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Impact of Oral Anticoagulation Therapy 
Versus Left Atrial Appendage Occlusion 
on Cognitive Function and Quality of Life in 
Patients With Atrial Fibrillation
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BACKGROUND: We compared the cognitive status and quality of life in patients with atrial fibrillation undergoing left atrial 
appendage occlusion (LAAO) or remaining on oral anticoagulation (OAC) after atrial fibrillation ablation.

METHODS AND RESULTS: Cognition was assessed by the Montreal Cognitive Assessment (MoCA) survey at baseline and follow-
up. Consecutive patients receiving LAAO or OAC after atrial fibrillation ablation were screened, and patients with a score of 
≤17 were excluded from the study. Quality of life was measured at baseline and 1 year using the Atrial Fibrillation Effect on 
Quality of Life survey. A total of 50 patients (CHA2DS2-VASc [congestive heart failure, hypertension, age≥75 years, diabetes 
mellitus, stroke or transient ischemic attack, vascular disease, age 65–74 years, sex category] score: 3.30±1.43) in the LAAO 
group and 48 (CHA2DS2-VASc score 2.73±1.25) in the OAC group were included in this prospective study. Mean baseline 
MoCA score was 26.18 and 26.08 in the LAAO and OAC groups, respectively (P=0.846). At 1 year, scores were 26.94 and 
23.38 in the respective groups. MoCA score decreased by an estimated −2.74 (95% CI, −3.61 to −1.87; P<0.0001) points in the 
OAC group, whereas the change in the LAAO group was nonsignificant (0.79; (95% CI, −0.06 to 1.64; P=0.07). After adjusting 
for baseline clinical characteristics, remaining on OAC was an independent predictor of MoCA change at 1 year (regression 
coefficient, −3.38; 95% CI, −4.75 to −2.02; P<0.0001). Change in Atrial Fibrillation Effect on Quality of Life score did not differ 
significantly in achieving a clinically important difference between groups.

CONCLUSIONS: In this series, a significant difference in the postprocedure MoCA score was observed in postablation patients 
with atrial fibrillation receiving LAAO versus remaining on OAC with a substantial decline in the score in the OAC group. 
However, quality of life improved similarly across groups.
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Atrial fibrillation (AF) is known to be associated with 
increased risk of dementia, stroke, and lower 
quality of life (QOL).1,2 The negative hemody-

namic effects of AF resulting in reduced cardiac output 

and cerebral hypoperfusion and the risk of cerebro-
vascular micro- and macro-thromboemboli plausibly 
predispose to the development of cognitive decline 
and dementia.1 In the case of QOL, the impairment 
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typically results from individual contribution of factors 
such as arrhythmia symptoms, side effects of drugs, 
interventions, and AF-related hospitalizations.2

Oral anticoagulation (OAC) therapy for stroke 
prevention is an integral part of the management of 
AF. Based on the findings from the echocardiogra-
phy and autopsy studies, left atrial appendage was 
reported to be the source of thrombus formation in 
>90% of patients with nonvalvular AF.3 Therefore, 
left atrial appendage occlusion (LAAO) or exclusion 
of the left atrial appendage is considered as a viable 
alternative to lifelong anticoagulation therapy, espe-
cially in patients who are deemed unsuitable for the 
blood thinners.4

Earlier studies have demonstrated an association 
of dementia with AF independent of stroke,5 increased 
risk of dementia in patients with AF on warfarin with 
relatively less time in therapeutic range,6 and lower risk 
of dementia and stroke in patients receiving novel OAC 
compared with warfarin.7 Additionally, in 2 small single-
arm studies, no significant change in the cognitive 
function was seen at short-term follow-up.8,9 However, 
there is no comparative data on the long-term impact 
of LAAO versus OAC on cognition and QOL in patients 
with AF. Therefore, we evaluated the change in cogni-
tive function and QOL at 1-year follow-up in patients 
with AF receiving LAAO versus OAC.

METHODS
Study Design
This was a prospective cohort study assessing change 
in cognition in patients undergoing LAAO versus those 
remaining on OAC. The deidentified data supporting 
the findings of this study will be available from the cor-
responding author upon reasonable request.

Consecutive patients receiving AF ablation or 
postablation LAAO at our center were screened before 
the procedure, and those providing written informed 
consent to participate in the DIAL-AF (Dementia in 
AF) study were collected in the COGNITION registry. 
Patients were longitudinally followed up for 1 year for 
assessment of postbaseline outcome.

The study was approved by our institutional re-
view board and was registered on ClinicalTrials.gov 
(NCT01816308). All participants provided informed 
consent.

Patient Population
Consecutive patients receiving LAAO following AF 
ablation were included in the LAAO group, and those 
who remained on OAC after AF ablation were included 
in the OAC group. Patients with baseline Montreal 
Cognitive Assessment (MoCA) score of ≤17, and those 
taking OACs for other indications were excluded from 
the analysis. The decision to receive the occlusion 
procedure or OAC was based on either the patient’s 
preference or their physician’s recommendation be-
cause of high CHA2DS2-VASc (congestive heart failure, 
hypertension, age≥75 years, diabetes mellitus, stroke 
or transient ischemic attack, vascular disease, age 65–
74 years, sex category) score or both.

End Points
A change in MoCA score at 1 year postbaseline was 
the primary end point. Change in postbaseline overall 
and domain-specific Atrial Fibrillation Effect on Quality 
of Life (AFEQT) score at 1 year was the secondary end 
point. Adverse events during the follow-up constituted 
the safety end points.

Cognition
Cognitive function was measured at baseline (before 
LAAO or the AF ablation procedure) and at 1 year in 
all patients using the MoCA, which is a highly sensi-
tive tool to screen for cognitive dysfunction, especially 
mild cognitive impairment (MCI).10,11 It assesses sev-
eral cognitive domains such as short-term memory, 
visuospatial abilities, executive functions, attention, 
concentration and working memory, language, and 
orientation to time and place. On a scale of 0 to 30, 27 
to 30 is considered normal cognition, 18 to 26 as MCI, 

CLINICAL PERSPECTIVE

What Is New?
•	 This is the first study to report change in cog-

nition in patients with atrial fibrillation following 
watchman versus anticoagulant therapy.

What Are the Clinical Implications?
•	 Left atrial appendage occlusion with no adverse 

impact on cognition could be a better option 
for thromboprophylaxis in patients with atrial 
fibrillation.

Nonstandard Abbreviations and Acronyms

AFEQT	 Atrial fibrillation effect on quality of life
DOAC	 direct oral anticoagulant
LAA	 left atrial appendage
LAAO	 left atrial appendage occlusion
MoCA	 montreal cognitive assessment
OAC	 oral anticoagulant
QOL	 quality of life
TEE	 transesophageal echocardiogram
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and ≤17 as dementia. Change in MoCA score of 1.7 
points was considered clinically significant.12

Quality of Life
QOL was assessed at baseline (before AF ablation or 
LAAO procedure) and at 1-year follow-up using the 
AFEQT questionnaire. This survey evaluates health-
related QOL across 3 domains: symptoms, daily ac-
tivities, and treatment concerns. Overall score ranges 
from 0 to 100; a score of 0 corresponds to complete 
disability, while a score of 100 translates to no disability. 
Changes in AFEQT score of ±5 points are considered 
as clinically meaningful changes in patients’ health.13

LAAO and Subsequent Anticoagulation 
Strategy
All patients in the LAAO and OAC group had the AF ab-
lation performed at an earlier procedure. Our standard 
LAAO strategy has been described in detail in earlier 
publications from our group.14 A WATCHMAN device was 
used for LAAO in all patients. The entire procedure was 
guided by intracardiac and transesophageal echocar-
diogram (TEE). The first follow-up TEE was performed at 
45 days to assess the completeness of LAAO and pres-
ence of device-related thrombosis. Subsequent TEEs 
were performed at 6 and 12 months following LAAO or in 
the case of any thromboembolic complication.

Following the occlusion procedure, patients were 
kept on OAC until the first follow-up TEE at 45 days. 
In the case of complete LAAO, a half-dose direct oral 
anticoagulant (DOAC) was continued for 6 months fol-
lowed by long-term aspirin 81 mg/d. In patients with a 
large left atrium or moderate to dense left atrial smoke, 
half-dose DOAC was prescribed for long term. If peri-
device leak of ≥5 mm was detected in the follow-up 
TEE, transcatheter leak closure with detachable vas-
cular coils was recommended. TEE was performed at 
1 year to reassess the leaks.

AF Ablation and Subsequent 
Anticoagulation Therapy in the OAC 
Group
Our standard institutional protocol for AF abla-
tion has been provided in several publications 
from our group.15,16 Briefly, pulmonary vein antrum 
isolation+isolation of the left atrial posterior wall and 
superior vena cava was performed in all. Triggers from 
extra-pulmonary vein sites were unmasked by a high-
dose isoproterenol challenge (20–30  µg/min for 15–
20 minutes) and targeted for ablation on the basis of 
the operator’s discretion.

Oral anticoagulation was continued for 12 months 
in all patients in the OAC group, following the ablation 
procedure.

Follow-Up
MoCA and AFEQT surveys were conducted at 1 year via 
phone calls, email, or postal mail or during office visits. 
Patients were asked to report any occurrence of stroke or 
transient ischemic attack that were confirmed either by their 
treating physicians or by review of their medical records.

Statistical Analysis
Continuous data are described as mean±standard 
deviation and as counts and percentages if categori-
cal. Student’s t-test and chi-square tests were used to 
compare groups. Nonnormal variables were compared 
using the Wilcoxon rank-sum test. Descriptive analysis of 
the baseline and 1-year follow-up of MoCA and AFEQT 
scores was performed and summarized by study groups.

The primary analysis was the comparison of change 
in MoCA score between the study groups. The effect 
of LAAO in comparison with OAC, on change in MoCA 
score, was assessed using the ANCOVA method, ad-
justing for each patient’s baseline score. The difference 
was estimated using baseline adjusted least squares 
mean of MoCA score change. Two-sided P< 0.05 was 
considered significant. Average and 95% CI of least 
squares mean were reported across the study groups.

The multiple regression model used for the ANCOVA 
was expanded to include additional prognostic vari-
ables and the clinical factors that were independently 
associated with change in MoCA score at 1-year were 
assessed. The independent variables included in the 
model were age, sex, AF type, and variables that 
showed significant univariate association. Parameter 
estimates and 95% CIs were reported.

The following secondary analyses were performed.
The between-group effects of overall and domain-

specific change in AFEQT scores were assessed using 
a baseline-adjusted ANCOVA method.

The proportion of patients with clinically important 
difference in AFEQT score change was calculated at 
1-year follow-up. Changes in AFEQT score of ±5 points 
were considered clinically important.13

Severity levels of the MoCA score were graded 
using the following score ranges: normal cognition, 
>26; MCI, 18–26; mild dementia, 11–17; moderate 
dementia, 6–10; severe dementia, <6.17 A table was 
generated that summarized the severity category at 
follow-up stratified by baseline severity level.

Analyses were performed using SAS 9.2 (SAS 
Institute Inc., Cary, NC).

RESULTS
Patient Characteristics
A total of 98 patients (LAAO, 50; OAC, 48) were pro-
spectively enrolled in the study. The patients received 
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AF ablation only or an LAAO procedure following AF 
ablation between July 2014 and May 2018. Baseline 
and major clinical characteristics were comparable be-
tween the groups except for the CHADS2, CHA2DS2-
VASc score and age ≥75 years, which were significantly 
higher in the LAAO group. In the OAC group, DOACs 
were used in 40 (83.3%) patients and warfarin in 8 
(16.7%) patients. Baseline characteristics and proce-
dural information are presented in Table 1.

MoCA Score
The baseline MoCA scores were not different in 
LAAO and OAC groups; means (95% CIs) were 26.18 
(25.47–26.89) and 26.08 (25.38–26.78), respectively 
(P=0.846). At 1-year follow-up, scores were 26.94 
(26.28–27.60) in LAAO group and 23.38 (22.25–24.50) 
in the OAC group. The baseline adjusted least squares 
mean change reflected substantial worsening of cog-
nitive function in patients who remained on OAC. 
MoCA score decreased by an estimated −2.74 (95% 
CI, −3.61 to −1.87; P<0.0001) points on average in the 
OAC group, which exceeded the 1.7 points that was 

considered to be clinically significant.11 No significant 
change was reported in the LAAO group (0.79; 95% CI, 
−0.06 to 1.64; P=0.07) (Figure). The change in MoCA 
score observed between the groups was highly sig-
nificant; the difference in least squares means change 
was −3.53 (95% CI, −4.75 to −2.31; P<0.0001).

Subgroup analysis was performed to evaluate 
the primary end point within major subpopulations 
(Table 2). The primary end point, change in MoCA at 
1 year, was significantly different between the study 
groups within each of the subpopulations. This result 
demonstrates the robustness of the finding.

According to MoCA severity grading, 32 (64.0%) 
and 29 (60.4%) patients had normal cognitive function 
at baseline in LAAO and OAC populations, respec-
tively. At 1 year, 55% (16/29) of patients on OAC with 
normal baseline cognition developed MCI, whereas 
91% (29/32) of patients undergoing LAAO maintained 
the normal cognitive function at follow-up.

A total of 18 (36%) patients undergoing LAAO and 
19 (39.6%) patients on OAC had MCI at baseline. At 
1 year, 61% (11/18) of patients undergoing LAAO and 
26% (5/19) of on OAC reported improvement in score 
showing normal cognitive function (P=0.03). In 39% 
(7/18) and 68.4% (13/19) of patients in the LAAO and 
OAC groups, respectively, the functional status re-
mained unchanged as MCI. However, the mean score 
declined within the MCI range for the patients on OAC 
(13/19), whereas no change was recorded in the LAAO 
(7/18) cohort. Cognitive function worsened from MCI 
to moderate dementia in 5.2% (1/19) of patients from 
the OAC group. Change of MoCA severity grade from 
baseline to 1-year follow-up by study groups is pre-
sented in Table 3.

Table 1.  Baseline Clinical Characteristics of the Study 
Population

LAAO Group  
(N=50)

OAC Group  
(N=48) P Value

Age 69.6±7.8 69.1±5.7 0.72

Age≥75 15 (30.0) 6 (12.5) 0.035

Body mass index 30.1±5.7 31.0±6.0 0.43

Male patients 37 (74.0) 34 (70.8) 0.73

Nonparoxysmal AF 38 (76.0) 29 (60.4) 0.10

Hypertension 37 (74.0) 36 (75.0) 0.91

Dyslipidemia 23 (46.0) 25 (52.1) 0.55

Obstructive sleep apnea 10 (20.0) 8 (16.7) 0.67

Diabetes mellitus 12 (24.0) 9 (18.8) 0.53

History of TIA or stroke 9 (18.0) 4 (8.3) 0.16

Coronary artery disease 22 (44.0) 14 (29.2) 0.13

CHA2DS2 score 1.92±1.09 1.33±0.95 0.006

CHA2DS2-VASc score 3.30±1.43 2.73±1.25 0.038

HAS-BLED score 2.12±1.2 2.00±1.0 0.59

Number of ablation 
procedures

1.94±1.38 1.60±0.82 0.15

LAA isolation 17 (34.0) 18 (37.5) 0.71

Beta-blockers 23 (46.0) 28 (58.3) 0.22

B-type natriuretic peptide, 
pg/mL

235.0±53.3 212.4±131.2 0.26

CHA2DS2 indicates congestive heart failure, hypertension, age (>65=1 
point, >75=2 points), diabetes mellitus, previous stroke/transient ischemic 
attack (2 points); CHA2DS2-VASc, congestive heart failure, hypertension, 
age≥75  years, diabetes mellitus, stroke or TIA, vascular disease, age 65–
74  years, sex category; HAS-BLED, hypertension, abnormal liver/renal 
function, stroke history, bleeding history or predisposition, labile international 
normalized ratio, elderly, drug/alcohol usage; LAA, left atrial appendage; 
LAA, left atrial appendage occlusion; OAC, oral anticoagulation; and TIA, 
transient ischemic attack.

Figure.  Bar diagram showing overall change in Montreal 
Cognitive Assessment (MoCA) score by study groups.
The score decreased by an estimated −2.74 (95% CI, −3.61 to 
−1.87; P<0.0001) points on average in the oral anticoagulation 
(OAC) group, exceeding 1.7 points that was considered clinically 
meaningful. Change in the left atrial appendage occlusion (LAAO) 
group did not have statistical significance; 0.79 (95% CI, −0.06 
to 1.64; P=0.07).
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Multivariate Predictor of MoCA Change
After adjusting for baseline clinical characteristics (age, 
sex, and AF type), remaining on OAC was an inde-
pendent predictor of decline in MoCA score at 1 year 
(regression coefficient, −3.38; 95% CI, −4.75 to −2.02; 
P<0.0001). In other words, compared with receiving 
LAAO, OAC therapy was associated with an average 
of 3.4 unit reduction in MoCA score. None of the other 
predictors were statistically significant.

Atrial Fibrillation Effect on Quality of Life

No difference across study groups was noted in the 
change of overall or subscale AFEQT scores (Table 4).

Clinically Important Difference in AFEQT 
Score
Clinically important changes in the AFEQT score was 
computed using criteria described in the Statistical 
Analysis section. A total of 15 (30%) patients in the 
LAAO group had a stable AFEQT score at baseline 
and follow-up (did not experience any clinically impor-
tant change) compared with 10.4% (5/48) in the OAC 
group. Distribution of clinically important improvement 
was 62.0% (31/50) versus 75.0% (36/48) and worsen-
ing was 8.0% (4/50) versus 14.6% (7/48) in the LAAO 
and OAC groups, respectively. Groups did not differ 
significantly in achieving clinically important improve-
ment or worsening. However, more patients in the 
LAAO group maintained the stable ADEQT score at 
follow-up compared with the OAC group. Overall mul-
tiple comparison adjusted P value was 0.045.

Arrhythmia Recurrence
At 1-year follow-up, 10% (5/50) from the LAAO group 
and 19% (9/48) of patients from the OAC group were 

reported to have recurrence when antiarrhythmic 
drugs were discontinued (P=0.22).

Complications
One stroke was reported in the OAC group and none 
in the LAAO group. The thromboembolic event was 
experienced shortly after the ablation procedure, dur-
ing a brief (2-day) discontinuation of OAC for a medi-
cal procedure (endoscopy). Brain magnetic resonance 
imaging (MRI) showed recent infarcts in the left frontal 
and temporal lobes; no acute hemorrhage was identi-
fied. The patient recovered completely without any re-
sidual neurological deficit.

Among the patients undergoing LAAO, residual 
leaks >5 mm were detected in 3 patients during the 
first follow-up TEE at 45  days after the procedure. 
Transcatheter leak closure with detachable coil was 
performed shortly after the detection of leaks in all 3 
patients.

DISCUSSION
To the best of our knowledge, this is the first study to 
compare changes in cognition and QOL in patients 
with AF undergoing an LAAO procedure versus re-
maining on OAC following AF ablation. Our main find-
ings were the following: (1) at 1  year, no significant 
change in MoCA score was detected in the LAAO 
group, whereas it substantially declined in the OAC 
population, and the change between the groups was 
statistically significant; (2) more than half of the pa-
tients on OAC (55%) with no baseline cognitive im-
pairment developed MCI, whereas 91% in the LAAO 
group maintained normal cognition at follow-up; (3) 
in the subgroup analysis, change in MoCA at 1 year 
was significantly different between the study groups 
within each of the subpopulations; and (4) both 
groups showed similar improvement in the AFEQT 
score.

Independent association of AF with the risk of de-
veloping or worsening of preexistent cognitive impair-
ment is well documented in patients with or without 
a preceding thromboembolic event.1,5 However, it is 
not clear whether the association is causal or both 
AF and dementia are results of underlying systemic 
vascular conditions.1,6 Regardless of the mechanism 
that connects these 2 rising perils, with increasing 
prevalence in the global aging population, the signif-
icance of understanding the risk of dementia in dif-
ferent AF subpopulations cannot be overstated. More 
so in the recent times, as multiple lines of evidence 
have demonstrated the left atrial appendage to be a 
predominant source of thrombus formation. Based 
on randomized controlled trials that showed favorable 
stroke prevention with LAAO when compared with 

Table 2.  Change in MoCA Score at 1-year Follow-Up by 
Study Groups, Assessed Within Subgroups

Subgroups*

Least Squares Mean MoCA Change at 
Follow-up

P Value†LAAO OAC

Male patients 
(n = 71)

1.07 (0.02 to 2.11) −2.90 (−3.99 to −1.81) <0.0001

Female patients 
(n = 27)

0.25 (−1.37 to 1.88) −2.59 (−4.15 to −1.03) 0.018

PAF (n = 31) 0.84 (−1.12 to 2.80) −3.00 (−4.56 to −1.45) 0.0039

Persistent AF 
(n = 60)

0.75 (−0.16 to 1.67) −2.92 (−4.05 to −1.80) <0.0001

AF indicates atrial fibrillation; LAAO, left atrial appendage occlusion; 
MoCA: Montreal Cognitive Assessment; OAC, oral anticoagulation; and PAF, 
paroxysmal atrial fibrillation.

*Subgroups with <10 patients were excluded from the analysis. There 
were 7 patients with long-standing persistent AF; this AF type was not 
included in the analysis

†P value from baseline adjusted ANCOVA model.
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OACs, higher numbers of LAAO procedures are now 
performed in patients with AF.

In the current study, we prospectively followed 
patients receiving LAAO or remaining on OAC after 
AF ablation for 1  year to evaluate changes in cogni-
tive function and QOL, which were measured by vali-
dated MoCA and AFEQT questionnaires.18,19 The mean 
baseline MoCA score was comparable between the 2 
groups, with the majority from both groups having nor-
mal cognitive function at enrollment.

At follow-up, MoCA score remained unchanged 
in the LAAO group. Of note, in 11 of 18 (61%) post-
LAAO patients with borderline MCI at baseline, the 
score changed to normal at follow-up. This can be at-
tributed to practice effect, as reported by earlier stud-
ies.20 Moreover, in a recently published study by Jin et 
al21 preablation cognitive impairment was shown to be 
independently associated with improvement in neuro-
cognitive function at 1 year following AF ablation.

As shown in Table  1, our LAAO population had a 
higher risk for stroke (significantly higher CHA2DS2-
VASc score and older [>75 years]) than the OAC group. 
Therefore, it is unlikely that the worse cognitive outcome 
observed in the OAC group was related to differences in 
baseline clinical status, as such differences would have, 
if anything, favored the OAC group. Our findings seem-
ingly expand the previously published results from Laible 
et al8 and Rillig et al,9 who reported no adverse impact of 
LAAO on cognition in a small, single-arm series.

We observed a substantial decline in the cog-
nitive function in the OAC group, the change being 

significantly different from the LAAO population. Most 
patients (>83%) in this group were on DOACs. Beneficial 
effects of DOACs over warfarin in terms of dementia 
risk was reported by Chen et al22 in 307 099 patients 
from two US healthcare claim databases. However, 
we did not detect any improvement in cognition in our 
patients receiving OAC. This differential observation 
could be explained by the following limitations of the 
aforementioned study. First, it was based on claims 
data lacking clinical fidelity and most likely resulting in 
underestimation of dementia diagnosis, especially by 
not including MCI category.22 Second, they used the 
initial prescription of OAC to determine the drug group, 
not taking into account subsequent discontinuation, 
noncompliance, or switching to the other group.22

A higher number of cerebral microbleeds that may 
result from chronic anticoagulation is known to be 
associated with lower cognitive performance.21,23,24 
Moreover, the association of cerebral microinfarcts, 
likely resulting from inadequate anticoagulation at-
tributable to noncompliance, with dementia has been 
reported in several studies.25,26 It is possible that by 
occluding the lumen of the left atrial appendage, a 
prominent source of thrombus formation, LAAO re-
duced the chances of microemboli formation/release 
to brain compared with the OAC therapy, resulting in 
less structural brain damage than OAC.

In the absence of the brain MRI data to document 
microinfarcts and microbleeds, it is difficult to propose 
these mechanisms to explain the decline in the MoCA 
score in our patients on OACs. However, as 55% of 

Table 3.  MoCA Severity Grade at Baseline and 1-year Follow-up by Study Groups

1-year follow-up N Label Mean Std Dev Median Minimum Maximum
Lower 
95%

Upper 
95%

LAAO: BASELINE MCI (n=18)

No dementia 11 Baseline MoCA score 23.91 1.38 24 21 25 22.99 24.83

Follow-up MoCa Score 27.64 1.5 27 26 30 26.63 28.65

Change in MoCA score 3.73 1.56 4 1 6 2.68 4.77

Mild cognitive 
impairment

7 Baseline MoCA score 22.71 1.6 23 20 24 21.23 24.2

Follow-up MoCa Score 22.71 2.21 23 19 25 20.67 24.76

Change in MoCA score 0 1.29 0 -2 2 -1.19 1.19

OAC: BASELINE MCI (n=19)

No dementia 5 Baseline MoCA score 24.4 0.89 25 23 25 23.29 25.51

Follow-up MoCa Score 27.2 1.64 26 26 29 25.16 29.24

Change in MoCA score 2.8 1.79 3 1 5 0.58 5.02

Mild cognitive 
impairment

13 Baseline MoCA score 23.54 2.22 25 18 25 22.2 24.88

Follow-up MoCa Score 21.46 2.73 20 18 25 19.81 23.11

Change in MoCA score −2.08 3.75 −1 −7 7 −4.34 0.19

Moderate cognitive 
impairment

1 Baseline MoCA score 25 . 25 25 25 . .

Follow-up MoCa Score 15 . 15 15 15 . .

Change in MoCA score −10 . −10 −10 −10 . .

LAAO indicates left atrial appendage occlusion; MCI, mild cognitive impairment; MoCA, Montreal Cognitive Assessment; and OAC, oral anticoagulant.
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OAC patients with normal baseline cognitive function 
developed impaired cognition at follow-up, microin-
farcts and microbleeds can be cautiously speculated 
to be potential contributors. In a population-based 
study, the authors reported benefits of OAC therapy 
in patients aged ≥65 years with CHA2DS2-VASc score 
0 or 1.27 However, the majority of our patients had a 
CHA2DS2-VASc score of ≥2; thus, the populations 
were not comparable.

In a recently published article on Korean registry 
data, authors have reported association of incident AF 
with new-onset dementia in stroke-free patients.28 They 
also observed a low incidence of cognitive impairment 
in patients with AF on OAC therapy. This study was 
based on findings from an administrative database. 
Therefore, coding inaccuracies as well as failure to 
capture mild cognitive impairments (Korean Dementia 
Screening questionnaire mostly differentiates between 
dementia and normal cognition) resulting in underesti-
mation of the events are well anticipated. Furthermore, 
it is not clear if the dementia risk (age, duration of AF, 
CHA2DS2-VASc score) was comparable between the 
populations on and off OAC.

The robustness of our main finding (change in MoCA 
score at 1  year being significantly different between 
groups) was validated using the subgroup analysis. The 
difference in MoCA score in each subpopulation was 
statistically significant between the LAAO and OAC 
groups, indicating that irrespective of sex and AF type, 
patients receiving OAC performed worse in terms of 
cognitive function compared with the LAAO population.

Of note, anticholinergic agents have been impli-
cated in the pathogenesis of delirium.29 However, none 
of our patients received class I antiarrhythmics such 

as disopyramide and quinidine that exhibit antagonistic 
properties on muscarinic receptors.29 Similarly, beta-
blockers have been linked to cognitive dysfunction in 
several reports,29 but in our series, beta-blockers were 
prescribed to a similar number of patients across the 
groups. Another cardiovascular risk factor known to be 
associated with cognitive decline is B-type natriuretic 
peptide.30,31 However, the mean B-type natriuretic 
peptide level was comparable at baseline between 
our study groups. Therefore, neither the drugs nor the 
neuroendocrine hormone seemingly played a role in 
the observed cognitive decline in one group versus the 
other.

Finally, we observed comparable improvement 
in the QOL in both groups, assessed by the AFEQT 
scale. This 20-item questionnaire exclusively mea-
sures patients’ perspectives on the most important 
manifestations of AF in their lives.19 Its reproducibility 
in stable patients and its sensitivity to clinical change 
or responsiveness in patients undergoing thera-
peutic interventions for AF are well established.19 In 
a recently published study, Holmes et al13 reported 
changes in AFEQT score of ±5 points to be clinically 
significant. We observed a significantly higher num-
ber of patients in the LAAO group remaining stable 
(no clinically important difference) in terms of change 
in AFEQT score compared with the OAC population. 
However, the proportion with clinically important dif-
ference (improvement or worsening) were equally 
distributed across the study groups. As a compa-
rable number of study participants in the LAAO and 
OAC groups remained arrhythmia free at 1 year, sim-
ilar improvement in the AFEQT score was expected 
across groups.

Table 4.  Overall AFEQT Score and Domain-Specific Subscale Scores at Baseline, 1-Year Follow-up, and Change from 
Baseline, by Study Groups

AFEQT Score
LAAO  

Mean (95% CI)
OAC  

Mean (95% CI)
*P Value  

(Linear Model)

Overall AFEQT at baseline 71.86 (66.19–77.53) 68.15 (62.01–74.29)

Overall AFEQT at follow-up 85.68 (79.5–91.86) 84.26 (78.64–89.88)

Overall AFEQT change (least squares mean) 13.80 (8.42–19.18) 15.01 (9.90–20.08) 0.751

AFEQT subscales

Symptoms at baseline 81.83 (76.04–87.63) 73.87 (66.6–81.15)

Symptoms at follow-up 90.6 (85.62–95.57) 89.35 (84.07–94.64)

Symptoms change (least squares mean) 11.94 (6.71–17.18) 12.29 (7.34–17.24) 0.925

Treatment concern at baseline 72.17 (66.3–78.03) 68.85 (61.77–75.93)

Treatment concern at follow-up 87.06 (81.45–92.68) 87.31 (81.03–93.59)

Treatment concern change (least squares mean) 15.70 (10.24–21.17) 16.65 (11.34–21.96) 0.804

Daily activities at baseline 66.42 (58.35–74.49) 64.63 (57.10–72.17)

Daily activities at follow-up 82.08 (73.45–90.72) 80.09 (73.48–86.7)

Daily activities change (least squares mean) 13.70 (6.73–20.66) 14.21 (7.62–20.81) 0.915

AFEQT indicates Atrial Fibrillation Effect on Qualiyy of Life; LAAO, left atrial appendage occlusion; and OAC, oral anticoagulation
The star (*) indicates p-value from multiple regression model
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To summarize, in the current study, postablation 
year-long OAC therapy was associated with significant 
decline in the cognitive function compared with LAAO. 
However, improvement in QOL was similar between 
the groups.

LIMITATIONS
We acknowledge certain limitations in our study:

1.	 Based on our study design including patients with 
AF following ablation, it is not possible to know 
whether the observed benefit of LAAO over long-
term OAC use would apply to patients with AF 
at large who do not undergo ablation.

2.	Although there are several neuropsychological as-
sessment tools available, only MoCA was used in the 
current study. However, the sensitivity of MoCA to 
changes in cognitive performance is well validated, 
and it has been shown to be very similar to the Mini 
Mental State Examination, a widely used cognitive 
screening instrument.11,20

3.	We did not collect the brain MRI data for all patients 
in this study that could have possibly provided in-
formation on the underlying mechanism of cognitive 
worsening. However, in a quantitative analysis of 33 
studies, structural MRI was reported to have low 
diagnostic accuracy in early dementia progressing 
subsequently to Alzheimer disease.32 Furthermore, 
white matter hyperintensities, a recognized marker 
of vascular dementia, is also age related, and mod-
erate number of white matter hyperintensities are 
seen in 30% of the normal older population with no 
significant cognitive dysfunction.33 Thus, it is chal-
lenging to interpret MRIs in elderly patients with 
MCI. Moreover, advanced functional neuroimaging 
studies such as single-photon emission computed 
tomography and positron emission tomography are 
not routinely performed because of low sensitivity 
to detect vascular dementia, additional cost, radia-
tion exposure, poor tolerability in the elderly, and 
invasiveness.34

4.	Small sample size and nonrandomized study design 
were other limitations of this study. Given the small 
sample size, it is likely that we could not adjust for all 
confounders and some degree of residual confound-
ing remained. However, we enrolled consecutive eli-
gible patients to avoid selection bias. Furthermore, 
the primary findings were statistically significant even 
with the small sample size.

5.	Maintaining therapeutic anticoagulation is known to 
decrease cognitive decline. Even though noncom-
pliance was not reported in our study population, it 
is possible that some patients had less time in the 
therapeutic range of anticoagulation.

CONCLUSIONS
Our results demonstrated that long-term OAC therapy 
compared with LAAO was associated with worsening 
of cognitive function in patients with AF regardless of 
sex and AF type, although QOL improved similarly in 
both populations.
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