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Introduction and objectives: Percutaneous left atrial appendage occlusion (LAAO) is a viable option to mitigate
bleeding and stroke risks in patients with atrial fibrillation (AF) who are not eligible for oral anticoagulation. Its
safety and efficacy in cancer patients remain unclear due to their exclusion from trials. This study aimed to

g;lgfer compare short- and long-term LAAO outcomes between cancer and non-cancer patients.
Major bleeding Methods: Retrospective single centre study of 361 consecutive patients who underwent LAAO between april-2010
Mortality and december-2023 were included. Short-term outcomes included periprocedural complications, 30-day hospital

readmission and mortality. Long-term outcomes included the composite of stroke, bleeding, and mortality and
each component assessed separately.

Results: The study included 93 cancer patients (54 % active, 46 % in remission) and 268 non-cancer patients.
Baseline characteristics were similar, including ischemic and bleeding risk profiles (CHA2DS,-VASc: 4.5 + 1.4 vs.
4.4 + 1.5; HAS-BLED: 3.3 + 0.9 vs. 3.2 + 0.9), previous stroke and total bleeding events. Short-term outcomes
showed no significant differences in periprocedural complications (7 % vs. 6 %), 30-day readmission (2 % vs. 3
%), or 30-day mortality (0 % vs. 1.5 %). Over 32 months, there was no significant difference regarding the
composite endpoint (p = 0.067), stroke (SHR 0.54; p = 0.25) or bleeding events (SHR 1.36; p = 0.35). LAAO was
effective in terms of stroke reduction in cancer and non-cancer patients (p = 0.027 and p = 0.006, respectively).
All-cause mortality rates were higher in cancer patients (p = 0.002), mainly due to cancer progression and
infections.

Conclusions: LAAO procedure was safe and effective in both populations. Cancer patients experienced higher
rates of all-cause mortality, with no differences in stroke and bleeding outcomes between groups.

Periprocedural complications
Device-related complications

1. Introduction

Cancer patients are at increased risk of developing atrial fibrillation
(AF) due to shared risk factors such as advanced age, obesity, systemic
inflammation, and specific anti-cancer treatment.[1,2] The onset of AF
in cancer patients is associated with an increased likelihood of throm-
boembolism and bleeding events, posing challenges in assessing the

overall clinical benefit of anticoagulation. [3,4] Traditional stroke risk
scores have not been validated in this population, requiring an indi-
vidualized approach as recommended by guidelines. [4-6].

Given these limitations, there is an unmet need for alternative stroke
prevention methods, particularly in cancer patients at high bleeding risk
and in those with recurrent embolic events despite anticoagulation
therapy. [4,7] Left atrial appendage occlusion (LAAO) has emerged as a

Abbreviations: AF, Atrial fibrillation; CV, Cardiovascular; DAPT, Dual-antiplatelet therapy; LAAO, Left atrial appendage occlusion; PDL, Peri-device leak; SAPT,

Single-antiplatelet therapy.
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potential option[8-10]; however, data on its safety and efficacy in
cancer patients are lacking due to their exclusion from clinical trials.
Currently, there are few retrospective studies that have revealed con-
tradictory findings, with some indicating higher risks of periprocedural
complications[11,12], including stroke[13], bleeding[12] and in-
hospital mortality[14] in cancer patients.

Therefore, we sought to compare the safety and effectiveness in
short- and long-term outcomes among patients with and without cancer
who underwent LAAO.

2. METHODS

The study was conducted in accordance with the Declaration of
Helsinki and was approved by the local Ethics Committee.

2.1. Patient population

This was an observational and retrospective study that included
consecutive patients who underwent LAAO between april-2010 and
december-2023 at a single tertiary center. The closure devices used
included the Amplatzer Cardiac Plug™ (Abbott®), Amulet™ (Abbott®),
Watchman™ (Boston Scientific®), and LAmbre™ (Lifetech Scientific®),
selected at the operators’ discretion, with sizing based mainly on CT
imaging or transoesophageal echocardiography (TEE). We identified
patients with active or prior cancer, collecting details on their cancer
history (active vs. remission), type/stage, and treatments. Active cancer
was defined as receiving cancer therapies (surgery, chemotherapy, ra-
diation, or hormonal therapy) within 6 months of LAAO or having un-
treated disease. We compared this cohort with patients undergoing
LAAO in the same period without cancer history, evaluating short- and
long-term outcomes.

2.2. Clinical data

Baseline characteristics, CHA;DS»-VASc (Congestive Heart Failure
(HF), Hypertension, Age > 75 years, Diabetes Mellitus, prior Stroke or
Transient Ischemic Attack (TIA), Vascular disease, Age 65 to 74 years
and female Sex) and HAS-BLED (Hypertension, Abnormal renal and/or
liver function, Stroke, Bleeding history or predisposition, Labile INR,
Age > 65 years, Drugs and/or alcohol concomitantly) scores, antith-
rombotic medications, procedural details, and outcome results were
collected.

2.3. Outcomes definitions

Short-term outcomes included in-hospital mortality, length of stay
and periprocedural complications (i.e., vascular complications, cardiac
tamponade treated with pericardiocentesis or surgery, stroke, device
migration, bleeding and other complications). Furthermore, read-
mission (Cardiovascular (CV) causes or procedure-related) and mortal-
ity (CV and all-cause) rates were assessed at 30 days. Long-term
outcomes included the composite of stroke, bleeding, and mortality
(CV and all-cause) after at least 1 month follow-up, in addition to device-
related complications.

Stroke was classified according to the VARC criteria. [15] When
referring to bleeding events, we specifically address major bleeding
events as described in the ESC consensus definitions for LAAO therapy
studies. [16].

2.4. Definitions

Successful LAAO was defined as a device deployed and implanted in
correct position, meeting all release criteria according to the manufac-
turer’s instruction for use. Device-related thrombosis (DRT) was defined
as a thrombus on the luminal side of the device in TEE or CT, regardless
of clinical implications. Significant peri-device leak (PDL) was defined as
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a residual leak over 5 mm in TEE or CT.
2.5. Statistical analysis

Categorical variables were presented as numbers (percentages),
while continuous variables were expressed as mean =+ standard devia-
tion. Statistical comparisons were conducted using the Student’s t-test
for continuous variables and the chi-square or Fisher’s exact test for
categorical variables. Both short- and long-term outcomes were
assessed. Cumulative incidence functions and Fine-Gray competing risk
regression models were employed to analyse stroke and bleeding events,
adjusting for the competing risk of mortality. Results are presented as
sub-distribution hazard ratios (SHR). For the composite endpoint and
all-cause mortality analysis, Kaplan-Meier survival curves were used for
time-to-event variables and compared with log-rank tests. Hazard ratios
(HR) were calculated using Cox regression analysis. The variables for all-
cause death were analysed separately in univariate Cox regression
models, and those with a p-value less than 0.1 were included in multi-
variable Cox regression models. The observed annualized ischemic
event rates were compared with the extrapolated annualized expected
rates without any anticoagulation therapy, based on the mean CHA2DS-
VASc score before LAAO. [17] Similarly, the observed annualized
bleeding rates were compared with the extrapolated annualized ex-
pected rates under anticoagulation use, based on the mean HAS-BLED
score before LAAO. [18] Statistical significance was set at p < 0.05.
Statistics were performed using R, version 4.2.2 (The R Foundation for
Statistical Computing, Austria) and SPSS software version 26.0 (IBM
Corporation).

3. RESULTS
3.1. Baseline characteristics

A total of 361 patients were included in the analysis: 26 % (n = 93)
with cancer and 74 % (n = 268) without cancer. The baseline charac-
teristics were similar between groups (Table 1).

Overall, the population had a high-risk profile for ischemic
(CHA,DS»-VASc: 4.4 + 1.4) and bleeding events (HAS-BLED: 3.3 + 0.9),
with no significant differences between cancer and non-cancer groups
(CHA3DS,-VASc: 4.5 vs. 4.4; HAS-BLED: 3.3 vs. 3.2, p = 0.67). Patients
with cancer had higher prevalence of history of genitourinary bleeding
(9 % vs. 3 %, p = 0.013). The Amplatzer Cardiac Plug™ or Amulet™
devices were used in over half of the patients, with no differences in
device types between the groups.

The most common indication for LAAO was high bleeding risk (55 %
and 52 % with a history of major bleeding, and 18 % and 16 % with
increased bleeding risk, in cancer and non-cancer patients respectively)
and those with stroke despite appropriate anticoagulant treatment (23
% in cancer patients and 29 % in non-cancer patients, Supplementary
Table 1).

Among cancer patients, 54 % (n = 50) had active disease at the time
of device implantation, with the remain being in remission. Overall,
cancers were more frequently localized to a single organ without evi-
dence of spread (n = 74, 80 %). Additionally, 48 % (n = 45) had a
history of surgical intervention, 30 % (n = 28) underwent chemo-
therapy, and 24 % (n = 22) received radiation therapy. The main cancer
diagnoses included genitourinary (34 %), gastrointestinal (23 %) and
breast (12 %) (Table 2).

3.2. Short-term outcomes

All LAAO procedures were successfully performed. There was no
difference in the length of stay of hospitalization between groups (p =
0.69). Periprocedural complications occurred in 6 % of patients (n =
23), mainly due to vascular complications (2 %, n = 6) and cardiac
tamponade (2 %, n = 6). Stroke, device migration, and bleeding were
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Table 1
Baseline characteristics of cancer and non-cancer patients.

Cancer patients Non-cancer p-

(n =93) patients (n = 268) value
Male sex 57 (61 %) 142 (53 %) 0.165
Age (years) 76 +£7 75+ 8 0.072
Hemoglobin (g/dL) 11.9+1.7 122 +1.9 0.099
Creatinine (mg/dL) 1.3+ 0.9 1.3+1.1 0.897
Body mass index (kg/m?)  28.8 + 4.9 29.2 + 5.7 0.563
Atrial Fibrillation 0.543
Paroxysmal 24 (26 %) 78 (29 %)
Persistent/Permanent 69 (74 %) 190 (71 %)
CHA,DS,-VASc score 44+1.5 44+1.3 0.667
Heart failure 25 (27 %) 63 (24 %) 0.525
Hypertension 79 (85 %) 215 (80 %) 0.313
Diabetes 34 (37 %) 76 (28 %) 0.139
Stroke/Transient ischemic 30 (32 %) 105 (39 %) 0.235
attack
Thromboembolism 3 (3 %) 15 (6 %) 0.365
Vascular disease 23 (25 %) 47 (18 %) 0.131
Age > 75 years 56 (60 %) 138 (52 %) 0.146
HAS-BLED score 3.3+09 3.2+09 0.523
Hypertension 4 (4 %) 10 (4 %) 0.806
(uncontrolled)
Abnormal renal function 29 (31 %) 59 (22 %) 0.089
Abnormal liver function 3B %) 28 (10 %) 0.032
Stroke/Transient ischemic 30 (32 %) 105 (39 %) 0.235
attack
Bleeding 60 (65 %) 162 (60 %) 0.487
— Gastrointestinal 32 (34 %) 75 (28 %) 0.242
— Intracranial 17 (18 %) 53 (20 %) 0.753
— Genitourinary 8 (9 %) 7 (3 %) 0.013
— Pulmonary 11 %) 8 (B %) 0.309
— Other 2(2%) 20 (7.5 %) 0.065
Labile INR 3B %) 11 (4 %) 0.714
Alcohol 6 (7 %) 19 (7 %) 0.835
Antiplatelet medications 16 (17 %) 46 (17 %) 0.993
— ASA 14 (15 %) 40 (15 %) 0.976
— Clopidogrel 7 (8 %) 21 (8 %) 0.924
— DAPT 5 (5 %) 15 (6 %) 0.936
NSAID use 2(2%) 3(1%) 0.463
Age > 65 years 88 (95 %) 238 (89 %) 0.102
Coronary artery disease 28 (30 %) 77 (29 %) 0.801
Prior CABG 33 %) 14 (5 %) 0.433
Valvular heart disease 21 (23 %) 41 (15 %) 0.117
Cardiomyopathy 33 %) 14 (5 %) 0.433
Obstructive sleep apnea 9 (10 %) 24 (9 %) 0.835
Chronic lung disease 13 (14 %) 23 (9 %) 0.135
Long term anticoagulation 33 (35 %) 111 (41 %) 0.314
— Acenocoumarol 6 (6 %) 20 (7 %) 0.745
— DOAC 26 (28 %) 88 (33 %) 0.383
— Other 101 %) 301 %) 0.972
LVEF, % 54+9 53 +11.4 0.560
LAVI, ml/m? 49 + 10 47 + 8 0.385
Amplatzer cardiac plug™ or 47 (51 %) 139 (52 %) 0.825
Amulet™

24 (26 %) 89 (33 %) 0.185
Watchman™
LAmbre™ 22 (24 %) 40 (15 %) 0.054

Data provided as mean =+ standard deviation or number (%). ASA: Acetyl sali-
cylic acid; CABG: Coronary artery bypass grafting; DAPT: Dual antiplatelet
therapy; INR: International Normalized Ratio; LAVI: Left Atrial Volume Index;
LVEF: Left ventricular ejection fraction; DOAC: Direct oral anticoagulants;
NSAIDs: Nonsteroidal anti-inflammatory drugs.

rare (<1%). There were no significant differences between the groups (p
= 0.97).

There was no significant difference in the 30-day readmission rate
between patients with and without cancer (2 % vs. 3 %, p = 0.53).
Thirty-day all-cause mortality was 1.5 % (n = 4 non-cancer patients):
hemorrhagic stroke (n = 2, both on DAPT), HF decompensation (n = 1),
and end-stage cirrhosis (n = 1). No deaths occurred in the cancer group
at 30-day follow-up.
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Table 2

Clinical profile of cancer patients.
Age at cancer diagnosis (years) 71+8
Active at time of device implant 50 (54 %)
Remission at time of device implant 43 (46 %)
Progression of active cancer
Localized 74 (80 %)
Metastatic 19 (20 %)
Treatment modalities
Prior surgery 45 (48 %)
Chemotherapy 28 (30 %)
Radiation therapy 22 (24 %)
Hormonal therapy 7 (8 %)
Other 505 %)
Type of cancer
GENITOURINARY 32 (34 %)
Prostate 19 (20.5 %)
Bladder 6 (6.5 %)
Renal 4 (4 %)
Vulvar/ovarian/endometrial 3(3%)
GASTROINTESTINAL 21 (23 %)
Colorectal 14 (16 %)
Liver 3B %)
Pancreatic 2 (2 %)
Gastric 2(2%)
BREAST 11 (12 %)
HEMATOLOGIC 10 (11 %)
Lymphoma 3 (3 %)
Myelodysplastic syndrome 33 %)
Leukemia 2 (2 %)
Multiple myeloma 2 (2 %)
SKIN 6 (6 %)
Squamous/Basal cell 5 (5 %)
Melanoma 101 %)
OTHER 13 (14 %)
Lung 6 (6 %)
Brain 5 (5 %)
Oropharyngeal 11 %)
Liposarcoma 102 %)

Data provided as mean =+ standard deviation or number (%).
3.3. Long term-outcomes

The median follow-up time was 32 [16-52] months. There was no
difference in the composite endpoint of stroke, bleeding, and all-cause
mortality (log-rank p = 0.067) among cancer and non-cancer patients.
The incidence of the individual endpoints of stroke (SHR: 0.54; 95 % CI:
0.19-1.55; p = 0.25) or bleeding events (SHR: 1.36; 95 % CI: 0.71-2.61;
p = 0.35) were also similar between groups (Table 3 and Fig. 1).

In the cancer group, 2 % (n = 2) had recurrent stroke, compared to 3
% (n = 9) in the non-cancer group. Recurrent bleeding was seen in 12 %
(n = 11) of cancer patients and 11 % (n = 29) of non-cancer patients,
with nearly half (45 % cancer and 40 % non-cancer patients) on
antithrombotic therapy.

When comparing the observed annualized ischemic event rate with
the expected rate based on the CHA;DS3-VASc, a relative risk reduction
(RRR) of 75 % in cancer (p = 0.027) and 60 % in non-cancer patients (p
= 0.006) was observed. LAAO procedure was associated with a non-
significant RRR of bleeding events of 10 % in cancer and 39 % in non-
cancer patients (Fig. 2).

Regarding device-related complications, there were no differences
between groups. Significant PDL (>5mm) occurred in 2 (2 %) cancer
and 4 (2 %) non-cancer patients. DRT was identified in 1 (1 %) cancer
and 2 (2 %) non-cancer patients (Table 3). One patient with DRT, not on
antithrombotic therapy, experienced an ischemic stroke. The remaining
DRT and PDL cases had no clinically evident impact during follow-up.

Although CV mortality was similar between groups (HR: 0.60; 95 %
CI: 0.31-2.95; p = 0.94), cancer patients had higher all-cause mortality
in the univariate Cox analysis (HR: 2.01; 95 % CI: 1.29-3.13; p = 0.002),
mainly due to cancer progression (44 %) and infections (30 %). On the
other hand, in the non-cancer group, the main causes of death were CV
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Table 3
Short- and long-term outcomes stratified by cancer status.
Outcomes Cancer Non-cancer p-
patients patients value
Short-term outcomes
In-hospital
Length of stay, days 25+ 41 2.3+49 0.691
Length of stay > 2 days 15 (16 %) 33 (12 %) 0.350
Periprocedural complications 6 (7 %) 17 (6 %) 0.971
— Vascular complications 1(1 %) 5(2 %) 1.000
— Cardiac tamponade 38 %) 31 %) 0.189
— Stroke 1(1 %) 2 (0.7 %) 1.000
— Device migration 0 (0 %) 2 (0.7 %) 1.000
— Bleeding 11 %) 31 %) 1.000
— Other 0 (0 %) 2 (0.7 %) 1.000
All-cause mortality 1(1 %) 0 (0 %) 0.258
CV mortality 11 %) 0 (0 %) 0.258
30-day
Readmission 2(2%) 11 (4 %) 0.528
Diagnoses
— Bleeding 11 %) 4(2%) 1.000
— Stroke 1(1 %) 3(1 %) 1.000
— Decompensated HF 0 (0 %) 2 (0.7 %) 1.000
— Cardiac tamponade 0 (0 %) 1 (0.4 %) 1.000
— Cellulitis of access site 0 (0 %) 1 (0.4 %) 1.000
All-cause mortality 0 (0 %) 4 (1.5 %) 0.576
CV mortality 0 (0 %) 0 (0 %) 1.000
Long-term outcomes
Stroke 4 (4 %) 24 (9 %) 0.148
— Recurrent 2(2 %) 9 (3 %) 0.636
Bleeding 13 (13 %) 31 (12 %) 0.540
— Recurrent 11 (12 %) 29 (11 %) 0.790
— Epistaxis 1(1 %) 31 %) 0.520
— Gastrointestinal 2(2%) 12 (5 %) 0.317
— Genitourinary 505 %) 1 (0.4 %) 0.020
— Intracranial 1(1 %) 6 (2 %) 0.483
— Other 2 (2 %) 1 (0.4 %) 0.452
— Anemization 22 %) 8 (83%) 0.673
Device-related 3(3%) 6 (3 %) 0.700
complications
— PDL 2 (2 %) 4 (2 %) 0.651
— DRT 11 %) 2 (1 %) 1.000
All-cause mortality 31 (33 %) 64 (20 %) 0.010
CV mortality 4 (4 %) 11 (4 %) 0.935

Data provided as mean =+ standard deviation or number (%). CV: Cardiovascu-
lar; DRT: Device-related thrombosis; HF: Heart Failure; PDL: Peri-device leak.

(28 %), infections (21 %), and bleeding events (19 %). In the multi-
variate Cox analysis, independent predictors of all-cause mortality
included body mass index, diabetes, chronic kidney disease, post-
procedural bleeding, and cancer. (Fig. 3). Details of the univariate
analysis are shown in Supplementary Table 2.

When analysing the different types of LAAO devices, there were no
significant differences in long-term outcomes (Supplementary Table 3).

3.4. Pattern of antithrombotic treatment

Before device implantation, 35 % of cancer patients and 41 % of non-
cancer patients were on anticoagulation therapy (p = 0.314).

Approximately one-third of patients in both groups were discharged
on single-antiplatelet therapy (SAPT), another third on dual-antiplatelet
therapy (DAPT), and the remaining third on anticoagulation therapy. At
6 months, no differences in post-LAAO antithrombotic treatment were
observed. In the cancer group, 39 % were on SAPT, 39 % were free of
treatment, 20 % were on anticoagulants and 2 % on DAPT. In the non-
cancer group, 40 % were on SAPT, 33 % were free of treatment, 24 %
were on anticoagulants and 2 % on DAPT (Supplementary Table 4).

When considering only high bleeding risk patients (68 cancer pa-
tients and 183 non-cancer patients), the majority of both cancer (63 %,
n = 43) and non-cancer (64 %, n = 117) patients were free from anti-
thrombotic therapy at 6 months follow-up.
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3.5. Active cancer vs remission cancer

No differences in baseline characteristics were found between pa-
tients with active cancer and those with a prior history of cancer (Sup-
plementary Table 5). Short-term outcomes showed no significant
differences in post-LAAO complications (10 % vs. 5 %, p = 0.33) or
hospital stay length (p = 0.11). One patient in each group was read-
mitted within 30 days, with no deaths occurring. Long-term outcomes
showed no differences in the composite endpoint (log-rank p = 0.088),
stroke (SHR: 1.50; 95 % CI: 0.13-16.75; p = 0.84), or bleeding events
(SHR: 1.94; 95 % CI: 0.61-6.19; p = 0.26) (Fig. 4). However, all-cause
mortality was higher in the active cancer group (log-rank p = 0.010),
while CV mortality was similar (log-rank p = 0.34).

3.6. Cancer type and treatment modalities

There were no differences in HAS-BLED and CHA3DS,-VASc scores
among different cancer types. There were also no differences in stroke
rates among cancer types, but genitourinary cancer was associated with
more bleeding events (SHR: 3.21; 95 % CI: 1.05-9.79; p = 0.04). He-
matologic cancer had worse outcomes with higher all-cause mortality
(HR: 2.76; 95 % CI: 1.13-6.75; p = 0.026). Metastatic cancer did not
have more strokes or bleeding event (Supplementary Fig. 1). Treat-
ment modalities, including surgery, chemotherapy, radiation or hor-
monal therapy, did not affect long-term outcomes after LAAO across all
types of cancer.

4. Discussion

The main findings of our study are (Fig. 5): (1) Short-term outcomes,
including periprocedural complications and the long-term composite
endpoint of stroke, bleeding, and all-cause mortality, were similar be-
tween cancer and non-cancer patients, as were the individual endpoints
of stroke and bleeding. (2) Cancer patients exhibited higher long-term
all-cause mortality, primarily due to cancer progression and in-
fections, while CV mortality remained similar between the groups; (3)
LAAO effectively reduced ischemic events in both cancer and non-cancer
patients, with a higher RRR observed in cancer patients. These findings
are particularly relevant in the context of advancements in cancer
therapies, which have significantly improved patient prognosis. [19].

In the recent years, LAAO has emerged as a viable option to mitigate
bleeding risks associated with anticoagulation, particularly in patients
with contraindications, and to reduce the risk of recurrent embolic
events during anticoagulant therapy. [4,7,20,21] The PROTECT-AF,
PREVAIL, and PRAGUE-17 studies have demonstrated that percuta-
neous LAAO reduces the risk of major bleeding and death compared to
warfarin[8,22,23] and is noninferior to direct oral anticoagulants
(DOAQC) for stroke and major bleeding. [24] However, cancer patients
were not specifically included or described in these trials, making it
challenging to ascertain the utility of LAAO in this population. Although
there is increasing information regarding the efficacy and safety of
LAAO in “real-world” practice, few retrospective studies involve cancer
patients, and the results are controversial. [11,13,25].

In our study, cancer and non-cancer patients undergoing LAAO had
similar baseline characteristics, with both groups exhibiting high
thromboembolic risk, primarily driven by advanced age, CV comor-
bidities, and prior stroke, as well as high bleeding risk, reflecting that
most patients had experienced a major bleed before. Compared with the
landmark PROTECT-AF[23] and PREVAIL[22] trials that excluded pa-
tients who had contraindications to antithrombotic therapy, our cohort
was at higher bleeding risk. However, the bleeding risk was comparable
to that in the more contemporary PRAGUE-17 trial. [24].

Concerning indications for LAAO, a history of major bleeding and
stroke while on anticoagulant treatment were the most common in both
groups, consistent with observations in other registries. [26].

Periprocedural complications occurred in 6 % of patients, with no
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Long-term outcomes between cancer and non-cancer patients.
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Fig. 1. Long-term outcomes between cancer and non-cancer patients. Fine and Gray cumulative incidence function curves (A and B) and Kaplan-Meier curves
(C and D). CP: Cancer patients; NCP: Non-cancer patients.
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non-cancer patients (p = 0.006) was observed. The LAAO procedure was associated with a non-significant RRR of bleeding events of 10 % in cancer patients and 39 %
in non-cancer patients.
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Variable HR 95% CI p-value
Age 1.02 0.98-1.05 0.315 [ |
Male sex 1.56 0.95-2.55 0.077
BMI 0.93 0.88-0.98 0.009 [ ]
Diabetes 1.80 1.12-2.91 0.015 R C—
Vascular disease 1.26 0.78-2.05 0.341 —
HAS-BLED score 1.22 0.94-1.58 0.139 -o—
Chronic Kidney Disease 1.67 1.02-2.73 0.042 —
Post-procedural stroke 1.49 0.83-2.69 0.184 S
Post-procedural bleeding 2.50 1.52-4.10 0.000 S —
Neoplasia 1.77 1.11-2.82 0.015 —

o 12 3 s

Hazard Ratio

Fig. 3. Forest plot of multivariate analysis for independent predictors associated with all-cause mortality. Significant predictors of increased all-cause
mortality included body mass index (BMI), diabetes, chronic kidney disease, post-procedural bleeding, and neoplasia.
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differences between groups. In-hospital stroke was rare (<1%). These
findings differ from other studies which showed higher periprocedural
complications in cancer patients, including increased vascular compli-
cations, [11] thromboembolic events, [11,13] cardiac tamponade, and
major bleeding events. [12] In our study, only one (0.3 %) cancer patient

experienced a major complication, cardiac tamponade, which resulted
in death. This very low mortality rate is consistent with observations
from other studies[13,21,27] and may be related to appropriate patient
selection for the procedure, [28] accurate device sizing using TEE and
CT in many cases, [29] and the experience of the operators. [30].
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CENTRAL ILLUSTRATION Short- and Long-Term Outcomes of Percutaneous LAAO in Cancer Patients
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Fig. 5. Central illustration. Summary of short- and long-term outcomes of left atrial appendage occlusion in patients with and without cancer. CV: Cardiovascular;

LAAO: Left Atrial Appendage Occlusion; RRR: Relative risk reduction.

We found one early readmission for ischemic stroke (patient on
SAPT) and one for bleeding (patient on anticoagulation) in the cancer
group, with no differences compared to the non-cancer group. This
suggests that LAAQ’s short-term effectiveness is acceptable and similar
to other studies. [11,13].

Device-related complications during follow-up is aligned with the
reported incidence in the literature (2-4 %).[31] One patient with DRT,
not on antithrombotic therapy, experienced an ischemic stroke. In the
other cases, short-term anticoagulation was resumed without subse-
quent stroke or bleeding episodes. PDL, with a reported incidence in the
literature of 10-26 %,[32] occurred in six patients (2 %) in our cohort,
all of whom were managed conservatively without any clinical sequelae.

Our study shows no significant difference in stroke risk among
groups during follow-up, similar to others studies, [25,27] with the
incidence being low (4 % in our cohort). [22,23] Only 2 % (n = 2) of
cancer patients and 3 % (n = 9) of non-cancer patients experienced
recurrent strokes after LAAO. The observed annualized ischemic event
rates after this procedure remained lower than expected according to
baseline CHA,DS,-VASc, with a RRR of 75 % in cancer patients and 60 %
in non-cancer patients, supporting the effectiveness of LAAO in stroke
prevention. [22,23,33] It is worth mentioning that even with similar
CHA2DS,-VASc scores, the reduction in ischemic risk was greater in the
cancer group. These patients are likely more protected because they
have a higher baseline risk that conventional risk scores may not fully
capture, due to the prothrombotic environment associated with onco-
logic disease. [4,6] While LAAO effectively reduces arterial thrombo-
embolic events, it does not prevent venous thromboembolism, so
maintaining anticoagulation in these patients is crucial, requiring a
careful balance with bleeding risk. [34].

The incidence of bleeding events was 13 % (n = 13) in the cancer
cohort and 12 % (n = 31) in the non-cancer cohort, aligning with rates
reported in previous studies. [25,27] Notably, the majority of these
patients experienced recurrent bleeding, with rates of 85 % (n = 11) in

the cancer group and 94 % (n = 29) in the non-cancer group. Most
bleeding events (64 %, n = 28) occurred after the first 6 months, when
the majority of patients (84 %, n = 36) were already free of antith-
rombotic therapy. This suggests that the high baseline hemorrhagic risk
is a significant factor, especially since 89 % (n = 39) of these patients
had undergone LAAO due to a history of major bleeding or increased
bleeding risk.

In our cohort, bleeding events were similar to the expected rate based
on the HAS-BLED score for patients on anticoagulation therapy. This
may be because the HAS-BLED score underestimates the true bleeding
risk in cancer patients, potentially masking a reduction in bleeding risk
after LAAO and stopping antithrombotic agents. It can also be attributed
to the high baseline hemorrhagic risk, making these patients prone to
new bleeding episodes. Additionally, it is noteworthy that post-
procedural bleeding emerged as an independent predictor of all-cause
mortality. However, withholding antithrombotic therapy in these pa-
tients may reduce the bleeding burden, while they remain protected
from the majority of ischemic events by LAAO. [33].

It is important to recognize that LAAO devices require short-term
antithrombotic therapy post-procedure, [4] which can pose a chal-
lenge in this patient population. Increasing evidence suggests that a
short duration of DAPT without anticoagulation[35-37] or low dose
DOAC(38,39] post-LAAO are safe and may be more likely used in cancer
patients with high bleeding risk. Randomized trials should assess
whether percutaneous epicardial LAA exclusion safely reduces stroke
risk in cancer patients with absolute contraindications to antithrombotic
treatment, [40,41] while potentially increasing the risk of complications
derived from a more invasive approach in this frail and comorbid
population.

As expected, cancer patients had higher all-cause mortality, with
approximately one-third dying during the follow-up period, primarily
due to cancer progression and infections. Neoplasia was also identified
as an independent predictor of all-cause mortality. In this population
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with limited life expectancy, metrics such as freedom from stroke, major
bleeding, and device-related complications may be more meaningful
than long-term survival when considering LAAO. [28,42].

Patients with active cancer had higher all-cause mortality rates but
did not have increased composite endpoint, stroke or bleeding risks,
contrasting with literature. [34] Although the literature indicates
thrombotic risk varies by cancer type, [43] our cohort showed no dif-
ference in stroke rates. However, genitourinary cancers were associated
with a higher incidence of bleeding, likely due to their prevalence as the
most common cancer type linked to an inherently high bleeding risk.
[44].

Additionally, hematologic cancers had higher mortality. Further-
more, unlike previous reports, [34] treatment modalities did not impact
long-term outcomes.

In summary, our results align with studies demonstrating that LAAO
is safe and effective, [8,22,23] showing similar composite endpoint,
stroke and bleeding rates in both cancer patients and non-cancer pa-
tients. [25,27] However, our findings contrast with studies reporting
higher in-hospital mortality[14], stroke[13], and periprocedural com-
plications[11,12] in cancer patients.

Physicians should consider LAAO as a valuable option for cancer
patients. It is important to recognize that not all cancer patients have the
same risk for bleeding or clotting, which affects the decision to use
anticoagulation. A multidisciplinary, patient-centred approach is
crucial. [42].

5. Limitations

This study has several limitations. Conducted at a single center, the
findings are less generalizable. The non-randomized, retrospective
design introduces biases and confounding factors. Additionally,
considerable heterogeneity in cancer type and staging, along with a
small sample size—particularly within specific cancer types and treat-
ments—precluded robust subgroup analyses. Although ESC cardio-
oncology guidelines suggest using the HAS-BLED and CHA,DS,-VASc
scores, they may underestimate risks in cancer patients. [4-6] Despite
having the longest follow-up in this field, it was still relatively short,
precluding long-term outcome conclusions.

Our study contributes to the sparse literature on LAAO in cancer
patients, with strengths including detailed bleeding risk data and
comprehensive treatment information. However, further research,
particularly randomized controlled trials, is needed to confirm these
findings, evaluate the balance between reducing stroke risk and
increasing other procedure-related complications, identify which cancer
patients benefit most from LAAO, and determine the best post-LAAO
antithrombotic therapy for this high-risk patient population.

6. Conclusions

Our data suggest that LAAO is safe and effective in both cancer and
non-cancer patients, with similarly low incidences of complications,
readmissions, composite endpoints, bleeding, and stroke in both short-
term and long-term follow-ups. Notably, the cancer group had a
higher RRR in ischemic events. Cancer patients exhibited higher all-
cause mortality, mainly due to cancer progression and infections.
These findings support the use of LAAO in cancer patients. Randomized
clinical trials are needed to confirm these findings.

Disclosures: JEM was supported by FIC-CSC through an educational
grant. Rodrigo Estevez-Loureiro is consultant for Abbott Vascular, Bos-
ton Scientific, Edwards Lifesciences, Venus Medtech, Jenscare and
proctor for Lambre. Manuel Barreiro-Perez is consultant for Abbott
Vascular, Boston Scientific, Edwards Lifesciences, Venus Medtech, Jen-
scare. The other authors declare that there is no conflict of interest.

Funding.

This research received no grant from any funding agency in the
public, commercial or not-for-profit sectors.

1JC Heart & Vasculature 56 (2025) 101585
CRediT authorship contribution statement

Mariana Tinoco: Writing — original draft, Formal analysis, Data
curation, Conceptualization. Julio Echarte-Morales: Writing — review
& editing, Writing — original draft, Methodology, Investigation, Data
curation, Conceptualization. Claudio E. Guerreiro: Writing — original
draft, Methodology, Investigation. Erick M. Avila Gil: . Berenice
Caneiro-Queija: Writing — review & editing, Supervision, Methodology.
Manuel Barreiro-Pérez: Supervision, Resources, Investigation, Formal
analysis. Rocio Gonzalez-Ferreiro: Supervision, Methodology, Inves-
tigation. Saleta Fernandez Alberto Ortiz Saez: Supervision, Data
curation. Victor Alfonso Jiménez-Diaz: . Francisco Calvo-Iglesias:
Validation, Supervision. Antonio A. de Miguel-Castro: . Carina
Gonzalez-Rios: Validation, Methodology, Investigation. Guillermo
Bastos-Fernandez: Writing — review & editing, Methodology. José
Antonio Baz-Alonso: . Rodrigo Estévez-Loureiro: Writing — review &
editing, Supervision, Investigation, Formal analysis, Conceptualization.
Andrés fhiguez-Romo: Validation, Supervision.

Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Acknowledgments
None.
Appendix A. Supplementary material

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.ijcha.2024.101585.

References

[1] J. Alexandre, J.J. Moslehi, K.R. Bersell, C. Funck-Brentano, D.M. Roden, J.E. Salem,
Anticancer drug-induced cardiac rhythm disorders: Current knowledge and basic
underlying mechanisms, Pharmacol Ther. 189 (2018) 89-103, https://doi.org/
10.1016/j.pharmthera.2018.04.009.

[2] B. Mery, J.B. Guichard, J.B. Guy, et al., Atrial fibrillation in cancer patients:
Hindsight, insight and foresight, Int J Cardiol. 240 (2017) 196-202, https://doi.
org/10.1016/j.ijcard.2017.03.132.

[3] HuY feng, Liu C jen, Chang PM hsin, et al. Incident thromboembolism and heart
failure associated with new-onset atrial fibrillation in cancer patients. International
Journal of Cardiology. 2013;165(2):355-357. 10.1016/j.ijcard.2012.08.036.

[4] S. Bagga, S.S. Dani, B.G. Hook, A. Nohria, S. Ganatra, Strategies to balance stroke
and bleeding risk in patients with atrial fibrillation and cancer, Heart Rhythm. 18
(9) (2021) 1533-1538, https://doi.org/10.1016/j.hrthm.2021.04.024.

[5] A.R.Lyon, T. Lopez-Fernandez, L.S. Couch, et al., 2022 ESC Guidelines on cardio-
oncology developed in collaboration with the European Hematology Association
(EHA), the European Society for Therapeutic Radiology and Oncology (ESTRO)
and the International Cardio-Oncology Society (IC-OS), Eur Heart J. 43 (41) (2022)
4229-4361, https://doi.org/10.1093/eurheartj/ehac244.

[6] M. D’Souza, N. Carlson, E. Fosbgl, et al., CHA 5 DS 5 -VASc score and risk of
thromboembolism and bleeding in patients with atrial fibrillation and recent
cancer, Eur J Prey Cardiolog. 25 (6) (2018) 651-658, https://doi.org/10.1177/
2047487318759858.

[7]1 M. Nobre Menezes, M. Tavares Da Silva, A. Magalhaes, et al., Interventional
cardiology in cancer patients: A position paper from the Portuguese Cardiovascular
Intervention Association and the Portuguese Cardio-Oncology Study Group of the
Portuguese Society of Cardiology, Rev Port Cardiol. 43 (1) (2024) 35-48, https://
doi.org/10.1016/j.repc.2023.04.013.

[8] V.Y.Reddy, S.K. Doshi, S. Kar, et al., 5-Year Outcomes After Left Atrial Appendage
Closure, J Am Coll Cardiol. 70 (24) (2017) 2964-2975, https://doi.org/10.1016/j.
jacc.2017.10.021.

[9] L.V.Boersma, H. Ince, S. Kische, et al., Evaluating Real-World Clinical Outcomes in
Atrial Fibrillation Patients Receiving the WATCHMAN Left Atrial Appendage
Closure Technology: Final 2-Year Outcome Data of the EWOLUTION Trial Focusing
on History of Stroke and Hemorrhage, Circ: Arrhythmia and Electrophysiology. 12 (4)
(2019) e006841.

[10] P. Osmancik, D. Herman, P. Neuzil, et al., 4-Year Outcomes After Left Atrial
Appendage Closure Versus Nonwarfarin Oral Anticoagulation for Atrial
Fibrillation, J Am Coll Cardiol. 79 (1) (2022) 1-14, https://doi.org/10.1016/j.
jacc.2021.10.023.


https://doi.org/10.1016/j.ijcha.2024.101585
https://doi.org/10.1016/j.ijcha.2024.101585
https://doi.org/10.1016/j.pharmthera.2018.04.009
https://doi.org/10.1016/j.pharmthera.2018.04.009
https://doi.org/10.1016/j.ijcard.2017.03.132
https://doi.org/10.1016/j.ijcard.2017.03.132
https://doi.org/10.1016/j.hrthm.2021.04.024
https://doi.org/10.1093/eurheartj/ehac244
https://doi.org/10.1177/2047487318759858
https://doi.org/10.1177/2047487318759858
https://doi.org/10.1016/j.repc.2023.04.013
https://doi.org/10.1016/j.repc.2023.04.013
https://doi.org/10.1016/j.jacc.2017.10.021
https://doi.org/10.1016/j.jacc.2017.10.021
http://refhub.elsevier.com/S2352-9067(24)00251-3/h0045
http://refhub.elsevier.com/S2352-9067(24)00251-3/h0045
http://refhub.elsevier.com/S2352-9067(24)00251-3/h0045
http://refhub.elsevier.com/S2352-9067(24)00251-3/h0045
http://refhub.elsevier.com/S2352-9067(24)00251-3/h0045
https://doi.org/10.1016/j.jacc.2021.10.023
https://doi.org/10.1016/j.jacc.2021.10.023

M. Tinoco et al.

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

S. Agarwal, A. Guha, M.B. Munir, C.V. DeSimone, A. Deshmukh, Z.U.A. Asad,
Outcomes of patients with cancer undergoing percutaneous left atrial appendage
occlusion, J Interv Card Electrophysiol. 66 (8) (2023) 1791-1794, https://doi.org/
10.1007/5s10840-023-01621-w.

Y. Zhang, Z. Yang, M.U. Almani, R. Soon-Shiong, B. Liu, Utilization and short-term
outcomes of percutaneous left atrial appendage occlusion in patients with cancer,
Cardio-Oncology. 9 (1) (2023) 39, https://doi.org/10.1186/s40959-023-00192-z.
T. Isogai, A.M. Saad, A.I. Abushouk, et al., Procedural and Short-Term Outcomes of
Percutaneous Left Atrial Appendage Closure in Patients With Cancer, Am J Cardiol.
141 (2021) 154-157, https://doi.org/10.1016/j.amjcard.2020.12.003.

L. Hobohm, R.S. Von Bardeleben, M.A. Ostad, et al., 5-Year Experience of In-
Hospital Outcomes After Percutaneous Left Atrial Appendage Closure in Germany,
J Am Coll Cardiol Intv. 12 (11) (2019) 1044-1052, https://doi.org/10.1016/j.
jcin.2019.04.002.

M.B. Leon, N. Piazza, E. Nikolsky, et al., Standardized endpoint definitions for
transcatheter aortic valve implantation clinical trials: a consensus report from the
Valve Academic Research Consortium, Eur Heart J. 32 (2) (2011) 205-217, https://
doi.org/10.1093/eurheartj/ehq406.

Tzikas A, Holmes DR, Gafoor S, et al. Percutaneous left atrial appendage occlusion:
the Munich consensus document on definitions, endpoints, and data collection
requirements for clinical studies. Europace. Published online August 18, 2016:
euw141. 10.1093/europace/euw141.

L. Friberg, M. Rosenqvist, G.Y.H. Lip, Evaluation of risk stratification schemes for
ischaemic stroke and bleeding in 182 678 patients with atrial fibrillation: the
Swedish Atrial Fibrillation cohort study, Eur Heart J. 33 (12) (2012) 1500-1510,
https://doi.org/10.1093/eurheartj/ehr488.

G.Y.H. Lip, L. Frison, J.L. Halperin, D.A. Lane, Comparative Validation of a Novel
Risk Score for Predicting Bleeding Risk in Anticoagulated Patients With Atrial
Fibrillation, J Am Coll Cardiol. 57 (2) (2011) 173-180, https://doi.org/10.1016/j.
jacc.2010.09.024.

Michaeli DT, Michaeli JC, Michaeli T. Advances in cancer therapy: clinical benefit
of new cancer drugs. Aging. Published online June 19, 2023. 10.18632/
aging.204839.

L.V. Boersma, H. Ince, S. Kische, et al., Efficacy and safety of left atrial appendage
closure with WATCHMAN in patients with or without contraindication to oral
anticoagulation: 1-Year follow-up outcome data of the EWOLUTION trial, Heart
Rhythm. 14 (9) (2017) 1302-1308, https://doi.org/10.1016/j.hrthm.2017.05.038.
U. Landmesser, C. Tondo, J. Camm, et al., Left atrial appendage occlusion with the
AMPLATZER Amulet device: one-year follow-up from the prospective global
Amulet observational registry, Eurolntervention. 14 (5) (2018) e590-e597, https://
doi.org/10.4244/E1J-D-18-00344.

D.R. Holmes, S. Kar, M.J. Price, et al., Prospective Randomized Evaluation of the
Watchman Left Atrial Appendage Closure Device in Patients With Atrial
Fibrillation Versus Long-Term Warfarin Therapy, J Am Coll Cardiol. 64 (1) (2014)
1-12, https://doi.org/10.1016/j.jacc.2014.04.029.

V.Y. Reddy, H. Sievert, J. Halperin, et al., Percutaneous Left Atrial Appendage
Closure vs Warfarin for Atrial Fibrillation: A Randomized Clinical Trial, JAMA. 312
(19) (2014) 1988, https://doi.org/10.1001/jama.2014.15192.

P. Osmancik, D. Herman, P. Neuzil, et al., Left Atrial Appendage Closure Versus
Direct Oral Anticoagulants in High-Risk Patients With Atrial Fibrillation, J Am Coll
Cardiol. 75 (25) (2020) 3122-3135, https://doi.org/10.1016/j.jacc.2020.04.067.
S.A. Shabtaie, N.Y. Tan, R.C. Ward, et al., Left Atrial Appendage Occlusion in
Patients With Atrial Fibrillation and Cancer, JACC: Cardiooncology. 5 (2) (2023)
203-212, https://doi.org/10.1016/j.jaccao.2022.10.016.

U.A. Daimee, Y. Wang, F.A. Masoudi, et al., Indications for Left Atrial Appendage
Occlusion in the United States and Associated In-Hospital Outcomes: Results From
the NCDR LAAO Registry, Circ: Cardiovascular Quality and Outcomes. 15 (8) (2022),
https://doi.org/10.1161/CIRCOUTCOMES.121.008418.

S. Kumar, S. Yoon, I. Milioglou, et al., Left Atrial Appendage Closure Outcomes in
Patients With Cancer at a Single Tertiary Center, Am J Cardiol. 202 (2023)
176-181, https://doi.org/10.1016/j.amjcard.2023.06.068.

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

1JC Heart & Vasculature 56 (2025) 101585

J. Mesnier, 1. Cruz-Gonzalez, D. Arzamendi, et al., Incidence and Predictors of Early
Death in Patients Undergoing Percutaneous Left Atrial Appendage Closure, JACC:
Clinical Electrophysiology. 8 (9) (2022) 1093-1102, https://doi.org/10.1016/j.
jacep.2022.06.012.

C. So, G. Kang, P.A. Villablanca, et al., Additive Value of Preprocedural Computed
Tomography Planning Versus Stand-Alone Transesophageal Echocardiogram
Guidance to Left Atrial Appendage Occlusion: Comparison of Real-World Practice,
JAHA. 10 (17) (2021) e020615.

S. Nazir, K.R. Ahuja, D. Kolte, et al., Association of Hospital Procedural Volume
With Outcomes of Percutaneous Left Atrial Appendage Occlusion, J Am Coll Cardiol
Intv. 14 (5) (2021) 554-561, https://doi.org/10.1016/j.jcin.2020.11.029.
Mohamad Alkhouli, Hasan Alarouri, Anders Kramer, Kasper Korsholm, Jeremy
Collins, Ole De Backer, Hoda Hatoum, Jens Erik Nielsen-Kudsk, Device-Related
Thrombus After Left Atrial Appendage Occlusion: Clinical Impact, Predictors,
Classification, and Management, JACC: Cardiovascular Interventions, Volume 16,
Issue 22, 2023, Pages 2695-2707, ISSN 1936-8798, 10.1016/j.jcin.2023.10.046.
M. Alkhouli, O. De Backer, C.R. Ellis, et al., Peridevice Leak After Left Atrial
Appendage Occlusion, J Am Coll Cardiol Intv. 16 (6) (2023) 627-642, https://doi.
0rg/10.1016/j.jcin.2022.12.006.

M. Maarse, E.W. Aarnink, M.F.M. Huijboom, et al., Long-term outcomes of
successful left atrial appendage occlusion with focus on stroke prevention: 10-year
follow-up of a single-center registry, Heart Rhythm O2. 4 (5) (2023) 298-308,
https://doi.org/10.1016/j.hr00.2023.03.002.

J. Tryjillo-Santos, J.A. Nieto, G. Tiberio, A. Piccioli, P. Di Micco, P. Prandoni,

M. Monreal, R.LE.T.E. Registry, Predicting recurrences or major bleeding in cancer
patients with venous thromboembolism. Findings from the RIETE Registry,
Thromb Haemost. 100 (3) (2008 Sep) 435-439. PMID: 18766259.

V.Y. Reddy, S. Mobius-Winkler, M.A. Miller, et al., Left Atrial Appendage Closure
With the Watchman Device in Patients With a Contraindication for Oral
Anticoagulation, J Am Coll Cardiol. 61 (25) (2013) 2551-2556, https://doi.org/
10.1016/j.jacc.2013.03.035.

L. Sgndergaard, Y.H. Wong, V.Y. Reddy, et al., Propensity-Matched Comparison of
Oral Anticoagulation Versus Antiplatelet Therapy After Left Atrial Appendage
Closure With WATCHMAN, J Am Coll Cardiol Intv. 12 (11) (2019) 1055-1063,
https://doi.org/10.1016/j.jcin.2019.04.004.

M.W. Bergmann, H. Ince, S. Kische, et al., Real-world safety and efficacy of
WATCHMAN LAA closure at one year in patients on dual antiplatelet therapy:
results of the DAPT subgroup from the EWOLUTION all-comers study,
Eurolntervention. 13 (17) (2018) 2003-2011, https://doi.org/10.4244/E1J-D-17-
00672.

D.G. Della Rocca, M. Magnocavallo, L. Di Biase, et al., Half-Dose Direct Oral
Anticoagulation Versus Standard Antithrombotic Therapy After Left Atrial
Appendage Occlusion, J Am Coll Cardiol Intv. 14 (21) (2021) 2353-2364, https://
doi.org/10.1016/j.jcin.2021.07.031.

P.L. Cepas-Guillen, E. Flores-Umanzor, A. Regueiro, et al., Low Dose of Direct Oral
Anticoagulants after Left Atrial Appendage Occlusion, JCDD. 8 (11) (2021) 142,
https://doi.org/10.3390/jcdd8110142.

Wang, Edward, et al. Thoracoscopic Left Atrial Appendage Occlusion with the
AtriClip PRO2: An Experience of 144 Patients. Apr. 2024, 10.1016/j.
hlc.2024.02.010.

M. Burysz, M. Malec-Litwinowicz, J. Batko, et al., A decade later: long-term results
of the first percutaneous epicardial closure of the left atrial appendage using the
LARIAT device, Kitp. 20 (4) (2023) 215-219, https://doi.org/10.5114/
kitp.2023.134176.

M. Tung, Chen T, LAAO in Cardio-Oncology. JACC: Cardiooncology. 5 (2) (2023)
213-215, https://doi.org/10.1016/j.jaccao.2023.03.004.

C.J. Fernandes, L.T.K. Morinaga, J.L. Alves, et al., Cancer-associated thrombosis:
the when, how and why, Eur Respir Rev. 28 (151) (2019) 180119, https://doi.org/
10.1183/16000617.0119-2018.

A.M. Ajabnoor, R. Parisi, S.S. Zghebi, et al., Common cancer types and risk of
stroke and bleeding in patients with nonvalvular atrial fibrillation: a population-
based study in England, JAHA. 12 (19) (2023) e029423.


https://doi.org/10.1007/s10840-023-01621-w
https://doi.org/10.1007/s10840-023-01621-w
https://doi.org/10.1186/s40959-023-00192-z
https://doi.org/10.1016/j.amjcard.2020.12.003
https://doi.org/10.1016/j.jcin.2019.04.002
https://doi.org/10.1016/j.jcin.2019.04.002
https://doi.org/10.1093/eurheartj/ehq406
https://doi.org/10.1093/eurheartj/ehq406
https://doi.org/10.1093/eurheartj/ehr488
https://doi.org/10.1016/j.jacc.2010.09.024
https://doi.org/10.1016/j.jacc.2010.09.024
https://doi.org/10.1016/j.hrthm.2017.05.038
https://doi.org/10.4244/EIJ-D-18-00344
https://doi.org/10.4244/EIJ-D-18-00344
https://doi.org/10.1016/j.jacc.2014.04.029
https://doi.org/10.1001/jama.2014.15192
https://doi.org/10.1016/j.jacc.2020.04.067
https://doi.org/10.1016/j.jaccao.2022.10.016
https://doi.org/10.1161/CIRCOUTCOMES.121.008418
https://doi.org/10.1016/j.amjcard.2023.06.068
https://doi.org/10.1016/j.jacep.2022.06.012
https://doi.org/10.1016/j.jacep.2022.06.012
http://refhub.elsevier.com/S2352-9067(24)00251-3/h0145
http://refhub.elsevier.com/S2352-9067(24)00251-3/h0145
http://refhub.elsevier.com/S2352-9067(24)00251-3/h0145
http://refhub.elsevier.com/S2352-9067(24)00251-3/h0145
https://doi.org/10.1016/j.jcin.2020.11.029
https://doi.org/10.1016/j.jcin.2022.12.006
https://doi.org/10.1016/j.jcin.2022.12.006
https://doi.org/10.1016/j.hroo.2023.03.002
http://refhub.elsevier.com/S2352-9067(24)00251-3/h0170
http://refhub.elsevier.com/S2352-9067(24)00251-3/h0170
http://refhub.elsevier.com/S2352-9067(24)00251-3/h0170
http://refhub.elsevier.com/S2352-9067(24)00251-3/h0170
https://doi.org/10.1016/j.jacc.2013.03.035
https://doi.org/10.1016/j.jacc.2013.03.035
https://doi.org/10.1016/j.jcin.2019.04.004
https://doi.org/10.4244/EIJ-D-17-00672
https://doi.org/10.4244/EIJ-D-17-00672
https://doi.org/10.1016/j.jcin.2021.07.031
https://doi.org/10.1016/j.jcin.2021.07.031
https://doi.org/10.3390/jcdd8110142
https://doi.org/10.5114/kitp.2023.134176
https://doi.org/10.5114/kitp.2023.134176
https://doi.org/10.1016/j.jaccao.2023.03.004
https://doi.org/10.1183/16000617.0119-2018
https://doi.org/10.1183/16000617.0119-2018
http://refhub.elsevier.com/S2352-9067(24)00251-3/h0220
http://refhub.elsevier.com/S2352-9067(24)00251-3/h0220
http://refhub.elsevier.com/S2352-9067(24)00251-3/h0220

	Short- and long-term outcomes of percutaneous left atrial appendage occlusion in cancer patients
	1 Introduction
	2 METHODS
	2.1 Patient population
	2.2 Clinical data
	2.3 Outcomes definitions
	2.4 Definitions
	2.5 Statistical analysis

	3 RESULTS
	3.1 Baseline characteristics
	3.2 Short-term outcomes
	3.3 Long term-outcomes
	3.4 Pattern of antithrombotic treatment
	3.5 Active cancer vs remission cancer
	3.6 Cancer type and treatment modalities

	4 Discussion
	5 Limitations
	6 Conclusions
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgments
	Appendix A Supplementary material
	References


