Moreover, research has demonstrated
that nickel is cytotoxic and carcinogenic to humans.[19,20]

Proposed strategies to prevent nickel release while
maintaining the same elasticity include the use of a
platinum-coated device. Previous results have shown no
significant difference in serum nickel levels before and after
implantation, indicating that nano-coating of platinum on
nitinol wires prevents nickel release following device
implantation.[8,9] Furthermore, a previous study of a
ceramic-coated ASD occluder reported that the serum
nickel level was significantly lower in the ceramic-coated
group than the control group.[21] However, all these
previous findings were based on single-center small-sample
studies.

In the present multicenter study, the ASD occluder device
in the trial group was braided from parylene-coated nitinol
wires. Parylene is a thermoplastic polymer material with
good chemical inertness and biocompatibility that have
been certified by the Food and Drug Administration and
has the potential to prevent nickel release.[22] The present
results showed no increased serum levels of nickel after
parylene-coated device implantation in the trial group,
while implantation of the traditional device in the control
group resulted in significantly increased serum levels of
nickel at 2 weeks and a peak value at 1 month after
implantation before gradually decreasing to baseline levels
during follow-up, which was consistent with previous
studies.[12-14] These results suggest that the parylene-
coated ASD occluder has the potential to prevent nickel
release after device implantation, and may be a viable
alternative for patients with ASD, especially those with
nickel allergy.
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Study limitations

This study demonstrated that the efficacy of parylene-
coated occluder was non-inferior to that of the traditional
occluder, and that the parylene-coated occluder device
potentially prevents nickel release; however, this study also
has some limitations. First, as the follow-up was relatively
short, the long-term efficacy and safety of the parylene-
coated ASD occluder remain unclear. Second, the mean
serum nickel levels of the normal population were not
assessed. Third, although this was a multicenter study,
about 60% of patients were recruited in one center,
decreasing the strength of the multicenter study.
Conclusions

The therapeutic effect of the parylene-coated ASD occluder
is non-inferior to that of the traditional uncoated ASD
occluder. In addition, the parylene-coated ASD occluder
potentially prevents nickel release after device implanta-
tion and may be an alternative for patients with ASD,
especially in those with nickel allergy.
Acknowledgements

The authors wish to acknowledge the members of the
Medical Research and Biometrics Center for their help in
statistical analyses, and thank for the ASD occluder devices
provided by STARWAY MEDICAL TECHNOLOGY,
INC.
Conflicts of interest

None.
References
1. Masura J, Gavora P, Formanek A, Hijazi ZM. Transcatheter closure

of secundum atrial septal defects using the new self-centering
amplatzer septal occluder: initial human experience. Cathet Car-
diovasc Diagn 1997;42:388–393. doi: 10.1002/(sici)1097-0304
(199712)42:4<388::aid-ccd7>3.0.co;2-7.

2. Wang G, Chen L, Wang Y, Wen C, Li T, Zhi G, et al. Transcatheter
closure of secundum atrial septal defects using Amplatzer device.
Chin Med J 2000;113:967–971.

3. Bartakian S, El-Said HG, Printz B, Moore JW. Prospective
randomized trial of transthoracic echocardiography versus trans-
esophageal echocardiography for assessment and guidance of
transcatheter closure of atrial septal defects in children using the
Amplatzer septal occluder. JACC Cardiovasc Interv 2013;6:974–
980. doi: 10.1016/j.jcin.2013.05.007.

4. Wertman B, Azarbal B, Riedl M, Tobis J. Adverse events associated
with nickel allergy in patients undergoing percutaneous atrial septal
defect or patent foramen ovale closure. J Am Coll Cardiol
2006;47:1226–1227. doi: 10.1016/j.jacc.2005.12.017.

5. Belohlavek J, Belohlavkova S, Hlubocky J, Mrazek V, Linhart A,
Podzimek S. Severe allergic dermatitis after closure of foramen ovale
with Amplatzer occluder. Ann Thorac Surg 2013;96:e57–e59. doi:
10.1016/j.athoracsur.2013.01.079.

6. Jalal Z, Hascoet S, Baruteau AE, Iriart X, Kreitmann B, Boudjemline
Y, et al. Long-term complications after transcatheter atrial septal
defect closure: a Review of the Medical Literature. Can J Cardiol
2016;32:1315.e11–1315.e18. doi: 10.1016/j.cjca.2016.02.068.

7. Bahrani B, Moghaddam N, DeKoven J. Cross-sectional survey of
nickel allergy management in the Ccntext of intracardiac device
2691
implantation. Dermatitis 2019;30:213–221. doi: 10.1097/
DER.0000000000000466.

8. Lertsapcharoen P, Khongphatthanayothin A, Srimahachota S,
Leelanukrom R. Self-expanding platinum-coated nitinol devices for
transcatheter closure of atrial septal defect: prevention of nickel
release. J Invasive Cardiol 2008;20:279–283.

9. Lertsapcharoen P, Khongphatthanayothin A, La-orkhun V, Vithes-
sonthi K, Srimahachota S. Transcatheter closure of patent ductus
arteriosus with a self-expanding platinum-coated nitinol device. J
Invasive Cardiol 2009;21:286–289.

10. Turner DR, Owada CY, Sang CJ Jr, Khan M, Lim DS. Closure of
secundum atrial septal defects with the AMPLATZER septal
occluder: a prospective, multicenter, post-approval study. Circ
Cardiovasc Interv 2017;10:e004212. doi: 10.1161/CIRCINTER-
VENTIONS.116.004212.

11. Javois AJ, Rome JJ, Jones TK, Zahn EM, Fleishman CE, Pignatelli
RH, et al. Results of the U.S. Food and Drug Administration
continued access clinical trial of the GORE HELEX septal occluder
for secundum atrial septal defect. JACC Cardiovasc Interv
2014;7:905–912. doi: 10.1016/j.jcin.2014.01.169.

12. Ries MW, Kampmann C, Rupprecht HJ, Hintereder G, Hafner G,
Meyer J. Nickel release after implantation of the Amplatzer occluder.
Am Heart J 2003;145:737–741. doi: 10.1067/mhj.2003.7.

13. Burian M, Neumann T, Weber M, Brandt R, Geisslinger G, Mitrovic
V, et al. Nickel release, a possible indicator for the duration of
antiplatelet treatment, from a nickel cardiac device in vivo: a study in
patients with atrial septal defects implanted with an Amplatzer
occluder. Int J Clin Pharmacol Ther 2006;44:107–112. doi: 10.5414/
cpp44107.

14. Elkiran O, Karakurt C, Kocak G, Taskapan C. Serum nickel and
titanium levels after transcatheter closure of atrial septal defects with
amplatzer septal occluder. Cardiol Res Pract 2019;2019:7891746.
doi: 10.1155/2019/7891746.

15. Dickison P, Harris V, Smith SD. Nickel hypersensitivity following
closure of atrial septal defect: a case report and review of the
literature. Australas J Dermatol 2018;59:220–222. doi: 10.1111/
ajd.12787.

16. Prestipino F, Pragliola C, Lusini M, ChelloM. Nickel allergy induced
systemic reaction to an intracardiac amplatzer device. J Card Surg
2014;29:349–350. doi: 10.1111/jocs.12331.

17. Spina R, Muller DWM, Jansz P, Gunalingam B. Nickel hypersensi-
tivity reaction following Amplatzer atrial septal defect occluder
device deployment successfully treated by explantation of the device.
Int J Cardiol 2016;223:242–243. doi: 10.1016/j.ijcard.2016.08.112.

18. Sharma V, DeShazo RA, Skidmore CR, Glotzbach JP, Koliopoulou
A, JavanH, et al. Surgical explantation of atrial septal closure devices
for refractory nickel allergy symptoms. J Thorac Cardiovasc Surg
2020;160:502–509. e1. doi: 10.1016/j.jtcvs.2019.10.177.

19. Cameron KS, Buchner V, Tchounwou PB. Exploring the molecular
mechanisms of nickel-induced genotoxicity and carcinogenicity: A
literature review. Rev Environ Health 2011;26:81–92. doi: 10.1515/
reveh.2011.012.

20. Jiang SQ, Wu XY, Sun JL, Chen G, Tang R, Li Z, et al. Analysis of
nickel distribution by synchrotron radiation X-ray fluorescence in
nickel-induced early- and late-phase allergic contact dermatitis in
Hartley guinea pigs. Chin Med J 2019;132:1959–1964. doi:
10.1097/CM9.0000000000000365.

21. Wei W, JunFen Y, YiHao Z. Observation on the effect of a new
ceramic-coated ASD occluder in the treatment of secondary ASD (in
Chinese). China Prac Med 2018;13:74–75. doi: 10.14163/j.cnki.11-
5547/r.2018.08.042.

22. Cai Y, Tan J, YeFan L, Lin M, Huang R. A flexible organic
resistance memory device for wearable biomedical applications.
Nanotechnology 2016;27:275206. doi: 10.1088/0957-4484/27/27/
275206.

How to cite this article: Yang K, Lyu JH, Hu HB, WuWH, Zhang GJ, Jin
JL, Liu YH, Feng Y, Wang LM, Zhao SH, Jiang SL, Li W, Pan XB.
Efficacy and safety of a parylene-coated occluder for atrial septal defect: a
prospective, multi-center, randomized controlled clinical trial. ChinMed J
2021;134:2685–2691. doi: 10.1097/CM9.0000000000001865

http://www.cmj.org

	Efficacy and safety of a parylene-coated occluder for atrial septal defect: a prospective, multi-center, randomized controlled clinical trial
	Introduction
	Methods
	Ethical approval
	Study design
	Study population
	Sample size and randomization
	Parylene-coated ASD occluder device
	Procedure
	Follow-up and primary endpoint
	Primary efficacy and safety assessment
	Statistical analysis

	Results
	Study population
	Baseline characteristics
	Primary endpoint event
	Primary efficacy
	Safety assessment

	Discussion
	Study limitations
	Conclusions
	Acknowledgements
	Conflicts of interest
	References


