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Background: Atrial fibrillation (AF) is associated with cognitive dysfunction. However, neurocognitive function in AF patients undergoing pulmonary vein isolation (PVI) has not been well studied. The aim of this analysis is to compare neurocognitive function in patients who did or did not undergo PVI.

Materials and methods: We used data from the Swiss Atrial Fibrillation Cohort study (Swiss-AF), a prospective, observational, multicenter study in Switzerland. Patients with documented AF were enrolled and data of 1,576 patients without history of PVI and with complete information on PVI status and neurocognitive function were used. Information on PVI was collected at baseline and during 1 year of follow-up. Neurocognitive testing was performed at baseline and after 1 year of follow-up, using the Montreal Cognitive Assessment (MoCA), trail making test (TMT) A and B, digit symbol substitution test (DSST) and semantic fluency test (SFT). To investigate the association of PVI with neurocognitive function, we use propensity score matching (1:3) and inverse probability of treatment weighting (IPTW).

Results: The mean age of this population was 74 ± 8 years, 27.1% were women. Overall, 88 (5.5%) patients underwent PVI during 1 year of follow-up. Using ITPW (n = 1576), PVI was weakly associated with the MoCA score after adjusting for time since PVI, baseline MoCA score and other covariates (β (95%CI) 1.19 (0.05; 2.32), p = 0.04). In the propensity matched comparison (n = 352), there was no significant association between PVI and the MoCA score (β (95%CI) 1.04 (−0.19; 2.28), p = 0.1). There were no significant associations between PVI and cognitive function when using the TMT A and B, DSST or SFT independent of the method used.

Conclusion: In this population of AF patients, there was no consistent evidence of an association between PVI and neurocognitive function.

Clinical trial registration: [https://clinicaltrials.gov/], identifier [NCT02105844].
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Introduction

Atrial fibrillation (AF) patients face an increased risk of heart failure, stroke, death as well as cognitive impairment, even independent of a history of clinical stroke (1–6). Possible causes for cognitive impairment in AF patients include silent brain infarctions, cerebral hypoperfusion, and high beat-to-beat blood pressure variability due to irregularity of RR intervals (7–9). Pulmonary vein isolation (PVI) is a frequently used and efficient medical intervention to restore sinus rhythm in AF patients with the aim to reduce AF symptoms (10, 11). Despite new evidence showing that PVI reduces heart failure hospitalizations and other cardiac events (12–15), the potential positive or negative effects of rhythm control by means of PVI or the procedure itself on neurocognitive function is unknown. New cerebral lesions after PVI are well described (16–18), and may result in neurocognitive impairment (19). Recent findings indicate cognitive improvement 12 months after successful PVI, mainly in patients with impaired cognitive function prior to PVI (20). In addition, data from a large registry showed that AF patients undergoing PVI had a lower risk of death, stroke and dementia compared to AF patients without PVI after a follow-up time of 3 years (21). Possible explanations for the better cognitive outcome in patients undergoing PVI might be the optimized cardiac output, fewer blood pressure peaks and less variation, and better cerebral perfusion.

The present study aimed to investigate the association between PVI and neurocognitive function in a cohort of patients with AF by using two different statistical approaches.



Materials and methods


Study population

The present analysis is based on data from the Swiss Atrial Fibrillation Cohort (Swiss-AF), an ongoing prospective, observational, multicenter cohort study. Overall, 2,415 patients with documented AF were enrolled between 2014 and 2017 across 14 centers in Switzerland. The detailed methodology has been described elsewhere (22). Main inclusion criteria were previously documented AF and age ≥65 years, except for 250 patients aged <65 years that were additionally included to address AF-related absence from work. Patients were excluded if they had short secondary, reversible episodes of AF (e.g., after cardiac surgery), an acute illness within the last 4 weeks or were unable to sign an informed consent (22). The study protocol was approved by the local ethic committees, and written informed consent was obtained from each participant.

In this analysis, we aimed to examine the effect of PVI within a 1-year time period on change in neurocognitive function. Consequently, we excluded 839 patients: 542 patients with either a history of PVI prior to enrollment or incomplete neurocognitive data at baseline, and 274 patients due to incomplete neurocognitive tests or missing information on PVI status at follow-up. An additional 23 patients with missing covariates had to be excluded for multivariable adjusted regression analyses, resulting in a dataset of 1,576 patients with complete data. Patient selection is illustrated in Figure 1.
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FIGURE 1
Patient selection.




Study variables

Information on individual patient characteristics, medical history and current medication were collected using standardized case report forms. Body height and weight were measured at baseline, and body mass index (BMI) was calculated by dividing weight in kilograms by height in meters squared. Blood pressure was measured three times in supine position and the mean was used for this analysis. AF type was categorized as paroxysmal versus non-paroxysmal according to the guidelines of the European Society of Cardiology (23). Education level was indicated using standardized questionnaires, where patients were asked to report the highest degree achieved. Educational level was differentiated into basic, middle and advanced educational level. Middle and advanced educational level were combined for this analysis.



Pulmonary vein isolation

All PVIs were performed between 2014 and 2018, either by radiofrequency ablation (RFA) using an irrigated-tip catheter in conjunction with an electro-anatomic mapping system or a cryoballoon catheter. At baseline and at 1 year of follow-up, we systematically determined whether PVI had been performed. If so, a medical report was requested to confirm the procedure. If a patient had more than one PVI between the baseline visit and 1-year follow-up, the date of the most recent PVI was used. The time between the PVI and the visit date of the follow-up investigation was calculated.



Neurocognitive testing

Cognitive testing was performed using the Montreal Cognitive Assessment (MoCA) test, the trail making test (TMT, part A and B), the semantic fluency test (SFT), and the digit symbol substitution test (DSST).

In brief, the MoCA test is a frequently used validated global screening assessment for the detection of mild cognitive impairment (24). The total test score ranges from 0 to 30, reflecting cognitive performance in the domains short-term memory, visuospatial capacity (e.g., clock-drawing), language (e.g., animal naming task) and orientation. Furthermore, different facets of executive functions are assessed, including mental flexibility, attention and working memory. In patients with <12 years of education and with a MoCA score of <30 points received an additional point (24). In the Swiss-AF study, a validated German, French and Italian version of the MoCA was used.1 Details regarding further cognitive testing using the TMT A and B, the semantic fluency test, and the DSST are provided in the supplement (Supplementary Table 1).



Statistical analysis

Baseline characteristics were stratified by the presence or absence of PVI between baseline and the 1-year follow-up. Numbers are presented as counts (percentage) for categorical variables, means (±standard deviation) for normally and medians (interquartile range) for highly skewed continuous variables. Groups were compared using a Chi-square test for categorical variables and Student’s t-test for continuous outcomes, unless skewed, in which case the Wilcoxon rank-sum test was used. In addition, we report the standardized mean difference (SMD) in baseline characteristics between groups, calculated by difference in mean outcome divided by standard deviation of outcome.

In order to reduce the confounding effect, we pre-specified two different propensity score based methods to investigate the association of PVI with neurocognitive function after the intervention: propensity score matching and inverse probability of treatment weighting (IPTW) (25). First, a propensity score was created by performing a logistic regression analysis using the following variables: age, sex, education (basic vs. middle/advanced), history of heart failure, history of stroke/transient ischemic attack (TIA), history of vascular disease, history of diabetes, history of hypertension, AF type (paroxysmal vs. non-paroxysmal), anticoagulation and/or antiplatelet therapy and history of electrocardioversion (ECV). Due to the assumption of a non-linear association between age and PVI, a data driven restricted cubic spline for age was added to the propensity score model. Based on the propensity score, we created a 1:3 matched “PVI group” and “No PVI group” using the nearest neighbor method (R package “MatchIT”) (26). To investigate the association between PVI and cognitive function at the follow-up visit we performed multivariable adjusted linear regression analyses to calculate the β-coefficient and the corresponding 95% confidence interval (CI). The β-coefficient reflect the change in neurocognitive score from baseline. The first model was adjusted for baseline cognitive function and time between PVI and follow-up visit. The second model was additionally adjusted for age, sex, education, history of heart failure, history of stroke/TIA, history of hypertension, history of vascular disease, AF-type, history of anticoagulation therapy, and history of ECV.

Second, IPTW was performed in order to investigate the association between PVI and cognition in the whole study population. Patients with a PVI received a weight of 1/propensity score and patients without PVI received a weight of 1/(1-propensity score). Patients with weights >99th quantile (17.76) and those with weights <1st quantile (1.00) were set as the given value. Weights were stabilized by dividing the weight of patients with PVI by the proportion of patients with PVI (0.059) and of patients without PVI by the proportion of patients without PVI (0.941). Multivariable adjusted linear regression analyses were performed as described above (R package “ipw”) (27).

For all analyses, we provide estimates and 95% confidence intervals. We also provide two-sided p-values that, in this exploratory analysis, should be interpreted as a continuum indicating how surprising the results would be if the relevant null-hypothesis were true. They should not be taken as confirmatory. We make no correction for multiple testing.

All analyses were performed with R version 3.5.2.




Results

Baseline characteristics, stratified by the presence or absence of PVI between baseline and 1 year follow-up, are presented in Table 1. Mean age of the study population was 74.3 ± 8 years, 27.1% of all patients were female. Overall, 88 (5.5%) patients underwent PVI during 1 year of follow-up. Median time between PVI and follow-up was 279 (IQR 182–343) days. At baseline, 29 (33%) had AF, 54 (61%) sinus rhythm and 5 (6%) other rhythm. At follow-up, 78 (88.6%) patients had sinus rhythm or an AV-sequential paced rhythm. Compared to patients without PVI, patients with PVI were younger (68 ± 8 vs. 75 ± 8), had a lower CHA2DS2-Vasc-Score (median: 2.5 (IQR 1–3) vs. 4 (3–5) and less frequently had diabetes (9.1% vs. 17.9%), heart failure (17.0% vs. 27.8%), coronary artery disease (13.6% vs. 34.1%), and a history of stroke or TIA (10.2% vs. 22.7%) (Table 1). With regard to neurocognitive tests, patients with and without PVI had a median MoCA score of 27 vs. 26, a TMT A of 0.65 vs. 0.48, TMT B of 0.24 vs. 0.19, SFT of 21 vs. 18, and a DSST of 51 vs. 42. After propensity score matching (1:3), the baseline characteristics were well distributed between patients with and without a PVI with a SMD < except for diastolic BP (SMD = 0.25), BMI (SMD = 0.16) and paroxysmal AF (SMD = 0.16).


TABLE 1    Baseline characteristics of the overall and propensity-score matched population.
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The neurocognitive function scores at baseline and at 1 year of follow-up of the whole population as well as of the propensity score matched sample are presented in Table 2. Differences in the results of the neurocognitive tests between baseline and follow-up were small in the PVI group and in the non-PVI group. Among patients with and without PVI, 53 vs. 48% had a higher MoCA score (p = 0.36), and 31 vs. 33% had a lower MoCA score (p = 0.68) at 1 year of follow-up.


TABLE 2    Results of neuropsychological tests at baseline and follow-up.
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Results of the associations between PVI and neurocognitive function are presented in Figure 2 and Tables 3, 4. When using IPTW (Table 3) undergoing PVI was positively associated with the MoCA score with a β-coefficient (95%CI) of 1.35 (0.22; 2.49), p = 0.02. In other words, the change in MoCA was 1.35 units higher for patients undergoing PVI than for patients without PVI. The effect size was slightly influenced by the multivariable adjustment, resulting in a smaller effect size and wider confidence intervals [1.19 (0.05; 2.32), p = 0.04]. However, the associations of PVI and the other neurocognitive tests were very weak, with very small effect sizes and wide confidence intervals.
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FIGURE 2
Association between PVI and cognitive function using inverse probability of treatment weighting and propensity score matching. The blue dot represents the effect size using Inverse Probability of Treatment Weighting (n = 1576), and the red dot represents the effect size using the propensity-score matched population (n = 352). Whiskers correspond to the 95% confidence interval. The model was adjusted for age, sex, corresponding test values at baseline, time since pulmonary vein isolation, history of heart failure, history of stroke or transient ischemic attack, history of hypertension, history of vascular disease, education, atrial fibrillation type, history of anticoagulation, history of electrocardioversion. DSST, digit symbol substitution test; IPTW, inverse probability of treatment weighting; MoCA, Montreal Cognitive Assessment; PVI, pulmonary vein isolation; TMT, trail making test.



TABLE 3    Association between PVI and cognitive function using propensity score inverse probability of treatment weighting in patients without history of PVI.
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TABLE 4    Association between PVI and cognitive function in the propensity score matched population of patients with atrial fibrillation without a history of a prior PVI.

[image: Table 4]

In the propensity score matched population, PVI was not associated with any of the neurocognitive tests (Figure 2, Table 4, and Supplementary Table 3). Multivariable adjustment had no relevant influence on the effect sizes and confidence intervals.

The effect sizes (95% confidence intervals) of the whole regression models are presented in Supplementary Tables 2, 3.



Discussion

In this analysis we studied the association of PVI within the last year with neurocognitive function in patients with AF. The main new findings of this study are as follows: First, using IPTW, there was a weak positive association between undergoing PVI and global cognitive assessment (MoCA test). However, there was no association between PVI and the MoCA test in a propensity score matched comparison. Based on these results, the evidence of an association is not conclusive. Second, neurocognitive tests (TMT A and B, SFT, DSST) assessing specific neurocognitive functions such as executive functions or psychomotor speed performance (19) speed performance did not show a difference between PVI patients compared to patients not undergoing PVI. Third, AF patients undergoing PVI represented a selected population, were younger and had fewer comorbidities as compared to AF patients not undergoing PVI. However, this was addressed using IPTW and propensity score matching.

Atrial fibrillation has been shown to be associated with cognitive impairment and dementia, a condition with an enormous socio-economic impact (28, 29). However, it is unclear whether cognitive decline in patients with AF can be halted or even improved by PVI, or whether PVI itself may even cause harm with regard to neurocognitive function. There is evidence for asymptomatic cerebral emboli after PVI in a substantial percentage of cases depending on the ablation tool used (4–39%) (18, 30) and adverse short-term effects (after 3 months) on cognition have been reported in a small study (19). A recent case control study by Jin et al. demonstrated improved cognitive function (based on the MoCA test) after 1 year of follow-up in 308 patients undergoing PVI compared to a control group (n = 50) (20). Based on our results, we cannot confirm this, even though there was a weak association between PVI and MoCA scores when using IPTW. None of the other associations between PVI and more specific neurocognitive tests were significant, suggesting no conclusive association. Nevertheless, our results may be interpreted as a positive finding, since PVI associated asymptomatic cerebral lesions do not seem to have a detrimental effect on neurocognitive function, at least not after an observation period of 1 year.

To date, the mechanisms underlying the potentially beneficial effect of rhythm control on cognitive function are poorly understood. Improved brain perfusion in sinus rhythm due to better diastolic and systolic function and less beat-to-beat blood pressure variability due to regularity of RR intervals after PVI are possible explanations for the improved cognitive function after PVI (7, 31). From a pathophysiological perspective, better brain perfusion can be assumed in sinus rhythm, independent of the measure used to achieve it. In heart failure patients, PVI was reported to reduce the risk of future heart failure events (13), which in turn may reduce cognitive decline in these patients (32). Whether similar results can be expected in patients who receive medical rhythm control using antiarrhythmic drugs is unclear. The EAST-AFNET 4 study, early rhythm control to standard care showed a similar change in MoCA scores in both groups after 2 years of follow-up. However, the vast majority of patients in EAST-AFNET 4 received early rhythm control by means of antiarrhythmic drug therapy (87%) (15). Whether the potential positive effects of the mentioned mechanisms may be expected after a short to mid-term follow-up is unclear. Long-term studies will be needed to investigate a potential effect of PVI on neurocognitive function.

In our study, different statistical propensity score based approaches were used to investigate the association between PVI and neurocognitive function in order to reduce a potential confounding effect (25). Since no gold-standard method exists in this context, we decided to use two different methods in order to determine whether the findings were consistent. While the results of the propensity score matched population are limited to a smaller and selected population of comparable patients with and without PVI, the results using IPTW are based on the entire population (33). The effect sizes of both statistical approaches are similar. However, the confidence intervals in the selected propensity score matched population are wider and the p-value is higher, as expected due to the smaller sample size. This limits the results and does not allow for any definitive conclusions concerning the effect of PVI on cognitive function.


Strengths and limitations

A strength of this study is the large sample of well-characterized AF patients as well as the comprehensive approach to assess neurocognitive function by using different standardized neuropsychological tests, which capture key aspects of cognitive functioning. Another strength is the application of two different known statistical approaches to investigate the association between PVI and neurocognitive function. Several limitations have to be taken into account when interpreting the results: First, some confounders may have been missed in the choice of variables for the propensity score model and there may still be residual confounding. However, based on this model selection, propensity score matching was successful, resulting in well-balanced strata. Second, a learning effect might have an influence on neurocognitive function testing at follow-up. However, there is no evidence of a differential effect between the two groups. Third, the number of patients with PVI within 1 year seems to be rather low (5.5%). However, it has to be considered that patients who had a PVI before study enrolment were excluded to allow a fair comparison between groups. Nevertheless, this shows that ablation of AF is still performed in selected patients only underscoring the need for matched comparisons using e.g., propensity scores as in this study. Fourth, some results might be non-significant due to the rather small group of patients with a new PVI. Finally, whether our results can be confirmed during long-term follow-up has to be investigated in the future. This is important since AF patients undergoing PVI are generally younger compared AF patients who are not offered PVI.




Conclusion

Pulmonary vein isolation showed no strong positive or negative effects on most cognitive tests after a follow-up of 1 year. Whether rhythm control using PVI has a long-term effect on neurocognitive function is currently unknown and needs to be investigated in future studies.



Data availability statement

The datasets presented in this article are not readily available because restrictions by the Ethics Committee. Requests to access the datasets should be directed to MK, michael.kuehne@usb.ch.



Ethics statement

The studies involving human participants were reviewed and approved by the Ethics Committee Nordwest- und Zentralschweiz, Switzerland and all local Ethics Committees at the study sites. The patients/participants provided their written informed consent to participate in this study.



Author contributions

LZ, SA, and MK contributed to the conception and design of the study. SA, LZ, PK, AS, RP, MG, and JH organized the clinical database. SA, LZ, and MC performed the statistical analysis. SA and LZ wrote the first draft of the manuscript. SK, PB, JB, LB, CZ, LR, TR, CS, DC, MK, and SO gave intellectual input for manuscript writing. All authors contributed to the article and approved the submitted version.



Funding

This Swiss-AF study was supported by grants of the Swiss National Science Foundation (Grant numbers: 33CS30_148474, 33CS30_177520, 32473B_176178, and 32003B_197524), the Swiss Heart Foundation, the Foundation for Cardiovascular Research Basel and the University of Basel. MK reports personal fees from Bayer, Böhringer Ingelheim, Pfizer BMS, Daiichi Sankyo, Medtronic, Biotronik, Boston Scientific, Johnson & Johnson, grants from Bayer, Pfizer BMS, Boston Scientific. JB reports grants from the Swiss National Foundation of Science, The Swiss Heart Foundation, Bayer, lecture fees from Sanofi Aventis and Amgen, to the institution outside the submitted work. CS has received speaker honoraria from Biosense Webster, Boston Scientific and Medtronic and research grants from Biosense Webster, Daiichi-Sankyo, and Medtronic; He is a proctor for Medtronic (Cryoballoon). DC has received consultant/speaker fees from Roche Diagnostics, Servier and BMS/Pfizer, all outside of the submitted work. CZ reports a research grant from Medtronic and speaker fees from Vifor Pharma and Novartis. PK was supported by the University of Basel, the Mach-Gaensslen foundation and the Bangerter-Rhyner foundation.



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.2022.1000799/full#supplementary-material


Abbreviations

AF, atrial fibrillation; BMI, body mass index; CI, confidence interval; DSST, digit symbol substitution test; ECV, electrocardioversion; IPTW, inverse probability of treatment weighting; MoCA, Montreal Cognitive Assessment; PVI, pulmonary vein isolation; SFT, semantic fluency test; SMD, standard mean difference; Swiss-AF, Swiss Atrial Fibrillation Study; TIA, transient ischemic attack; TMT, trail making test.

Footnotes

1  www.mocatest.org


References

1. Kim D, Yang PS, Yu HT, Kim TH, Jang E, Sung JH, et al. Risk of dementia in stroke-free patients diagnosed with atrial fibrillation: data from a population-based cohort. Eur Heart J. (2019) 40:2313–23. doi: 10.1093/eurheartj/ehz386

2. Gaita F, Corsinovi L, Anselmino M, Raimondo C, Pianelli M, Toso E, et al. Prevalence of silent cerebral ischemia in paroxysmal and persistent atrial fibrillation and correlation with cognitive function. J Am Coll Cardiol. (2013) 62:1990–7. doi: 10.1016/j.jacc.2013.05.074

3. Elias MF, Sullivan LM, Elias PK, Vasan RS, D’Agostino RB Sr., Seshadri S, et al. Atrial fibrillation is associated with lower cognitive performance in the Framingham offspring men. J Stroke Cerebrovasc Dis. (2006) 15:214–22. doi: 10.1016/j.jstrokecerebrovasdis.2006.05.009

4. Marzona I, O’Donnell M, Teo K, Gao P, Anderson C, Bosch J, et al. Increased risk of cognitive and functional decline in patients with atrial fibrillation: results of the ONTARGET and TRANSCEND studies. CMAJ. (2012) 184:E329–36. doi: 10.1503/cmaj.111173

5. Kalantarian S, Stern TA, Mansour M, Ruskin JN. Cognitive impairment associated with atrial fibrillation: a meta-analysis. Ann Intern Med. (2013) 158:338–46.

6. Conen D, Chae CU, Glynn RJ, Tedrow UB, Everett BM, Buring JE. Risk of death and cardiovascular events in initially healthy women with new-onset atrial fibrillation. JAMA. (2011) 305:2080–7. doi: 10.1001/jama.2011.659

7. Olbers J, Gille A, Ljungman P, Rosenqvist M, Östergren J, Witt N. High beat-to-beat blood pressure variability in atrial fibrillation compared to sinus rhythm. Blood Press. (2018) 27:249–55.

8. Conen D, Rodondi N, Müller A, Beer JH, Ammann P, Moschovitis G, et al. Relationships of overt and silent brain lesions with cognitive function in patients with atrial fibrillation. J Am Coll Cardiol. (2019) 73:989–99. doi: 10.1016/j.jacc.2018.12.039

9. Mitchell GF. Effects of central arterial aging on the structure and function of the peripheral vasculature: implications for end-organ damage. J Appl Physiol. (1985) 105:1652–60. doi: 10.1152/japplphysiol.90549.2008

10. Morillo CA, Verma A, Connolly SJ, Kuck KH, Nair GM, Champagne J, et al. Radiofrequency ablation vs antiarrhythmic drugs as first-line treatment of paroxysmal atrial fibrillation (RAAFT-2): a randomized trial. JAMA. (2014) 311:692–700. doi: 10.1001/jama.2014.467

11. Wazni OM, Marrouche NF, Martin DO, Verma A, Bhargava M, Saliba W, et al. Radiofrequency ablation vs antiarrhythmic drugs as first-line treatment of symptomatic atrial fibrillation: a randomized trial. JAMA. (2005) 293:2634–40.

12. Moschonas K, Nabeebaccus A, Okonko DO, McDonagh TA, Murgatroyd FD, Dhillon P, et al. The impact of catheter ablation for atrial fibrillation in heart failure. J Arrhythm. (2019) 35:33–42.

13. Marrouche NF, Brachmann J, Andresen D, Siebels J, Boersma L, Jordaens L, et al. Catheter ablation for atrial fibrillation with heart failure. N Engl J Med. (2018) 378:417–27.

14. Girod M, Coslovsky M, Aeschbacher S, Sticherling C, Reichlin T, Roten L, et al. Association of pulmonary vein isolation and major cardiovascular events in patients with atrial fibrillation. Clin Res Cardiol. (2022) 111:1048–56.

15. Kirchhof P, Camm AJ, Goette A, Brandes A, Eckardt L, Elvan A, et al. Early rhythm-control therapy in patients with atrial fibrillation. N Engl J Med. (2020) 383:1305–16.

16. Keçe F, Bruggemans EF, de Riva M, Alizadeh Dehnavi R, Wijnmaalen AP, Meulman TJ, et al. Incidence and clinical significance of cerebral embolism during atrial fibrillation ablation with duty-cycled phased-radiofrequency versus cooled-radiofrequency: a randomized controlled trial. JACC Clin Electrophysiol. (2019) 5:318–26. doi: 10.1016/j.jacep.2018.11.008

17. Schrickel JW, Lickfett L, Lewalter T, Mittman-Braun E, Selbach S, Strach K, et al. Incidence and predictors of silent cerebral embolism during pulmonary vein catheter ablation for atrial fibrillation. Europace. (2010) 12:52–7.

18. Herrera Siklódy C, Deneke T, Hocini M, Lehrmann H, Shin DI, Miyazaki S, et al. Incidence of asymptomatic intracranial embolic events after pulmonary vein isolation: comparison of different atrial fibrillation ablation technologies in a multicenter study. J Am Coll Cardiol. (2011) 58:681–8. doi: 10.1016/j.jacc.2011.04.010

19. Schwarz N, Kuniss M, Nedelmann M, Kaps M, Bachmann G, Neumann T, et al. Neuropsychological decline after catheter ablation of atrial fibrillation. Heart Rhythm. (2010) 7:1761–7.

20. Jin MN, Kim TH, Kang KW, Yu HT, Uhm JS, Joung B, et al. Atrial fibrillation catheter ablation improves 1-year follow-up cognitive function, especially in patients with impaired cognitive function. Circ Arrhythm Electrophysiol. (2019) 12:e007197.

21. Bunch TJ, Crandall BG, Weiss JP, May HT, Bair TL, Osborn JS, et al. Patients treated with catheter ablation for atrial fibrillation have long-term rates of death, stroke, and dementia similar to patients without atrial fibrillation. J Cardiovasc Electrophysiol. (2011) 22:839–45. doi: 10.1111/j.1540-8167.2011.02035.x

22. Conen D, Rodondi N, Mueller A, Beer J, Auricchio A, Ammann P, et al. Design of the swiss atrial fibrillation cohort study (Swiss-AF): structural brain damage and cognitive decline among patients with atrial fibrillation. Swiss Med Wkly. (2017) 147:w14467. doi: 10.4414/smw.2017.14467

23. Camm AJ, Kirchhof P, Lip GY, Schotten U, Savelieva I, Ernst S, et al. Guidelines for the management of atrial fibrillation: the task force for the management of atrial fibrillation of the European society of cardiology (ESC). Eur Heart J. (2010) 31:2369–429.

24. Nasreddine ZS, Phillips NA, Bédirian V, Charbonneau S, Whitehead V, Collin I, et al. The montreal cognitive assessment, MoCA: a brief screening tool for mild cognitive impairment. J Am Geriatr Soc. (2005) 53:695–9. doi: 10.1111/j.1532-5415.2005.53221.x

25. Austin PC. An introduction to propensity score methods for reducing the effects of confounding in observational studies. Multivariate Behav Res. (2011) 46:399–424.

26. Ho DE, King G, Stuart EA. MatchIt: nonparametric preprocessing for parametric causal inference. J Stat Softw. (2011) 42:1–28.

27. van der Wal WG, Geskus RB. ipw: an R package for inverse probability weighting. J Stat Softw. (2011) 43:1–23.

28. Frahm-Falkenberg S, Ibsen R, Kjellberg J, Jennum P. Health, social and economic consequences of dementias: a comparative national cohort study. Eur J Neurol. (2016) 23:1400–7.

29. Kühne M, Krisai P, Coslovsky M, Rodondi N, Müller A, Beer JH, et al. Silent brain infarcts impact on cognitive function in atrial fibrillation. Eur Heart J. (2022) 43:2127–35.

30. Gaita F, Leclercq JF, Schumacher B, Scaglione M, Toso E, Halimi F, et al. Incidence of silent cerebral thromboembolic lesions after atrial fibrillation ablation may change according to technology used: comparison of irrigated radiofrequency, multipolar nonirrigated catheter and cryoballoon. J Cardiovasc Electrophysiol. (2011) 22:961–8. doi: 10.1111/j.1540-8167.2011.02050.x

31. Vrachatis D, Deftereos S, Kekeris V, Tsoukala S, Giannopoulos G. Catheter ablation for atrial fibrillation in systolic heart failure patients: stone by stone, a CASTLE. Arrhythm Electrophysiol Rev. (2018) 7:265–72. doi: 10.15420/aer.2018.41.2

32. Hammond CA, Blades NJ, Chaudhry SI, Dodson JA, Longstreth WT Jr., Heckbert SR, et al. Long-term cognitive decline after newly diagnosed heart failure: longitudinal analysis in the CHS (Cardiovascular health study). Circ Heart Fail. (2018) 11:e004476. doi: 10.1161/CIRCHEARTFAILURE.117.004476

33. Kurth T, Walker AM, Glynn RJ, Chan KA, Gaziano JM, Berger K, et al. Results of multivariable logistic regression, propensity matching, propensity adjustment, and propensity-based weighting under conditions of nonuniform effect. Am J Epidemiol. (2006) 163:262–70. doi: 10.1093/aje/kwj047



OPS/images/fcvm-09-1000799-t002.jpg
Cognition test

MoCA

TMT A

TMT B

Semantic fluency test

DSST

Visit

Baseline
Follow-up
Baseline
Follow-up
Baseline
Follow-up
Baseline
Follow-up
Baseline

Follow-up

Overall population

(N =1576)

26 (23-28)
26 (24-28)
0.49 (0.37-0.63)
0.52 (0.38-0.66)
0.19 (0.14-0.26)
0.20 (0.13-0.27)
19 (15-22)
19 (15-23)
42 (34-51)
42 (34-52)

Propensity-score matched population

PVI (n = 88)

27 (25-28)
27 (26-29)
0.65 (0.49-0.78)
0.64 (0.50-0.81)
0.24 (0.20-0.34)
0.28 (0.21-0.32)
20.5 (16-24)
20.5 (18-25)
48 (38-58)
52 (42-61)

No PVI (n = 264)

27 (25-28)
27 (25-29)
0.55 (0.42-0.71)
0.61 (0.44-0.74)
0.24 (0.17-0.19)
0.24 (0.17-0.33)
19 (16-24)
20 (17-24)
46.5 (38-56)
48 (38-58)

Values are medians (interquartile range). MoCA, Montreal Cognitive Assessment; TMT A, trail making test A; TMT B, trail making test B; DSST, digit symbol substitution test.
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Outcome Bpvr (95% CI) P-value Bpvr (95% CI) P-value
MoCA 1.35 (0.22; 2.49) 0.02 1.19 (0.05; 2.32) 0.04
TMT A 0.01 (—0.07; 0.10) 0.74 —0.007 (—0.09; 0.08) 0.87
TMT B —0.03 (—0.07; 0.02) 0.26 —0.03 (—0.08; 0.01) 0.11
Semantic fluency test 0.30 (—3.20; 3.79) 0.87 —0.14 (—3.61; 3.34) 0.94
DSST —0.52(—5.24; 4.20) 0.83 —1.75 (—6.37; 2.86) 0.46

*Model 1: adjusted for corresponding test value at baseline, time since ablation. **Model 2: adjusted for age, sex, corresponding test value at baseline, time since PVI, history of heart failure,
history of stroke/TIA, history of hypertension, history of diabetes, history of vascular disease, education, AF-type, history of anticoagulation, history of ECV. CI, confidence interval; B py;,
beta coeflicient (effect of PVI); MoCA, Montreal Cognitive Assessment; TMT A, trail making test A; TMT B, trail making test B; DSST, digit symbol substitution test.
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Female 22 (25.0) 405 (27.2) 0.05 0.74 22 (25.0) 73 (27.7) 0.06 0.73
BMI, kg/m? 286+48 27.8+£48 0.18 0.10 286+£48 278+£5.0 0.16 0.21
Current or past smoker 46 (52.3) 818 (55.0) 0.05 0.70 46 (52.3) 149 (56.4) 0.08 0.58
History of diabetes mellitus 8(9.1) 266 (17.9) 0.26 0.05 8(9.1) 24 (9.1) <0.001 0.99
History of hypertension 61 (69.3) 1075 (72.2) 0.06 0.64 61 (69.3) 179 (67.8) 0.03 0.90
Systolic blood pressure, nmHg 133.7£17.3 134.1 £ 18.6 0.02 0.85 133.7 £17.3 133.1£17.7 0.04 0.77
Diastolic blood pressure, mmHg 814+ 126 769 £11.7 0.37 0.001 814+ 126 784+ 11.1 0.25 0.04
History of heart failure 15 (17.0) 413 (27.8) 0.26 0.04 15(17.0) 56 (21.2) 0.02 0.49
History of coronary artery disease 12 (13.6) 507 (34.1) 0.49 <0.001 12(13.6) 38 (14.4) 0.05 0.99
History of stroke or TIA 9(10.2) 338 (22.7) 0.34 0.001 9(10.2) 23(8.7) 0.05 0.83
CHA,DS,;-VASc score 2.5(1-3) 4.0 (3-5) 0.85 <0.001 2.5(1-3) 2 (2-4) 0.11 0.53
Heart rhythm at baseline 0.39 0.11 0.68

AF 29 (33.0) 750 (50.4) 29 (33.0) 76 (28.8)

Sinus 54 (61.4) 634 (42.6) 54 (61.4) 168 (63.6)

Other 5(5.7) 104 (7.0) 5(5.7) 20 (7.6)
Paroxysmal AF 52 (59.1) 619 (41.6) 0.36 0.002 52 (59.1) 135 (51.1) 0.16 0.24
Previous ECV 39 (44.3) 473 (31.8) 0.26 0.002 39 (44.3) 126 (47.7) 0.07 0.67
Antiarrhythmic drug therapy 31 (35.2) 313 (21.0) 0.32 0.02 31(35.2) 88 (33.3) 0.04 0.85
Oral anticoagulation 81 (92.0) 1344 (90.3) 0.06 0.73 81(92.0) 243 (92.0) <0.001 0.99
Antiplatelet therapy 11 (12.5) 336 (22.6) 0.27 0.04 11 (12.5) 29 (11.0) 0.05 0.85
Education level (middle or high)* 80 (90.9) 1294 (87.0) 0.13 0.36 80 (90.9) 241 (91.3) 0.01 0.99

Values are mean + SD, median (interquartile range) or #n (%). SMD (standardized mean difference). The p-value und SMD compare patients with and without PVI; p-values were obtained from Chi-square test for categorical variables and Student’s ¢-test
or Wilcoxon rank-sum test for continuous variables. PVI, pulmonary vein isolation; ECV, electrical cardioversion; TIA, transient ischemic attack; CHA; DS,-VASc, congestive heart failure, hypertension, age > 75 yrs (2 points), diabetes, prior stroke or
TIA or thromboembolism (2 points), vascular disease, age 65-74 yrs, female sex. *Basic education: <6 yrs; middle: 6 to <12 yrs; advanced: >12 yrs.
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*Model 1: adjusted for corresponding test value at baseline, time since ablation. **Model 2: adjusted for age, sex, corresponding test value at baseline, time since PV, history of heart

failure, history of stroke/TIA, history of hypertension, history of diabetes, history of vascular disease, educational status, AF type, oral anticoagulation or antithrombotic treatment, history
of electrocardioversion. CI, confidence interval; Bpyy, beta coefficient (Effect of PVI); MoCA, Montreal Cognitive Assessment; TMT A, trail making test A; TMT B, trail making test B;

DSST, digit symbol substitution test.
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