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ORIGINAL RESEARCH
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ABSTRACT
Background: The preferred approach for secundum atrial septal defect (ASD) closure has evolved from surgical repair to the
current standard of practice being percutaneous closure. Although studies have highlighted a reduction in procedural complica-
tions with the percutaneous method, there is a paucity of data on readmissions after ASD closure. We evaluated the incidence
and reasons for 30-day hospital readmissions in patients undergoing secundum ASD repair via surgical versus percutaneous
approach.

Methods: Data for hospitalizations for surgical or percutaneous closure of secundum ASD, during the years 2013–2014, were
obtained from the Nationwide Readmissions Database (NRD). Hospitalization characteristics and relevant comorbidities were
identified using the corresponding International Classification of Diseases, Ninth Edition, Clinical Modification [ICD-CM 9] codes.
Propensity score matching was conducted to evaluate the 30-day rates and causes of readmission following surgical repair
compared with percutaneous closure.

Results: Of 4,616 hospital stays for adult patients undergoing ASD closure (3,004 percutaneous and 1,612 surgical), 163 were
readmitted within 30 days from their index hospitalization. The unadjusted incidence of readmission was higher in the surgical
group (5.2% vs. 2.7%, OR = 1.99, 95% CI 1.08–3.69, p = 0.028). Atrial fibrillation/flutter and post-pericardiotomy syndrome were the
most common reasons for readmission after percutaneous and surgical closures, respectively. Patients who underwent surgical
ASD repair had a higher median length of stay (8.8 vs. 5.2 days, p < 0.001) and cost of index hospitalization ($169,513 vs. $105,189,
p < 0.001).

Conclusions: Percutaneous ASD closure is associated with lower rates of 30-day readmissions, mean length of hospital stay, and
hospital charges as compared with surgical closure.

ARTICLE HISTORY Received 4 September 2018; Revised 14 November 2018; Accepted 13 December 2018

KEYWORDS Atrial septal defect (ASD); readmission rates; surgical ASD repair; percutaneous ASD-device closure

Introduction

Atrial septal defects (ASD) account for 10–17% of all congenital
heart diseases,1 with the secundum subtype representing 75% of
all ASDs.2 Based on the indications for ASD closure as outlined in
society guidelines,3,4 roughly 38–64% of patients with an ASD,
eventually require closure.5,6 This may be due for revision since
the criteria for secundumASD closure were establishedwhen only
surgical closure was available, with the need for general anesthesia,
thoracotomy, and cardio-pulmonary bypass. The ease of percuta-
neous device closure, which can be performed as an outpatient

procedure with only local anesthesia, could expand the indication
to smaller ASDs without enlargement of heart chambers.7

Although surgical closure was considered the standard treatment
option for multiple decades, percutaneous device closure is now
the preferred therapeutic approach.8–10 National utilization of
ASD closure has substantially increased over time (from
1.08 per 100,000 population in 1988 to 2.59 per 100,000 popula-
tion in 2005; an increase of 139%),5 primarily driven by an
uptrend in the use of percutaneous ASD-occluding devices.
Despite the increased frequency in ASD closures, estimated
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mortality rates have remained low at ~1% for either technique.5

A recent meta-analysis of 26 observational studies demonstrated
that compared with surgical closure, percutaneous secundum
ASD closure was associated with lower all-cause mortality,
major and minor complications, and length of hospital stay;
residual shunting was more common with percutaneous closure
but the need for reintervention was similar in both groups.11 The
Centers for Medicare and Medicaid Services of the United States
consider the 30-day readmission rate as a major criterion to
measure the quality of care provided by hospitals for various
medical conditions and procedures.12 However, there is
a paucity of data on readmissions in secundum ASD patients
who underwent surgical versus percutaneous closure. The aim
of this study was to evaluate the incidence and reasons of 30-day
readmissions following surgical versus percutaneous secundum
ASD closure.

Materials and methods

Data source

Data were obtained from the Nationwide Readmissions Database
(NRD) years 2013 and 2014. The NRD was developed by the
Agency for Healthcare Research and Quality for the Healthcare
Cost and Utilization Project, and represents an all-payer database.
NRD includes ~50% of overall hospitalizations in the United
States, and is thus the largest national database that surveys read-
mission patterns. The NRD includes hospitalization records of
discharges from American hospitals, excluding rehabilitation and
long-term acute care facilities. Discharge weights are provided to
assess national estimates. The NRD has verified hospitalization
linkage numbers that could be utilized to track same patient
hospitalizations across hospitals within a state. However, the link-
age numbers do not track the same patient from one year into
another.

Study population

The NRD database was used to identify hospitalizations with
a primary or secondary diagnosis of secundum ASD
(International Classification of Diseases, Ninth Edition,
Clinical Modification [ICD-CM 9] code 745.5) without
a prior diagnosis of endocardial cushion defect (ICD-CM
codes 745.6x) who underwent surgical repair (ICD-9 proce-
dure codes 35.51, 35.61, 35.71, and 39.61) or percutaneous
closure (ICD-9 CM code 35.52) during years 2013 and. 20145

To increase the sample size, on screening, records of all
patients with a history of secundum ASD were included
even if the primary reason for the index hospitalization was
not related to that diagnosis. Hospitalization records were
then excluded if: (1) patient age was <18 years; (2) no surgical
or percutaneous closure was performed during the index
hospitalization; (3) the patient died during the index hospita-
lization; (4) the discharge month was December since 30-day
readmission data would be lacking; (5) the discharge disposi-
tion was unknown or the patient left against medical advice
(Figure 1).

Patient and hospital characteristics

Patient characteristics included baseline demographics. Age,
sex, race/ethnicity, median household income by zipcode, and
primary expected payer were identified. Hospital-related
descriptors such as number of beds (small, medium, and
large), location (urban vs. rural), and teaching status were
also extrapolated. The severity of disease was measured
using the All Patient Refined-Diagnosis Related Group (APR-
DRG) methodology, which was developed by 3MTM corpora-
tion to allow analysis of outcomes across large cohorts for
a given diagnostic group.13 The APR-DRG scores are calcu-
lated from discharge billing codes and are based on primary
and secondary discharge diagnosis, age, and preexisting med-
ical conditions.14 In addition to other scores, APR-DRG ranks
the risk of mortality and disease severity as low, medium,
high, and extreme.

Outcome measure

The primary outcome for this study was 30-day all-cause
unplanned hospital readmissions. Thirty-day readmission
was defined as any inpatient admission (i.e. all cause) that
occurred within 30 days of discharge. If a patient had >1
readmission within the 30-day period, only the earliest
readmission was included. Transfer to another hospital
was not considered a readmission. The reasons for read-
mission were determined using primary diagnosis cate-
gories and the corresponding HCUP Clinical Classification
Software; secondary diagnosis categories were not used to
avoid double counting of readmissions. The secondary out-
comes included median length of stay (LOS) and median
incurred hospital charges.

Statistical analysis

For descriptive purposes, means and 95% confidence intervals
(CI) were used for expression of continuous variables while
frequencies were used for categorical variables. The weighted
discharge variable supplied by NRD was used for estimation
of the weighted incidence of all variables of interest with 95%
CI. To ensure accuracy of the weighted estimates, the NRD
hospital strata and clustering variables were utilized in the
calculation of the weighted estimates. We used complex sam-
ples logistic regression model provided by SPSS to adjust for
the different hospital clusters, and National Inpatient Sample
strata. Those are two variables supplied by the National
Inpatient Sample database for accurate calculation of both
weighted estimates and effect sizes. The primary outcome of
interest is 30-day readmission following surgical ASD closure
compared with percutaneous closure. Two adjustment meth-
ods were used to evaluate the odds ratio; the first method was
done using a propensity score matching model, where 2:1
nearest neighbor with a caliper of 0.01 and allowing for
replacement method was used to construct two similar
cohorts after adjusting for various covariables such as
age, day of admission, status of admission (elective vs. non-
elective), sex, hospital characteristics (bed-size and teaching
status). In the second method, the odds ratio was adjusted for
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comorbidities and variables including age, sex, APR-DRG,
hospital teaching status, location, and bed size. Secondary
outcomes were the length of hospital stay and hospital charges
during the index hospitalization. All statistical analyses were
conducted with assumption of p < 0.05 for statistical signifi-
cance and a confidence interval (CI) of 95%. All analyses were
conducted using IBM SPSS Statistics software (version 23.0;
IBM Corporation, Armonk, NY, USA).

Results

Population characteristics

Among the 293,338 weighted hospitalizations with a primary
diagnosis of secundum ASD in the NRD database years 2013
and 2014, 114,717 adults met the inclusion criteria. Of these,
a total of 4,616 underwent ASD closure (3,004 underwent
percutaneous closure and 1,612 underwent surgical closure)
and were included in the final analysis (Figure 1). Only 0.8%
had a concomitant procedure code of coronary artery bypass
surgery and 0.8% had a co-procedure code of open valve
repair/replacement in the surgical ASD closure group; since
the incidence of concomitant surgery was very low and would
not statistically skew the analysis, these patients were not
excluded. Table 1 represents the baseline and hospital-
related characteristics in both the unmatched and propensity-
matched cohorts. A total of 1,564 surgical closure hospitaliza-
tions were matched to 983 percutaneous closure

hospitalizations in a 2:1 fashion. The standardized mean dif-
ference was <0.1 for all the covariables included in the model
after propensity score matching. The total incidence of atrial
fibrillation/flutter was 0.33% (95% 0.07–0.6%) in the percuta-
neous closure arm as compared with 0.31% (95% 0.06–0.6%)
in the surgical closure arm (p = 0.90).

Incidence of 30-day readmissions in both the unadjusted
and adjusted cohorts

A total of 163 re-hospitalizations (3.5%) occurred within
30 days after their index ASD closure hospitalization; the
incidence of 30-day readmission was higher in the surgical
group (83 hospitalizations; 5.2%, 95% CI 3.4–7.8%) compared
with the percutaneous group (80 hospitalizations; 2.7%, 95%
CI 0.6–1.8%) in the unadjusted cohort (OR = 1.99, 95% CI
1.08–3.69, p = 0.028). This was also confirmed by both the
propensity score matching with 6.3% in the surgical groups
versus 1.9% in the percutaneous group (OR = 3.43, 95% CI
1.64–7.19, p = 0.001) and the multivariable logistic regression
models (Table 2).

Reasons, length of stay, and hospital charges of 30-day
readmissions

The most frequent reasons for readmission in those who under-
went ASD closure were cardiac causes for both surgical and
percutaneous closure (56% vs. 35% of all readmissions in each

Figure 1. Flow diagram of study participants. Summary of how the systematic search was conducted and patients were enrolled in the study after propensity score
matching. NRD, Nationwide Readmission Database; ASD, atrial septal defect; ECD, endocardial cushion defect.
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group respectively, p = 0.01) (Figure 2). Among the cardiac
causes (Figure 3), atrial fibrillation/flutter was the most frequent
cause of readmission after percutaneous ASD closure (12.5% of
all readmissions in the percutaneous group). Of all-cause read-
missions, the incidence of atrial fibrillation/flutter readmissions
were 12.5% (95% CI 2.5–21.2%) and 6.0% (1.2–13.3%) after
percutaneous and surgical closure, respectively (p = 0.15). Post-

surgical cardiac complications including post-pericardiotomy
syndrome were the most frequent cardiac cause of readmission
in the surgical group constituting 19.9% (95% CI 13.3–25.3%) of
all readmissions in the surgical group. Congestive heart failure
was the second most common cause of readmission in both the
surgical and percutaneous groups constituting 16.9% (95% CI
9.6–22.9%) of all readmissions in the surgical group versus 9.8%

Table 1. Baseline clinical characteristics in both the unmatched and propensity matched cohorts.

Unmatched Propensity score matched

Variable
Surgical closure
% (95% CI)

Percutaneous closure
% (95% CI)

Surgical closure
% (95% CI)

Percutaneous closure
% (95% CI)

Hospitalization, n 3,004 1,612 1,564 983

Age, yr 50.4 (48.7–52.1) 55.2 (53.9–56.5) 53.4 (51.1–55.6) 52.8 (51.2–54.3)

Female 55.3 (51.0–59.5) 56.6 (53.7–59.5) 56.9 (51.8–62.0) 55.6 (51.3–59.9)

Weekend admission 4.3 (3.0–6.1) 10.4 (8.5–12.7) 6.3 (4.4–9.0) 8.4 (6.3–11.2)

Discharge quarter

January–March 24.7 (21.7–28.0) 28.3 (25.5–31.2) 26.1 (21.9–30.8) 24.7 (21.5–28.2)

April–June 26.2 (23.0–29.7) 25.6 (23–28.4) 26.7 (22.4–31.4) 25.1 (21.4–29.3)

July–September 31.5 (27.9–35.5) 26.9 (23.9–30.2) 30.9 (26.1–36.2) 30.0 (26.1–34.3)

October–December 17.5 (14.7–20.8) 19.2 (16.5–22.2) 16.3 (13.0–20.2) 20.2 (16.4–24.6)

Elective admission 75.8 (71.4–79.7) 48.5 (42.2–54.9) 66.9 (60.9–72.4) 65.4 (60.0–70.4)

insurance

Medicare 26.7 (22.4–31.5) 35.1 (31.6–38.7) 31.9 (26.6–37.7) 30.2 (26.3–34.5)

Medicaid 14.2 (11.6–17.3) 11.6 (9.7–13.8) 11.2 (8.6–14.5) 13.5 (10.7–16.9)

Private insurance 50.8 (46.2–55.5) 46.4 (41.6–51.3) 49.7 (43.9–55.4) 47.9 (43.1–52.8)

Self-pay 3.2 (2.1–5.0) 2.4 (1.5–3.8) 2.3 (1.2–4.3) 2.7 (1.6–4.5)

No charge 0.5 (0.2–1.3) 0.6 (0.3–1.4%) 0.8 (0.3–2.2) 48.9 (21.8–76.6)

Other 4.5 (3.1–6.4) 3.8 (2.2–6.5) 4.1 (2.6–6.4) 5.1 (2.9–8.8)

Median household income

1st quartile 23.9 (20.2–28.0) 23.4 (19.4–27.9) 24.8 (20.3–29.9) 24.5 (20.6–28.9)

2nd quartile 25.8 (22.5–29.4) 25 (21.5–28.8) 24.8 (20.9–29.2) 68.6 (22.3–30.7)

3rd quartile 25.9 (22.2–30.0) 22.2(19.4–25.2) 23.3 (18.7–28.6) 23.7 (20.2–27.6)

4th quartile 24.4 (20.2–29.2) 29.5 (23.8–35.9) 27.1 (21.8–33.2) 25.5 (21.1–30.5)

Calendar year

2013 52.3 (47.2–57.3) 57.1 (48.5–65.3) 55.2 (49.7–60.6) 53.5 (46.2–60.6)

2014 47.7 (42.7–52.8) 42.9 (34.7–51.5) 44.8 (39.4–50.3) 46.5 (39.4–53.8)

Hospital characteristics

Hospital bed size

Small 4.9 (3.9–6.1) 8.4 (6.0–11.7) 7.7 (6.2–9.6) 5.6 (4.2–7.4)

Medium 16.8 (13.7–20.5) 16.9 (13.3–21.3) 19.4 (15.3–24.3) 19.2 (15.3–23.9)

Large 78.3 (74.5–81.7) 74.7 (69.0–79.6) 72.9 (68.0–77.3) 75.2 (70.1–79.6)

Hospital location

Large metropolitan area 65.0 (59.1–70.5) 69.2 (61.3–76.1) 68.5 (63.1–73.5) 66.8 (58.6–74.1)

Small metropolitan area 34.1 (28.7–40.0) 30.2 (23.4–38.1) 30.4 (25.5–35.8) 32.7 (25.4–40.9)

Micropolitan area 0.9 (0.8–1.0) 0.6 (0.2–1.8) 1.1 (1.0–1.2) 0.5 (0.4–0.6)

Teaching status

Metropolitan non-teaching 12.2 (9.8–15.1) 19.8 (16.0–24.3) 15.2 (12.2–18.8) 16.1 (13.0–19.8)

Metropolitan teaching 86.9 (84.0–89.3) 79.6 (75.0–83.6) 83.7 (80.1–86.8) 83.4 (79.7–86.5)

Non-metropolitan 0.9 (0.8–1.0) 0.6 (0.2–1.8) 1.1 (1.0–1.2) 0.5 (0.4–0.6)

All Patient Refined DRG: Severity of illness
subclass

Minor loss of function 43.0 (38.0–48.2) 34.3 (29.6–39.4) 38.6 (32.8–44.8) 40.6 (35.9–45.6)

Moderate loss of function 15.7 (13.1–18.6) 37.8 (34.5–41.2) 23.9 (20.1–28.3) 25.9 (22.1–30.0)

Major loss of function 31.9 (27.3–36.9) 21.4 (17.4–26.1) 27.3 (22.1–33.2) 26.8 (21.4–33.1)

Extreme loss of function 9.4 (7.1–12.4) 6.5 (4.9–8.4) 10.1 (7.3–14.0) 6.7 (4.9–9.0)

Length of stay (days) 8.8 (8.0–9.7) 5.2 (4.5–6.0) 8.32 (7.45–9.19) 5.91 (5.00–6.82)

Hospital charges for index admission 169,512
(150,981–188,043)

105,189
(92,870–117,509)

166,997
(144,105–189,889)

114,955
(100,179–129,732)

Notes. CI, confidence interval; n, number; yr, year; DRG, diagnosis related group.
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(95% CI 2.5–16.3%) in the percutaneous group (p = 0.20). The
other causes of 30-day readmissions are illustrated in Figure 2.
The mean length of stay during the index admission was higher
in the surgical ASD closure group compared with percutaneous
closure (8.8 ± 0.4 days, vs. 5.2 ± 0.38 days, p < 0.001). In addition,
surgical closure had higher mean hospital charges at index
hospitalization (169,513 ± 9,428 dollars, vs. 105,189 ± 6,267
dollars, p < 0.001).

Discussion

In this large, observational, non-randomized analysis of
a real-world cohort of hospitalized patients with secundum

ASD who underwent surgical or percutaneous ASD closure,
3.5% of rehospitalizations occurred within 30-days. The inci-
dence of readmissions was higher in the surgical group as
compared with the percutaneous group (5.2% vs. 2.7%,
p = 0.028). Among hospitalizations with a secundum ASD
closure, the most frequent reason for readmission was
a cardiac-related cause. Within the realm of cardiac causes,
atrial fibrillation/flutter was the most common reason for
readmission in the percutaneous closure group and post-
cardiac disturbances including post-pericardiotomy syndrome
was the leading cause of readmission in the surgical group.

The increased utilization of percutaneous ASD-occluding
devices has resulted in a dramatic increase in the number of
ASDs that have undergone closure over time, with a marked
shift in repair type having occurred since 2001.5,15 With
a decrease in potential adverse consequences of percutaneous
intervention (i.e. need for thoracotomy, cardiopulmonary
bypass, length of hospital-stay, and cost), it is expected that
the use of a percutaneous approach to treat congenital heart
disease will increase. Although the increased utilization of
percutaneous ASD devices over surgical closure had previously
been justified by their favorable safety, efficacy, morbidity, and
mortality;11,16–18 the significantly lower rates of readmissions
observed in this study further justify the preference of percu-
taneous ASD closure over surgical repair on top of the not yet
fully exploited potential of simplification of percutaneous ASD
closure.7 Higher readmission rates have downstream implica-
tions for patients’ well-being as well as from a standpoint of
CMS (Centers for Medicare and Medicaid Services) reimburse-
ments. Hospital readmissions not only impose an additional
financial burden on the patient, they are also associated with

Table 2. Odds ratio of 30-day readmission following surgical versus percuta-
neous ASD closure by 4 multivariable logistic regression models.

Multivariable
logistic
regression
model

Odds
ratio

95%
Confidence
interval p-value Adjusted variables

Model 1 2.388 1.288–4.428 0.01 Age and sex

Model 2 2.181 1.196–3.975 0.01 Age, sex, and APR-DRG score

Model 3 2.226 1.171–4.232 0.02 Age, sex, APR-DRG score,
hospital teaching status,
hospital location,
and hospital bed size

Model 4 2.227 1.170–4.239 0.02 Age, sex, APR-DRG score,
hospital teaching status,
hospital location,
hospital bed size, and year
of admission

Note. APR-DRG, all patients refined diagnosis related groups.

Figure 2. Systematic causes of hospital readmissions stratified by type of ASD closure. GI, gastrointestinal.
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delays in recovery back to baseline functional status and per-
sistent functional deficits in the elderly.19 Furthermore, with
development of programs such as the CMS Readmissions
Reduction Program, hospitals with higher rates of readmissions
are financially penalized by the CMS.20

Apart from readmission rates, the benefits of percutaneous as
compared to surgical closure also pertains to the index hospita-
lization. Significant differences in peri-procedural or peri-
operative complication rates, favoring the percutaneous
approach, have been previously highlighted in the literature.10

Such reductions in complications often translate into significant
decreases in hospitalization charges and length of stay during the
index hospitalization, as demonstrated in this study.

Singh et al. 15 reported that the majority of percutaneous
ASD closures in the United States (70.5%) are currently per-
formed in low volume centers that perform <10 procedures/
year. The authors demonstrated that procedures performed at
higher volume hospitals (>14 procedures/year) were asso-
ciated with reduced complications, length of stay, and hospi-
talization cost when compared to the lower volume centers
(<13 procedures/year). The latest American College of
Cardiology (ACC)/American Heart Association (AHA)/
Society for Cardiovascular Angiography and Interventions
(SCAI) guidelines recommend that cardiac catheterization
laboratories maintain a proficiency in percutaneous ASD clo-
sure by performing a minimum of 10 procedures per year,
a requirement suggestion that was based on expert consensus
rather than previous data.21 Although this study found that
the rate of readmissions is relatively low with percutaneous
ASD closure, it is possible that performance of this procedure
in low volume centers played a role in readmission outcomes.
Based on this study’s analysis, although it is difficult to clearly
delineate low versus high volume centers, hospitals in small

metropolitan areas (30.2%) and non-teaching hospitals
(19.8%), potentially low volume centers compared to their
teaching and large metropolitan high-volume counterparts,
had higher rates of readmission.

In this study, atrial fibrillation/flutter was the most com-
mon cardiac cause of hospital readmission following percuta-
neous ASD closure. Of all-cause readmissions, the rate of
atrial fibrillation/flutter readmissions represented a larger
part with percutaneous closure as compared with post-
surgical ASD closure (12.5% vs. 6.0% of all-cause readmis-
sions, p < 0.001); however, there was no significant difference
in the total incidence of atrial fibrillation/flutter readmissions
between percutaneous and surgical closure (0.33% vs. 0.31%
respective; p = 0.90). It should be noted that this does not
represent the true incidence of atrial fibrillation/flutter post
ASD closure as there may be patients with occult atrial fibril-
lation/flutter, those whose atrial arrhythmias were detected in
an outpatient clinic without requiring readmission, or patients
whose arrhythmias were not captured because of database
coding errors. The low observed frequency of atrial arrhyth-
mias in each arm (<1% in both cohorts) was contrary to the
popular belief that there exists a higher propensity of atrial
fibrillation/flutter post percutaneous closure as compared
with surgical closure. Post-procedural atrial fibrillation in
these instances is often attributed to irritation of the atrial
septum which can be equally arrhythmogenic after percuta-
neous device closure as with surgical patch closure.
Additionally, ASD and patent foramen ovale (PFO)-
occluding devices are known to transiently irritate the atrial
septum post-implant with less long-term sequela in terms of
atrial arrhythmias; randomized clinical trials have demon-
strated that most device-associated atrial fibrillation/flutter
incidences occur early (<30 days) after implant, consisting of

Figure 3. Percent of all cardiac readmissions stratified by type of ASD closure. PAT, paroxysmal atrial tachycardia; CHF, congestive heart failure; NOS, not otherwise
specified.
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a single paroxysmal episode that resolves spontaneously or
with cardioversion.22–25 The incidence of stroke from device-
associated atrial arrhythmias was low in the PFO closure
studies (~0.2% of patients randomized to a device in the
cryptogenic stroke trials).26 Only a small fraction of post-
device closure atrial arrhythmias (3.8%) are reported to pro-
gress to permanent atrial fibrillation.27 Hence, with longer
follow up, the incidence of atrial fibrillation-related readmis-
sions would likely diminish substantially.

Post-pericardiotomy syndrome was the most common cause
of hospital readmissions following surgical ASD closure. This
syndrome which is often propagated by an amplified immune
response, occurs 1–6 weeks after a cardiac surgery requiring
pericardial incision. Fever, pleuritic chest pain, new or worsen-
ing pleural or pericardial effusion, or pericardial friction rub are
some of the most common clinical findings associated with this
condition.28 The incidence of this syndrome has been reported
in 10–50% of cardiac surgeries.29,30 The 30-day follow-up period
for hospital readmissions coincides directly with the period
when patients undergoing surgical ASD closure are at high risk
for developing this syndrome due to a surge in the immune
response. The second most common cause of readmissions (in
both surgical and percutaneous groups) was heart failure.
Among other indications, ASD closure is recommended in
patients with right ventricle volume overload due to shunt
physiology or underlying pulmonary artery hypertension. Such
patients are at high risk for heart failure exacerbations and
hence, a large proportion of readmissions seen in this study
may be attributed to this etiology.

The implications of the findings from this study are mainly
two-fold. First, given the near equivalence of effective closure
and the lower complication rates, percutaneous ASD closure
should be considered the preferred approach in patients
deemed suitable by a multidisciplinary cardiovascular team.
Additionally, given the most common readmissions being due
to atrial fibrillation/flutter, patients should be followed closely
to allow early detection of an atrial arrhythmia which may be
managed on an outpatient basis rather than being readmitted
and causing a burden on patients' well-being as well as
finances.

Study limitations

Although this study included a large number of hospitalizations
from real-world data, there are several limitations. This is an
observational, nonrandomized analysis where risk of unmeasured
confounding could not be completely eliminated, even after con-
ducting thorough propensity score matching. Moreover, the data
fromNRD inherently lacks certain details such as medications and
information regarding interim follow-up between index hospitali-
zation discharge and readmission, both of which may impact the
reported outcomes. By virtue of being an administrative database,
data from NRD is subject to limitations such as coding errors or
other biases. This also includes the database’s inability to identify
the reasons why surgical approach was chosen over percutaneous
closure; potential reasons for this include a large defect and lack of
a supportive septal rim for a potential ASD device. Inability to track
readmissions across different states or across calendar years also
precluded accurate readmission reporting and thus, likely resulted

in an overall underestimation. Given the restraints of administra-
tive data, hospital readmissions for atrial fibrillation/flutter could
not be distinguished in terms of patients with pre-existing chronic
atrial fibrillation/flutter versus those with new onset atrial fibrilla-
tion/flutter post-ASD-closure. Lastly, there are no ICD-9 codes that
are specific to PFO—hence, it may be plausible that some cases
which were labeled as secundum ASD in both arms (surgical and
percutaneous closure), were in fact PFOs. Finally, this study does
not examine the long-term sequela of septal occluder devices versus
surgical ASD closure. One observational analysis of nearly 14,000
atrial septal device implants worldwide reported a 1 in 500 inci-
dence of implants resulting in surgical extraction, predominately
due to severe, persistent chest pain, attributed to allergy-induced
excessive scar tissue formation in 50% of cases; erosion was the
culprit of 5% of the devices that were explanted.31

Conclusion

Percutaneous ASD closure is associated with lower rates of 30-
day readmissions, mean length of hospital stay, and incurred
hospital charges as compared with surgical closure. Cardiac
causes were the most common reasons for readmission in both
the surgical and percutaneous closure groups, with atrial fibrilla-
tion/flutter being the predominant culprit in percutaneous ASD
closure, while post-pericardiotomy syndrome was the predomi-
nant reason for readmission following surgical repair.

Clinical perspectives

What’s known?
As compared with surgical repairs, percutaneous ASD clo-
sures are associated with lower all-cause mortality, major and
minor complications, and length of hospital stay.

What’s new?
Thirty-day readmission rates after percutaneous ASD closure
are significantly lower than rates of readmission after surgical
ASD closure. In hospital charges and length of stay during the
index hospitalization remain significantly lower following per-
cutaneous ASD closure as compared with surgical repair.
Atrial fibrillation/flutter is the most common reason for read-
mission after percutaneous closure whereas readmission due
to post-pericardiotomy syndrome was commonly seen after
surgical ASD closure.

What’s next?
Future studies should evaluate the specific predictors for read-
mission after ASD closure. Additionally, targeting these pre-
dictors to see improvement in readmission rates would be of
future clinical benefit. Evaluation is warranted to distinguish
between readmission rates after percutaneous closure done at
high volume centers as compared to low volume centers.

ORCID

Mohammad K. Mojadidi http://orcid.org/0000-0002-4574-4287

M. K. MOJADIDI ET AL.: 30-DAY READMISSIONS FOR PERCUTANEOUS VS. SURGICAL ASD CLOSURE STRUCTURAL HEART 119



Disclosure statement

Dr Meier has received speaker fees from Abbott. Dr Meier served as
a primary investigator of the PC and PRIMA trials. Dr Tobis was
a consultant for St. Jude Medical and W.L. Gore, served as a co-
investigator of the RESPECT trial, and on the steering committee of
the PREMIUM trial. All other authors have no conflicts of interest or
financial disclosures pertaining to this manuscript.

References

1. Hoffman JI, Kaplan S. The incidence of congenital heart disease.
J Am Coll Cardiol. 2002;39:1890–1900.

2. Webb G, Gatzoulis MA. Atrial septal defects in the adult: recent
progress and overview. Circulation. 2006;114:1645–1653.
doi:10.1161/CIRCULATIONAHA.105.592055.

3. Baumgartner H, Bonhoeffer P, De Groot NM, et al. ESC guide-
lines for the management of grown-up congenital heart disease
(new version 2010). Eur Heart J. 2010;31:2915–2957. doi:10.1093/
eurheartj/ehq249.

4. Warnes CA, Williams RG, Bashore TM, et al. ACC/AHA 2008
guidelines for the management of adults with congenital heart dis-
ease: Executive Summary: A report of the American College of
Cardiology/AmericanHeart Association task force onpractice guide-
lines (writing committee to develop guidelines for the management
of adults with congenital heart disease). Circulation.
2008;118:2395–2451.doi:10.1161/CIRCULATIONAHA.108.190811.

5. Karamlou T, Diggs BS, Ungerleider RM, McCrindle BW,
Welke KF. The rush to atrial septal defect closure: is the intro-
duction of percutaneous closure driving utilization? Ann Thorac
Surg. 2008;86:1584–1590. discussion 1590-1. doi:10.1016/j.
athoracsur.2008.06.079.

6. Hanslik A, Pospisil U, Salzer-Muhar U, Greber-Platzer S, Male C.
Predictors of spontaneous closure of isolated secundum atrial
septal defect in children: a longitudinal study. Pediatrics.
2006;118:1560–1565. doi:10.1542/peds.2005-3037.

7. Praz F, Wahl A, Schmutz M, et al. Safety, feasibility, and
long-term results of percutaneous closure of atrial septal defects
using the Amplatzer septal occluder without periprocedural
echocardiography. J Invasive Cardiol. 2015;27:157–162.

8. Murphy JG, Gersh BJ, McGoon MD, et al. Long-term outcome
after surgical repair of isolated atrial septal defect. Follow-up at 27
to 32 years. N Engl J Med. 1990;323:1645–1650. doi:10.1056/
NEJM199012133232401.

9. Berger F, Vogel M, Alexi-Meskishvili V, Lange PE. Comparison of
results and complications of surgical and Amplatzer device closure of
atrial septal defects. J Thorac Cardiovasc Surg. 1999;118:674–678.
discussion 678-80. doi:10.1016/S0022-5223(99)70013-9.

10. Du ZD, Hijazi ZM, Kleinman CS, Silverman NH, Larntz K;
Amplatzer Investigators. Comparison between transcatheter and
surgical closure of secundum atrial septal defect in children and
adults: results of a multicenter nonrandomized trial. J Am Coll
Cardiol. 2002;39:1836–1844.

11. Villablanca PA, Briston DA, Rodés-Cabau J, et al. Treatment options
for the closure of secundum atrial septal defects: a systematic review
and meta-analysis. Int J Cardiol. 2017;241:149–155. doi:10.1016/j.
ijcard.2017.03.073.

12. Berenson RA, Paulus RA, Kalman NS. Medicare’s readmissions-
reduction program – a positive alternative. N Engl J Med.
2012;366:1364–1366. doi:10.1056/NEJMp1201268.

13. Iezzoni LI, Ash AS, Shwartz M, Daley J, Hughes JS, Mackiernan YD.
Predicting who dies depends on how severity is measured: implica-
tions for evaluating patient outcomes. Ann Intern Med.
1995;123:763–770.

14. 3M All Patient Refined Diagnosis Related Groups (APR DRGs).
2016. https://www.forwardhealth.wi.gov/kw/pdf/handouts/3M_
APR_DRG_Presentation.pdf.

15. Singh V, Badheka AO, Patel NJ, et al. Influence of hospital
volume on outcomes of percutaneous atrial septal defect and
patent foramen ovale closure: a 10-years US perspective.
Catheter Cardiovasc Interv. 2015;85:1073–1081. doi:10.1002/
ccd.25794.

16. Hughes ML, Maskell G, Goh TH, Wilkinson JL. Prospective compar-
ison of costs and short term health outcomes of surgical versus device
closure of atrial septal defect in children. Heart. 2002;88:67–70.

17. Vida VL, Barnoya J, O’Connell M, Leon-Wyss J, Larrazabal LA,
Castañeda AR. Surgical versus percutaneous occlusion of ostium
secundum atrial septal defects: results and cost-effective consid-
erations in a low-income country. J Am Coll Cardiol.
2006;47:326–331. doi:10.1016/j.jacc.2005.06.086.

18. Martín F, Sánchez PL, Doherty E, et al. Percutaneous transcath-
eter closure of patent foramen ovale in patients with paradoxical
embolism. Circulation. 2002;106:1121–1126.

19. Pisani MA, Albuquerque A, Marcantonio ER, et al. Association
between hospital readmission and acute and sustained delays in
functional recovery during 18 months after elective surgery: the
successful aging after elective surgery study. J Am Geriatr Soc.
2017;65:51–58. doi:10.1111/jgs.14549.

20. Services CfMaM. Readmissions reduction program. 2018.
https://www.cms.gov/medicare/medicare-fee-for-service-pay-
ment/acuteinpatientpps/readmissions-reduction-program.html.

21. King SB, Aversano T, Ballard WL, et al. ACCF/AHA/SCAI 2007
update of the clinical competence statement on cardiac interven-
tional procedures: a report of the American College of Cardiology
Foundation/American Heart Association/American College of
Physicians task force on clinical competence and training (writing
committee to update the 1998 clinical competence statement on
recommendations for the assessment and maintenance of profi-
ciency in coronary interventional procedures). J Am Coll Cardiol.
2007;50:82–108. doi:10.1016/j.jacc.2007.05.006.

22. Mas JL, Derumeaux G, Chatellier G. Trials of patent foramen
ovale closure. N Engl J Med. 2017;377:2599–2600. doi:10.1056/
NEJMc1714320.

23. Søndergaard L, Kasner SE, Rhodes JF, et al. Patent foramen ovale
closure or antiplatelet therapy for cryptogenic stroke. N Engl
J Med. 2017;377:1033–1042. doi:10.1056/NEJMoa1707404.

24. Mojadidi MK, Elgendy AY, Elgendy IY, et al. Transcatheter patent
foramen ovale closure after cryptogenic stroke: an updated
meta-analysis of randomized trials. JACC Cardiovasc Interv.
2017;10:2228–2230. doi:10.1016/j.jcin.2017.09.002.

25. Mojadidi MK, Zaman MO, Elgendy IY, et al. Cryptogenic stroke
and patent foramen ovale. J Am Coll Cardiol. 2018;71:1035–1043.
doi:10.1016/j.jacc.2017.12.059.

26. Mojadidi MK, Elgendy AY, Elgendy IY, et al. Atrial fibrillation
after percutaneous patent foramen ovale closure. Am J Cardiol.
2018;122:915. doi:10.1016/j.amjcard.2018.05.035.

27. Staubach S, Steinberg DH, Zimmermann W, et al. New onset
atrial fibrillation after patent foramen ovale closure. Catheter
Cardiovasc Interv. 2009;74:889–895. doi:10.1002/ccd.22172.

28. Tamarappoo B, Allan K. Postpericardiotomy syndrome. Expert
Analysis. Am Coll Cardiol. 2015. https://www.acc.org/latest-in-
cardiology/articles/2015/04/09/07/46/postpericardiotomy-
syndrome.

29. Lehto J, Gunn J, Karjalainen P, Airaksinen J, Kiviniemi T.
Incidence and risk factors of postpericardiotomy syndrome
requiring medical attention: the Finland postpericardiotomy syn-
drome study. J Thorac Cardiovasc Surg. 2015;149:1324–1329.
doi:10.1016/j.jtcvs.2015.01.031.

30. Imazio M, Hoit BD. Post-cardiac injury syndromes. An emerging
cause of pericardial diseases. Int J Cardiol. 2013;168:648–652.
doi:10.1016/j.ijcard.2012.09.052.

31. Verma SK, Tobis JM. Explantation of patent foramen ovale clo-
sure devices: a multicenter survey. J Am Coll Cardiol Intventions.
2011;4:579–585. doi:10.1016/j.jcin.2011.01.009.

120 M. K. MOJADIDI ET AL.: 30-DAY READMISSIONS FOR PERCUTANEOUS VS. SURGICAL ASD CLOSURE STRUCTURAL HEART

http://dx.doi.org/10.1161/CIRCULATIONAHA.105.592055
http://dx.doi.org/10.1093/eurheartj/ehq249
http://dx.doi.org/10.1093/eurheartj/ehq249
http://dx.doi.org/10.1161/CIRCULATIONAHA.108.190811
http://dx.doi.org/10.1016/j.athoracsur.2008.06.079
http://dx.doi.org/10.1016/j.athoracsur.2008.06.079
http://dx.doi.org/10.1542/peds.2005-3037
http://dx.doi.org/10.1056/NEJM199012133232401
http://dx.doi.org/10.1056/NEJM199012133232401
http://dx.doi.org/10.1016/S0022-5223(99)70013-9
http://dx.doi.org/10.1016/j.ijcard.2017.03.073
http://dx.doi.org/10.1016/j.ijcard.2017.03.073
http://dx.doi.org/10.1056/NEJMp1201268
https://www.forwardhealth.wi.gov/kw/pdf/handouts/3M_APR_DRG_Presentation.pdf
https://www.forwardhealth.wi.gov/kw/pdf/handouts/3M_APR_DRG_Presentation.pdf
http://dx.doi.org/10.1002/ccd.25794
http://dx.doi.org/10.1002/ccd.25794
http://dx.doi.org/10.1016/j.jacc.2005.06.086
http://dx.doi.org/10.1111/jgs.14549
http://dx.doi.org/10.1016/j.jacc.2007.05.006
http://dx.doi.org/10.1056/NEJMc1714320
http://dx.doi.org/10.1056/NEJMc1714320
http://dx.doi.org/10.1056/NEJMoa1707404
http://dx.doi.org/10.1016/j.jcin.2017.09.002
http://dx.doi.org/10.1016/j.jacc.2017.12.059
http://dx.doi.org/10.1016/j.amjcard.2018.05.035
http://dx.doi.org/10.1002/ccd.22172
http://dx.doi.org/10.1016/j.jtcvs.2015.01.031
http://dx.doi.org/10.1016/j.ijcard.2012.09.052
http://dx.doi.org/10.1016/j.jcin.2011.01.009

	Abstract
	Introduction
	Materials and methods
	Data source
	Study population
	Patient and hospital characteristics
	Outcome measure
	Statistical analysis

	Results
	Population characteristics
	Incidence of 30-day readmissions in both the unadjusted and adjusted cohorts
	Reasons, length of stay, and hospital charges of 30-day readmissions

	Discussion
	Study limitations

	Conclusion
	Clinical perspectives
	What’s known?
	What’s new?
	What’s next?


	Disclosure statement
	References



