Check for
updates

Long-Term Outcome After
Transcatheter Atrial Septal Defect
Closure in Adults: A Systematic
Review and Meta-Analysis

Mehdi Ghaderian, MD, Farzad Shahsanaei, MD,
Samin Behdad, MD, and Ehsan Shirvani, MD

Condensed Abstract: Aims: We performed a system-
atic review and meta-analysis of published studies to
characterize the current literature and help determine
the long-term outcomes after transcatheter ASD clo-
sure in adults. Methods and Results: Two investigators
searched the manuscript databases for all eligible stud-
ies in accordance with the considered keywords. The
pooled prevalence of each event according to the meta-
analysis and considering the weight calculated for
each study included 10.1% (for arrhythmia), 1.8%
(for emboli), 2.3% (for stroke), 12.5% (for residual
shunt), 1.8% (for erosion), and 2.5% (for death).
Conclusion: The present meta-analysis show high
long-term successfulness of transcatheter ASD closure
in adults. (Curr Probl Cardiol 2021;46:100595.)

INTRODUCTION

trial septal defect (ASD) is one of the most frequent congenital
heart diseases in adulthood." There is now a shift of paradigm
for therapeutic approaches of ASD over the recent years. Devi-
ces and modalities applied for transcatheter strategy have been recently
evolved leading high successfulness with minimal complications and

thus this modality has been accepted as the choice for repairing ASD
in adults as compared to invasive surgical procedures.”’ However it
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should be noted that various factors can influence the efficacy of
transcatheter ASD closure such as patients’ age, preprocedural criteria
for patients’ selection, and postprocedural care management. More-
over, in view of all these arrangements, occurring potential un-negli-
gible complications may be encountered during and following
procedure especially in long-term such as cardiac arrhythmia, embolic
events, reducing functional class, erosions, residual shunt, and even
death.” Thus, considering the most appropriate criteria for selection
of candidates for procedure, paying particular attention to the mor-
phologic characteristics of the lesion, especially its size and, conse-
quently, the selection of the appropriate size for device, establishing
the best procedural strategy with the goal of device implantation with
maximized cautions, as well as minutely postprocedural assessment
of possible complications is very important to achieve the most
proper outcome. However, there are individual issues which are often
in debate including procedure-guiding modalities, sizing the defect,
and closing complex defects. Additionally, the statistics reported
from various studies widely vary in respect to the occurrence of post-
procedural adverse events. As a result, long-term safety is an unre-
solved concern for many patients and health care providers. To solve
these controversies, we performed a systematic review and meta-anal-
ysis of published studies to characterize the current literature and
help determine the long-term outcomes after transcatheter ASD clo-
sure in adults.

MATERIALS AND METHODS

Search strategy

This study was performed according to established methods and in com-
pliance with PRISMA-P (Preferred Reporting Items for Systematic review
and Meta-Analysis) Protocols.” Two investigators searched the manuscript
databases including Medline, Web of knowledge, Google scholar, Scopus,
and Cochrane for all eligible studies in accordance with the considered
keywords including: “arterial septal defect,” “closure,” “adult,” and
“transcatheter.” The studies were restricted to English language. The inclu-
sion criterion for retrieved the studies was to assess the mid-term and long-
term outcome (with equal to or more than 3 years of follow-up) of trans-
catheter arterial septal defect closure in adults (with the age higher than 18
years). The exclusion criteria were thus as follows: (1) a lack of clear and
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reproducible results, (2) non-English studies, (3) lack of access to the
manuscripts full texts, and (4) case reports, case series, and review paper.

Data abstraction and validity assessment

Data abstraction was independently performed by 2 un-blinded
reviewers on structure collection forms without divergences in data col-
lection. The study quality was evaluated based on the following criteria:
(1) the systematic review and meta-analysis based on the questions pri-
marily described and formulated; (2) inclusion and exclusion criteria pre-
defined in the studies as eligibility criteria; (3) searching the literature
performed on a systematic and comprehensive approach; (4) to minimize
the bias, the full texts of the article were dually reviewed; (5) the quality
of included studies were rated independently by the reviewers for apprais-
ing internal validity; (6) studies’ characteristics and findings were com-
prehensively listed; (7) the publication and risk of bias were listed; and
(8) heterogeneity was also assessed.” Along with comparing efficacy of
two modalities, the year of publishing, number of patients, the outcome
measured, and the complications due to treatment were also assessed. Of
total 118 studies that initially assessed based on the keywords, 14 met the
endpoints that were finally analyzed’”" that were published between
2010 and 2019 (Fig 1).

Statistical analysis:

Dichotomous variables are reported as proportions and percentages,
and continuous variables as mean values. Binary outcomes from indi-
vidual studies were to be combined with both the Mantel-Hansel fixed
effect model. The odds ratio (OR) and 95% confidence interval (CI)
were used as summary statistics for the comparison of dichotomous var-
iables between the subgroups with and without postprocedural compli-
cations. Cochran’s Q test was used to determine the statistical
heterogeneity of this study. This test was complemented with the I? sta-
tistic, which quantifies the proportion of total variation across studies
that is due to heterogeneity rather than chance. A value of 12 of 0%-
25% indicates insignificant heterogeneity, 26%-50% low heterogeneity,
51%-75% moderate heterogeneity and 76%-100% high heterogeneity.
Publication bias was assessed by the rank correlation test and also con-
firmed by the funnel plot analysis. Reported values were 2-tailed, and
hypothesis testing results were considered statistically significant at
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118 potentially records identified through
databases searching

H 8 duplicates removed ]

[ 110 records screened ]

36 Excluded based on title/abstract review
30 full text unavailability
12 Non-English

[ 32 full-texts articles assessed for eligibility ]

H 18 Excluded due to incomplete baseline data J

[ 14 included into meta-analysis ]

Fig. 1. The consort related to how selecting the published papers.

P =0.05. Statistical analysis was performed using the Stata software
(version 13.1, Stata Corp, College Station, TX).

RESULTS

Patients' characteristics

In total, 14 studies assessed the outcomes after transcatheter ASD clo-
sure in adults within a follow-up time ranged 3-9 years. The studies all
planned as the prospective cohort studies. The total number of patients
was 2354 widely ranged from 30 to 1026 in different literatures. The
average age of the cases was 48.6 years and 64% of the subjects were
female. The postprocedural events assessed in the studies included death,
cardiac arrhythmias, embolic events, erosion, brain stroke, migraine,
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congestive heart failure, the change in NYHA functional status, and resid-
ual shunt (Table 1).

The rate of complications

Table 2 presents the rate of postprocedural complications pointed in
each study. In this regard, the occurrence of cardiac arrhythmia ranged
from 0.0% to 15.5%, embolic problems from 0.0% to 3.8%, stroke from
0.0% to 6.0%, residual shunt from 1.2% to 22.1%, erosion from 0.0% to
1.8% and even death from 0.0% to 6.7%. Overall, the pooled prevalence
of each event according to the meta-analysis and considering the weight
calculated for each study (Table 3) included 10.1% (for arrhythmia),
1.8% (for emboli), 2.3% (for stroke), 12.5% (for residual shunt), 1.8%
(for erosion), and 2.5% (for death; Fig 2). The statistical heterogeneity
differed for assessing the complications that was high for assessment of
cardiac arrhythmia and residual shunt (Table 3). There was also signifi-
cant publication bias as evidenced by either funnel plot asymmetry or
Egger test for assessment of arrhythmia and residual shunt (Fig 3).

DISCUSSION

Repairing ASD via surgical procedure is accepted as a choice proce-
dure with minimal morbidity and rare mortality; however it may not
favorable in older ages.”' Recently, minimally invasive techniques such
as transcatheter closure have lead to proper outcome in different age sub-
groups with high safety.”” Despite unfavorable outcome of both invasive
and minimal invasive even in a few of cases operated, postprocedural fol-
low-up of the patients even for long-time is highly recommended with
regard to echocardiographic assessment, echocardiographic evaluation of
systolic dysfunction and tracking residual shunting, physical functional
state especially functional class, and also assessing the evidences of neu-
rological defects especially cerebrovascular embolic events once every 5
year. This following-up is essential for older adults and in this regard, the
guidelines do not recommend following the patients younger than
25 years.””

Nowadays, transcatheter device closure is globally accepted as the
choice for repairing ASD in adults. It provides similar efficacy and hemo-
dynamic benefits, but reduced complication rates and duration of hospital
stay compared with surgery particularly in older adults.”* Moreover,
some candidates are preferred to manage only with transcatheter
approaches such as in cases with secundum ASD size more than 38 mm,
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TABLE 1. The details of baseline characteristics in studies analyzed

Author, year

Number of cases

Mean age (year)

Female gender

ASD size (mm)

Follow-up year

Reported outcomes

Knepp, 2010
Luermans, 2010
Hanninen, 2011
Kutty, 2012
Nakagawa, 2012
Kefer, 2012
Rigatelli, 2012
Hoashi, 2014
Scacciatella, 2015
Snijder, 2015
Takaya, 2015
Chen, 2017
Kobayashi, 2018
Jung, 2019

42
133
54
84
30
112
81
1026
110
104
244
35
30
216
53

50+ 15
46 +£ 12
69 + 13
42 +£ 17
75+4
46 +£ 17
48 + 14
26+2
51+17
46 +£ 17
66+ 9
31+8
57 £19
39+14
38+14

73%
72%
78%
66%
71%
65%
64%
75%
75%
62%
60%
70%
73%
68%

19
18
24
23
20
26
18
18
18
22
39
19
27
36
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Shunt, arrhythmia migraine

Death, arrhythmia, emboli, stroke
NYHA class arrhythmia

Death, NYHA class arrhythmia, emboli
Death, stroke arrhythmia
Arrhythmia, erosion

Arrhythmia, erosion

Death

Arrhythmia, erosion, valve dis.
Arrhythmia, shunt, stroke

Death, stroke, heart failure

Death, arrhythmia, emboli

Death, erosion, arrhythmia, emboli
Death, shunt, arrhythmia, emboli
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TABLE 2. The postprocedural complications of transcatheter atrial septal defect closure in adults

Author, year Number of cases Death Arrhythmia Emboli Stroke Residual shunt Erosion
Knepp, 2010 94 0.0 7.4 0.0 0.0 3.2 0.0
Luermans, 2010 133 0.0 9.8 3.8 2.3 17.3 0.0
Hanninen, 2011 54 1.8 11.1 0.0 1.8 0.0 0.0
Kutty, 2012 148 3.0 15.5 3.0 6.0 2.4 0.6
Nakagawa, 2012 30 6.7 3.3 0.0 3.3 6.7 0.0
Kefer, 2012 112 0.8 3.2 0.0 0.8 3.2 0.8
Rigatelli, 2012 81 1.2 4.8 1.2 1.2 1.2 1.2
Hoashi, 2014 345 0.2 13.6 0.2 0.2 0.0 0.2
Scacciatella, 2015 110 1.8 0.0 0.0 0.0 3.6 1.8
Snijder, 2015 104 4.9 3.8 0.0 3.8 22.1 0.9
Takaya, 2015 244 33 0.0 0.0 1.2 0.0 0.0
Chen, 2017 35 2.5 2.5 0.0 0.0 0.0 0.0
Kobayashi, 2018 30 0.0 0.0 0.0 0.0 0.0 0.0
Jung, 2019 216 0.0 0.5 2.5 0.0 3.7 0.0




TABLE 3. The pooled prevalence of complications of transcatheter atrial septal defect closure in
adults

Event Pooled prevalence Lower limit Upper limit Heterogeneity Publication bias
12 (P value) (P value)
Death 2.5% 1.7% 3.6% 25.635(0.178) 0.080
Arrhythmia 10.1% 8.4% 12.0% 73.719 (0.001) 0.001
Emboli 1.8% 1.2% 2.8% 4.397 (0.403) 0.584
Stroke 2.3% 1.6% 3.4% 33.136(0.110) 0.476
Shunt 12.5% 10.3% 15.0% 86.622 (0.001) 0.008
Erosion 1.8% 1.1% 2.9% 39.615 (0.063) 0.600

those with inadequate septal rims for device anchorage, and those in
which the device would interfere with atrioventricular valve function or
venous drainage are not eligible and referred for surgical closure.”
According to some studies, the success closure rate of transcatheter
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Fig. 2. The pooled prevalence of complications of transcatheter atrial septal defect closure in
adults.

8 Curr Probl Cardiol, March 2021



TZOZ UYoJBIN ‘|01pJED [90Id 4ND

femiRts I Emr Ut et vl

Fume Pt af tmamd Emraylagivadt ity

pean

Furvel Piot of Pbvtiad Eror by Loyt o rae

g

Arfhythnﬁa

RAmsfutt leng Eriigtratnty

oonf s
om @
343 ' H

Fig. 3. The publication bias on assessing the complications of transcatheter atrial septal defect closure in adults.

Fums Pt af Imtet Eurdyigteet nty

FASRABR G 8 2 Far

Furve Pt of it Exvor by Loyt evndrat

| Shunting |

| Erosion '




approach has been estimated to be higher than 95% with a complication
rate of less than 1%,?°® but the likelihood of some complications such
as embolic events, erosion, or allergy to the materials used in the devices
have remained significant.””*" In total, although early outcome of trans-
catheter ASD closure is evidenced to be appropriate, long-term outcome
especially with regard to occurrence of residual shunt or cardiac arrhyth-
mias is paradoxical. According the present meta-analysis, the most com-
mon long-term postprocedural events included residual shunting in
12.5% and arrhythmia in 10.1%. However in our analysis, paying atten-
tion to some points should be considered. First, weights calculating for
the studies widely varied due to the wide spectrum for sample numbers
(ranged from 30 to more than 1000 cases). Second, the results related to
the pooled prevalence of these two prevalent events remains unreliable
due to the high heterogeneity across the studies. Thus, to achieve reliable
rates for prevalence of residual shunting and arrhythmia long-time after
transcatheter ASD closure more studies should be performed. As another
important point, the publication bias for assessment of these two events is
also significant in the studies. Publication bias in medical journals refers
to the publication of more articles that contain positive conclusions or
significant statistical results. In fact, this bias suggests that articles con-
taining negative or non-significant statistical results are less likely to be
published. The first cause of this bias, in fact, is researchers themselves
who do not want to report their negative or non-significant statistical
results. Also, some organizations that provide funding for medical
research may refuse to publish such findings or, at least, delay publica-
tion. Thus, the results published on the prevalence rate of residual shunt-
ing and arrhythmia after transcatheter ASD closure might be unreliable
needing predesign and pre-implementation.

Limitation
Our analyses were substantially limited in the number and quality of

studies available .Non-English and lack of access to the full texts studies
were exclusion criteria.

In conclusion

The present systematic review and meta-analysis show high long-term
successfulness of transcatheter ASD closure in adults, however, high rate
of some events such as residual shunting and cardiac arrhythmia empha-
sizes further examination of the techniques used, the criteria for selecting
patients, and the use of better devices for practice.
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Impact of daily practice

Transcatheter Device closure can safely be performed with a minimal

device.
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