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Introduction

Limited data exist on temporal trends of in-hospital mortality and
complications after transcatheter and surgical atrial septal defect/patent
foramen ovale (ASD/PFO) closure. We aimed to analyze trends of
transcatheter and isolated surgical ASD/PFO closure procedures and in-
hospital mortality and their complications.
Abbreviations: ASD/PFO, atrial septal defect/patent foramen ovale; CLOSE, paten
stroke recurrence; DEFENSE-PFO, device closure versus medical therapy for cryptog
septal occluder and antiplatelet medical management for reduction of recurrent strok
ovale; RESPECT, randomized evaluation of recurrent stroke comparing PFO closure
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Methods

The National Inpatient Sample database was queried for all who
underwent transcatheter or surgical atrial septal repair or closure
from 2016-2019. Due to the limitations of International Classification
of Diseases-10 coding in distinguishing between PFO and ASD, this
study collectively analyzed and described them together when
adjunctive echocardiographic information was not available to
differentiate between the two conditions. To obtain an isolated sur-
gical ASD/PFO repair group, patients simultaneously undergoing
other cardiac surgeries such as coronary artery bypass graft and valve
(aortic, mitral, tricuspid, and pulmonary) surgeries were excluded.
Biannual trends of transcatheter and surgical ASD/PFO closure pro-
cedures, in-hospital mortality, stroke, major bleeding requiring
transfusion, and length of stay were studied from 2016-2019. We
used the Jonckheere-Terpstra and Cochran-Armitage trend tests to
analyze trends.

Results

A total of 19,005 adults with ASD/PFO closure were included, out of
which 7785 (41%) had an isolated surgical approach and 11,220 (59%)
t foramen ovale closure or anticoagulants versus antiplatelet therapy to prevent
enic stroke patients with high-risk patent foramen ovale; REDUCE, Gore HELEX
e or imaging-confirmed transient ischemic attack in patients with patent foramen
to established current standard of care treatment.
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Figure 1. Trends of ASD/PFO closure procedures, in-hospital mortality, stroke, and postprocedural bleeding from 2016-2019. Trend of transcatheter ASD/
PFO closure increased, while trend of isolated surgical closure did not change from 2016-2019. Trends of in-hospital mortality, stroke, and postprocedural bleeding did
not change for both groups during the study period
Abbreviation: ASD/PFO, atrial septal defect/patent foramen ovale.
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had transcatheter approach from 2016-2019. Overall, 530 (2.79%) pa-
tients died (200 [2.57%] in surgical group and 330 [2.94%] in trans-
catheter group). Trend of transcatheter closure increased significantly (p
for trend < 0.001), while trend of surgical closure remained unchanged
(p for trend ¼ 0.732) from 2016-2019. Trends of in-hospital mortality,
stroke, and major bleeding remained unchanged over time in both
groups. Median length of stay decreased in the transcatheter group (3
days in 2016 to 2 days in 2019, p ¼ 0.04), while it remained unchanged
in the surgical group (7 days; Figure 1).

Discussion

Surgical ASD/PFO closure was first performed in the 1960s as open-
heart surgery. A small case series in the 1980s and 1990s suggested that it
was effective for stroke prevention. Surgical ASD/PFO closure predated
transcatheter closure techniques but was not widely adopted prior to
2000 due to the inherent risks of open-heart surgery. The introduction of
transcatheter ASD/PFO closure in the early 2000s led to a steady decline
in surgical closure rates, while catheter-based procedures simultaneously
increased, especially after positive trial data. Transcatheter closure has
accelerated rapidly over the past decade, given its minimally invasive
approach and favorable safety profile compared with surgery. Current
estimates indicate an increase in the ASD/PFO closure rate from 4.66 per
100,000 person-years in 2006 to 6.43 per 100,000 person-years in 2019.1

Our study concurs with the current data showing a significant increase in
the use of transcatheter ASD/PFO closure compared with the surgical
ASD/PFO closure procedure.
2

Several randomized controlled trials havedirectly comparedoutcomes
between medical therapy and ASD/PFO closure, following which the So-
ciety of Cardiovascular Angiography and Interventions has developed an
Expert Consensus Statement for managing ASD/PFO.2,3 Closure of
ASD/PFO is recommended mostly in patients aged <60 years with very
high/high risk from the PFO-associated stroke causal likelihood classifi-
cation and Risk of Paradoxical Embolism Score.3 Transcatheter-based
therapies are preferred over surgical interventions due to lower compli-
cation rates, shorter hospital stays, and faster recovery times. One po-
tential tradeoff noted in comparative studies was a slightly higher rate of
residual shunting after transcatheter closure.4,5 Nevertheless, given the
favorable safety profile and similar efficacy, current evidence from these
direct comparative studies supports transcatheter ASD/PFO closure as the
first-line treatment choice for most patients requiring ASD/PFO closure.
Surgical closure is reserved for patients who are not candidates for the
transcatheter procedure. In our study, we noticed no change in the trends
of in-hospitalmortality, stroke, and device-related complications between
these two approaches. However, we showed an increased trend of major
adverse event in the surgical group, reinforcing the fact that the trans-
catheter method is preferred.

In a meta-analysis by Butera et al.,4 including 1270 surgical and 1812
percutaneous ASD/PFO closures, it was noted that patients with surgical
ASD/PFO closure had 3.8 times higher odds of complications than
percutaneous closure (p<0.01). Bleeding, atrial arrhythmias, heart block,
and pericardial effusion were significantly higher in the surgical arm. Our
study did not perform any comparative analysis, but did find a higher
percentage of complications or major adverse events in the surgical group
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than in the transcatheter group. Interestingly, the trend of increased
complications was also noted to be significant in the surgical group.

Several landmark clinical trials have helped demonstrate the safety
and efficacy of transcatheter ASD/PFO closure compared with medical
therapy alone for secondary stroke prevention in cryptogenic stroke pa-
tients with ASD/PFO. These include the Percutaneous Closure Trial
showing noninferiority of transcatheter closure vs. surgery, RESPECT
(Randomized Evaluation of Recurrent Stroke Comparing PFO Closure to
Established Current Standard of Care Treatment) trial demonstrating
fewer recurrent strokes with PFO closure compared with medical ther-
apy, CLOSE (Patent Foramen Ovale Closure or Anticoagulants Versus
Antiplatelet Therapy to Prevent Stroke Recurrence) trial supporting the
superiority of closure over antiplatelet therapy alone, and Gore REDUCE
(Gore HELEX Septal Occluder and Antiplatelet Medical Management for
Reduction of Recurrent Stroke or Imaging-Confirmed Transient Ischemic
Attack in Patients with Patent Foramen Ovale) trial leading to Food and
Drug Administration approval of a closure device.2 Some of the notable
device-related complications included serious bleeding complications,
device dislocation, device-related thrombosis, aortic dissection, and
pulmonary embolism. However, these adverse events were reported to be
insignificant compared with the control arm in the above trials. The
incidence of atrial fibrillation/flutter was noted to be clinically signifi-
cant in the PFO closure arm compared with antiplatelet therapy alone (p
< 0.001) in the Gore REDUCE trial. The major limitations of the
RESPECT, Gore REDUCE, and CLOSE trials include long-termmonitoring
for detecting atrial fibrillation. Ongoing trials like DEFENSE-PFO (Device
Closure Versus Medical Therapy for Cryptogenic Stroke Patients with
High-Risk Patent Foramen Ovale) and CLOSE-2 continue to study optimal
PFO closure patient selection and techniques. In aggregate, the growing
body of evidence from these pivotal trials has supported the adoption of
transcatheter ASD/PFO closure as a standard therapy for selected cryp-
togenic stroke patients found to have ASD/PFO.

Use of this administrative database has its limitations, including the
lack of outpatient data, probable coding mistakes, a lack of clinical
granularity, a distinction between ASD and PFO, a shifting hospital
sample over time, and a failure to capture global trends. Additionally,
patient variables, clinician biases, ability to identify postdischarge stroke
rates, and other confounders could affect the discovered patterns.

In conclusion, national trends show a steady increase in
the number of transcatheter ASD/PFO closure procedures from
3

2016-2019. However, trends of in-hospital mortality, stroke, and
postprocedural major bleeding did not change for both groups from
2016-2019 in the United States.
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