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ABSTRACT

Objective: Left atrial appendage occlusion (LAAO) is widely used for stroke prevention in 
patients with atrial fibrillation who are unsuitable for long-term anticoagulation. However, 
whether clinical outcomes differ according to indication phenotype (bleeding-dominant versus 
ischemic-dominant) remains unclear. This study aimed to evaluate the association between 
indication phenotype and clinical outcomes following LAAO and to determine whether 
phenotype provides incremental prognostic value beyond traditional risk factors.

Method: In this retrospective single-center study, patients undergoing LAAO were classified as 
having either a bleeding-dominant or ischemic-dominant indication phenotype. The primary 
outcome was all-cause mortality. The secondary outcome was a net clinical benefit composite 
consisting of death, recurrent stroke, or major bleeding. Associations were assessed using 
Kaplan–Meier and Cox analyses, and the proportional hazards assumption was tested using 
Schoenfeld residuals. Sensitivity analyses were performed after excluding major bleeding from 
the composite outcome.

Results: A total of 109 consecutive patients were included. During a median follow-up of 
approximately 10 months, all-cause mortality occurred in 25.7% of patients, while the net 
clinical benefit composite occurred in 29.4%. No statistically significant association was 
observed between indication phenotype and mortality (adjusted hazard ratio [HR] 1.00, 
95% confidence interval [CI] 0.38–2.62) or the composite outcome (adjusted HR 0.73, 95% 
CI 0.30–1.78). However, the wide confidence intervals reflect the limited sample size and 
event burden.

Conclusion: Among patients undergoing LAAO, no statistically significant differences in short-
term clinical outcomes were observed according to indication phenotype. Age emerged as the 
most consistent determinant of risk. Given the modest sample size, limited number of events, 
and relatively short follow-up duration, these findings should be interpreted cautiously and 
considered hypothesis-generating.

Keywords: Atrial fibrillation, clinical outcomes, indication phenotype, left atrial appendage 
closure, risk stratification

ÖZET

Amaç: Sol atriyal apendiks kapatma (LAAO), uzun süreli antikoagülasyon tedavisi için 
uygun olmayan atriyal fibrilasyon hastalarında inmenin önlenmesi amacıyla yaygın olarak 
kullanılmaktadır. Bununla birlikte, klinik sonuçların endikasyon fenotipine göre (kanama 
ağırlıklı ve iskemik ağırlıklı) farklılık gösterip göstermediği hâlâ belirsizdir. Bu çalışmanın amacı, 
LAAO sonrası endikasyon fenotipi ile klinik sonuçlar arasındaki ilişkiyi değerlendirmek ve 
fenotipin geleneksel risk faktörlerinin ötesinde ek bir prognostik değer sağlayıp sağlamadığını 
belirlemektir.

Yöntem: Bu retrospektif tek merkezli çalışmada, LAAO uygulanan hastalar endikasyona göre 
kanama dominant veya iskemik dominant olarak sınıflandırılmıştır. Birincil sonuç, tüm nedenlere 
bağlı mortaliteydi. İkincil sonuç ise ölüm, tekrarlayan inme veya majör kanamadan oluşan net 
klinik fayda bileşeniydi. İlişkiler Kaplan–Meier ve Cox analizleri kullanılarak değerlendirilmiş, 
orantılı riskler Schoenfeld kalıntıları ile test edilmiştir. Duyarlılık analizlerinde majör kanama, 
bileşenden hariç tutulmuştur.
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Atrial fibrillation (AF) is the most common cardiac arrhythmia 
and a major cause of ischemic stroke, contributing 

substantially to morbidity and mortality.1 Oral anticoagulant 
(OAC) therapy, including vitamin K antagonists or direct oral 
anticoagulants, is the cornerstone of stroke prevention in 
patients with AF.2 However, OAC therapy is associated with several 
important challenges, including treatment nonadherence, 
OAC-related bleeding, and ischemic events despite adequate 
anticoagulation.3,4

The left atrial appendage is the predominant source of 
thromboembolism in patients with atrial fibrillation.5 Therefore, 
limitations or contraindications to OAC therapy have led to 
increasing interest in left atrial appendage closure. Percutaneous 
left atrial appendage occlusion (LAAO) is a device-based strategy 
for stroke prevention in AF.6 Several studies have shown that 
LAAO is noninferior for stroke prevention and is associated with 
a lower risk of bleeding.7,8 As procedural experience and case 
volume have increased over time, the role of LAAO has become 
more clearly established, and evidence regarding both short- 
and long-term outcomes has continued to accumulate.9

Published single-center real-world data from Türkiye remain limited. 
Therefore, this study aimed to identify bleeding- and ischemic-
predominant indication phenotypes among patients undergoing 
LAAO and to compare their short-term clinical outcomes.

Materials and Methods 

Study Population 
This single-center, observational, retrospective cohort study was 
based on the analysis of consecutive patients who underwent 
LAAO at the İzmir Katip Çelebi University Cardiology Clinic 
between January 2020 and December 2025. Because this 
retrospective study used de-identified data, the requirement for 
additional informed consent for study participation was waived 
by the Ethics Committee. Written informed consent for the LAAO 
procedure had been obtained from all patients as part of routine 
clinical care. Clinical, laboratory, procedural, and follow-up data 
were retrospectively collected from the hospital information 
management system.

Inclusion and Exclusion Criteria 
Inclusion criteria were as follows: 

•	 Age ≥ 18 years

•	 Diagnosis of atrial fibrillation 

•	 Undergoing left atrial appendage occlusion

•	 Availability of clinical, laboratory, and follow-up data. 

The exclusion criterion was missing clinical or follow-up data. 

Patient Groups
Patients were categorized into two predefined indication 
phenotypes:

1.	 Bleeding-dominant phenotype: prior major bleeding, high 
HAS-BLED (Hypertension, Abnormal Renal/Liver Function, 
Stroke, Bleeding, Labile INR, Elderly, Drugs or Alcohol) score 
(≥ 3), or intolerance to OAC therapy.

2.	 Ischemic-dominant phenotype: thromboembolism despite 
OAC therapy or contraindication to OAC therapy without a 
history of major bleeding.

Ethical Considerations
The study protocol was approved by Izmir Katip Çelebi University 
Health Research Ethics Committee (Approval Number: 0135, 
Date: 12.02.2026) and was conducted in accordance with the 
Declaration of Helsinki.

ABBREVIATIONS
AF	 Atrial fibrillation
DOAC	 Direct oral anticoagulant
INR	 International normalized ratio
LAAO	 Left atrial appendage occlusion
NOAC	 Novel oral anticoagulant
NSAIDs	 Nonsteroidal anti-inflammatory drugs
OAC	 Oral anticoagulant
SAPT	 Single antiplatelet therapy
TOE	 Transesophageal echocardiography

Bulgular: Toplam 109 ardışık hasta çalışmaya dahil edildi. Nispeten kısa süreli bir takibi 
yansıtan yaklaşık 10 aylık medyan takip süresi boyunca, tüm nedenlere bağlı mortalite 
hastaların %25,7’sinde, net klinik fayda bileşeni ise %29,4’ünde görüldü. Endikasyon 
fenotipi ile mortalite (düzeltilmiş HR 1,00, %95 CI 0,38–2,62) veya bileşik sonuç 
(düzeltilmiş HR 0,73, %95 CI 0,30–1,78) arasında istatistiksel olarak anlamlı bir ilişki 
gözlenmemiştir. Ancak geniş güven aralıkları, sınırlı örneklem büyüklüğünü ve olay yükünü 
yansıtmaktadır.

Sonuç: LAAO uygulanan hastalarda, endikasyon fenotipine göre kısa vadeli klinik sonuçlarda 
istatistiksel olarak anlamlı bir fark gözlemlemedik; buna karşın yaş, riskin en tutarlı belirleyicisi 
olarak ortaya çıktı. Mütevazı örneklem büyüklüğü, sınırlı olay sayısı ve nispeten kısa takip süresi 
göz önüne alındığında, bu bulgular dikkatli bir şekilde yorumlanmalı ve hipotez oluşturucu 
olarak değerlendirilmelidir.

Anahtar Kelimeler: Atriyal fibrilasyon, klinik sonuçlar, endikasyon fenotipi, sol atriyal apendiks 
kapatma, risk sınıflandırması
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Left Atrial Appendage Closure Procedure 
The LAAO procedure was performed according to the 
implantation protocol of the respective occluder device. In 
general, LAA anatomy was evaluated using preprocedural 
transesophageal echocardiography (TOE) and, when necessary, 
computed tomography. The presence of intracardiac thrombus 
was excluded before the procedure. Procedures were performed 
under general anesthesia with fluoroscopic and TOE guidance. 
The right atrium was accessed via percutaneous femoral venous 
puncture, followed by transseptal puncture to obtain access to 
the left atrium. A stiff guidewire was then advanced into the 
left upper pulmonary vein, and an appropriate delivery sheath 
was positioned. Left atrial appendage (LAA) angiography was 
performed using a pigtail catheter. Measurements of the LAA 
ostium, neck, landing zone, and depth were obtained from 
TOE and angiographic images. The appropriate occluder device 
type and size were selected and deployed within the LAA using 
the delivery system. After confirmation of appropriate device 
position by TOE and angiography, a tug test was performed, and 
the device was subsequently released.

Definitions
The CHA2DS2-VASc score was calculated by assigning points 
for congestive heart failure (1 point), hypertension (1 point), 
age ≥75 years (2 points), diabetes mellitus (1 point), prior 
stroke/transient ischemic attack/thromboembolism (2 points), 
vascular disease (1 point), age 65–74 years (1 point), and 
female sex (1 point).10

The HAS-BLED score was calculated based on the presence of 
hypertension, abnormal renal/hepatic function, prior stroke, 
bleeding history, age > 65 years, and concomitant use of 
antiplatelet agents or nonsteroidal anti-inflammatory drugs 
(NSAIDs). Labile international normalized ratio (INR) was not 
applicable because the cohort predominantly received non-
vitamin K antagonist oral anticoagulant (NOAC) therapy and was 
therefore coded as 0.11

Statistical Analysis 
Statistical analyses were performed using SPSS version 30.0.0.0 
(IBM Corp., Armonk, NY, USA) and the R programming language 
(R Foundation for Statistical Computing, Vienna, Austria; version 
4.5.2) within the RStudio environment (Posit PBC, Boston, MA, 
USA). Continuous variables are presented as mean ± standard 
deviation (SD) or median (interquartile range, IQR). Categorical 
variables are presented as counts and percentages. Student’s 
t-test or analysis of variance was used for comparisons of 
continuous variables, whereas chi-square or Fisher’s exact 
tests were used for categorical variables. The Kaplan–Meier 
method was used to estimate cumulative survival probabilities. 
Candidate variables for the multivariable Cox models included 
all covariates with a P value < 0.10 in univariable analyses (age, 
chronic kidney disease, carotid artery disease, left ventricular 
ejection fraction, hemoglobin, and CHA2DS2‑VASc score), 
together with indication phenotype, which was included in all 
models irrespective of its univariable association. To minimize 
overfitting given the limited number of events, backward 
stepwise selection based on the Akaike information criterion 
was applied, and multicollinearity was assessed using variance 
inflation factors. Statistical significance was defined as a two-

sided P value < 0.05. In the final parsimonious models, only age 
and CHA2DS2-VASc score were retained alongside indication 
phenotype. To explore the potential confounding effect of 
discharge antithrombotic therapy, additional Cox sensitivity 
analyses were performed among patients discharged on active 
antithrombotic therapy by adding direct oral anticoagulant 
(DOAC)-based versus antiplatelet-based discharge therapy to 
the base multivariable model.

Results

Study Population and Baseline Characteristics
A total of 109 consecutive patients undergoing left atrial 
appendage closure were included, of whom 58 (53.2%) 
were classified as bleeding-dominant and 51 (46.8%) as 
ischemic-dominant according to clinical indication. Baseline 
characteristics differed between groups in expected directions, 
with higher HAS-BLED scores and lower hemoglobin levels 
observed in the bleeding-dominant phenotype, whereas 
ischemic-dominant patients had a greater prevalence of prior 
thromboembolic events and higher CHA2DS2-VASc scores. 
Discharge antithrombotic regimens differed significantly 
according to indication phenotype, with single antiplatelet 
therapy (SAPT) used more frequently in the bleeding-dominant 
group and DOAC therapy used more frequently in the ischemic-
dominant group. Other demographic and clinical variables were 
broadly comparable between groups (Table 1).

Procedural Characteristics
Procedural characteristics and in-hospital outcomes were 
comparable between phenotypes. Device distribution, procedural 
success, and length of hospital stay did not differ significantly 
between groups. Overall in-hospital mortality was low and did 
not differ according to indication phenotype (Table 2).

Follow-Up and Clinical Outcomes
During a median follow-up of approximately 293 days (IQR 
176–468 days), representing relatively short-term follow-up, 
all-cause mortality occurred in 28 patients (25.7%). Among 
deceased patients, 10 deaths were classified as cardiovascular, 
12 as noncardiovascular, one as periprocedural, and five as of 
unknown cause. Noncardiovascular deaths included malignancy 
(n = 3), pneumonia (n = 5), urosepsis (n = 3), and gastrointestinal 
bleeding (n = 1). The cohort was predominantly elderly: 13 
patients (11.9%) were younger than 65 years, 40 (36.7%) 
were aged 65–75 years, and 56 (51.4%) were older than 75 
years (Appendix 1). Recurrent stroke occurred in eight patients 
(7.3%), whereas major bleeding occurred in six patients (5.5%). 
The net clinical benefit composite endpoint, defined as the time 
to first occurrence of death, recurrent stroke, or major bleeding, 
occurred in 32 patients (29.4%).

When expressed as incidence rates, all-cause mortality occurred 
at approximately 27.9 events per 100 patient-years, recurrent 
stroke at 8.1 events per 100 patient-years, and major bleeding 
at 6.4 events per 100 patient-years. The net clinical benefit 
composite occurred at approximately 34.7 events per 100 
patient-years (Appendix 2).

Outcome rates were numerically higher for major bleeding in 
the bleeding-dominant group, whereas mortality and recurrent 
stroke rates were similar between phenotypes (Table 3).
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Table 1. Baseline characteristics according to indication phenotype
Variables Bleeding-dominant

(n = 58)
Ischemic-dominant

(n = 51)
P

Age, years 74.30 ± 8.73 73.84 ± 9.50 0.797

CHA2DS2-VASc score† 4.00 [3.00–5.00] 6.00 [5.00–7.00] < 0.001

HAS-BLED score† 4.00 [3.00–4.00] 3.00 [2.50–4.00] < 0.001

LVEF, %† 60.00 [50.00–60.00] 60.00 [53.00–60.00] 1.000

BUN, mg/dL† 20.00 [15.00–28.50] 20.00 [16.00–26.50] 0.952

Creatinine, mg/dL† 1.17 [0.97–1.45] 1.11 [0.95–1.30] 0.386

Hemoglobin, g/dL† 10.50 [9.50–12.00] 12.60 [11.15–13.55] < 0.001

CRP, mg/L† 8.50 [5.00–21.90] 7.00 [2.80–29.00] 0.501

Male sex 29 (50.0%) 30 (58.8%) 0.356

Current smoker 8 (13.8%) 7 (13.7%) 0.992

Diabetes mellitus 29 (50.0%) 20 (39.2%) 0.259

Hypertension 41 (70.7%) 37 (72.5%) 0.830

Coronary artery disease 0.704

None 24 (41.4%) 17 (33.3%)

Non-critical disease 14 (24.1%) 13 (25.5%)

Prior PCI 12 (20.7%) 15 (29.4%)

Prior CABG 8 (13.8%) 6 (11.8%)

Heart failure 13 (22.4%) 5 (9.8%) 0.077

Chronic kidney disease 0.034

None 25 (43.1%) 30 (58.8%)

CKD 27 (46.6%) 21 (41.2%)

Dialysis 6 (10.3%) 0 (0.0%)

Prior stroke/TIA 15 (25.9%) 51 (100.0%) < 0.001

Peripheral artery disease 3 (5.2%) 5 (9.8%) 0.470

Carotid artery disease 16 (27.6%) 45 (88.2%) < 0.001

AF type 0.321

None/unknown 1 (1.7%) 2 (3.9%)

Paroxysmal 24 (41.4%) 27 (52.9%)

Persistent 33 (56.9%) 22 (43.1%)

Baseline anticoagulant therapy 0.263

Apixaban 15 (25.9%) 15 (29.4%)

Rivaroxaban 17 (29.3%) 21 (41.2%)

Edoxaban 5 (8.6%) 4 (7.8%)

Dabigatran 0 (0.0%) 1 (2.0%)

VKA 5 (8.6%) 5 (9.8%)

LMWH 3 (5.2%) 0 (0.0%)

Discharge antithrombotic regimen < 0.001

DAPT 6 (10.3%) 4 (7.8%)

DOAC 4 (6.9%) 31 (60.8%)

SAPT 45 (77.6%) 14 (27.5%)

No antithrombotic therapy 3 (5.1%) 2 (3.9%)

AF, Atrial fibrillation; BUN, Blood urea nitrogen; CABG, Coronary artery bypass grafting; CHA2DS2-VASc, Congestive heart failure, hypertension, age ≥ 75 
years, diabetes mellitus, stroke/transient ischemic attack, vascular disease, age 65–74 years, sex category; CKD, Chronic kidney disease, CRP, C-reactive 
protein; DAPT, Dual antiplatelet therapy; DOAC, Direct oral anticoagulant; HAS-BLED, Hypertension, abnormal renal/liver function, stroke, bleeding history 
or predisposition, labile INR, elderly, drugs/alcohol concomitantly; LMWH, Low-molecular-weight heparin; LVEF, Left ventricular ejection fraction; PCI, 
Percutaneous coronary intervention; SAPT, Single antiplatelet therapy, TIA, Transient ischemic attack; VKA, Vitamin K antagonist. †Values are presented as 
median (interquartile range (25–75th percentile)).
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In descriptive analyses, discharge antithrombotic regimen was 
not significantly associated with all-cause mortality, recurrent 
stroke, major bleeding, or the net clinical benefit composite 
during follow-up (Appendix 3). Furthermore, exploratory 
Cox sensitivity analyses restricted to patients discharged on 
active antithrombotic therapy demonstrated that additional 
adjustment for DOAC-based versus antiplatelet-based discharge 
therapy did not materially alter the association between 
indication phenotype and either all-cause mortality or the net 
clinical benefit composite. DOAC-based discharge therapy was 
not significantly associated with either all-cause mortality or the 
composite outcome (Appendix 4).

Kaplan–Meier Analyses
Kaplan–Meier analysis demonstrated no significant difference in 
all-cause mortality between bleeding- and ischemic-dominant 
phenotypes (log-rank P = 0.947). Similarly, no significant 
difference was observed for the net clinical benefit composite 
outcome (log-rank P = 0.352) (Figures 1, 2). Survival curves 
showed substantial overlap between groups.

Cox Proportional Hazards Regression

All-Cause Mortality
In unadjusted Cox analysis, indication phenotype was not 
associated with mortality. In multivariable analysis adjusted 
for age and CHA2DS2-VASc score, no statistically significant 
association was observed between phenotype and mortality 
(hazard ratio [HR] 1.00, 95% confidence interval [CI] 0.38–2.62, 
P = 1.00). Age showed a nonsignificant trend toward increased 
risk (HR 1.04 per year, P = 0.11), whereas CHA2DS2-VASc score 
was not associated with mortality.

Net Clinical Benefit Composite
For the composite outcome, phenotype was not significantly 
associated with events in the adjusted analysis (HR 0.73, 95% 
CI 0.30–1.78, P = 0.49). Increasing age was independently 
associated with a higher risk of events (HR 1.05 per year, P = 
0.039), whereas CHA2DS2-VASc score was not significantly 
associated with the outcome.

Proportional Hazards Assumption
The proportional hazards assumption was evaluated using 
Schoenfeld residuals. No violations were observed at the global 
level for either the mortality or composite models. A borderline 
time-dependent pattern was noted for the CHA2DS2-VASc score, 
likely reflecting the limited number of events; however, this did 
not materially affect model validity (Appendix 5).

Event Rates per Patient-Years
Event rates per 100 patient-years were comparable between 
phenotypes for mortality and recurrent stroke. Major bleeding 
rates were numerically higher in the bleeding-dominant group, 
whereas overall composite event rates were similar between 
groups (Appendix 2).

Sensitivity Analysis
In a sensitivity analysis using an alternative composite endpoint 
consisting of death and recurrent stroke only, no statistically 
significant association was observed between phenotype and 
outcomes (HR 0.92, P = 0.86). Age showed a borderline association 
with risk, and proportional hazards assumptions remained satisfied, 
supporting the overall consistency of the primary findings during 
this relatively short follow-up period (Appendix 6).

Table 2. Procedural characteristics and in-hospital outcomes
Variables Bleeding-dominant

(n = 58)
Ischemic-dominant

(n = 51)
P

ICU stay, days 0.00 [0.00–0.00] 0.00 [0.00–0.00] 0.676

Length of hospital stay, days 6.00 [4.00–10.75] 8.00 [4.50–11.00] 0.510

Occluder type 0.307

Amulet 26 (44.8%) 23 (45.1%)

Lambre 32 (55.2%) 28 (54.9%)

Contrast-induced nephropathy 2 (3.4%) 1 (2.0%) 1.000

In-hospital mortality 2 (3.4%) 0 (0.0%) 0.497

ICU, Intensive care unit.

Table 3. Follow-up clinical outcomes according to indication phenotype
Outcome Bleeding-dominant

(n = 58)
Ischemic-dominant

(n = 51)
P

All-cause mortality 15 (25.9%) 13 (25.5%) 0.965

Recurrent stroke 4 (6.9%) 4 (7.8%) 1.000

Major bleeding 5 (8.6%) 1 (2.0%) 0.212

Net clinical benefit composite (death/stroke/major bleeding) 19 (32.8%) 13 (25.5%) 0.406

Recurrent MI 0 (0.0%) 2 (3.9%) 0.217

Heart failure hospitalization 4 (6.9%) 1 (2.0%) 0.369

Repeat revascularization 0 (0.0%) 0 (0.0%) 1.000

MI, Myocardial infarction. Additional descriptive analyses according to discharge antithrombotic regimen are presented in Appendix 3.
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Discussion

Principal Findings
In this single-center cohort of patients undergoing LAAO, 
indication phenotype was not independently associated with 
either all-cause mortality or net clinical benefit during short-
term follow-up. Across multiple models and sensitivity analyses, 
increasing age consistently emerged as the principal determinant 
of adverse outcomes. Importantly, the overall pattern of findings 
remained similar when major bleeding was excluded from the 
composite endpoint, although the modest sample size and 
limited follow-up duration warrant cautious interpretation.

Phenotype and Outcomes After LAAO
In our cohort, short-term clinical outcomes after LAAO appeared 
broadly similar between bleeding-dominant and ischemic-
dominant phenotypes. However, given the modest sample 
size, limited number of events, and relatively short follow-up 
duration, these findings do not exclude potentially clinically 
meaningful differences between groups. Rather, they suggest 
that overall clinical vulnerability may be at least as important 
as the initial indication for closure during early follow-up. Larger 
multicenter studies with longer follow-up are needed to further 
evaluate this hypothesis. Rather than demonstrating a true “risk-
equalizing” effect, these findings are only consistent with the 
hypothesis that LAAO may attenuate the prognostic impact of 
the index indication in highly comorbid patients.

Previous large registries, including the EWOLUTION registry 
(Evaluating Real-Life Clinical Outcomes in Atrial Fibrillation 
Patients Receiving the WATCHMAN Left Atrial Appendage Closure 

Technology) and the Amulet Observational Study, have shown that 
outcomes after LAAO are influenced predominantly by baseline 
comorbidity burden rather than procedural indication alone.12 In 
these studies, advanced age, renal dysfunction, and markers of 
frailty were consistently associated with mortality, whereas the 
initial indication for device implantation was less predictive of 
long‑term outcomes.12 Our findings extend these observations by 
directly comparing predefined indication phenotypes and suggest 
that phenotype classification alone may not provide substantial 
incremental prognostic information beyond traditional clinical risk 
factors during short-term follow-up.

High Short-Term Mortality and Competing Clinical 
Vulnerability
The relatively high all-cause mortality observed in our 
cohort should be interpreted in the context of advanced age, 
multimorbidity, and competing non-cardiovascular risks. 
More than half of the cohort was older than 75 years, and 
noncardiovascular causes accounted for a substantial proportion 
of deaths. In the recent EWOLUTION mortality analysis, the two-
year all-cause mortality rate after LAAO was 16.4%, with 50% 
of deaths attributed to noncardiovascular causes. Independent 
predictors of mortality included older age, heart failure, vascular 
disease, valvular disease, abnormal renal function, and abnormal 
liver function.13 In the same analysis, mortality increased 
progressively with age, from 12.6% among patients aged 65–74 
years to 21.1% among those aged 75–84 years and 29.1% 
among patients aged ≥ 85 years.13 These findings support the 
concept that mortality after LAAO in real-world populations 
is often driven by overall clinical vulnerability and competing 

Figure 1. Kaplan–Meier curves for all-cause mortality according 
to indication phenotype. Kaplan–Meier survival curves 
illustrating the cumulative incidence of all-cause mortality 
in patients with bleeding-dominant and ischemic-dominant 
phenotypes. Differences between groups were assessed using 
the log-rank test.

Figure 2. Kaplan–Meier curves for the net clinical benefit composite 
endpoint. Kaplan–Meier curves showing the cumulative incidence 
of the net clinical benefit composite endpoint, defined as death, 
recurrent stroke, or major bleeding, stratified according to 
indication phenotype. Group comparisons were performed using 
the log-rank test.
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comorbidity-related risks rather than thromboembolic or device-
related events alone. In our cohort, the distribution of deaths 
related to infection, malignancy, gastrointestinal bleeding, and 
unknown causes further supports this interpretation.

Role of Age as the Dominant Predictor
Age emerged as the most consistent predictor of adverse 
outcomes across both mortality and composite analyses. This 
finding is biologically plausible, as older patients undergoing LAAO 
frequently have a higher burden of systemic frailty, endothelial 
dysfunction, and competing risks, including noncardiovascular 
mortality.

Previous long-term follow-up analyses from the PROTECT 
AF (Percutaneous Left Atrial Appendage Closure for Stroke 
Prophylaxis in Patients with Atrial Fibrillation) and PREVAIL 
(Prospective Randomized Evaluation of the WATCHMAN 
Left Atrial Appendage Closure Device in Patients with Atrial 
Fibrillation Versus Long-Term Warfarin Therapy) trials similarly 
demonstrated that age strongly influences survival after LAAO, 
independent of stroke risk scores.14,15 Moreover, contemporary 
real-world registries have emphasized that patients undergoing 
LAAO often represent a highly comorbid population in whom 
age reflects cumulative biological risk.16

Taken together, our findings reinforce the importance of 
prioritizing global risk evaluation, rather than procedural indication 
alone, in patient selection and prognostic assessment after LAAO.

Lack of Association with CHA2DS2-VASc Score
Interestingly, the CHA2DS2-VASc score was not independently 
associated with outcomes in our cohort. This may reflect the fact 
that the score was originally developed to predict thromboembolic 
risk rather than mortality or overall clinical vulnerability after LAAO. 
Several previous studies have reported similar findings, suggesting 
that although the CHA2DS2-VASc score remains useful for stroke 
risk stratification, it may have limited discriminatory value for 
broader clinical outcomes in LAAO populations.17

Clinical Implications
These findings may have several potential clinical implications:

1.	 Short-term risk stratification after LAAO may benefit from 
greater emphasis on age and overall comorbidity burden in 
addition to indication phenotype.

2.	 Our findings do not support relying solely on indication 
phenotype for prognostic assessment, although larger studies 
are needed before definitive conclusions can be drawn.

3.	 Early postprocedural follow-up strategies may benefit 
from incorporating frailty-focused assessment alongside 
conventional clinical characterization.

Collectively, these findings support a more holistic approach to 
outcome prediction after LAAO.

Sensitivity Analysis and Robustness
The consistency of findings across sensitivity analyses supports 
the internal coherence of the study results. Excluding major 
bleeding from the composite endpoint did not materially alter 
the association between phenotype and outcomes, suggesting 
that the overall pattern of findings was similar across different 
endpoint definitions during the available follow-up period. 

However, the limited sample size and relatively short follow-up 
duration warrant cautious interpretation.

Methodological Considerations
The proportional hazards assumption was satisfied at the global 
level for all models, with only minor time-dependent patterns 
observed for the CHA2DS2-VASc score, likely reflecting the 
limited number of events. These findings support the validity of 
the Cox modeling approach.

Limitations
This study has several limitations that should be acknowledged. 
First, the retrospective single-center design may limit the 
generalizability of the findings to other populations and practice 
settings. Additionally, the median follow-up duration was relatively 
short, restricting interpretation to short- to intermediate-term 
outcomes and precluding firm conclusions regarding longer-
term prognosis after LAAO. Second, the sample size was modest 
and the number of clinical events was limited, resulting in wide 
confidence intervals and reduced statistical power. Accordingly, 
the study was not designed to establish equivalence or exclude 
clinically meaningful differences between indication phenotypes. 
Third, despite adjustment for key clinical variables, residual 
confounding cannot be excluded, particularly given the complex 
clinical profiles of patients undergoing LAAO. Although several 
baseline variables, including renal function, carotid artery 
disease, and left ventricular ejection fraction, differed between 
phenotypes and showed signals of association in univariable 
analyses, they were not retained in the final multivariable models 
because of collinearity with the CHA2DS2-VASc score and the 
limited number of outcome events. Therefore, some degree of 
residual confounding by these factors remains possible. Discharge 
antithrombotic regimens also differed between indication 
phenotypes and were evaluated using descriptive analyses and 
exploratory Cox sensitivity models. Although these exploratory 
analyses yielded consistent findings, they should be interpreted 
cautiously because of the limited number of events and small 
treatment subgroups. Furthermore, longitudinal changes in 
antithrombotic therapy after discharge were not systematically 
captured and may have influenced clinical outcomes.

Fourth, event ascertainment relied on clinical documentation 
rather than centralized adjudication, which may have introduced 
misclassification bias, although all available records were 
systematically reviewed. Fifth, unmeasured variables such as 
frailty indices, inflammatory burden, malignancy status, or 
detailed anticoagulation management strategies were not 
available and may have influenced outcomes. Although causes 
of death were retrospectively categorized when possible, formal 
adjudication of cause-specific mortality was not performed, and 
the cause of death could not be determined in five patients. 
Sixth, although the proportional hazards assumptions were 
satisfied at the global level, minor time-dependent patterns 
observed for the CHA2DS2-VASc score suggest that risk may 
evolve over time, particularly in small cohorts.

Finally, because the study was not powered to detect modest 
between-group differences or subgroup-specific effects, the 
absence of statistically significant differences should not be 
interpreted as evidence of true equivalence. Accordingly, these 
findings should be considered hypothesis-generating and require 
confirmation in larger multicenter cohorts with longer follow-up.
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Conclusion

Among patients undergoing LAAO, indication phenotype was not 
significantly associated with short-term mortality or composite 
clinical outcomes, whereas age emerged as the most consistent 
determinant of risk. Given the modest sample size, limited number 
of events, and relatively short follow-up duration, these findings 
should be interpreted cautiously and considered hypothesis-
generating rather than definitive evidence that prognosis is 
independent of indication phenotype. Further validation in larger 
multicenter cohorts with longer follow-up is needed.
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Appendix 1. Age distribution and causes of death

Variables n (%)

Age category

< 65 years 13 (11.9)

65–75 years 40 (36.7)

> 75 years 56 (51.4)

Cause of death among deceased patients

Cardiovascular death 10 (35.7)

Non-cardiovascular death 12 (42.9)

Periprocedural death 1 (3.6)

Unknown cause of death 5 (17.9)

Components of non-cardiovascular death

Malignancy 3 (10.7)

Pneumonia 5 (17.9)

Urosepsis 3 (10.7)

Gastrointestinal bleeding 1 (3.6)

Percentages for age categories were calculated using the total study 
population as the denominator (n = 109). Percentages for causes of death 
were calculated using deceased patients as the denominator (n = 28).

Appendix 2. Incidence rates per 100 patient-years
Outcome Group Events Person-years Rate per 100 PY 95% CI
All-cause mortality Overall 28 100.31 27.9 18.5–40.3

All-cause mortality Bleeding-dominant 15 55.03 27.3 15.3–45.0

All-cause mortality Ischemic-dominant 13 45.28 28.7 15.3–49.1

Recurrent stroke Overall 8 99.25 8.1 3.5–15.9

Recurrent stroke Bleeding-dominant 4 54.18 7.4 2.0–18.9

Recurrent stroke Ischemic-dominant 4 45.08 8.9 2.4–22.7

Major bleeding Overall 6 93.22 6.4 2.4–14.0

Major bleeding Bleeding-dominant 5 48.08 10.4 3.4–24.3

Major bleeding Ischemic-dominant 1 45.14 2.2 0.1–12.3

NCB composite Overall 32 92.31 34.7 23.7–48.9

NCB composite Bleeding-dominant 19 47.23 40.2 24.2–62.8

NCB composite Ischemic-dominant 13 45.08 28.8 15.4–49.3

CI, Confidence interval.

Appendix 3. Follow-up clinical outcomes according to discharge antithrombotic regimen
Variables DAPT (n = 10) DOAC (n = 35) SAPT (n = 59) P
All-cause mortality 4 (40.0%) 7 (20.0%) 13 (22.0%) 0.406

Recurrent stroke 1 (10.0%) 2 (5.7%) 5 (8.5%) 0.851

Major bleeding 1 (10.0%) 0 (0.0%) 4 (6.8%) 0.406

Net clinical benefit composite 4 (40.0%) 7 (20.0%) 17 (28.8%) 0.419

DAPT, Dual antiplatelet therapy; DOAC, Direct oral anticoagulant; SAPT, Single antiplatelet therapy. Descriptive comparisons were restricted to patients 
discharged on DAPT, DOAC, or SAPT. Patients discharged without antithrombotic therapy (n = 5) were excluded because of the very small sample size.
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Appendix 4. Exploratory Cox models comparing DOAC-based versus antiplatelet-based discharge therapy
Outcome Variables HR 95% CI P
All-cause mortality Ischemic-dominant phenotype 0.98 0.30–3.27 0.978

All-cause mortality Age, per 1-year increase 1.05 0.99–1.11 0.113

All-cause mortality CHA2DS2-VASc score, per 1-point increase 1.10 0.79–1.54 0.556

All-cause mortality DOAC-based discharge therapy 0.81 0.27–2.39 0.697

Net clinical benefit composite Ischemic-dominant phenotype 0.76 0.25–2.32 0.632

Net clinical benefit composite Age, per 1-year increase 1.06 1.01–1.12 0.028

Net clinical benefit composite CHA2DS2-VASc score, per 1-point increase 1.08 0.80–1.45 0.626

Net clinical benefit composite DOAC-based discharge therapy 0.71 0.25–2.03 0.519

CI, Confidence interval; HR, Hazard ratio. Patients discharged without antithrombotic therapy (n = 5) were excluded because of the very small subgroup size. 
Direct oral anticoagulant-based (DOAC-based) therapy included apixaban, rivaroxaban, edoxaban, and dabigatran. Antiplatelet-based therapy included dual 
antiplatelet therapy (DAPT), clopidogrel, and aspirin.

Appendix 5. Assessment of the proportional hazards assumption 
for key covariates. Scaled Schoenfeld residual plots demonstrating 
assessment of the proportional hazards assumption for indication 
phenotype (A), age (B), and CHA2DS2-VASc score (C). Solid lines 
represent smoothed estimates of time-varying effects, and 
dashed lines indicate approximate 95% confidence intervals. No 
meaningful deviations from proportionality were observed. The 
global test yielded P > 0.05 for all models.

(A)

(B)

(C)
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Appendix 6. Sensitivity analysis using an alternative composite endpoint
Variables HR (95% CI) P Patients included Events
Ischemic-dominant phenotype (vs. bleeding-dominant) 0.92 (0.36–2.34) 0.863 109 30

Age (per 1-year increase) 1.05 (95% CI 1.00–1.10) 0.056 109 30

CHA2DS2-VASc score (per 1-point increase) 1.03 (0.76–1.39) 0.856 109 30

CI, Confidence interval; HR, Hazard ratio


