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ABSTRACT
Background: Left atrial appendage closure (LAAC) with simultaneous interventional occlusion therapy for congenital interatrial communication has become a new focus of patients with nonvalvular atrial ﬁbrillation. Little is
known about the results of mid-and long-term results. Objective: The aim of this study was to evaluate the midand long-term safety and effectiveness of simultaneous transcatheter closure of the left atrial appendage (LAA)
and congenital interatrial communication closure in atrial ﬁbrillation (AF) patients. Methods: From Jan
2016 to June 2017, 27 patients with AF were treated with simultaneous transcatheter closure of the LAA and atrial
septal defect (ASD, n = 22), patent foramen ovale (PFO, n = 5). Results: The perioperative closure success rate
was 96.3%, except for cardiac tamponade occurred in one ASD patient. During the median 37.6-month follow-up
period, no cases of cerebrovascular or peripheral vascular embolism, bleeding, infective endocarditis or thrombosis along the occluders were observed. Of the 21 patients with NYHA Class III, nineteen had signiﬁcant improvements to NYHA Classes I or II, and 81.5% of patients were free from major or minor adverse events during midand long-term follow-up. Conclusions: Simultaneous closure of the LAA and congenital interatrial communication closure is a viable option for patients with nonvalvular atrial ﬁbrillation who are at risk of stroke or systemic
embolism, and it is effective and yields excellent mid-and long-term results.
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1 Introduction
Atrial ﬁbrillation (AF) is commonly associated with congenital interatrial communication [1]. With the
development of interventional and surgical techniques, different therapeutic strategies have been applied for
the simultaneous treatment of congenital interatrial communication and atrial ﬁbrillation [2,3]. In the past,
most of the patients with ASD/PFOs and atrial ﬁbrillation were only treated for cardiovascular defects.
However, ASD/PFOs patients with atrial ﬁbrillation need to take anticoagulants for life. The use of
antiarrhythmic drugs and oral anticoagulants has a low control rate and a high risk of bleeding [4]. Left
atrial appendage closure (LAAC) with simultaneous interventional occlusion therapy for ASD/PFOs has
become a new focus of patient care [5,6]. In this study, the mid-and long-term follow-up of the
feasibility, safety, and effectiveness of simultaneous percutaneous left atrial appendage closure (PLAAC)
and closure device for patients with congenital interatrial communication and atrial ﬁbrillation investigated.
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2 Methods
2.1 Study Patients
There were 29 patients enrolled in this retrospective study. The clinical criteria for the patients
undergoing percutaneous left atrial appendage closure were as follows: (1) persistent atrial ﬁbrillation; (2)
age ≥ 18 years old; (3) CHA2DS2VASc score ≥ 2; (4) HAS-BLED score > 3; (5) endured long-term
administration of clopidogrel and aspirin; (6) contraindication or intolerance to the administration of
warfarin; (7) candidate for transcatheter closure for congenital interatrial communication.
Before the intervention, each patient provided written informed consent. The ethics committee of the
General Hospital of Northern Theater Area Command approved this study, and it was conducted in
accordance with all relevant Chinese laws.
Philips iE 3 Ultrasound Diagnostic Instrument, X7-2t Transesophageal Ultrasound Probe (Philips,
Amsterdam, Netherlands) were used. Transesophageal echocardiography (TEE) was performed in
29 patients 1 week before the operation. The morphology of the left atrial appendage was observed at 0°,
45°, 90° and 135°. The exclusion criteria for TEE examination were as follows: (1) left atrium or other
intracardiac wall-attached thromboses; (2) the diameter of the opening was greater than the maximum
available depth of the left atrial appendage; (3) the left ventricular function was signiﬁcantly reduced; (4)
the atrial septum was signiﬁcantly abnormal, there were valve lesions of more than a moderate degree, or
other complex congenital heart diseases. PLAAC was placed under the TEE guidance. According to the
exclusion criteria, 2 patients were excluded because of left atrial appendage thrombosis and poor cardiac
function, respectively.
2.2 Occluder Devices
The ACP2 left atrial appendage occluder (Fig. 1A) is the second generation of Amplatzer Cardiac Plug
occluder (Abbott, Minneapolis, MS, USA) [7]. The framework is made of self-expanding nickel-titanium
alloy wire. The distal columnar structure designed with barbs, and the proximal disc is connected by the
central waist. Compared with the ﬁrst generation, the ACP2 occluder has a wider distal column, longer
waist and the disk diameter of the occluder increased with waist diameter from 18 to 32 mm.

Figure 1: LAA occluders. (A) The ACP2 left atrial appendage occluder; (B) The LACBES left atrial
appendage occluder
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The LACBES occluder (Fig. 1B) is a novel LAA occluder that has just been approved for clinical
application in China (LACBES®, Push Medical, Shanghai, China) [8]. This occluder is made with nitinol
wire mesh and mainly consists of 2 parts, an anchor cylinder, and a sealing disc, which are ﬁlled with a
polyester ﬁber membrane. The anchor cylinder ends at the landing zone and deeply anchors to the LAA as
a supporting structure for the whole occluder, with the sealing disc sealing the LAA oriﬁce. The sealing
disc is curved inward and is 6 mm larger than the anchor cylinder in diameter. The device is available with
anchor cylinder sizes from 16 to 34 mm (2-mm size increments) and requires 9- to 14-French sheaths.
2.3 Procedure
The procedure was performed under general anesthesia. Patients who were aged 50 years or older
underwent routine coronary angiography. The pressure of the pulmonary artery and right ventricle was
measured through the femoral vein by an end-hole catheter. Thereafter, a 0.035 inch  260 cm stiff
guidewire was inserted through the atrial septal communication (ASD or PFO). Along the guidewire, the
delivery sheath (Push Medical, Shanghai, China) was transferred into the left atrium, and then the 6F
pigtail catheter was sent into the sheath, landing in the LAA. LAA angiography was performed under the
right anterior oblique 30°+ head 20° and the right anterior oblique 30° and the foot 20°. The contrast was
injected through the sheath to depict the anatomy and the size of the LAA. The ACP2 or LACBES
occluder was deployed, and a stable position was conﬁrmed angiographically and by a tug test. Then, the
device was released, and the sheath was slightly retracted but was kept in the left atrium—A properly
sized Amplatzer PFO (St. Jude Medical, Plymouth, MN) or ASD (SHSMA, Lepu Medical, Beijing,
China) occluder was introduced and deployed to the PFO or ASD using the delivery sheath. The sizing
of the PFO and ASD occluder was chosen based on TEE assessment. After conﬁrming a safe position of
the septal occluder by contrast injections and a wiggle test, the occluder was released.
2.4 Peri-Procedure Management and Follow-Up
Intravenous injection of heparin was used to maintain an active coagulation time (ACT) of 250–300 s,
1.5 g/12 h of the antibiotic cefuroxime sodium was used as an intravenous prophylactic during the operation
and on the ﬁrst day after the operation, and 3–5 mg/kg oral aspirin combined with 75 mg/day clopidogrel
were used after the operation for 6 months. The aspirin and clopidogrel dosages were adjusted according
to age and weight.
Procedural success was deﬁned as properly seated devices in the LAA and the PFO or ASD using TEE
or TTE per-procedure. Patients were discharged on the third postoperative day. A 30-d, 90-d postprocedural
transthoracic echocardiography (TTE) and 180-d TEE were performed to conﬁrm proper seating of the
devices and to look for thrombi or residual leaks. Residual leaks were classiﬁed according to a ﬂow jet
>3 mm at the time of postprocedural TTE or TEE. At the same time, a neurology consultation was
performed to document potential new cerebrovascular events. Long-term follow-up was performed by
telephone interview and review of patient charts in case of an event.
2.5 Study Endpoints
The endpoints were severe complications in the peri-procedural period and major adverse events during
the whole follow-up period. Severe adverse events were deﬁned as deaths, stroke, transient ischemic attack
(TIA), other embolism events, device thrombosis or dislocation, major bleeding requiring invasive treatment
or blood transfusion and cardiovascular surgery to avoid permanent defects in the body structure or function.
2.6 Statistical Analysis
Data are presented as the mean and standard deviation (SD). Discrete variables are expressed as
frequencies or percentages. Those were compared using the unpaired t-test. The statistical software SPSS
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16.0 (SPSS, Inc. Chicago, Illinois, USA) was used for data analysis. A probability of <0.05 was considered
statistically signiﬁcant.
3 Results
3.1 Patient Characteristics
From January 2016 to June 2017, including 11 male and 16 female adult patients ranging from 36 to
75 years of age with congenital interatrial communication and atrial ﬁbrillation underwent simultaneous
transcatheter left atrial appendage and interatrial communication closure (Table 1). The average body
mass index (BMI) was 24.49 ± 2.47. Simultaneous transcatheter LAA and congenital defect closures
were performed in 27 patients who had interatrial communication and persistent AF: 22 ASDs and
5 PFOs. The mean CHA2DS2VASc score was 2.6 ± 1.1, and the HAS-BLED score was 3.0 ± 0.7.
Table 1: Baseline characteristics
Variable

Result (%)

N
ASD
PFO
Age (years)
Male sex
BMI
Heart function (New York Heart
Association, NYHA grade)
I
II
Atrial ﬁbrillation
persistent atrial ﬁbrillation
paroxysmal atrial ﬁbrillation
LAAC indications
History of bleeding
High risk of bleeding
Instability of INR
Thrombosis/TIA
Patient wishes
CHA2DS2-VAS score
HAS-BLED score
EF score
Mitral valve regurgitation
none
mild
moderate

27
22/27 (81.5%)
5/27 (18.5%)
57.0 ± 9.8 (36–75)
11/27 (40.7%)
24.4 ± 1.9 (18.2–29.8)

6/27 (22.2%)
21/27 (77.8%)
25/27 (92.6%)
2/27 (7.4%)
1/27 (3.7%)
11/27 (40.7%)
7/27 (25.9%)
5/27 (18.5%)
4/27 (14.8%)
2.6 ± 1.1 (1–5)
3.0 ± 0.7 (2–5)
0.64 ± 0.04,
3/27 (11.1%)
20/27 (74.1%)
4/27 (14.8%)

Note: LAAC, left atrial appendage closure; BMI, body mass index; INR, international normalized ratio;
TIA, transient ischemic attack; ASD, atrial septal defect; PFO, patent foramen ovale; EF, ejection
fraction.
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The observed cardiovascular comorbidities were arterial hypertension in 9 patients (33.3%), diabetes
mellitus in 3 (11.1%), hyperlipidemia in 7 (25.9%), and a history of prior stroke or transient ischemic
attack (TIA) in 5 (18.5%).
3.2 Procedure Outcome
Simultaneous LAA and congenital defect devices were successfully implanted in all the patients
(Table 2). The compression rate of the LAA occluder was 4.5%–19.3%. LAAC using 7 ACP2 left atrial
appendage occluders and 20 LACBES occluders were successfully performed through the interatrial
communication, followed by simultaneously transcatheter interatrial communication closure (Fig. 2).
LAAC was successfully performed in 25 patients after only one attempt except for two attempts in two
cases using LACBES occluders; after release in the landing area, the LAA occluder was slightly pulled
and displaced. The occluder was successfully retreated. After changing the proper size of the LAA
occluder, the occluder was stable without displacement. No complications, such as pericardial bleeding,
were found after the repeat operation. In one case, a 46 mm domestic ASD occluder with a 1 cm hole
was manually implanted after PLAAC as high mean pulmonary artery pressure. Another 26 ASD/PFO
patients experienced successful closure of interatrial communication after PLAAC. There was no
signiﬁcant difference in ﬂuoroscopy time between the ACP2 or LACBES occluders groups (15.2 ±
0.1 vs. 15.0 ± 1.2 min, P = 0.749). Of the 23 patients who underwent coronary angiography, 20 patients
had normal results except for coronary artery disease in 3 patients, and no further intervention was required.
Table 2: Procedural data
Variable

Result

LAAC + ASD closure (%)
LAAC + PFO closure (%)
Coronary angiography (%)
mPAP (mmHg)
LA diameter (mm)
ASD diameter (mm)
PFO diameter (mm)
Internal diameter of the LAA under TEE (mm)
0°
45°
90°
135°
LAA angiography
Wind bag (%)
Chicken wing (%)
Lobulated (%)
RAO30°CRA20° diameter of landing zone (mm)
RAO30°CAU20° diameter of landing zone (mm)
LACBES LAAO (%)

22/27 (78.3%)
5/27 (13.0%)
22/27 (81.5%)
28.1 ± 5.7 (16.3–50.7)
45.7 ± 7.4 (33.0–57.0)
22.9 ± 7.9 (13.0–39.0)
3.2 ± 0.3 (3.0–3.5)
17.1 ±
16.4 ±
20.7 ±
19.1 ±

3.4 (8.0–24.0)
2.0 (13.0–23.0)
3.7 (16.0–31.0)
4.2 (8.0–31.0)

15/27 (55.6%)
10/27 (37.0%)
2/27 (7.4%)
24.5 ± 4.3 (18.0–35.7)
22.3 ± 3.8 (16.3–28.0)
20/27 (74.1%)
(Continued )
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Table 2 (continued ).

Variable

Result

ACP2 LAAO (%)
LAA occluder size (mm)
ASD occluder size (mm)
PFO occluder size (mm)
Procedure time (min)
Fluoroscopy time (min)

7/27 (25.9%)
24.5 ± 4.0 (18.0–32.0)
32.1 ± 9.4 (22.0–52.0)
29.0 ± 2.2 (25.0–30.0)
93.3 ± 18.1 (60.0–145.0)
15.0 ± 1.1 (13.2–18.1)

Note: LAAC, left atrial appendage closure; ASD, atrial septal defect; PFO, patent foramen ovale; PDA, patent ductus
arteriosus; mPAP, mean pulmonary artery pressure; LA, left atrial; RAO, right anterior oblique; CRA, cranial; CAU,
caudal.

Figure 2: Simultaneous transcatheter LAA and CHD closures. (A) The delivery sheaths were successfully
transported to the LAA via atrial septal communication. After LAAC, the position and residual shunting of
the LAA occluder was evaluated by contrast medium and TEE; (B) The shape and position of the occluders
were observed by ﬂuoroscopy after simultaneous LAAC and ASD occlusion
The perioperative successful rate of simultaneous PLAAC and congenital defect closure device was
96.3%. One patient developed cardiac tamponade 30 hours after closure. A large amount of pericardial
effusion was found by TTE. Pericardiocentesis was performed to drain the effusion. On a postoperative
day 5, open-heart surgery was performed for ongoing bleeding. Both LAA and ASD occluders were
removed, and ASD was repaired. The ruptured left atrium and the left upper pulmonary vein were
repaired. This patient was discharged on the ninth day after surgery. The remaining 26 patients had no
residual shunting. Minor adverse events included fever in 2 patients and palpitation in 1 patient, and all
these patients recovered with symptomatic treatment. No complications, such as pneumoembolism,
pericardial effusion, thrombosis, or hemorrhage, occurred.
3.3 Follow-Up
Clinical follow-up was completed at a median follow-up time of 37.6 months. No device-related deaths
were observed during the whole follow-up period. No new-onset mitral valve regurgitation more severe than
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moderate degree was noted. One patient complained of palpitation 34 days after the procedure at a clinic visit
and recovered from symptomatic treatment. Neither cerebrovascular/peripheral vascular embolic events nor
hemorrhage occurred during a mean follow-up of 38.4 ± 3.9 months. Twenty-six patients (96.3%) completed
30 days and 90 days of follow-up by TTE and 180 days of follow-up by TEE. The results demonstrated the
proper positioning of both devices in all patients. There was no thrombosis or residual leakage into the LAA
occluders (Fig. 3). There were no signiﬁcant changes in ejection fraction score after closure (F = 0.82,
P = 0.52). Of the 21 patients with NYHA Class III, 19 had signiﬁcant improvements to NYHA Classes I
or II. One ASD patient was re-hospitalized for deterioration of heart failure 140 days after closure. The
other high mean pulmonary artery pressure patient with hole ASD occluder had no signiﬁcant
improvement in cardiac function at follow-up every year. No infective endocarditis was observed during
the follow-up period. 81.5% of patients were free from major or minor adverse events during mid-and
long-term follow-up.

Figure 3: TEE examination after 180 days of follow-up. (A) There was no thrombosis with good shape and
a ﬁxed position of the LAA occluder. (B) There was no residual leakage into the LAA occluder
4 Discussion
Previous studies have shown that AF is the most common complication of congenital interatrial
communication, especially in elderly patients with atrial septal defects [9,10]. Long-term volume overload
due to atrial septal defects can lead to atrial enlargement, an increased pressure and stretching force of the
atrial wall, interstitial ﬁbrosis of the atrial wall, and reconstruction of the atrial anatomy, which leads to
the occurrence of atrial electrical anatomical reconstruction and AF [11,12]. The annual incidence rate of
thromboembolic stroke is approximately 1.9%–18.2%, which is 5.6 times that of normal people. The
hemodynamic status of AF and extensive trabecular structure in LAA are important factors for
thrombosis [13]. In our study, all patients did not tolerate warfarin or new anticoagulant therapy. For
patients with congenital interatrial communication who are not suited for oral anticoagulants, LAA
occlusion is an alternative to prevent stroke.
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Atrial septal aneurysm (ASA) is often associated with interatrial communication, which increases the
risk of thromboembolism. ASA combined with ASD is relatively rare, and the proportion of PFO can be
as high as 60%. Patients with PFO seldom had atrial ﬁbrillation in the early stage because the
hemodynamic changes are not obvious. The study showed that the positive rate of PFO in patients with
atrial ﬁbrillation detected by transesophageal echocardiography was 18.7%, while the positive rate of
PFO conﬁrmed by catheter pulmonary vein isolation was 57.3% [14]. It is speculated that the positive
rate of PFO in patients with atrial ﬁbrillation may be underestimated. Therefore, simultaneous closure of
the LAA and PFO will minimize the risk of thromboembolism.
Simultaneous transcatheter LAA and congenital interatrial communication closure are rarely reported in
the literature. Versaci et al. [15] reported one PFO patient with AF who had a history of transient ischemia
and could not tolerate anticoagulant drugs. LAAC and PFO occlusion was performed simultaneously,
suggesting this approach was safe and feasible. Koermendy et al. [16] reviewed 51 PFO patients with AF
who underwent simultaneous transcatheter LAA and PFO closure via interatrial communication. The
technical success rate was high, and complications related to atrial septal puncture could be effectively
avoided. Gafoor et al. [17] reviewed the clinical experience of simultaneous LAA occlusion in ASD/PFO
patients with AF. No serious complications were found except for one case of puncture site bleeding. Yu
et al. [18] found that the proportion of male patients and the incidence of preoperative embolization in the
group ﬁrst receiving LAAC followed by ASD/PFO occlusion were higher than those in the group with
single LAAC. In this study, 27 patients with ASD/PFO who were suitable for transcatheter interatrial
communication closure by preoperative evaluation successfully underwent transcatheter closure of the
LAA through interatrial communication. The results support the feasibility of this approach. The results
of a study on LAAC utilizing existing interatrial communication showed good safety and long-term
success. Simultaneous transcatheter interatrial communication closure achieved additional beneﬁts
without increasing the risks. Compared with patients who underwent trans-atrial septal puncture, the
patients who utilized interatrial communication had shorter operation times and effectively avoided
potential complications [19]. It is important to note that the delivery sheath might be difﬁcult to anchor,
resulting in potential repeated operations for large ASDs.
The major procedural complications include pericardial tamponade, device embolization, major
bleeding, stroke, transient ischemic attack, cardiac dysfunction, etc., in which pericardial tamponade is
most frequent. In this study, 1 case of serious adverse events occurred, including 1 patient who suffered
from pericardial tamponade due to LA and left superior pulmonary vein rupture. Likely the abrasion
effect of the upper left sealing disc of the LAA occluder against the LAA root might lead to delayed
cardiac tamponade. We do not have other patients developing pericardial effusion. Koermendy et al. [16]
reported two pericardial tamponade cases for several unsuccessful attempts with different sizes of LAA
occluders and recrossing interatrial communication with the delivery sheath, which resulted in atrial wall
injury. However, in our study, the patient was found to have delayed cardiac tamponade 30 h after the
procedure, likely caused by the abrasive effect of LAA occluder disks. ASDs are associated with a high
incidence of AF, and they likely lead to a large ﬁbrotic fragile left atrium with characteristic abnormal
hemodynamic changes, which further increases the potential damage to the left atrium or LAA wall
caused by the direct incision effect from the rim of the disc of the LAA occluder. Some adverse events
were related to the deterioration of cardiac function caused by long-term hemodynamic abnormalities
from interatrial communication. Therefore, the change in cardiac function in patients with congenital
interatrial communication might require careful preoperative management.
The new domestic LAA occluder used in this study has a similar 2-disc appearance to the
ACP2 occluder, which has been utilized in the clinic. However, the anchor cylinder and sealing disc of
the LACBES occluder are designed and made independently, and they have different nitinol wire
hardnesses. Micro-barbs in the anchor cylinder are sculpturally integrated, which renders the occluder
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retrieved and redeployed completely and repeatedly without inﬂuencing its structure. In this study, two
LACBES LAA occluders could be completely retrieved in the delivery sheath and then repositioned and
rereleased, which facilitated the LAAC procedure. No thrombosis was found by TTE or TEE during the
mid-and long-term follow-up, which showed that anti-thrombus treatment with aspirin and/or clopidogrel
could prevent thrombosis after LAAC.
Although simultaneous transcatheter LAA and congenital interatrial communication closure treatment was
safe, the current clinical reports are limited and lack large clinical research data support. However, in view of the
high incidence of atrial ﬁbrillation in congenital interatrial communication patients, even after interatrial
communication occlusion, there is still a high incidence of atrial ﬁbrillation, which requires anticoagulation
treatment for life. Simultaneous transcatheter LAA and congenital interatrial communication closure
treatment can not only avoid the difﬁculty of LAAC in the future but also minimize the risk of stroke and
bleeding after interatrial communication occlusion, so the patients can beneﬁt for life.
5 Limitation
The present study had several limitations. First and foremost, as was the case during our previous study,
and in accordance with a consensus reached by Chinese experts, we followed the strict LAAC inclusion/
exclusion criteria. Second, because this was a retrospective study, we evaluated only the results of
ASD/PFO in AF adult patients. Third, occluder selection depended on the experience of the operators,
and we lacked a controlled cohort study design with large sample sizes for testing several types of LAA
occluders. Fourth, patients were enrolled from only our center and therefore may not be representative of
the general population. Finally, the number of patients included in the study was relatively small, and a
prolonged follow-up period was not adopted for all patients.
6 Conclusion
Simultaneous closure of LAA and congenital interatrial communication closure is a viable option for
patients with nonvalvular atrial ﬁbrillation who are at risk of stroke. This approach is effective and yields
excellent mid-and long-term results.
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