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Introduction: Atrial Septal Defect/Patent Foramen Ovale (ASD/PFO) occlusion is performed to prevent paradoxical embolism and reduce the risk of recurrent ischemic stroke. Left atrial appendage (LAA) closure is used as an alternative to medical therapy of non-valvular atrial fibrillation for prevention of stroke. Multiple studies have examined performing LAA and ASD/PFO occlusion. However, the feasibility and safety of combined occlusion of the left atrial appendage and ASD/PFO are not clear, furthermore, these studies are limited by their small sample sizes and retrospective analysis. In this study, we aimed to systematically review and meta-analyze the feasibility and safety of combining left atrial appendage and ASD/PFO closure.

Methods: PubMed, Web of Science, CNKI, Cochrane Library, Embase, and WanFang database were searched up to April 2022 to identify peer-reviewed human studies on assessing the feasibility, safety, and efficacy of combining left atrial appendage and ASD/PFO closure. The primary outcome was calculated: procedural feasibility outcome and procedural safety outcome.

Results: A total of 10 articles, including 340 patients from multiple countries, were included in the analysis. The principal findings of our study are: compared with single LAA closure, (i) combining PFO/ASD occlusion and LAA closure had similar procedural success proportion (98.43%, 95% CI: 96.67–100.00%), (ii) similar safety event incidences developed (1.67%, 95% CI: 0.24–3.92%), subgroup analyzed safety event incidences in death was 0.00 (95% CI: 0.00–0.33%), cardiac tamponade was 0.87% (95% CI: 0.00–2.77%), device embolization was 0.00 (95% CI: 0.00–0.60%), major bleeding was 0.00 (95% CI: 0.00–0.33%), stroke was 0.00 (95% CI: 0.00–0.02%).

Conclusion: Although this systematic review and meta-analysis demonstrate the technical feasibility and safety of combining closure of PFO/ASD and LAA, further studies of sufficient sample size, long-term follow-up, and rigor endpoint criteria are yet needed to fully evaluate this combination procedure for its role in clinical outcomes.
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1. Introduction

Patent foramen ovale (PFO) and Atrial septal defect (ASD) are among the most common congenital heart malformations, they are the deficiencies in the septum separating the two atrial chambers. PFO is found in almost a quarter of the general population, which is the consequence of failed closure of the foramen ovale after birth (1). PFO has been considered as an important factor in cryptogenic stroke; the responsible mechanism has been attributed to paradoxical embolism that shunts through the PFO to the cerebral circulation. ASD shows an incidence of about 0.1% in livebirths and 30% in adults suffering from congenital heart defects. ASD allows shunting between the systemic and the pulmonary circulations, leading to right atrial pressure elevation and right atrial enlargement, thus developing the common complications of ASD such as heart failure, atrial fibrillation (AF). In AF, the blood pools and becomes sluggish, which can result in the formation of blood clots and increase the risk of stroke.

Medical interventions for the complications (e.g., stroke and AF) of PFO/ASD, such as antiplatelet and anticoagulant therapies, have limitations and side-effects. Cardiac implant closure is an efficient alternative to the patients who cannot tolerate the medications. However, patients without AF still have a higher risk for developing AF after ASD closure than that of the general population (2), and the risk increases after PFO closure in the presence of enlarged atria (3). Left atrial appendage (LAA) closure is used as an alternative to medical therapy of non-valvular AF for prevention of stroke. The rationale behind its use is that 90% of the thrombi originate from left atrial appendage (4). LAA closure shows significantly improved survival in randomized comparisons (5), the occurrence of iatrogenic atrial septal defects is common after LAA closure, but the iatrogenic atrial septal defects are not associated with an increased rate of stroke/systemic embolization during long-term follow-up.

Based on the current expert consensus, combining PFO/ASD and LAA closure should be limited to rather specific cases. LAA closure is currently recommended in patients with non-valvular AF who are not candidates for anticoagulation and at high thrombo-embolic risk (CHA2DS2- VASc ≥ 2) (class IIb, level of evidence B) (6, 7), however, the most widely recognized indication for PFO closure is embolic stroke of unknown source or in patients with large shunts due to PFO, which can only be diagnosed by ruling out other sources of stroke such as AF; carotid dissection; intracerebral pathology; and atherosclerotic disease (8, 9). Thus, from the current clinical guidelines, patients with AF who are not candidates for anticoagulation and also have a PFO with prior stroke may undergo LAA occlusion but they should not have their PFO closed. ASD closure is indicated in the presence of a significant left-to-right shunt, defined by a significant right heart enlargement due to volume overload, regardless of symptoms (10–12), therefore patients with secundum ASD and AF who are not candidates for anticoagulation may have closure of the LAA and ASD.

Despite these situations are rare, multiple studies involved performing combining LAA and PFO/ASD closure. However, the feasibility and safety of combining left atrial appendage and PFO/ASD closure are not clear due to the limited number of patients. In this study, we pooled available evidence and data of closing both the LAA and PFO/ASD in a systematic review and meta-analysis to assess the feasibility and safety of this combining procedure.



2. Methods


2.1. Eligibility criteria

Peer-reviewed studies were included, provided they were in accordance with the following criteria: (1) the procedural success, safety and efficacy outcome of combining percutaneous left atrial appendage and PFO/ASD closure and (2) sufficient published data for calculating relative proportion risk. When the articles were associated with the same population, the most appropriate article that followed the above criteria was selected. The exclusion criteria were review articles or single case reports.



2.2. Literature search

The literature search with no language restriction was completed by using PubMed, Web of Science, CNKI, Cochrane Library, Embase, WanFang database (published before April 2022). Search terms were used as following: “atrial appendage closure”, “atrial septal closure,” “patent foramen ovale closure.” Animal studies were excluded. Two reviewers independently evaluated all titles and abstracts. Inconsistent assessment between reviewers was resolved by discussion. If the uncertainty still exists after discussion, a third reviewer evaluated the article to resolve the discrepancy. After excluding articles based on the title and abstracts, the remaining research articles were studied.



2.3. Data extraction

Data extraction using a standardized form was done by two reviewers to collect relevant data from all included studies systematically. The obtained data included the mean age of patients, the number of included patients, sex distribution, history of disease, follow-up duration, post-procedure antithrombotic regimen, LAA device and PFO/ASD device brand. Methodologic quality was assessed by two reviewers using the modified Newcastle-Ottawa scale (NOS) for each candidate study. Disagreements between reviewers were resolved by discussion.



2.4. Outcome measures

The primary outcome of this meta-analysis was procedural feasibility and safety. Procedural feasibility was the proportion of patients who met the procedural success criteria of the study defined or the proportion of procedural success patients mentioned in the study. Procedural safety was the proportion of patients that experienced periprocedural complications (death, pericardial effusion, device embolization, major bleeding, major access vessel complication, and stroke) and other relevant complications leading to prolonged hospital stay.

The secondary outcome of this meta-analysis was procedural efficacy, which was the proportion of patients that experienced all-cause stroke, cardiovascular and unexplained deaths, and systemic embolism.



2.5. Reference standard

We searched a meta-analysis of LAA closure or PFO/ASD closure on Pubmed as a reference standard to compare with the outcome of our study. However, we failed to select a meta-analysis of PFO/ASD closure with enough data to analyze. Finally, we selected Yerasi et al. as reference standard of procedural feasibility and safety outcome (13), Yerasi’s meta-analyses focused on single LAA closure.



2.6. Statistical analysis

The R (version 4.0.5) software package was performed for Meta-analysis. The I2 statistic was used to assess inconsistency in results across studies. The I2 statistic quantifies the amount of variability across studies, which is due to the true differences in design, tests, patients, and outcomes rather than chance. The values 75, 50, and 25% indicate high, moderate, and low statistical heterogeneity, respectively. To evaluate the source of heterogeneity, subgroup analyses were performed. Egger’s test was applied to evaluate publication bias. The decision flow chart for the selection of the statistical model in this meta-analysis was previously described (14). The flow chart has some criteria, including the goal of statistical inference, the number of studies in the meta-analysis, and statistical heterogeneity.




3. Results


3.1. Study selection

PRISMA flow diagram is shown in Figure 1. By the initial literature search and additional records identified through other sources, 5,323 relevant articles were identified, then 4,230 records were composed after duplicates removed. We read all titles and abstracts and selected 69 articles for reviewing in detail. Fifty-nine studies were excluded because they were either abstracts, review articles, or case reports, duplicate. Finally, ten articles fulfilled the eligibility criteria (3, 15–23).
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FIGURE 1
Flowchart for selection of the included studies.




3.2. Study characteristics

The selected studies encompassed 340 patients with a mean age of 66.6 years old. The sample size of the included studies ranged from 6 to 133 participants. The sample included patients who originated from multiple countries including Switzerland, Germany, China, and Malaysia. Seven of them were single-center studies (15, 17–19, 21–23), and three were multiple-center studies (3, 16, 20). The watchman LAA device was used in three studies, and the Amplatzer LAA device was used in four studies (15, 16, 18, 20). PLAATO and LACBES LAA devices were used in Gafoor et al. and Wang et al. (15, 19), respectively. Amplatzer PFO/ASD devices were used in four studies (3, 15, 17, 21), SHSMA PFO/ASD devices were used in Wang et al. (19), while five studies did not mention which brand of PFO/ASD occluder used (16, 18, 20, 22, 23). The width of LAA was evaluated by angiography and transesophageal echocardiography; the width of the ASD/PFO was evaluated by balloon sizing, transesophageal echocardiography, or both. Table 1 and Supplementary Table 1 details information about the patient recruitment, post procedure antithrombotic regimen, follow-up duration, and other clinical characteristics. The patient selection criteria was shown in Supplementary Table 2.


TABLE 1    Clinical characteristics.
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3.3. Synthesis of results

The successful combining LAA and PFO/ASD closure from all studies contained enough data to perform a proportion meta-analysis. Low heterogeneity between the studies was found with an inconsistency (I2) of 28% (p = 0.18). Consequently, a fixed model was finally chosen. Results from the meta-analysis showed overall successful proportion of 98.43% (95% CI: 96.67–100.00%) from a total sample of 340 patients, which was not significantly different with the reference standard (Figure 2A and Table 2). Egger’s test indicated no publication bias in this meta-analysis.
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FIGURE 2
(A) Forest plots of procedural feasibility outcome (procedural success proportion). (B) Forest plots of procedural safety outcome (death/device embolization/cardiac tamponade/major bleeding/stroke/major access vessel complication/other). (C) Forest plots of procedural efficacy outcome (all-cause stroke/systemic embolism/cardiovascular and unexplained deaths).



TABLE 2    Subgroup analyses of procedural feasibility and safety outcome.
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Procedural safety events were reported in all studies with 340 patients. Low heterogeneity was found between the studies (I2 of 20%; p = 0.26). Meta-analysis results showed a procedural safety events proportion of 1.67% (95% CI: 0.24–3.92%), suggesting that patients had a lower safety events rate in peri-procedure of combined LAA and PFO/ASD closure (Figure 2B). Egger’s test indicated no publication bias in this meta-analysis. Subgroup analyzed all safety events by fixed effect model, the results showed pooled death was 0.00 (95% CI: 0.00–0.33%), cardiac tamponade was 0.87% (95% CI: 0.00–2.77%), device embolization was 0.00 (95% CI: 0.00–0.60%), major bleeding was 0.00 (95% CI: 0.00–0.33%), stroke was 0.00 (95% CI: 0.00–0.02%; Table 2), which were not significantly different with the reference standard.

Procedural efficacy events were reported in nine studies with 308 patients (3, 16–23). Moderate heterogeneity was found between the studies (I2 of 36%; p = 0.13). Meta-analysis results showed a procedural efficacy events proportion of 12.40% (95% CI: 8.59–17.90%, Figure 2C). Egger’s test indicated no publication bias in this meta-analysis. Subgroup analyzed all efficacy events by fixed effect model, the results showed pooled all-cause stroke was 2.19% (95% CI: 0.88–5.44%), systemic embolism was 2.18% (95% CI: 0.96–4.97%), cardiovascular and unexplained deaths was 8.50% (95% CI: 5.51–13.10%; Table 3).


TABLE 3    Subgroup analyses of procedural efficacy outcome.
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4. Discussion

Current guidelines recommend percutaneous PFO/ASD closure for prevention of stroke or congenital heart disease. LAA closure is used to prevent stroke in patients with AF. Multiple randomized controlled trials show the procedure of PFO/ASD closure or LAA closure were commonly performed and relatively safe. However, the occlusion of the left atrial appendage and PFO/ASD combined is not clear. Meanwhile, the feasibility, safety and efficacy of performing PFO/ASD closure and LAA closure was not evaluated in larger scale study. We included appropriate relevant studies to conduct this systematic review and meta-analysis to assess the combining of PFO/ASD occlusion and LAA closure. The principal finding of this study was that: compared with single LAA closure, combining PFO/ASD occlusion and LAA closure had similar procedural success proportion, and similar procedural safety event incidence during the peri-procedural period.

Previous studies have indicated that procedural success proportion in LAA closure clinical trials is 88–98.5% (24–27) and PFO/ASD clinical trials is 97.9–100% (28, 29). The surgical complexity of combining PFO/ASD occlusion and LAA closure whatever simultaneous or staged is more difficult than single closure. Our study indicated that combination had a procedural success proportion similar to the single closure, which may suggest the feasibility of combining PFO/ASD occlusion and LAA closure. One important determinant for closure success is operator experience. LAA closure has to be considered a complex interventional procedure with a relatively flat learning curve (30, 31). There is a significant improvement in procedural success with increased operator experience. Another important determinant is from puncturing the atrial septum or through a PFO/ASD during access to LAA. Transseptal puncture is almost always successful in experienced hands. However, when facing difficult anatomies, it carries the clinical risks in less experienced hands (32). Accessing the left atrium through a PFO has historically been discouraged mainly because of the concern that the PFO is located too high for delivery sheath, but Koermendy et al. using a PFO for left atrial access (17), while Kuwata et al., Kleinecke et al. and Wang et al. used PFO/ASD for access (33). These studies approved that the PFO/ASD facilitates left atrial access, and hence can be used as default path. Furthermore, this avoids the potential complications of transseptal puncture (34, 35). Based on our experiences of LAA and ASD closure, using transesophageal echocardiography or transthoracic echocardiography to define the individual ASD/PFO anatomy would be smooth to perform left atrial access (Figures 3A–D). However, cardiac computed tomography angiography also offers unique imaging planes, which allows for preplanning anatomic assessment, and post-procedure follow-up.
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FIGURE 3
(A–D) Transesophageal echocardiography during procedures. Before (A) and after (B) the device implanted into the ostium of LAA. Before (C) and after (D) ASD closed with the device, residual flow ≤2 mm around the device after implantation. LAA, left atrial appendage; ASD, atrial septal defect; LA, left atrium; RA, right atrium.


Both procedures are known to have side-effects (AF and device-related thrombus for PFO closure, device-related thrombus and iatrogenic atrial septal defect for LAA closure). The source of complications could develop from operating to device. Our study shows the similar complication rate in combining procedural closure when comparing with LAA closure. Death, cardiac tamponade, device embolization, major bleeding and stroke occurrence were not significantly different than the reference standard. Surprisingly, our study indicates that cardiac tamponade occurrence reached high among other complications in combination closure. Pericardial effusion was the most common complications in LAA closure (36). Rapid fluid accumulation in the pericardium can lead to cardiac tamponade, which is rare but life-threatening. The causes of cardiac tamponade are thought to be related to perforation of the atrial and aortic wall as well as oversizing of the device (37, 38), which are best avoided with meticulous technique and thorough use of imaging modalities. It should be noted that a limitation of this combining procedure is that the device embolization, dislocation during the peri-procedural period cannot be quickly treated. The protocol of Gafoor et al. is to wait 5–10 min after LAA occlude placement before closing the PFO/ASD to maintain access to the left atrium. A second limitation of this combining procedure is a social economic one. For example, according to the German medical policy, the LAA closure and PFO/ASD closure could not be done at the same time (21). It is thus more prudent to close the LAA first and then perform ASD closure at a subsequent session.

Thrombus formation is a recognizable and potentially harmful complication. Dukkipati et al. and Fauchier et al. showed that thrombus formation on devices was strongly associated with a higher risk of strokes during follow-up (39, 40). In contrast, Jacqueline Saw et al. showed that device-associated thrombus was not associated with increased risk for thromboembolism (41). Thus, the occurrence of device-related thrombus (DRT) may have device, implantation, or patient-specific risk factors, and repeat transesophageal echocardiography or computed tomographic angiographic imaging should be performed, as was recommended for management of DRT (42). The occurrence of iatrogenic atrial septal defects is common after LAA closure, particularly persistent iatrogenic atrial septal defects. Although the available data of iatrogenic atrial septal defects associated with adverse clinical events is scarce and inconclusive, it should be considered as a possible cause of stroke.

Our investigation demonstrated that combining PFO/ASD and LAA closure had low events incidence in follow-up, however, the finding could not simply determine the combining procedural efficacy due to the complexity of this topic. Firstly, there are many different scenarios-the preexist LAA closure alone adding PFO or ASD closure; the preexist PFO or ASD closure alone adding LAA closure; concurrent LAA closure and PFO or ASD closure-making the duration and postprocedural anticoagulation between the closures should be considered. Secondly, ASD and PFO are totally different in terms of pathophysiology and outcome (e.g., ASD is more for hemodynamic consequences while PFO is more related to paradoxical embolism), thus separate analysis of the setting of ASD and PFO would be preferable. Thirdly, there was no specific recommendation on LAAC given in the 2014 American guidelines, the 2016 European guidelines for the management of AF provided a class IIb recommendation for percutaneous LAAC in patients with AF and contraindications for long-term OAC, based on data from the PROTECT-AF and PREVAIL trials, the only LAAC randomized trials to date. Thus, the indications for the patients who performed closures before the newest recommendation were concerned. Meanwhile, the data extraction of the studies included in our systemic and meta-analysis was not enough to analyze different scenarios and different malformations of the septum. The investigation of combining procedural efficacy of our article should therefore be used as a call for further research to determine the best procedural strategy for patients indicated combining LAA closure and PFO or ASD closure.

There are several limitations of our study. The data offered in majority of the studies are retrospective with inherent disadvantages. Therefore, selection bias was evident. Secondly, the number of included patients is limited and the small studies are liable to introduce unstable results. Thirdly, the closure devices, follow-up duration, and post procedure antithrombotic regimen are different among these studies, which might affect the accuracy of the pooled estimates.



5. Conclusion

Although this systematic review and meta-analysis demonstrate the technical feasibility and safety of combining closure of PFO/ASD and LAA, further studies of sufficient sample size, long-term follow-up, and rigor endpoint criteria are yet needed to fully evaluate this combination procedure for its role in clinical outcomes.



Data availability statement

The original contributions presented in this study are included in the article/Supplementary material, further inquiries can be directed to the corresponding author.



Author contributions

YS contributed to the conception, design of the study, and wrote the first draft of the manuscript. YS, HX, and PK organized the database and performed the statistical analysis. All authors contributed to manuscript revision, read, and approved the submitted version.



Funding

This research was supported by the National Natural Science Foundation of China (grant number: 82202177), Natural Science Foundation of Henan Province of China (grant number: 202300410446), Abroad Study Program for the Leadership of Medical Academic Technology of Henan Province (grant number: 2017025), and Key Scientific Research Project of Colleges and Universities in Henan Province (grant number: 19A320042).



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fcvm.2022.1080257/full#supplementary-material



References

1. Collado F, Poulin M, Murphy J, Jneid H, Kavinsky C. Patent foramen Ovale closure for stroke prevention and other disorders. J Am Heart Assoc. (2018) 7:e007146. doi: 10.1161/JAHA.117.007146

2. Nyboe C, Olsen M, Nielsen-Kudsk J, Hjortdal V. Atrial fibrillation and stroke in adult patients with atrial septal defect and the long-term effect of closure. Heart. (2015) 101:706–11. doi: 10.1136/heartjnl-2014-306552

3. Kuwata S, Vierecke J, Gloekler S, Maisano F, Meier B, Nietlispach F. Left atrial appendage closure for “primary primary” prevention during percutaneous closure of septal defects in patients with large atria but no atrial fibrillation. Cardiol J. (2018) 25:179–87.

4. Blackshear J, Odell J. Appendage obliteration to reduce stroke in cardiac surgical patients with atrial fibrillation. Ann Thorac Surg. (1996) 61:755–9. doi: 10.1016/0003-4975(95)00887-X

5. Holmes D Jr., Doshi S, Kar S, Price M, Sanchez J, Sievert H, et al. Left atrial appendage closure as an alternative to warfarin for stroke prevention in atrial fibrillation: a patient-level meta-analysis. J Am Coll Cardiol. (2015) 65:2614–23. doi: 10.1016/j.jacc.2015.04.025

6. Kirchhof P, Benussi S, Kotecha D, Ahlsson A, Atar D, Casadei B, et al. 2016 ESC Guidelines for the management of atrial fibrillation developed in collaboration with EACTS. Eur J Cardiothorac Surg. (2016) 18:1609–78. doi: 10.5603/KP.2016.0172

7. Meschia J, Bushnell C, Boden-Albala B, Braun L, Bravata D, Chaturvedi S, et al. Guidelines for the primary prevention of stroke: a statement for healthcare professionals from the American heart association/American stroke association. Stroke. (2014) 45:3754–832. doi: 10.1161/STR.0000000000000046

8. Handke M, Harloff A, Olschewski M, Hetzel A, Geibel A. Patent foramen Ovale and cryptogenic stroke in older patients. N Engl J Med. (2007) 357:2262–8. doi: 10.1056/NEJMoa071422

9. Adams H Jr., Bendixen B, Kappelle L, Biller J, Love B, Gordon D, et al. Classification of subtype of acute ischemic stroke. Definitions for use in a multicenter clinical trial. TOAST. Trial of Org 10172 in acute stroke treatment. Stroke. (1993) 24:35–41. doi: 10.1161/01.STR.24.1.35

10. Butera G, Romagnoli E, Carminati M, Chessa M, Piazza L, Negura D, et al. Treatment of isolated secundum atrial septal defects: impact of age and defect morphology in 1,013 consecutive patients. Am Heart J. (2008) 156:706–12. doi: 10.1016/j.ahj.2008.06.008

11. Warnes C, Williams R, Bashore T, Child J, Connolly H, Dearani J, et al. ACC/AHA 2008 guidelines for the management of adults with congenital heart disease: a report of the American college of cardiology/American heart association task force on practice guidelines (Writing committee to develop guidelines on the management of adults with congenital heart disease). developed in collaboration with the American society of echocardiography, heart rhythm society, international society for adult congenital heart disease, society for cardiovascular angiography and interventions, and society of thoracic surgeons. J Am Coll Cardiol. (2008) 52:e143–263. doi: 10.1161/CIRCULATIONAHA.108.190690

12. Fraisse A, Latchman M, Sharma S, Bayburt S, Amedro P, di Salvo G, et al. Atrial septal defect closure: indications and contra-indications. J Thorac Dis. (2018) 10(Suppl. 24):S2874–81. doi: 10.21037/jtd.2018.08.111

13. Yerasi C, Lazkani M, Kolluru P, Miryala V, Kim J, Moole H, et al. An updated systematic review and meta-analysis of early outcomes after left atrial appendage occlusion. J Interv Cardiol. (2018) 31:197–206. doi: 10.1111/joic.12502

14. Tufanaru C, Munn Z, Stephenson M, Aromataris E. Fixed or random effects meta-analysis? Common methodological issues in systematic reviews of effectiveness. Int J Evid Based Healthc. (2015) 13:196–207. doi: 10.1097/XEB.0000000000000065

15. Gafoor S, Franke J, Boehm P, Lam S, Bertog S, Vaskelyte L, et al. Leaving no hole unclosed: left atrial appendage occlusion in patients having closure of patent foramen Ovale or atrial septal defect. J Interv Cardiol. (2014) 27:414–22. doi: 10.1111/joic.12138

16. Jiang X, Zeng J, Lu C, Zhang H, Zhu W. One-stop treatment of left atrial appendage occlusion combined with closure of atrial septum defect for the patients with atrial septum defect complicated with atrial fibrillation. Chin J Cardiovasc Res. (2020) 18:10–4.

17. Koermendy D, Nietlispach F, Shakir S, Gloekler S, Wenaweser P, Windecker S, et al. Amplatzer left atrial appendage occlusion through a patent foramen ovale. Catheter Cardiovasc Interv. (2014) 84:1190–6. doi: 10.1002/ccd.25354

18. Leong M, Kandavello G, Husin A, Perumal D, Kaur Khelae S. Left atrial appendage and atrial septal occlusion in elderly patients with atrial septal defect and atrial fibrillation. Pac Clin Electrophysiol. (2020) 43:1252–7. doi: 10.1111/pace.14049

19. Wang J, Cui C, Sheng X, Wang Q, Zhang D, Li H, et al. Study of simultaneous occlusion of interatrial communication followed by percutaneous left atrial appendage closure. Chin J Interv Cardiol. (2018) 2018:559–65.

20. Kleinecke C, Buffle E, Link J, Haner J, Sedaghat A, Galea R, et al. Amplatzer left atrial appendage closure: single versus combined procedures. Catheter Cardiovasc Interv. (2021) 97:E973–81. doi: 10.1002/ccd.29271

21. Yu J, Liu X, Zhou J, Xue X, Muenzel M, Schulze P, et al. Long-term safety and efficacy of combined percutaneous LAA and PFO/ASD closure: a single-center experience (LAAC combined PFO/ASD closure). Expert Rev Med Devices. (2019) 16:429–35. doi: 10.1080/17434440.2019.1604216

22. Zhang Z, Yao Q, Huang H, Zhu P, Xu X, Song Z, et al. “One-stop shop”: safety and efficacy of combining atrial septal defect occlusion and left atrial appendage closure for patients with atrial septal defect and atrial fibrillation. BMC Cardiovasc Disord. (2020) 20:444. doi: 10.1186/s12872-020-01708-6

23. Jiang X, Zhong L, Wang K, Zhu W, Zhang H. Safety and efficacy of one-stop treatment of left atrial appendage occlusion in combination with concomitant closure of atrial septum defect or patent foramen Ovale. South China J Cardiovasc Dis. (2021) 27:36–41.

24. Holmes D Jr., Kar S, Price M, Whisenant B, Sievert H, Doshi S, et al. Prospective randomized evaluation of the watchman left atrial appendage closure device in patients with atrial fibrillation versus long-term warfarin therapy: the PREVAIL trial. J Am Coll Cardiol. (2014) 64:1–12. doi: 10.1016/j.jacc.2014.04.029

25. Reddy V, Doshi S, Sievert H, Buchbinder M, Neuzil P, Huber K, et al. Percutaneous left atrial appendage closure for stroke prophylaxis in patients with atrial fibrillation: 2.3-Year Follow-up of the PROTECT AF (Watchman left atrial appendage system for embolic protection in patients with atrial fibrillation) trial. Circulation. (2013) 127:720–9. doi: 10.1161/CIRCULATIONAHA.112.114389

26. Sohaib S, Fox K. A meta-analysis of left atrial appendage closure for stroke prevention in atrial fibrillation-adding to the debate but elements remain unresolved. J Thorac Dis. (2015) 7:E226–9.

27. Boersma L, Ince H, Kische S, Pokushalov E, Schmitz T, Schmidt B, et al. Efficacy and safety of left atrial appendage closure with WATCHMAN in patients with or without contraindication to oral anticoagulation: 1-Year follow-up outcome data of the EWOLUTION trial. Heart Rhythm. (2017) 14:1302–8. doi: 10.1016/j.hrthm.2017.05.038

28. Lee P, Song J, Kim J, Heo R, Lee S, Kim D, et al. Cryptogenic stroke and high-risk patent foramen Ovale: the DEFENSE-PFO trial. J Am Coll Cardiol. (2018) 71:2335–42. doi: 10.1016/j.jacc.2018.02.046

29. Yang M, Wu J. Recent review of transcatheter closure of atrial septal defect. Kaohsiung J Med Sci. (2018) 34:363–9. doi: 10.1016/j.kjms.2018.05.001

30. Reddy V, Holmes D, Doshi S, Neuzil P, Kar S. Safety of percutaneous left atrial appendage closure: results from the watchman left atrial appendage system for embolic protection in patients with AF (PROTECT AF) clinical trial and the continued access registry. Circulation. (2011) 123:417–24. doi: 10.1161/CIRCULATIONAHA.110.976449

31. Park J, Bethencourt A, Sievert H, Santoro G, Meier B, Walsh K, et al. Left atrial appendage closure with Amplatzer cardiac plug in atrial fibrillation: initial European experience. Catheter Cardiovasc Interv. (2011) 77:700–6. doi: 10.1002/ccd.22764

32. Salghetti F, Sieira J, Chierchia G, Curnis A, de Asmundis C. Recognizing and reacting to complications of trans-septal puncture. Expert Rev Cardiovasc Ther. (2017) 15:905–12. doi: 10.1080/14779072.2017.1408411

33. Kleinecke C, Fuerholz M, Buffle E, de Marchi S, Schnupp S, Brachmann J, et al. Transseptal puncture versus patent foramen Ovale or atrial septal defect access for left atrial appendage closure. EuroIntervention. (2020) 16:e173–80. doi: 10.4244/EIJ-D-19-00442

34. Nietlispach F, Gloekler S, Krause R, Shakir S, Schmid M, Khattab A, et al. Amplatzer left atrial appendage occlusion: single center 10-year experience. Catheter Cardiovasc Interv. (2013) 82:283–9. doi: 10.1002/ccd.24872

35. Roelke M, Smith A, Palacios I. The technique and safety of transseptal left heart catheterization: the Massachusetts general hospital experience with 1,279 procedures. Catheter Cardiovasc Diagn. (1994) 32:332–9. doi: 10.1002/ccd.1810320409

36. Adamczyk M, Wasilewski J, Niedziela J, Rozentryt P, Ga̧sior M. Pericardial tamponade as a complication of invasive cardiac procedures: a review of the literature. Postepy Kardiol Interwencyjnej. (2019) 15:394–403. doi: 10.5114/aic.2019.90213

37. De Wolf D. Complications of transcatheter atrial septal defect closure. Interv Cardiol. (2009) 1:209. doi: 10.2217/ica.09.18

38. Spence M, Qureshi S. Complications of transcatheter closure of atrial septal defects. Heart. (2005) 91:1512–4. doi: 10.1136/hrt.2004.057562

39. Dukkipati S, Kar S, Holmes D, Doshi S, Swarup V, Gibson D, et al. Device-related thrombus after left atrial appendage closure. Circulation. (2018) 138:874–85. doi: 10.1161/CIRCULATIONAHA.118.035090

40. Fauchier L, Cinaud A, Brigadeau F, Lepillier A, Pierre B, Abbey S, et al. Device-related thrombosis after percutaneous left atrial appendage occlusion for atrial fibrillation. J Am Coll Cardiol. (2018) 71:1528–36. doi: 10.1016/j.jacc.2018.01.076

41. Saw J, Tzikas A, Shakir S, Gafoor S, Omran H, Nielsen-Kudsk J, et al. Incidence and clinical impact of device-associated thrombus and peri-device leak following left atrial appendage closure with the Amplatzer cardiac plug. JACC Cardiovasc Interv. (2017) 10:391–9. doi: 10.1016/j.jcin.2016.11.029

42. Saw J, Nielsen-Kudsk J, Bergmann M, Daniels M, Tzikas A, Reisman M, et al. Antithrombotic therapy and device-related thrombosis following endovascular left atrial appendage closure. JACC Cardiovasc Interv. (2019) 12:1067–76. doi: 10.1016/j.jcin.2018.11.001



OPS/images/fcvm-09-1080257-t002.jpg
The presence study The reference study p-value
Mean (%) 95% Mean (%) o5%
confidence confidence
intervals (%) intervals (%)
Procedural success 98.43 96.67-100.00 96.20 95.90-96.50 0.6742
Procedural safety outcome | Death 0.00 0.00-0.33 0.20 0.10-0.30 0.517
Cardiac tamponade 0.87 0.00-2.77 1.20 1.00-1.40 0.6324
Device embolisation 0.00 0.00-0.60 0.10 0.30-0.50 0.747
Major bleeding 0.00 0.00-0.33 1.20 0.90-1.40 0.1209
Stroke 0.00 0.00-0.02 0.30 0.20-0.40 0.3304






OPS/images/fcvm-09-1080257-t001.jpg
References Number of | Age at first intervention Gender | CHA,;DS,-VASc ' HAS-BLED score NOS
patients (mean =+ SD) (m/f) (mean + SD) (mean % SD) score
Koermendy et al. (17) 51 71+12 35/16 25+1.4 24+13 7
Gafoor etal. (15) 17 63.5+9.8 - 3.9+ 1.1 - 5
Wang etal. (19) 18 56.3 4 6.9 8/10 24408 31405 7
Kuwata etal. (3) 13 58.2+49.1 6/7 192417 0.9+ 1.1 7
Yu etal. (21) 30 754473 26/4 38+ 1.6 3.7+ 1.1 7
Kleinecke et al. (20) 133 733+ 10.8 - 42417 2.7+ 1.1 7
Leong et al. (18) 6 68.6+0.8 2/4 3.8+0.8 1.8+08 7
Jiang et al. (16) 13 64.843.9 5/8 32403 22403 7
Zhang et al. (22) 49 65.6+ 9.6 22/27 3.5+0.8 2.6+ 0.6 7
Jiang et al. (23) 10 69.4+9.2 713 3.8+1.4 2.6+ 0.7 7






OPS/images/fcvm-09-1080257-t003.jpg
Procedural efficacy outcome

95%

confidence
intervals (%)

All-cause stroke 2.19 0.88-5.44
Systemic embolism 2.18 0.96-4.97
Cardiovascular and 8.50 5.51-13.10

unexplained deaths






OPS/images/cross.jpg
@ Check for updates.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		The feasibility and safety of combining atrial septal defect/patent foramen ovale and left atrial appendage closure: A systematic review and meta-analysis



		1. Introduction



		2. Methods



		2.1. Eligibility criteria



		2.2. Literature search



		2.3. Data extraction



		2.4. Outcome measures



		2.5. Reference standard



		2.6. Statistical analysis







		3. Results



		3.1. Study selection



		3.2. Study characteristics



		3.3. Synthesis of results







		4. Discussion



		5. Conclusion



		Data availability statement



		Author contributions



		Funding



		Conflict of interest



		Publisher’s note



		Supplementary Material



		References

















OPS/images/cover.jpg
& frontiers | Frontiers in Cardiovascular Medicine

The feasibility and safety
of combining atrial septal
defect/patent foramen ovale
and left atrial appendage
closure: A systematic review
and meta-analysis







OPS/images/fcvm-09-1080257-g003.jpg
F# 22

{ ~d \
PAT T: 37.0C
TEE T< 37.0C

FR 13Hz

15¢m

FR 13Hz
12cm

FR 13Hz
15cm

90
| LAA o
O 4

L

ccluder







OPS/images/fcvm-09-1080257-g002.jpg
Weight Weight

Study Events Total Proportion 95%-Cl (common) (random)
Dezsoe Koermendy et al. 2014 50 51 4? 0.98 [0.90; 1.00] 14.9% 15.9%
Sameer Gafoor et al. 2014 17 17 i 1.00 [0.80; 1.00] 5.4% 8.8%
Jianming Wang et al. 2018 17 18 - 0.94 [0.73; 1.00] 2.1% 4.2%
Shingo Kuwata et al. 2018 13 13 . 1.00 [0.75; 1.00] 3.3% 6.1%
Jiangtao Yu etal. 2019 30 30 — & 1.00 [0.88; 1.00] 15.7%  16.3%
Caroline Kleinecke et al. 2020 120 133 — 0.90 [0.84; 0.95] 11.9%  14.3%
Ming Chern Leong et al. 2020 6 6 ' 1.00 [0.54; 1.00] 0.8% 1.9%
Xiaofei Jiang et al. 2020 o 13 » 1.00 [0.75; 1.00] 3:3% 6.1%
Zhi-hui Zhang et al. 2020 49 49 —' 1.00 [0.93; 1.00] 406%  22.3%
Xiaofei Jiang et al. 2021 10 10 z 1.00 [0.69; 1.00] 2.0% 4.1%
Common effect model 340 < 0.98 [0.97; 1.00]  100.0% "
Random effects model - 0.98 [0.95; 1.00] - 100.0%
Heterogeneity: /> = 28%, 1> = 0.0006, p = 0.18 ' ' ! ‘ '

06 07 08 09 1

Weight Weight

Study Events Total Proportion 95%-Cl (common) (random)
Dezsoe Koermendy et al. 2014 2 51 T'— 0.04 [0.00; 0.13] 14.9% 15.6%
Sameer Gafoor et al. 2014 3 17 - 0.18 [0.04; 0.43] 5.1% 7.0%
Jianming Wang et al. 2018 1 18 rf-—i 0.06 [0.00; 0.27] 5.4% 7.3%
Shingo Kuwata et al. 2018 0 13 u 0.00 [0.00; 0.25] 3.9% 5.6%
Jiangtao Yu et al. 2019 0 30 L 0.00 [0.00; 0.12] 88%  10.8%
Caroline Kleinecke et al. 2020 7 133 E—-— 0.05 [0.02; 0.11] 38.7%  25.6%
Ming Chern Leong et al. 2020 0 6 - 0.00 [0.00; 0.46] 1.9% 2.9%
Xiaofei Jiang et al. 2020 0O 13 = 0.00 [0.00; 0.25] 3.9% 5.6%
Zhi-hui Zhang et al. 2020 0 49 B 0.00 [0.00; 0.07] 14.3% 15.2%
Xiaofei Jiang et al. 2021 0O 10 = 0.00 [0.00; 0.31] 3.0% 4.5%
Common effect model 340 ‘ 0.02 [0.00; 0.04] 100.0% --
Random effects model > 0.02 [0.00; 0.04] - 100.0%

Heterogeneity: /° = 20%, t2 = 0.0028, p = 0.26

Weight Weight

Study Events Total Proportion 95%-Cl (common) (random)
Dezsoe Koermendy et al. 2014 0 50 . | 0.00 [0.00; 0.07] 1.8% 7.4%
Jianming Wang et al. 2018 1 L * ? 0.06 [0.00; 0.29] 58% 16.1%
Shingo Kuwata et al. 2018 0 13 : 0.00 [0.00; 0.25] 1.8% 7.6%
Jiangtao Yu et al. 2019 0 30 —r— 0.00 [0.00; 0.12] 1.8% 7.4%
Caroline Kleinecke et al. 2020 19 120 —:f.— 0.16 [0.10; 0.24] 81.5% 31.2%
Ming Chern Leong et al. 2020 0 6 S e 0.00 [0.00; 0.46] 1.9% 7.8%
Xiaofei Jiang et al. 2020 0O 13 g 3 0.00 [0.00; 0.25] 1.8% 7.6%
Zhi-hui Zhang et al. 2020 0 49 — ) 0.00 [0.00; 0.07] 1.8% 7.4%
Xiaofei Jiang et al. 2021 0 10 - s 0.00 [0.00; 0.31] 1.8% 7.6%
Common effect model 308 P e~ 0.12 [0.09; 0.18] 100.0% -
Random effects model ~—— 0.06 [0.02; 0.13] - 100.0%

Heterogeneity: /> = 36%, - = 0.5589, p = 0.13






OPS/images/fcvm-09-1080257-g001.jpg
Records identified through Additional records identified
database searching through other sources
(n=5321) (n=2)

Records after duplicates removed
(n=1093)

Records screened Irrelevant records

— (n=4230) Excluded (n = 4161)
¥ Full-text articles excluded:
Full-text articles o 18 were reviews
assessed for eligibility -+ o 13 were conference abstracts
(h=69) o 25 were case report

— o 3 were duplicate studies

\ 4

Studies included in
quantitative synthesis
(n=10)









OPS/images/logo.jpg
’ frontiers | Frontiers in Cardiovascular Medicine







OPS/images/email.jpg





