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Abstract Background Bleeding events are often reported among patients with atrial fibrilla-
tion (AF), irrespective of antithrombotic use. This study is to determine clinical
outcomes of patients with AF who survived from bleeding event.
Methods We analyzed data from COOL-AF (Cohort of Antithrombotic Use and Optimal
International Normalized Ratio Levels in Patients with Atrial Fibrillation) Thailand registry.
Outcomesofpatientswhoexperiencedanybleedingwerecomparedwithpatientswhohad
never bleed. Time updated multivariate Cox-proportional hazard models were used to
estimate the risk for clinical outcomes of patients with and without bleeding.
Results Of total 3,405 patients (mean age: 67.8� 11.3 years; 41.9% female) in COOL-AF
registry, 609 patients (17.9%) reported bleeding event occurs and 568 patients (93.3%)
survived thoughhospital discharge. Patientswho survivedmajorbleeding (n¼126)wereat
increased risk for both death (adjustedhazard ratio [HR]: 4.44, 95% confidence interval [CI]:
2.91–6.75, p<0.001) and stroke/systemic embolism (adjusted HR: 4.49, 95% CI: 2.19–
9.24, p<0.001). Minor bleeding also increased subsequent death (adjusted HR: 2.13, 95%
CI: 1.56–2.90, p< 0.001). Up to 30% of patients who survived major bleeding and 6.3% of
minor bleedings discontinued oral anticoagulation. Discontinuation was associated with
very high death rate (42.1%), whereas patients who resumed oral anticoagulation after
bleeding had lower mortality (10%). The most common causes of death in patients who
survived a bleeding event were not related to cardiovascular causes nor bleeding.
Conclusion Patients with AF who have bleeding events have an increased risk for
subsequent death and stroke and systemic embolism. These patients should be
identified as vulnerable clinically complex patients and require a holistic approach to
their AF management.
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Introduction

Patients with atrial fibrillation (AF) are at increased risk of
mortality andmorbidity from stroke and systemic embolism
(SSE) and guidelines recommend oral anticoagulants (OAC)
to reduce this risk.1–3However, antithrombotic agents confer
a bleeding risk, whereby 5.1 to 7.9% of patients in recent
clinical trials sustained major bleeding events during treat-
ment.4 AF patients also appear to be at higher risk of
bleeding, even in the absence of OAC use.5 While many
modifiable and nonmodifiable risks impact on bleeding
events, a higher propensity to bleeding may be observed
among Asian populations.6

These bleeding events may be linked to other unfavorable
outcomes such as further SSE, mortality, and recurrent
bleeding,7,8 although more limited data are available from
large prospective Asian cohorts of patients with AF. Recent
systematic reviews and meta-analyses have provided
compelling evidence supporting the safety and favorable
outcomes associated with resuming anticoagulation therapy
following the resolution of correctable bleeding episodes
including intracranial hemorrhage (ICH).9–11 However, a
considerable number of patients who experienced serious
bleeding may discontinue treatment for stroke prevention
indefinitely and further result inmore embolic events. While
the nonvitamin K antagonist oral anticoagulants (NOACs) are
generally safer choices in term of bleeding when compared
with vitamin K antagonists (e.g., warfarin), many patients
globally (including in Thailand) had limited accessibility to
NOACs due to limited health care coverage and reimburse-
ment. Therefore, majority of patients still used only warfarin
as their OAC, for stroke prevention.

Given the impact of bleeding on outcomes, the limited
data from large Asian AF cohorts and increase sensitivity of

Asians to bleeding on OAC, this analysis from ourmulticenter
nationwide cohort study aimed to determine the effects of
bleeding events on the subsequent management and clinical
outcomes.

Methods

We analyzed data from COOL-AF (Cohort of Antithrombotic
Use and Optimal International Normalized Ratio Levels in
Patients with Atrial Fibrillation) Thailand registry. Briefly,
patients in this prospective nationwide study were age of
18 years or older who were diagnosed with nonvalvular AF
from 27 public hospitals across the country during 2014 to
2017. All patients were stable and outpatient and had not
been hospitalized for at least 1 month prior to enrollment.
The study protocol was approved by the Central Research
Ethics Committee. Written informed consent was obtained
from all included patients prior to participation, and the
study was conducted in accordance with the principles set
forth in the Declaration of Helsinki and the International
Conference on Harmonization for Good Clinical Practice
Guidelines. Site investigators were informed to enroll
patients consecutively. We followed the International
Society on Thrombosis and Haemostasis (ISTH) criteria for
bleeding definition.12 In this particular analysis, we identi-
fied patients who experienced any bleeding event (minor
and major bleeding) during their 3-year follow-up. We
excluded patients who died during the same bleeding event
(n¼41). Patients who survived bleeding event to hospital
dischargewere enrolled and comparedwith other patients in
the registry who had never bled.

We also subdivided patients with nonfatal bleeding into
three subgroups: patients with minor bleeding, patients
survived from major bleeding, and patients survived from
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intracranial bleeding (which were also included in major
bleeding group). We focused on clinical outcomes after
bleeding episode including SSE, recurrent bleeding, and
all-cause death. Ischemic stroke was defined as acute onset
of focal neurological deficit lasting at least 24hours, and less
than 24hours for transient ischemic attack (TIA). Imaging
data from computed tomography brain scan or magnetic
resonance imaging were required to be uploaded into the
web-based system but no need to be positive.Major bleeding
was defined by the ISTH criteria.12 We also analyzed rate of
continuation or discontinuation of OAC after each bleeding
category and clinical outcomes after each choice.

Statistical Analysis
Baseline demographic and clinical data were interpreted
using descriptive statistics. Continuous data are presented
as mean� standard deviation, and categorical data are
shown as number and percentage. Comparison was made
between patients survived from bleeding and patients who
had never bleed. Student’s t-test was used to compare
continuous data, and chi-square test was used to compare
categorical data. Clinical outcomes including SSE, death, and
bleeding are presented in per 100 patient-years. Univariate
and multivariate Cox proportional hazard model analyses
were performed to assess the risk of clinical outcomes of
patients with and without bleeding. Bleeding was used as a
time-updated covariate in the Cox models. Adjusted varia-
bles were age, sex, time after diagnosis of AF, AF types,
symptomatic AF, history of heart failure, history of coronary
artery disease (CAD), cardiac implantable electronic device,
hypertension, history of ischemic stroke/TIA, diabetes mel-
litus, smoking, dyslipidemia, renal replacement therapy,
dementia, antiplatelet, and anticoagulant. The multivariable
Cox models were adjusted for time-updated covariates tak-
ing into account the changes over time.

The results of Cox proportional hazardmodel analyses are
shown as unadjusted and adjusted hazard ratio (HR) and 95%
confidence interval (CI). All statistical analyses were per-
formed using the R version 3.6.3 (www.r-project.org) and the
SPSS statistical software version 18.0 (SPSS, Inc., Chicago,
Illinois, United States).

Results

Of all 3,405 patients in COOL-AF registry, 609 patients (17.9%)
experienced bleeding during follow-up. Forty-one patients
(6.7%) did not survive the bleeding episode; hence, the mor-
tality rate of the first bleeding episode were 6.7% from all
patientswithbleedingevents andupto24% frompatientswith
major bleeding. Therewas no significant difference formost of
thebaseline characteristics in►Table 1 betweenpatientswith
fatal and nonfatal bleeding except for age. Patients with fatal
bleeding had an older age compared with those with nonfatal
bleeding (75.4�7.9 vs. 70.5�10.0, p<0.001). Patients with
fatal bleeding had a greater proportion of ICH compared with
thosewith nonfatal bleeding (29 out of 41 [70.7%] vs. 41 out of
568 [7.2%], p<0.001). Patients with warfarin and fatal bleed-
ing had a lower time in the therapeutic range (TTR) compared

with those with nonfatal bleeding (30.5�27.8 vs.
50.0�26.1%, p¼0.001). Finally, 568 patients (93.3%, mean
age: 70.5�10.0 years; 46.1% female) survived the first bleed-
ing and available for analysis (442 minor bleeding and 126
major bleeding). Flow diagram of study population is shown
in ►Fig. 1.

►Table 1 demonstrates baseline characteristics of
patients who survived any bleeding events compared with
those with no bleeding event. Patients who survived bleed-
ing were older than patients who had never bled (70.5�10
vs. 67.1�11.4 years, p<0.001), had longer duration of AF
(3.9�5.3 vs. 3.3�4.1 years, p<0.001), had more several
comorbidities including history of CAD, hypertension, dia-
betes, and kidney disease require renal replacement therapy.
As a result, patients who survived bleeding had higher mean
CHA2DS2-VASc and HAS-BLED scores than patients who had
never bled. A greater proportion of patients who survived
bleeding used OAC compared with patients who had never
bleed (82.2 vs. 65.8%, p<0.001). Patients who survived
bleeding also used less NOACs (3.7 vs. 7.3%, p¼0.002).

Clinical Outcomes after Bleeding Events
Patients who survived bleeding events had a higher crude risk
for clinical outcomes compared with those with no bleeding
outcome as shown by incidence rate (►Fig. 2A–D) and unad-
justed and adjusted HRs and 95% CI (►Fig. 3). Patients who
sustained major bleeding were at high risk for future all-cause
death (16.0per100patient-year)whencomparedwithpatients
who had never bled (3.48 per 100 patient-year, adjusted HR:
4.49, 95% CI: 2.19–9.24, p<0.001). Mortality risk was highest
among patients who suffered intracranial bleeding (21.68 per
100 patient-year, adjusted HR: 6.58, 95% CI: 3.15–13.74,
p<0.001). Patients who experienced minor bleeding also at
increasedrisk forall-causemortality (7.55per100patient-year,
adjusted HR: 2.13, 95% CI: 1.56–2.90, p<0.001).

Patients survived major bleeding had stroke/systemic em-
bolism for 5.57 per 100 patient-year compared with 1.26 per
100 patient-year in patients who had never bleed during
follow-up (adjusted HR: 4.49, 95% CI: 2.19–9.24, p<0.001,
►Figs. 2 and 3). Patientswho experiencedminor bleeding had
marginally increased risk for future stroke/systemic embolism
(2.13 per 100 patient-year; adjusted HR: 1.74, 95% CI: 0.98–
3.09, p¼0.058).

►Fig. 4 demonstrates cumulative event rate of composite
outcomes of all-cause death, SSE and major bleeding in
patientswithmajorbleeding,minorbleeding, andnobleeding.
Patients with major bleeding were the highest risk group.
Patients withminor bleeding had a lower risk than thosewith
major bleeding but higher risk than patientswith no bleeding.

Among 568 patients who survived first bleeding event, the
incidence rate of having major bleeding following the first
bleeding was 3.75 per 100 person-years. The incidence rate
of major bleeding after major bleeding, ICH, and minor
bleeding were 10.88 (6.35–17.45), 10.86 (2.96–27.82), and
2.81 (1.93–3.94), respectively. Thepredictors formajor bleeding
after thefirst bleedingeventwere age (HR:1.048 [1.015–1.082],
p¼0.004), male sex (HR: 4.237 [1.992–9.009], p<0.001), and
diabetes (HR: 1.866 [1.018–3.423], p¼0.044).
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Anticoagulant Strategy after Surviving Bleeding
Among patients who survived bleeding, 488 patients (85.9%)
received OAC before their bleeding event; of these, 467
(95.7%) received warfarin and 21 (4.3%) received NOACs.
According to this study, 85.9% (488 out of 568) was the
percentage of patients who received OAC at the time of
nonfatal bleeding. Among 488 patients, 414 (84.8%) resumed
OAC, 15 (3.1%) changed OAC, and 57 (11.7%) discontinued
OAC. Majority of patients who discontinued warfarin re-
ceived no treatment for stroke prevention in AF. Left Atrial
Appendage Occluder (LAAO) was implanted in two cases or
3.5% of patients with discontinued OAC. We rarely implant
LAAO due to financial limitation. For patients with survived
major bleeding (102 patients with warfarin before bleeding),
67 (65.7%) resumed warfarin, 31 (30.4%) discontinued OAC,

and 4 (3.9%) switched to NOACs after their bleeding event. In
patients who had intracranial bleeding as a cause of major
bleeding (27 taking warfarin), 9 (33.3%) continued warfarin,
19 (63.3%) discontinued OAC, and 1 (3.3%) switched to
NOACs. Of patients who had major gastrointestinal bleeding
(81 taking warfarin), 63 (77.8%) continued warfarin, 15
(18.5%) discontinued OAC, and 3 (3.7%) switched to NOACs
(►Table 2). Among 488 patients with bleeding with OAC, 57
(11.7%) discontinued OAC after bleeding. Among 2,046
patients with baseline OAC without bleeding event, 131
(6.4%) discontinued OAC (p<0.001 for rate of OAC discon-
tinuation between patients with andwithout bleeding). OAC
discontinuation was associated with the increased risk of
composite outcome (49.1 vs. 17.9%, p<0.001).►Fig. 5 shows
Sankey diagram of changes in OAC status in patients without

Table 1 Baseline characteristics

Variables All (n¼ 3,364) All bleeding
(n¼568)

No bleeding
(n¼ 2,796)

p-Value

Age (y) 67.7�11.3 70.5�10.0 67.1� 11.4 <0.001

Female gender 1,409 (41.9%) 262 (46.1%) 1,147 (41%) 0.025

Time after diagnosis of AF (y) 3.4�4.3 3.9�5.3 3.3�4.1 0.006

Atrial fibrillation

Paroxysmal 1,140 (33.9%) 188 (33.1%) 952 (34%) 0.854

Persistent 639 (19.0%) 112 (19.7%) 527 (18.8%)

Permanent 1,585 (47.1%) 268 (47.2%) 1,317 (47.1%)

Symptomatic AF 2,591 (77.0%) 420 (73.9%) 2,171 (77.6%) 0.056

History of heart failure 898 (26.7%) 153 (26.9%) 745 (26.6%) 0.886

History of coronary artery disease 536 (15.9%) 119 (21.0%) 417 (14.9%) <0.001

Cardiac implantable electronic device 339 (10.1%) 60 (10.6%) 279 (10.0%) 0.673

Hypertension 2,299 (68.3%) 450 (79.2%) 1,849 (66.1%) <0.001

History of ischemic stroke/TIA 585 (17.4%) 108 (19%) 477 (17.1%) 0.263

Diabetes mellitus 825 (24.5%) 175 (30.8%) 650 (23.2%) <0.001

Smoking 670 (19.9%) 126 (22.2%) 544 (19.5%) 0.138

Dyslipidemia 1,892 (56.2%) 347 (61.1%) 1,545 (55.3%) 0.011

Renal replacement therapy 38 (1.1%) 12 (2.1%) 26 (0.9%) 0.015

Dementia 29 (0.9%) 5 (0.9%) 24 (0.9%) 0.959

CHA2DS2-VASc score

Low risk 287 (8.5%) 19 (3.3%) 268 (9.6%) <0.001

Intermediate risk 548 (16.3%) 60 (10.6%) 488 (17.5%)

High risk 2,529 (75.2%) 489 (86.1%) 2,040 (73.0%)

HAS-BLED score 1.5�1.0 1.8�1.1 1.5�1.0 <0.001

0 489 (14.5%) 51 (9.0%) 438 (15.7%)

1–2 2,350 (69.9%) 388 (68.3%) 1,962 (70.2%)

�3 525 (15.6%) 129 (22.7%) 396 (14.2%)

Antiplatelet 881 (26.2%) 154 (27.1%) 727 (26.0%) 0.583

Anticoagulant 2,534 (75.3%) 488 (85.9%) 2,046 (73.2%) <0.001

Warfarin 2,308 (68.6%) 467 (82.2%) 1,841 (65.8%) <0.001

NOACs 226 (6.7%) 21 (3.7%) 205 (7.3%) 0.002

Abbreviations: AF, atrial fibrillation; NOACs, nonvitamin K antagonist oral anticoagulants; TIA, transient ischemic attack.

Thrombosis and Haemostasis © 2024. Thieme. All rights reserved.
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Fig. 1 Diagram of study population. COOL-AF, Cohort of Antithrombotic Use and Optimal International Normalized Ratio Levels in Patients with
Atrial Fibrillation.

Fig. 2 Incidence rate of clinical outcomes of patients with each type of bleeding event compared with those no bleeding. (A) All bleeding;
(B) minor bleeding; (C) major bleeding; and (D) intracranial hemorrhage. SSE, ischemic stroke/systemic embolism.

Thrombosis and Haemostasis © 2024. Thieme. All rights reserved.
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and with major bleeding event. Comparing to patients
without major bleeding event, proportion of warfarin use
decreased in those with major bleeding event, whereas
proportion of NOACs and no OAC increased.

For patients who experienced minor bleeding while re-
ceiving warfarin (363 patients), 329 (90.6%) continued war-
farin, 23 (6.3%) discontinued OAC, and 11 (3.0%) switched to

NOACs after bleeding. Therewas no casewith NOAC bleeding
switching to warfarin after events.

Patientswho discontinuedOAC after bleeding events have
very high mortality rate (41.7% of those with minor bleeding
and 42.4% of major bleeding discontinued OAC) (►Table 3).
This is compared with patients who resumed OAC with
either warfarin or NOACs, where mortality was 9.7% and

Fig. 3 Hazard ratio of each type of bleeding events and clinical outcomes after bleeding events. CI, confidence interval; HR, hazard ratio; ICH,
intracranial hemorrhage; SSE, ischemic stroke/systemic embolism.

Fig. 4 Event-free survival of composite outcome of death or stroke and systemic embolism of patients with major bleeding, minor bleeding, and
no bleeding.

Thrombosis and Haemostasis © 2024. Thieme. All rights reserved.
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Table 2 Decision on anticoagulant regimen after bleeding events

Overall
(n¼2,534)

Discontinue
before (n¼ 2)

Using warfarin
before bleeding
(n¼2,306)

Using NOAC
before bleeding
(n¼226)

All bleeding

Number of patients 488 2 465 21

Same 414/488 (84.8%) 396/465 (85.2%) 18/21 (85.7%)

Change OAC category 15/488 (3.1%) 15/465 (3.2%) 0/21 (0.0%)

OAC discontinuation 57/488 (11.%) 54/465 (11.6%) 3/21 (14.3%)

Major bleeding

Number of patients 110 0 102 8

Same 73/110 (66.4%) 67/102 (65.7%) 6/8 (75.0%)

Change OAC category 4/110 (3.6%) 4/102 (3.9%) 0/8 (0.0%)

OAC discontinuation 33/110 (30.0%) 31/102 (30.4%) 2/8 (25.0%)

Site of bleeding—ICH

Number of patients 30 0 27 3

Same 10/30 (33.3%) 9/27 (33.3%) 1/3 (33.3%)

Change OAC category 1/30 (3.3%) 1/27 (3.7%) 0 (0.0%)

OAC discontinuation 19/30 (63.3%) 17/27 (63.0%) 2/3 (66.7%)

Site of bleeding—extracranial bleeding

Number of patients 86 0 81 5

Same 53/86 (61.6%) 63/81 (77.8%) 5/5 (100.0%)

Change OAC category 3/86 (3.5%) 3/81 (3.7%) 0 (0.0%)

OAC discontinuation 29/86 (33.7%) 15/81 (18.5%) 0 (0.0%)

Minor bleeding

Number of patients 378 2 363 13

Same 341/378 (90.7%) 329/363 (90.6%) 12/13 (92.3%)

Change OAC category 11/378 (2.9%) 11/363 (3.0%) 0/13 (0.0%)

OAC discontinuation 24/378 (6.3%) 23/363 (6.3%) 1/13 (7.7%)

Abbreviations: ICH, intracranial hemorrhage; NOACs, nonvitamin K antagonist oral anticoagulants; OAC, oral anticoagulants.

Fig. 5 Sankey diagram of changes in OAC status in patients without (A) and with major bleeding event (B). NOAC, nonvitamin K antagonist oral
anticoagulant; OAC, oral anticoagulant.
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11.7% in patients after minor and major bleeding, respec-
tively. Risk for stroke after first bleeding was 3.5, numerically
more commonly in patients who resumed OAC (3.7%) com-
pared with patients who discontinued (1.8%). Conversely,
subsequent bleeding occurred more commonly in patients
who discontinued OAC (15.8%) compared with those who
resumed OAC (8.2%).

The rate of temporary discontinuation of OAC was 125 out
of 488 patients with bleeding (25.6%) and 483 out of 2046
patients without bleeding (23.6%), p¼0.351. OAC temporary
discontinuation had no significant effect on the impact of
bleeding event on the composite outcome (interaction test;
p¼0.124). Therewere 886 episodes of OAC temporary discon-
tinuation in608patients. Bridging therapywasused in128out
of 886 OAC temporary discontinuation episodes (14.4%).

For patients with warfarin, mean TTR was 53.7�26.3%.
TTR was 50.0�26.1% in patients with bleeding and
54.7�26.3% for those without bleeding (p¼0.001). Propor-
tion of TTR � 65% was 137 (29.5%) in patients with bleeding
and 660 (37.8%) for those without bleeding (p¼0.001).

Causes of Death among Patients who Survived
Bleeding Episode
Death was the most common clinical outcomes during
follow-up. We divided causes of death into three main
categories: cardiovascular (CV) death, death due to hemor-
rhage, and deaths with no association with CV cause or
hemorrhage (non-CV/nonbleeding death).

After bleeding during treatment with OAC, 68 of 488
patients (13.9%) died during follow-up. Of these, 12
(17.6%) were CV deaths, 12 (17.6%) were deaths due to
hemorrhage, and 44 (64.7%) were non-CV/nonhemorrhage
deaths (►Table 4). These proportions were similar with all
bleeding severity categories and sites. In 23 deaths after
survivedmajor bleeding, 5 (21.7%) were CV deaths, 4 (17.4%)
were deaths due to hemorrhage, and 14 (60.9%) were non-
CV/nonhemorrhage death. In 45 deaths after minor bleeding,
7 (15.6%) were CV death, 8 (17.8%) were death due to
hemorrhage, and 30 (66.7%) were non-CV/nonhemorrhage
death. The most common non-CV/nonbleeding cause of
death overall was infection (45.5%).

Table 3 Clinical events after bleeding stratified by anticoagulant strategy after bleeding

Overall
(n¼2,534)

Death or SSE
or major
bleeding

Death Major
bleeding

SSE ICH

All bleeding

Patients with
all bleeding

488 105/488 (21.5%) 68/488 (13.9%) 45/488 (9.2%) 17/488 (3.5%) 15/488 (3.1%)

Continue warfarin 414/488 (84.8%) 74/414 (17.9%) 43/414 (10.4%) 35/414 (8.5%) 14/414 (3.4%) 9/414 (2.2%)

Change to NOAC 15/488 (3.1%) 2/15 (13.3%) 0/15 (0.0%) 0/15 (0.0%) 2/15 (13.3%) 0/15 (0.0%)

Discontinue OAC 57/488 (11.%) 28/57 (49.1%) 24/57 (42.1%) 9/57 (15.8%) 1/57 (1.8%) 6/57 (10.5%)

Major bleeding

All patients with
major bleeding

110 34/110 (30.9%) 23/110 (20.9%) 14/110 (9.1%) 4/110 (3.6%) 4/110 (3.6%)

Continue warfarin 73/110 (66.4%) 18/73 (24.7%) 9/73 (12.3%) 9/73 (12.3%) 3/73 (4.1%) 0/73 (0.0%)

Change to NOAC 4/110 (3.6%) 1/4 (25.0%) 0/4 (0.0%) 0/4 (0.0%) 1/4 (25.0%) 0/4 (0.0%)

Discontinue OAC 33/110 (30.0%) 15/33 (45.5%) 14/33 (42.4%) 5/33 (3.0%) 0/33 (0.0%) 4/33 (12.1%)

Site of bleeding—ICH 30 8/30 (26.7%) 8/30 (26.7%) 4/30 (13.3%) 0/30 (0.0%) 4/30 (13.3%)

Continue warfarin 10/30 (33.3%) 0/10 (0.0%) 0/10 (0.0%) 0/10 (0.0%) 0/10 (0.0%) 0/10 (0.0%)

Change to NOAC 1/30 (3.3%) 0/1 (0.0%) 0/1 (0.0%) 0/1 (0.0%) 0/1 (0.0%) 0/1 (0.0%)

Discontinue OAC 19/30 (63.3%) 8/19 (42.1%) 8/19 (42.1%) 4/19 (21.1%) 0/19 (0.0%) 4/19 (21.1%)

Site of bleeding—
extracranial bleeding

86 26/86 (30.2%) 15/86 (17.4%) 10/86 (11.6%) 4/86 (4.7%) 0 (0.0%)

Continue warfarin 68/86 (79.1%) 18/68 (26.5%) 9/68 (13.2%) 9/68 (13.2%) 3/68 (4.4%) 0 (0.0%)

Change to NOAC 3/86 (3.5%) 1/3 (33.3%) 0/3 (0%) 1/3 (33.0%)

Discontinue OAC 15/86 (17.4%) 7/15 (46.7%) 6/15 (40.0%) 1/15 (6.7%) 0/15 (0.0%) 0 (0.0%)

Minor bleeding

Patients with
minor bleeding

378 72/378 (19.0%) 45/378 (11.9%) 31/378 (8.2%) 14/378 (3.7%) 11/378 (2.9%)

Continue warfarin 341/378 (90.7%) 57/341 (16.7%) 34/341 (10.0%) 26/341 (7.6%) 12/341 (3.5%) 9/341 (2.6%)

Change to NOAC 11/378 (2.9%) 1/11 (9.1%) 0/11 (0.0%) 0/11 (0.0%) 1/11 (9.1%) 0/11 (0.0%)

Discontinue OAC 24/378 (6.3%) 13/24 (54.2%) 10/24 (41.7%) 4/24 (16.7%) 1/24 (4.2%) 2/24 (8.3%)

Abbreviations: ICH, intracranial hemorrhage; NOACs, nonvitamin K antagonist oral anticoagulants; OAC, oral anticoagulants; SSE, ischemic
stroke/systemic embolism.
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Discussion

The principal findings of our analysis from the COOL-AF
Thailand registry are as follows: (1) patients with AF who
have bleeding events have an increased risk for subsequent
death and SSE; (2) up to 30% of patients who survived major
bleeding and 6.3% of minor bleedings discontinued oral
anticoagulation. Discontinuation was associated with very
high death rate (42.1%), whereas patients who resumed oral
anticoagulation after bleeding had lower mortality (10%);
and (3) causes of death were mostly nonrelated to CV causes
nor bleeding (most commonly, infection: 45.5%).

COOL-AF is a prospective multicenter registry that en-
rolled AF patients from 2014 to 2017 to identify optimal
international normalized ratio (INR) for Thai patients. During
timing of the study, access to NOACs was restricted in the
most AF patients. These data, therefore, partly represent
bleeding outcomes related to warfarin use. Our data showed
that bleeding is very common outcome during treatment
with warfarin, where up to 17.9% experienced bleeding
during follow-up. Patients who had bleeding event had a
higher risk of clinical outcomes comparedwith thosewith no
bleeding event.

From this study, 6.7% of patientswho experienced bleeding
did not survive the episode. The risk of death directly from
bleedingmight rise to 24% inpatientswithmajor bleeding and
as high as 48.3% in patients with ICH. Moreover, patients who
survived their bleeding episode to hospital discharge also

sustains a high risk of subsequent death, stroke, and systemic
embolism. The risk of subsequent death was 2-fold higher in
patients with minor bleeding and 4.4-fold higher with major
bleeding when compared with patients who had never bleed.
These risks for clinical outcomes of our Asian patients with
bleeding compared with those with no bleeding were higher
than the report from combined European cohort data of the
BEAT-AF and SWISS-AF registry.8 Nevertheless, the results
from BEAT-AF and SWISS-AF registry reported only patients
who were on OAC, whereas our study were based on an AF
population. While the definitions of major bleeding were the
ISTH criteria similar in both reports, the increased risk of
clinical outcomes from our study may be related to a greater
use of warfarin in our study. Another explanation may be
related to the increased risk of clinical outcomes in Asian AF
patients13–15 compared with non-Asians,16,17 including for
bleeding. We previously reported that AF patients with a
history of major bleeding had an increased risk death, SSE,
andmajor bleeding comparedwith patientswithouthistoryof
major bleeding.18 The results of the current study compared
outcomes of patients with and without bleeding event during
the follow-up with the time-updated multivariate Cox model
emphasizing the need for the better management of bleeding
events in AF patients.

Nearly one-third of patients who experienced major
bleeding episodes during follow-up discontinuedOAC.Minor
bleeding events result in discontinuation only for 6.3%.
Nevertheless, discontinuation of OAC after bleeding was

Table 4 Causes of subsequent death after bleeding events stratified by antithrombotic strategy after bleeding

All patients
with bleeding
(n¼488)

Patients who continue
VKA after bleeding
(n¼414)

Patients who change
to NOAC after
bleeding (n¼15)

Patients who discontinue
OAC after bleeding
(n¼57)

All-cause death 68/488 (13.9%) 43/414 (10.4%) 0/15 24/57 (42.1%)

CV death 12 (2.5%) 10 (2.4%) 2 (3.5%)

Sudden cardiac death 4 3 1

Fatal myocardial infarction 2 2

Heart Failure death 4 3 1

Fatal stroke 2 2

Fatal bleeding 12 (2.5%) 6 (1.4%) 5 (8.8%)

Intracerebral hemorrhage 7 3 4

Hemorrhage that neither
CV bleeding nor stroke

5 3 1

Non-CV, nonbleeding death 44 (9.0%) 27 (6.5%) 17 (29.8%)

Pulmonary 1 1

Renal 2 1 1

Infection/sepsis 20 15 5

Trauma 2 1 1

Neurological 3 1 2

Malignancy 1 1

Senile 2 2

Other non-CV dead 2 1 1

Undetermined 11 5 6

Abbreviations: CV, cardiovascular; NOACs, nonvitamin K antagonist oral anticoagulants; OAC, oral anticoagulants; VKA, vitamin K antagonist.
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more likely related to poor outcomes, with subsequent death
in up to 42.1%. Also, up to 70.8% of death after OAC discon-
tinuationwere neither CV nor bleeding, suggesting clinically
complex or fragile phenotypes.19 The majority of patients in
our study who re-initiated OAC after their bleeding event
remained to be onwarfarin, partly related to the government
reimbursement policy to limited the use of NOACs, which
were considered to be more expensive medications. The rate
of OAC discontinuation after the bleeding episode was 13.8%
from a previous study,8 which is comparable to 14.8% in our
study. The median from bleeding event to primary outcome
was 306 days (interquartile range [IQR]: 23–832) for the
previous study8 compared with 245 days (IQR: 110–543) in
our study. A long-term follow-up is required to monitor and
start appropriate treatment for these patients.

Around two-third of subsequent death were non-CV, non-
bleeding related, broadly similar to the report from the
Fushimi AF registry.20 We have also reported similar causes
of death in the COOL-AF population.21 The Fushimi AF study
showed that as high as 85% died from non-CV deaths, which is
probably includesbleeding-relateddeath.Hence, patientswho
experienced bleeding episode during treatment for stroke
prevention are vulnerable clinically complex patients who
require a more holistic approach to their AF management.
Weobserveda paradoxical data fromstroke andbleeding after
the first bleed. Risk for stroke after first bleeding was more
commonly in patients who resumed OAC and subsequent
bleeding occurred more commonly in patients who discon-
tinued OAC after the bleeding event. We believed that para-
doxical outcomesobserved in this studyare result frompatient
character that prone to bleed tend to discontinue use of OAC.
Therefore, even after OAC discontinuation, they still had
bleeding tendency. Likewise, patients who prone to have
thrombotic events tend to continue OAC. Physicians often
opt to discontinue anticoagulation therapy for stroke preven-
tion in patients deemed too ill to derive benefit from treat-
ment. They fear of rebleeding, so they tend to keep a low INR.
Patients also fear of rebleeding, so they may intend to skip the
dose of OAC. Therefore, the thrombotic risk still remained. As
we can see from the TTR data of our study that patients with
warfarin after the bleeding event had a TTR of 50.0�26.1%,
whereas patients who never bled had a TTR of 54.7�26.3%
(p¼0.001). Consequently, the cessation of anticoagulantsmay
not directly precipitate non-CV mortality but rather signifies
susceptibility to various medical conditions.22 Among 10
comorbidities (hypertension, heart failure, CAD, stroke, pe-
ripheral arterial disease, diabetes, hypo- or hyperthyroidism,
anemia, renal disease, and liver disease), the number of
comorbidities in our studies was greater in patients with
bleeding (3.0�1.5) compared with those without bleeding
(2.5�1.5) (p<0.001). Indeed, the holistic approach has been
associated with improved clinical outcomes, including lower
mortality, stroke, and major bleeding.23,24

A systematic review of 21 observational studies involved
96,448 patients showed that AF patients not OAC represent
population at higher risk of bleeding.5 Previous studies in AF
patients with gastrointestinal bleeding who resume OAC had
better subsequent ischemic outcomes.25,26 In our study, we

found that patients who continued OAC suffered from SSE
more than patients who discontinued OAC. This might be due
to the fact that 42.1% who discontinued OAC died during
follow-up, compared with only 10.0% who continued with
OAC. Thus, death might have been a competing event, attenu-
ating the occurrence of stroke after OAC discontinuation.
Moreover, patients who experienced bleeding might restart
OACwith amore cautious approach (e.g., lower or suboptimal
range of target INR) leading to more embolic events.27

Limitations

This study is limited by its observational design, but was a
prospective nationwide cohort designed to be fairly inclusive
of study sites. Excluding patients who died at during the same
hospital admissionas the indexbleedingeventsprobablymask
ischemic or bleeding events occurwithin the admission. At the
timeofdata collection (2014–2017),most of theAF patients in
Thailandwere using warfarin for SSE prevention, and thus, we
have too small numbers of patients onNOACsdue to limitation
ofhealthcarecostcoverage.A largeproportionofpatientswith
bleeding in our study died of non-CV causes, and the death
event may mask both ischemic and bleeding outcomes which
might followed the bleeding episodes.

Conclusion

Patients with AF who have bleeding events have an increased
risk for subsequent death and SSE. Cause of death were mostly
nonrelated to CVcauses nor bleeding. These patients should be
identifiedasvulnerable clinically complexpatients and require
a holistic approach to their AF management.

What is known about this topic?

• Oral anticoagulants, which is recommended in most
patientswith atrialfibrillation, had an increased riskof
bleeding.

• The decision to restart or discontinue anticoagulation
after bleeding episodes based on a thorough assess-
ment of thrombotic and rebleeding risks.

What does this paper add?

• Patients who survived major bleeding (n¼126) were
at increased risk for both death (adjusted HR: 4.44, 95%
CI: 2.91–6.75, p<0.001) and stroke/systemic embo-
lism (adjusted HR: 4.49, 95% CI: 2.19–9.24, p<0.001).

• Discontinuation was associated with very high death
rate (42.1%), whereas patients who resumed oral anti-
coagulation after bleeding had lower mortality (10%).
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