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Background and Purpose Patients with nonvalvular atrial fibrillation (NVAF) who survive an 
intracranial hemorrhage (ICH) have an increased risk of ischemic stroke and systemic embolism (IS/
SE). We investigated whether starting oral anticoagulants (OACs) among older NVAF patients after 
an ICH was associated with a lower risk of IS/SE and mortality but offset by an increase in major 
bleeding.
Methods We assembled a patient cohort from the Quebec Régie de l’Assurance Maladie du Québec 
(RAMQ) and Med-Echo administrative databases. We identified older adults with NVAF from 1995 
to 2015. All patients with incident ICH and discharged in community were included. Patients were 
categorized according to OAC exposure. Outcomes included IS/SE, all-cause mortality, recurrent 
ICH and major bleeding after a quarantine period of 6 weeks. Crude event rates were calculated at 
1-year of follow-up, and Cox proportional hazard models with a time-dependent binary exposure 
were used to assess adjusted hazard ratios (AHRs). 
Results The cohort of 683 NVAF patients with ICH aged 83 years on average. The rates (per 100 
person-years) for IS/SE, death, ICH and major bleeding were 3.3, 40.6, 11.4, and 2.7 for the no OAC 
group; and 2.6, 16.3, 5.2, and 5.2 for OAC group, respectively. The AHR for IS/SE and death was 0.10 
(95% confidence interval [CI], 0.05 to 0.21), 0.43 (95% CI, 0.19 to 0.97) for recurrent ICH and 1.73 
(95% CI, 0.71 to 4.20) for major extracranial bleeding comparing OAC exposure to non-exposed.
Conclusions Initiating OAC after ICH in older individuals with NVAF is associated with a reduction 
of IS/SE and mortality and a trend in recurrent ICH supporting its use after ICH. 
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Introduction

Atrial fibrillation (AF) is a cause of ischemic stroke (IS) and is 
expected to increase in prevalence in the coming years.1 In ad-
dition, ISs associated with AF are more severe and carry a higher 
mortality rate.2 Oral anticoagulant (OAC) therapy, either vitamin 
K antagonists (VKA) or direct oral anticoagulants (DOAC), has 

been shown to be efficacious in preventing ischemic events in-
cluding strokes in AF.3-5 However, one of the most feared and 
life-threatening complications of OAC therapy is intracranial 
hemorrhage (ICH),6 and though the risk is less with DOACs, it is 
still present. This leads to a therapeutic dilemma which is to ei-
ther avoid use of OAC in patients with AF after an ICH to reduce 
the risk of recurrent ICH or prescribe OAC to reduce the risk of 
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IS or systemic embolism (SE). Present guidelines for ICH have 
not provided any clear recommendations because of a paucity 
of evidence in this area, and also by the lack of randomized 
controlled trials for this unmet need, since previous ICH was an 
exclusion criterion for all randomized clinical trials that tested 
anticoagulation in patients with AF.7,8 

However, recent observational studies,9-12 and meta-analy-
ses13-16 have suggested that the use of OAC after an ICH was 
associated with a reduction in all-cause mortality and ischemic 
events although in some reports,17,18 a higher rate of recurrent 
ICH was noted. Using Quebec healthcare databases, we evalu-
ated the risk and benefits of OAC use after an ICH in older pa-
tients with nonvalvular atrial fibrillation (NVAF). We use time-
dependent modeling in order to relate recent and current ex-
posure to OAC on the occurrence of events.

Methods

Data source
We assembled a cohort from administrative databases (hospital 
discharges [Med-Echo], medical services and public drug plan), 
administered by the Régie de l’Assurance Maladie du Québec 
(RAMQ). The databases were linked through encrypted health 
insurance numbers. Information from these databases provided 
a complete picture of hospital admissions. The protocol received 
the approval of the University of Montreal Ethics Committee.

Population-based cohort
From a random sample of 40% of a larger cohort for the period 
January 1, 1995 to December 31, 2015, we identified older in-
dividuals (over 65 years) who were discharged alive with a pri-
mary or secondary diagnosis of NVAF (International Classifica-
tion of Diseases [ICD]-9 427.3, 427.31, 427.32, or ICD-10 I48). 
The follow-up period for the cohort ended in December 2016.

Patients with an incident ICH (ICD-9: 430, 431, 432.x, 852.x, 
853.x; ICD-10: I60–I62, S063C, S064–S066) requiring admis-
sion to a hospital were included. Patients with an ICH or com-
plication (ICD-9: 438.9; ICD-10: I690–692) in the 5 years be-
fore AF diagnosis were excluded. Patients needed to be on the 
RAMQ drug plan continuously for 12 months prior to the index 
ICH and during follow-up.

Patients were followed after a quarantine period of 6 weeks 
after hospital discharge for their ICH. This period was chosen 
to ensure that events during follow-up could reasonably be at-
tributed to the treatment regimens rather than sub-optimal 
management of the initial coagulation abnormalities, or con-
sequences from ICH complications. Patients on dual therapy 
(OAC and antiplatelet) or antiplatelet only were excluded.

Choice of the index date
The index date was defined as the date of the incident ICH 
(ICD-9: 430, 431, 432.x, 852.x, 853.x; or ICD-10: I60–I62, 
S063C, S064–S066). We then identified patients who filled a 
claim of warfarin or DOAC within 1 year after hospital dis-
charge and who were living in the community. Patients were 
followed for 1 year or until the occurrence of the following 
censoring events: outcome, claim of antiplatelet dual-treat-
ment, end of study or death, whichever came first.

Exposure to OAC treatment
At discharge from hospital and after the 6-week period quar-
antine, patients were classified by treatment regimens as OAC 
treatment (VKA/DOAC) or no OAC treatment. In order to inves-
tigate outcomes under different overall exposure levels, we 
categorized the patient population into three types: those who 
were treated continuously, variably, and never during the fol-
low-up. Firstly, time-dependent exposures were defined firstly 
as a binary exposure variable, indicating the patient’s current 
exposure status (yes/no), and secondly as a categorical expo-
sure variable indicating (1) a mean possession ratio (MPR) of 
≥90% over the past 6 weeks; (2) MPR <90% over the past 6 
weeks and exposed on the day of the event; (3) MPR <90% 
over the past 6 weeks and not exposed on the day of the event; 
or (4) never exposed over the past 6 weeks (reference). These 
two time-dependent exposures were evaluated at each week 
of follow-up, allowing for exposure to vary overtime for the 
same individual.

Outcome measures
The main analysis focused on the primary outcome including, 
IS/SE and all-cause mortality (Supplementary Table 1). Second-
ary analyses were performed separately for IS/SE, recurrent 
ICH, major extracranial bleeding, and all-cause mortality (Sup-
plementary Table 1). We also reported the combination of IS/SE 
and recurrent ICH, the combination of death and recurrent ICH 
or the combination of death and major extracranial bleeding, 
as a global outcome measure reflecting clinical benefit, using 
the method proposed by Singer et al.19

Patient demographics and clinical characteristics 
Comorbidities were ascertained at the time of ICH hospitaliza-
tion. Other concomitant medications were defined as filled 
prescriptions up to 3 months before ICH hospitalization. The 
cardiovascular comorbidities and risk of stroke at baseline were 
evaluated with the CHA2DS2-VASc score,20,21 and we deter-
mined bleeding risk with a modified HAS-BLED score not in-
cluding international normalized ratio (INR) lability22 (Supple-
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mentary Tables 2-4). We assessed comorbidities using the 
Charlson comorbidity index.23

Statistical analyses
We used descriptive statistics for the demographics and clinical 
characteristics. For outcome analyses, events were identified 
and collected starting 6 weeks after hospital discharge for ICH. 
We depicted the overall 1-year risk of outcomes using Kaplan-
Meier plots for three categories of patient exposure of the time 
over the total duration of follow-up (not exposed, variably ex-
posed, and continuously exposed [MPR ≥90%]). The total dura-
tion of follow-up was calculated using the follow-up of each 
patient from baseline until IS/SE, recurrent ICH, major extra-
cranial bleeding, and all-cause mortality or most recent cen-
sored follow-up assessment. The period at risk started at 6 
weeks after the qualifying event and ended when patients ex-
perienced an outcome or the end of follow-up, whichever 
came first. We calculated crude event rates at 1 year by divid-
ing the number of events occurring during follow-up with the 
person-years of follow-up for each treatment group (number 
of events per 100 person-years). 

We used a Cox proportional hazards model with a time-de-
pendent binary exposure to contrast the relative risks of an 
outcome for current OAC use (yes/no), estimating both crude 
and adjusted hazard ratios (AHRs). The baseline covariates in 
the adjusted analysis were selected based on the results of 
univariate and multivariable analyses and most relevant clini-
cal variables (Supplementary Tables 5 and 6).

A second model estimated AHRs for clinical outcomes with a 
time-dependent categorical exposure as defined above (Sup-
plementary Table 7).

A third model estimated the crude and AHRs for all-cause 
mortality with the binary time-dependent exposure while also 
adjusting for time-dependent covariates IS/SE, recurrent ICH, 
and major extracranial bleedings (Supplementary Table 8). All 
analyses were performed using SAS version 9.4 (SAS Institute 
Inc., Cary, NC, USA).

Sub-group analyses were performed for two sub-groups of 
ICH, spontaneous and traumatic to contrast the relative risks 
of an outcome between subjects on OAC treatment versus no 
OAC (sub-groups’ definition at the Supplementary Table 9). A 
sub-group analysis of patients older than 75 years was per-
formed and compared to those under 75 years. The crude and 
AHRs were estimated using a Cox proportional hazards model 
with the binary time-dependent exposure. 

Finally, we repeated the time-to-event analyses for the out-
comes defined as a combination of IS/SE and ICH, death and 
ICH, and death and extracranial major bleeding, as respective 

global outcome measures reflecting overall clinical benefit were 
calculated using the method proposed by Singer et al.,19 and we 
provided 95% confidence intervals using the Bootstrap method.

Results

Demographics and clinical characteristics
The cohort inclusion flow chart and patient characteristics are 
presented in Table 1 and Figure 1. Among 683 NVAF patients 
with ICH, 423 (61.9%) had no OAC exposure and 260 (38.1%) 
were exposed to OACs to some extent. Of the complete cohort, 
148 (21.7%) were partially exposed and 115 (16.8%) were con-
tinuously exposed. Among the 260 patients who filled out an 
OAC prescription, 82.3% were initiated on warfarin, the mean 
age was 81.7 years, and 46.1% were men. In the same exposed 
subset, co-morbidities were as follows: ischemic heart disease 
(64.6%), hypertension (83.8%), heart failure (40.0%), diabetes 
(31.1%), dyslipidemia (50.0%), chronic renal disease (40.4%), 
peripheral vascular disease (25.0%), and previous stroke/tran-
sient ischemic attack (49.6%). Mean CHA2DS2-VASc and HAS-
BLED scores were 3.9 and 2.6, respectively (Table 1). The patient 
characteristics according to OAC exposure categories were quite 
similar to those not exposed (Supplementary Table 10).

Exposure to OAC treatment
Among those who were exposed to OAC treatment, the pro-
portions of patients exposed to several adherence levels de-
fined as ≥90%, between ≥80% and <90%, between ≥70% and 
<80%, between ≥60% and <70%, and those <60% were at 
44.6%, 11.9%, 8.5%, 7.3%, and 27.7%, respectively.

IS/SE and all-cause mortality 
Median follow-up was 12 months. The Kaplan Meier curves for 
clinical outcomes during follow-up are presented in Figure 2. 
The overall unadjusted yearly rates for the primary outcome of 
combined end points of IS/SE and all-cause mortality for pa-
tients with any OAC exposure versus no exposure were 17.9 
versus 43.1 per 100 person-years (Table 2). The Cox propor-
tional hazards model with binary time-dependent exposure 
yielded an AHR 0.10 (range, 0.05 to 0.21) (Figure 3). The AHR 
for the categorical time-dependent exposure of ≥90% was at 
0.10 (0.04 to 0.24), with similar results for the category of ex-
posure <90% and being exposed at the time of event. In con-
trast, for the category of exposure <90% and not being ex-
posed, the risk of IS/SE and all-cause mortality was significant-
ly increased (AHR, 2.43 [1.56 to 3.78]) relative to no exposure. 

The overall unadjusted yearly rates for IS/SE for the group of 
any OAC exposure versus no exposure were 2.6 versus 3.3 per 
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Table 1. Baseline characteristics of full cohort for a quarantine period of 6 weeks

Characteristic No treatment (n=423) OACs exposure (n=260) P

Sociodemographics*

Age (yr) 83.6±5.8 81.7±5.8 <0.0001

Male sex 200 (47.3) 120 (46.1) 0.77

Prior exposure (3-mo prior ICH index)

Anticoagulants 292 (69.0) 233 (89.6) <0.0001

Warfarine 280 (66.2) 214 (82.3) <0.0001

DOACs 14 (3.3) 21 (8.1) <0.01

Antiplatelet agents 167 (39.5) 83 (31.9) 0.04

ASA low dose 155 (36.6) 74 (28.5) 0.03

Clopidrogrel 27 (6.4) 18 (6.9) 0.78

Co-morbidities (ICH index and 1-yr prior)

Hypertension 366 (86.5) 218 (83.8) 0.33

Dyslipidemia 152 (35.9) 130 (50.0) <0.001

Diabetes 130 (30.7) 81 (31.1) 0.91

Coronary artery disease 272 (64.3) 168 (64.6) 0.93

Figure 1. Flow chart of study design and patients of the study cohort. AF, atrial fibrillation; ICH, intracranial hemorrhage; RAMQ, Régie de l’Assurance Maladie 
du Quebec.

 

Extraction criteria: random sample of patients aged of 66 years or more between 1995 and 2015

Total of patients in RAMQ database

531,299

Inclusion criteria for the cohort

Age of 66 years or more between 1995 and 2015 531,299 -

Hospitalization with a diagnosis of AF between 1995 and 2015, and back to home at discharge date 53,973 (477,326)

Inclusion criteria for the analyses

No combination of antiplatelets with warfarin or direct oral anticoagulants during the follow-up 746

No use of antiplatelet agents in monotherapy during the follow-up 683

No hospitalization with a diagnosis of ICH before the AF hospitalization 51,733

Complete coverage by the RAMQ drug plan for the month preceding the ICH hospitalization 1,407

Alive after 6 weeks (quarantine period) following the ICH hospitalization discharge date 752

Number of patients selected in the cohort 752

Number of patients selected for the analyses 683

Hospitalization with a diagnosis (principal or 1st secondary) of ICH after the AF hospitalization (patients living at home before the 
 ICH admission hospitalization)

1,867

6

63

(2,240)

(460)

(655)

(49,866)

(Excluded)

(Excluded)
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Characteristic No treatment (n=423) OACs exposure (n=260) P

Acute myocardial infarction 27 (6.4) 21 (8.1) 0.40

Chronic heart failure 147 (34.7) 104 (40.0) 0.17

Cerebrovascular disease including TIA in 5-yr period 231 (54.6) 129 (49.6) 0.20

Peripheral vascular disease 85 (20.1) 65 (25.0) 0.13

Chronic renal failure 168 (39.7) 105 (40.4) 0.86

Acute renal failure 75 (17.7) 40 (15.4) 0.42

Chronic obstructive pulmonary disease/asthma 130 (30.7) 78 (30.0) 0.84

Prior major bleeding (excluding ICH) in 5-yr period 39 (9.2) 27 (10.4) 0.62

Liver disease 10 (2.4) 7 (2.7) 0.79

Systemic embolism 5 (1.2) 5 (1.9) 0.43

Medications (3-mo prior ICH index)†

β-Blockers 245 (57.9) 157 (60.4) 0.52

Calcium channel blockers 161 (38.1) 109 (41.9) 0.32

Inhibitors of renin-angiotensin system 206 (48.7) 126 (48.5) 0.95

Diuretics 229 (54.1) 152 (58.5) 0.27

Loop diuretics 193 (45.6) 122 (46.9) 0.74

Statin 202 (47.7) 149 (57.3) 0.02

Antidiabetics 98 (23.2) 69 (26.5) 0.32

Antidepressants 105 (24.8) 56 (21.5) 0.33

Proton pump inhibitors 198 (46.8) 132 (50.8) 0.31

Digoxin 99 (23.4) 80 (30.8) 0.03

Amiodarone 49 (11.6) 39 (15.0) 0.20

CHA2DS2-VASc score (ICH index and 1-yr prior)† 3.9±1.3 3.9±1.3 0.59

1 1 (0.2) 7 (2.7)

2 53 (12.5) 20 (7.7)

3 110 (26.0) 72 (27.7)

4–9 259 (61.2) 161 (61.9)

HAS-BLED score (ICH index and 1-yr prior)‡ 2.6±1.1 2.6±1.1 0.80

<3.0 219 (51.8) 141 (54.2)
0.53

≥3.0 204 (48.2) 119 (45.8)

Charlson score (ICH index and 1-yr prior index)†

Mean±SD 4.5±3.2 4.3±3.2 0.50

Median (interquartile range) 4.0 (2.0–6.0) 4.0 (2.0–6.0)

Health medical service (1-yr prior ICH index)†

No. of specialty visits 9.9±19.3 9.3±14.8 0.42

No. of family physician visits 3.2±6.0 2.7±4.4 0.38

No. of emergency visits 3.9±3.8 3.6±3.6 0.31

Health hospital service (3-yr prior ICH index)†

Proportion of all-cause hospital admission 360 (85.1) 226 (86.9) 0.51

No. of all-cause hospital admission 2.7±2.4 2.7±2.5 0.91

Hospital length of stay 11.2±10.8 7.5±6.9 <0.0001

Values are presented as mean±standard deviation or number (%) unless otherwise indicated.
OAC, oral anticoagulant; ICH, intracranial hemorrhage; DOAC, direct oral anticoagulant; ASA, acetylsalicylic acid; TIA, transient ischemic attack. 
*At the cohort entry; †Data source: Régie de l’Assurance Maladie du Quebec (RAMQ) dataset; ‡The components of the scores are provided in Supplementary 
Tables.

Table 1. Continued
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100 person-years. As shown in Figure 2, the main model with bi-
nary time-dependent exposure yielded non-significant AHRs, as 
for all categorical time-dependent exposures. For all-cause mor-
tality, any OAC exposure versus no exposure yielded 16.3 versus 
40.6 per 100 person-years. The main model with binary time-de-
pendent exposure gave an AHR 0.07 (0.03 to 0.17) (Figure 3). The 
AHR for binary and categorical time-dependent exposure of 
≥90% was 0.04 (0.01 to 0.17), which is the range of the point 
estimate of the category of exposure <90% and being exposed 
at the time of event. In contrast, in the category of exposure 
<90% and not being exposed at the time of event, the risk of 
mortality was significantly higher (AHR, 2.43 [1.55 to 3.82]).

Finally, in the analysis where we adjusted for IS/SE, recurrent 
ICH and major extracranial bleeding, the estimated treatment 
effect of the binary time-dependent exposure was unchanged 
(AHR, 0.07 [0.03 to 0.17]) (Supplementary Table 8).

Recurrence of ICH and major extracranial 
bleeding
The unadjusted yearly rates for ICH recurrence for the group of 
any OAC exposure versus no exposure were 5.2 versus 11.4 per 
100 person-years. The Cox proportional hazards model with bi-
nary time-dependent exposure yielded an AHR 0.43 (0.19 to 
0.97) (Figure 3). The trend in the AHR for the categorical time-

Figure 2. Kaplan-Meier for outcomes during the 1-year period following hospital discharge. (A) Ischemic stroke or systemic embolism. (B) All-cause mortality. 
(C) Recurrent intracranial bleeding. (D) Major extracranial bleeding. SE, systemic embolism; OAC, oral anticoagulant; tx, treatment is defined as a variable or 
continuous exposure to OAC; Contin., continuous.
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dependent exposure of ≥90% was 0.38 (0.13 to 1.08), close to 
that of the category of exposure less than 90% and being ex-
posed at the time of event. And, in the category of exposure 
less than 90% and not being exposed at the time of event, the 
AHR was null (AHR, 1.00 [0.30 to 3.26]). But, for major extra-
cranial bleeding risk, the group of OACs exposure versus no ex-
posure was 5.2 versus 2.7 per 100 person-years; and, a trend of 
increasing risk can be observed across all the categories of OAC 
exposure.

Subgroup analyses 
The rates of clinical events per exposure category are presented 
in Table 3. For spontaneous and traumatic ICH analyses, we 
used a time-to-event analysis to contrast the relative risks of 
an outcome between exposure groups. For spontaneous and 
traumatic ICH, AHRs for the composite of IS/SE and all-cause 

mortality for OACs exposure versus no OAC were 0.10 (0.04 to 
0.27) and 0.11 (0.04 to 0.30), respectively; for all-cause mortal-
ity, those estimates were 0.08 (0.03 to 0.25) and 0.06 (0.01 to 
0.23); for recurrent ICH, those estimates were 0.34 (0.10 to 
1.14) and 0.53 (0.18 to 1.60); and for major extracranial bleed-
ing, those estimates were 1.67 (0.48 to 5.79) and 1.66 (0.46 to 
5.97), respectively (Supplementary Table 11). Finally, we still 
observed similar results for the sub-group of patients older 
than 75 years old (Supplementary Table 12).

Net clinical benefit
The adjusted net clinical benefit for OACs exposure for the to-
tal cohort, and broken down into spontaneous or traumatic 
ICH are depicted in Figure 4 and the Supplementary Tables 13-
15. The OAC exposure is associated with a better net clinical 
benefit.

Table 2. Rate of clinical events per categories of OAC exposure during 1-year period of follow-up for a quarantine period of 6 weeks

Variable
No anticoagulant and 

no antiplatelet
All OACs
exposure

OACs
partial exposure

OACs
continuous exposure

Stroke (ischemic only)/SE and all cause-mortality 422 260 145 115

Events 143 42 27 15

Time to event, mean (median) (day) 135 (104) 148 (123) 155 (136) 135 (97)

Person-time (yr) 331.9 235.0 129.4 105.6

Event rate (/100 person-years) 43.1 17.9 20.9 14.2

Stroke (ischemic only)/SE 422 260 145 115

Events 11 6 4 2

Time to event, mean (median) (day) 133 (70) 181 (177) 180 (177) 184 (184)

Person-time (yr) 331.9 235.0 129.4 105.6

Event rate (/100 person-years) 3.3 2.6 3.1 1.9

All-cause mortality 418 263 148 115

Events 135 39 26 13

Time to event, mean (median) (day) 135 (109) 146 (119) 155 (131) 128 (97)

Person-time (yr) 332.8 239.6 133.0 106.6

Event rate (/100 person-years) 40.6 16.3 19.5 12.2

Recurrent intracranial bleeding 423 260 144 116

Events 36 12 9 3

Time to event, mean (median) (day) 95 (48) 102 (64) 121 (77) 44 (64)

Person-time (yr) 315.7 229.5 124.6 104.9

Event rate (/100 person-years) 11.4 5.2 7.2 2.9

Major extracranial bleeding 419 262 145 117

Events 9 12 5 7

Time to event, mean (median) (day) 95 (96) 110 (74) 117 (112) 105 (23)

Person-time (yr) 328.9 231.2 127.3 103.9

Event rate (/100 person-years) 2.7 5.2 3.9 6.7

OAC, oral anticoagulant; SE, systemic embolism.
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Discussion

In this study of older individuals diagnosed with NVAF who ex-
perienced an ICH, our main findings include (1) a high adher-
ence level of OAC after an ICH was significantly associated 
with a reduction in the combined outcome of IS/SE and all-
cause mortality; (2) all-cause mortality as a single outcome 
was significantly lower for those with high OAC adherence lev-
el in contrast with IS/SE events; (3) no significant difference 
was observed between the two sub-groups of spontaneous ICH 
or traumatic ICH; (4) similar results were observed the sub-
group of patients older than 75 years; (5) the risk of major ex-
tracranial hemorrhages was not significant but the point esti-
mate suggested a trend in increased risk among OAC groups; 
and (6) the net clinical benefit which included all IS/SE and re-
current ICH showed a significant benefit in favor of OAC treat-
ment when compared to the no OAC group, and the estimated 

benefits were even more extreme for the outcomes of all-cause 
mortality and recurrent ICH or major extracranial bleeding.

Our finding of significantly lower IS/SE and all-cause mortali-
ty as a combined outcome in regularly OAC treated NVAF indi-
viduals after an ICH is similar to previous recent reports.10-12,15-17 
In our study, this beneficial effect appears to be mostly driven 
by a strong reduction in mortality rather than by a reduction in 
IS/SE. Similar to our own results, two other studies10,17 reported 
a non-significant reduction in IS/SE. This in part may possibly be 
due to the smaller number of IS/SE versus death in these popu-
lations; as an example, in the study by Nielsen et al.17 mortality 
events were more than five times more frequent than thrombo-
embolic events and in our own study they were 10 times more 
frequent. This explanation is also indirectly supported by the 
study of Chao et al.9 in which the beneficial effect of OAC ther-
apy in preventing IS as a single outcome was based on a very 
large number of cerebral ischemic events (n=1,094).

Figure 3. Forest plots of adjusted hazard ratios (AHRs) for binary exposure, and categorical exposure and being exposed or not exposed at the time of the 
event using time-dependent model during a 1-year of follow-up. OAC, oral anticoagulant; CI, confidence interval; SE, systemic embolism; BEV, binary expo-
sure variable; CEV, categorical exposure variable; ICH, intracranial hemorrhage. 
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OAC: oral anticoagulant ; ICH: intracranial bleeding ; SE: systemic embolism ; AHR: adjusted hasard ratio; Cl: con�dence interval; BEV: binary exposure variable ; 

CEV: categorical exposure variable.
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Similar to previous studies,9,11,13 we found no significant dif-
ference in outcomes for the sub-group of spontaneous ICH 
compared to traumatic ICH, although this differs from the re-
port by Nielsen et al.,17 in which resumption of OAC therapy 
was associated with a reduced risk of recurrent ICH in the 
traumatic ICH group only. As well, another study10 reported a 
significant reduced risk for recurrence of ICH for patients treat-
ed with OAC if the quarantine period was 4 weeks or less after 
ICH hospitalization. A potential explanation for this finding 
could be that patients on an OAC have more regular medical 
follow-ups related to their need for control of anticoagulation 
(INR) and consequently better control of relevant risk factors 
such as hypertension which could in turn result in a reduced 
risk of recurrent ICH. Alternatively, imbalances of unmeasured 
variables which could be linked with a higher likelihood of OAC 
treatment and smaller risk of ICH recurrence (size and location 

of ICH) could lead to confounding bias. Again, only a minority 
of patients were prescribed OAC treatment, and it is likely that 
these patients may be at higher risk of IS/SE or lower risk of re-
current ICH compared to those not exposed. The severity of ICH 
could bias the association with resumption of OAC treatment 
by the indication bias. And, the patients having extracranial 
major bleeding seem to have more comorbidities, as suggested 
by crude and AHRs (Supplementary Tables 5 and 6). Finally, the 
relative proportion of spontaneous vs traumatic ICH within the 
ICH population studied could influence results if both groups 
don’t present the same inherent recurrence risk for ICH. 

In addition, we decided to include as an outcome the combi-
nation of IS/SE and recurrent ICH, all cause of death and recur-
rent ICH, and all-cause of death and extracranial bleeding 
based on the concept of net clinical benefit.19 We evaluated 
the risk-benefit balance in this population which is at a high 

Table 3. Rate of clinical events per categories of OAC exposure during 1-year period of follow-up for a quarantine period of 6 weeks for spontaneous and 
traumatic intracranial hemorrhage

Variable
Spontaneous Traumatic

No anticoagulant and no 
antiplatelet

OACs
all exposure

No anticoagulant and no 
antiplatelet

OACs
all exposure

Stroke (ischemic only)/SE and all cause-mortality 247 125 175 135

Events 85 21 58 21

Time to event, mean (median) (day) 135 (104)  157 (136) 135 (104) 139 (118)

Person-time (yr) 193.4 113.0 138.4 122.0

Event rate (/100 person-years) 43.9 18.6 41.9 17.2

Stroke (ischemic only)/SE 247 125 175 135

Events 7 1 4 5

Time to event, mean (median) (day) 143 (70) 262 (262) 117 (82) 165 (155)

Person-time (yr) 193.4 113.0 138.4 122.0

Event rate (/100 person-years) 3.6 0.9 2.9 4.1

All-cause mortality 246 125 172 138

Events 80 20 55 19

Time to event, mean (median) (day) 133 (107) 152 (128) 137 (110) 140 (118)

Person-time (yr) 195.2 113.3 137.6 126.3

Event rate (/100 person-years) 41.0 17.7 40.0 15.0

Recurrent intracranial bleeding 249 123 174 137

Events 23 4 13 8

Time to event, mean (median) (day) 110 (54) 120 (71) 68 (34) 93 (62)

Person-time (yr) 185.7 109.6 130.0 119.9

Event rate (/100 person-years) 12.4 3.6 10.0 6.7

Major extracranial bleeding 246 125 173 137

Events 6 5 3 7

Time to event, mean (median) (day) 104 (106) 137 (130) 78 (96) 91 (37)

Person-time (yr) 192.4 110.5 136.5 120.7

Event rate (/100 person-years) 3.1 4.5 2.2 5.8

OAC, oral anticoagulant; SE, systemic embolism.
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risk of both disabling and lethal ischemic as well as ICH or ex-
tracranial major bleeding events. Based on the adjusted net 
clinical benefit for OAC exposure for the total cohort, and also 
broken down into spontaneous or traumatic ICH, we found 
better net clinical benefits in favor of the OAC treatment com-
pared to not being exposed.

In contrast to previous studies, we included time-dependent 
categorical exposure groups which consider the recent history 
of OAC exposure. Globally, partial recent exposure and not cur-
rently being exposed did not show any significant benefit for 
any of the outcomes, when compared to the no OAC exposure 
group. This observation suggests that the benefits of OAC 
treatment can be achieved through OAC adherence or a more 
optimal patient management of OAC exposure. We choose not 
to include patients treated with antiplatelet agents since previ-
ous randomized trials24 and observational studies9,10 did not re-
port any benefit for these agents.

Our study presents several positive aspects, some of these 
include a relatively large and well characterized Canadian 
population-based cohort, inclusion of time-dependent cate-
gorical OAC treatment exposure groups during the follow-
up that better characterize real life, and the inclusion of net 
clinical benefit outcomes which represent a more meaning-
ful picture of the balance between risk and benefit for OAC 
treated individuals. However, our study has several limita-
tions. First, this observational study using hospital adminis-
trative data which does not include all clinically relevant 

variables (INR stability, functional status, or risk of falls). 
Second, we had no access to neuroimaging studies to char-
acterize certain relevant clinical variables such as the loca-
tion (deep vs. lobar) and volume of the ICH, and the pres-
ence of specific abnormalities like micro-bleeds which could 
influence antithrombotic management.25 Third, there is also 
a possibility based on clinical and imaging data that the 
patients receiving OAC therapy were deemed to be at higher 
risk of IS/SE or lower risk of recurrent ICH compared to 
those not exposed. Four, our results may not be generaliz-
able to other groups such as non-hospitalized individuals 
with NVAF and other ethnic groups as our population was 
mostly white.26 Our results would only partly apply to DO-
ACs as we only had a small number of individuals treated. 
Finally, residual bias is possible in regards to unmeasured 
variables and the healthy population effect.

Conclusions

In summary, our results support the use of OAC in older pa-
tients with NVAF after an ICH, with the benefit of preventing 
mortality and ischemic events offsetting the risk of ICH recur-
rence. There is need for risk stratification for the sub-type of 
stroke, localization and severity of ICH and OAC exposure level. 
Giving, that this cohort study may have the residual risk for 
unmeasured confounding future randomized controlled trials27 
are required to confirm our results.

Figure 4. The net clinical benefit (95% confidence interval) of oral anticoagulant (OAC) exposure compared to no OAC exposure among total cohort and 
spontaneous (non-traumatic) and traumatic intracranial hemorrhage subcohort.
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Supplementary Table 1. Definition of variables outcomes according to ICD-9 and ICD-10 from Med-Echo databases

ICD-9 codes ICD-10 codes

Thromboembolic events

Stroke

Ischaemic stroke 433.xx, 434.xx, 436.0, 436.9 (primary diagnosis only  
using Med-Echo)

I63 except I63.6, I64 (primary diagnosis only using 
Med-Echo)

Systemic embolism 444.x, 557.0, 362.31, 362.32, 598.31 (primary diagnosis 
only using Med-Echo)

I74 (primary only)

Arterial embolism and thrombosis 444.x (primary diagnosis only using Med-Echo) I74.0, I74.1, I74.2, I74.3, I74.5, I74.8, I74.9 (primary  
diagnosis only using Med-Echo)

Ischemic colitis or mesenteric thrombo-
embolism

557.0 (primary diagnosis only using Med-Echo) K55.0 (primary diagnosis only using Med-Echo)

Retinal artery thromboembolism 362.31, 362.32 (primary diagnosis only using Med-
Echo)

H34.1, H34.2 (primary diagnosis only using Med-Echo)

Renal artery thromboembolism 593.81 (primary diagnosis only using Med-Echo) N28.0 (primary diagnosis only using Med-Echo)

All-cause of deaths

Major bleeding

Intracranial bleeding (recurrent event) 430, 431, 432.x, 852.x, 853.x (primary diagnosis or the 
first secondary diagnosis using Med-Echo)

I60, I61, I62, S06.3, S06.4, S06.5, S06.6 (primary diag-
nosis or the first secondary diagnosis using Med-
Echo)

Other major bleeding

Major GI bleeding

Upper gastrointestinal bleeding (only 
using Med-Echo)

456.1, 530.7, 531.0x, 531.2x, 531.4x, 531.6x, 532.0x, 
532.2x, 532.4x. 532.6x, 533.0x. 533.2x, 533.4x, 
533.6x, 534.0x, 534.2x, 534.4x, 534.6x, 535.1, 578.0 
(primary diagnosis only using Med-Echo)

I85.0, K22.6, K25.0, K25.2, K25.4, K25.6, K26.0, K26.2, 
K26.4, K26.6, K27.0, K27.2, K27.4, K27.6, K28.0, K28.2, 
K28.4, K28.6, K29.0, K92.0 (primary diagnosis only  
using Med-Echo)

Upper gastrointestinal bleeding (only 
using RAMQ)

456.1, 530.7, 531.0x, 531.2x, 531.4x, 531.6x, 532.0x, 
532.2x, 532.4x. 532.6x, 533.0x, 533.2x, 533.4x, 
533.6x, 534.0x, 534.2x, 534.4x, 534.6x, 535.1, 578.0 
RAMQ ICD-9 at an emergency room and procedure 
endoscopic control of gastric or duodenal bleeding or 
upper gastrointestinal endoscopy including esopha-
gus, stomach, and either the duodenum and/or jeju-
num as appropriate with control of bleeding, any 
method (code 00691) within 7 days

I85.0, K22.6, K25.0, K25.2, K25.4, K25.6, K26.0, K26.2, 
K26.4, K26.6, K27.0, K27.2, K27.4, K27.6, K28.0, K28.2, 
K28.4, K28.6, K29.0, K92.0 RAMQ ICD-9 at an emer-
gency room and procedure endoscopic control of gas-
tric or duodenal bleeding or upper gastrointestinal 
endoscopy including esophagus, stomach, and either 
the duodenum and/or jejunum as appropriate with 
control of bleeding, any method (00691) within 7 
days

Lower gastrointestinal bleeding 562.02, 562.03, 562.12, 562.13, 569.3x, 569.85, 578.1x, 
578.9 (primary diagnosis only using Med-Echo)

K57.11, K57.13, K57.31, K57.33, K62.5, K55.21, K92.1, 
K92.2 (primary diagnosis only using Med-Echo)

Other major bleeds

Gross hematuria 599.7 (primary diagnosis only using Med-Echo) R31 (primary diagnosis only using Med-Echo)

Hemoptysis 786.3x (primary diagnosis only using Med-Echo) R04.2, R04.89, R04.9 (primary diagnosis only using 
Med-Echo)

Vitreous hemorrhage 379.23 (primary diagnosis only using Med-Echo) H43.13 (primary diagnosis only using Med-Echo)

Urogenital bleed 626.2x and 280.0 (primary only), 285.1 (principal diag-
nosis or the first secondary diagnosis) or 285.9 (prin-
cipal diagnosis or the first secondary diagnosis using 
Med-Echo)

N92.0 and D50.0 (primary only), D62 (principal diagno-
sis or the first secondary diagnosis), D64.9 (principal 
diagnosis or the first secondary diagnosis using Med-
Echo)

Hemathrosis 719.1x (primary diagnosis only using Med-Echo) M25.0x (primary diagnosis only using Med-Echo)

Hemopericardium 423.0 (primary diagnosis only using Med-Echo) I31.2 (primary diagnosis only using Med-Echo)

Hemoperitoneum 568.8 (primary diagnosis only using Med-Echo) K66.1 (primary diagnosis only using Med-Echo)

Hemorrhage not specified 459.0x (primary diagnosis only using Med-Echo) R58.0 (primary diagnosis only using Med-Echo)

Acute posthemorrhagic anemia 285.1x (primary diagnosis only using Med-Echo) D62 (primary diagnosis only using Med-Echo)

Instrumental bleeds codes in addition to 
other previous codes

996x, 997x, 998x, 999x, 8602, 8603, 8604, 8605, 851x, 
920x, 921x, 922x, 923x, 924x

S271x, S272.x

ICD, International Classification of Diseases; GI, gastrointestinal; RAMQ, Régie de l’Assurance Maladie du Québec.
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Supplementary Table 2. Risk score definition for CHA2DS2-VASc and Modified HAS-BLED

Risk score definition Points if present

CHA2DS2-VASc

Congestive heart failure or left ventricular dysfunction 1

Hypertension 1

Age 65–74 years 1

Age ≥75 years 2

Diabetes mellitus 1

Stroke (ischemic stroke, transient ischemic disease, or systemic embolism) 2

Vascular disease (myocardial infarction, peripheral arterial disease, or aortic plaque) 1

Sex category (female) 1

HAS-BLED

Hypertension 1

Abnormal renal function 1

Abnormal hepatic function

Abnormal Stroke (ischemic stroke, transient ischemic disease) 1

Bleeding 1

Older than >65 years 1

Labile international normalized ratio (not available) 1

Drugs (ASA, clopidrogel, prasugrel, ticagrelor, ticlopidine, or non-steroidal anti-inflammatory drugs) in the 1 month preceding 
the ICH hospitalization or 1 month after discharge

1

Alcohol intake 1

ASA, acetylsalicylic acid; ICH, intracranial hemorrhage.
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Supplementary Table 3. Definition of variables used in the risk score definition of CHA2DS2-VASc according to ICD-9 and ICD-10 from Med-Echo databases

CHA2DS2-VASc ICD-9 codes ICD-10 codes

Congestive heart failure 402.01, 402.11, 402.91, 404.01, 404.11, 404.91, 404.03, 
404.13, 404.93, 425.4, 428.0

I11.0, I13.0, I13.2, I42.0, I50

Left ventricular dysfunction 428.1, 428.9 I50.1, I50.9

Hypertension 401 I10

Diabetes 250.x E08, E10, E11, E13

Ischemic stroke 433.xx, 434.xx, 436 I63 except 63.6, I67.89

Systemic embolism 444.x, 557.0, 362.31, 362.32, 598.31 I74, K55.0, H34.1, H34.2, N28.0

Transient ischemic stroke 435.x G45

Aortic plaque 440.0 I70.0

Peripheral arterial disease 440 (except 440.0), 441, 443.0, 443.89, 443.9 I70.1 to I70.9, I71, I73.0, I73.89, I73.9

Myocardial infarction 410.xx I21, I22, I23

ICD, International Classification of Diseases.
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Supplementary Table 4. Definition of variables used in the risk score definition of HAS-BLED based on associated morbidities and concomitant drug

Modified HASBLEED ICD-9 ICD-10

Ischemic stroke 433.xx, 434.xx, 436 I63 except I63.6, I67.89

Transient ischemic attack 435.x G45

Moderate to severe renal disease 404.01, 404.03, 404.11, 404.13, 404.91, 404.93, 580.0, 
580.4, 581.0, 581.1, 581.2, 581.3, 581.89, 581.9, 582.0, 
582.1, 582.2, 582.89, 582.9, 583.0, 583.1, 583.2, 583.4, 
583.7, 583.6, 583.89, 583.9, 584.5, 584.6, 584.7, 584.8, 
584.9, 585.1, 585.2, 585.3, 585.4, 585.5, 585.6, 586, 
590.0, 590.01, 590.80 

I12, I13, N00, N01, N02, N03, N04, N05, N07, N11, 
N12, N14, N17, N18, N19

Moderate to severe liver disease 570, 572.3, 070.0, 070.21, 070.20, 070.60 K7200, K762, K766, B150, B160, B162, B190, 
K704, I85

Haemorrhagic stroke intracranial 
(non-traumatic)

430, 431, 432.x I60 , I61, I62

Extracranial major or unclassified major 
bleeding

Upper GI: 456.1, 530.7, 531.0x, 531.2x, 531.4x, 531.6x, 
532.0x, 532.2x, 532.4x. 532.6x, 533.0x. 533.2x, 533.4x, 
533.6x, 534.0x, 534.2x, 534.4x, 534.6x, 535.01, 537.83, 
578.0

Lower GI: 562.02, 562.03, 562.12, 562.13, 569.3x, 569.85, 
578.1x, 578.9

Other sites: 
626.2x and 280.0, 285.1 or 285.9 
599.7, 786.3x, 379.23, 719.1x, 423.0x, 568.8, 459.0x, 285.1x

Upper GI: I850, K226, K250, K252, K254, K256, 
K260, K262, K264, K266, K270, K272, K274, 
K276, K280, K282, K284, K286, K2901,K290, 
K31811, K920

Lower GI: K921, K922, K5711,K5713, K5731, K5733, 
K625, K5521

Other sites: 
N92.0 and D50.0 or D62 or D64.9,
R31, R042, R0489, R049, H43.13,
M250x, I31.2, K66.1, R58.0, D62

Gastrointestinal bleeding Upper GI: 531.0x, 531.2x, 531.4x, 531.6x, 532.0x, 532.2x, 
532.4x. 532.6x, 533.0x. 533.2x, 533.4x, 533.6x, 534.0x, 
534.2x, 534.4x, 534.6x, 535.01, 537.83, 578.0

Lower GI: 562.02, 562.03, 562.12, 562.13, 569.3x, 569.85, 
578.1x, 578.9

Upper GI: K250, K252, K254, K256, K260, K262, 
K264, K266, K270, K272, K274, K276, K280, 
K282, K284, K286, K2901,K290, K31811, K920

Lower GI: K921, K922, K5711,K5713, K5731, K5733, 
K625, K5521

Traumatic intracranial bleeding 852x, 853x S063 , S064, S065, S066

Clopidrogel, ticlopidine, prasugrel, tica-
grelor

46486, 47307, 45617, 47402, 47834, 47866 46486, 47307, 45617, 47402, 47834, 47866

Low dose ASA 00143, 46353 (daily dose <100 mg) 00143, 46353 (daily dose <100 mg)

Nonsteroidal anti-inflammatory drugs 46353, 38184, 47327, 47078, 41694, 47059, 43150, 47122, 
33803, 44749, 04745, 46654, 47506, 04810, 38691, 
44359, 47385, 47084, 19752, 47890, 07462, 42019, 
47346, 47107, 40381, 45592, 45407, 03766

46353, 38184, 47327, 47078, 41694, 47059, 
43150, 47122, 33803, 44749, 04745, 46654, 
47506, 04810, 38691, 44359, 47385, 47084, 
19752, 47890, 07462, 42019, 47346, 47107, 
40381, 45592, 45407, 03766

Alcohol 331.7, 359.4, 425.5, 577.1 E224, E529A, F10, G312, G612, G721, I426, K292, 
K70, K860, L278A, O354, T51, Z714, Z721

ICD, International Classification of Diseases; ASA, acetylsalicylic acid.
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Supplementary Table 5. Crude hazard ratios of clinical outcomes with a quarantine period of 6 weeks with binary time-dependent exposure (full cohort)

 Stroke/SE/death
(185 events)

 Stroke/SE
(17 events)

Death
(174 events)

Recurrent intracranial 
bleeding

(48 events)

Major extracranial 
bleeding

(21 events)

Exposure to OACs

No exposure (reference)

Exposure 0.11 (0.06–0.23) 0.53 (0.15–1.85) 0.07 (0.03–0.18) 0.45 (0.20–1.01) 1.63 (0.67–3.95)

Age (yr)

65–74 (reference)

≥75 2.36 (1.25–4.46) 1.03 (0.27–4.49) 2.76 (1.36–5.62) 0.56 (0.27–1.15) 2.94 (0.40–21.80)

Sex

Male (reference)

Female 0.78 (0.59–1.03) 4.25 (1.23–14.66) 0.72 (0.53–0.96) 1.21 (0.69–2.11) 2.57 (1.02–6.48)

Prior thromboembolism 
(stroke/TIA/SE)*

1.18 (0.73–1.89) 1.35 (0.31–5.85) 1.18 (0.73–1.93) 0.66 (0.21–2.13) 1.52 (0.45–5.08)

Prior major bleeding (except ICH)* 1.29 (0.83–2.01) 1.25 (0.29–5.44) 1.32 (0.84–2.07) 1.61 (0.72–3.57) 3.51 (1.39–8.85)

Chronic heart failure* 1.69 (1.28–2.24) 0.70 (0.25–1.96) 1.80 (1.35–2.41) 0.88 (0.49–1.58) 1.82 (0.82–4.07)

Peripheral artery disease* 1.07 (0.77–1.50) 0.69 (0.20–2.37) 1.15 (0.82–1.62) 0.73 (0.36–1.50) 1.74 (0.75–4.07)

Chronic kidney disease* 1.68 (1.27–2.24) 1.60 (0.64–4.04) 1.64 (1.23–2.20) 0.91 (0.52–1.61) 1.89 (0.85–4.23)

Hypertension* 0.99 (0.66–1.49) 2.74 (0.37–20.65) 0.95 (0.63–1.44) 0.73 (0.36–1.50) 1.76 (0.41–7.46)

Dyslipidemia* 0.93 (0.70–1.24) 0.72 (0.27–1.91) 0.90 (0.67–1.22) 0.78 (0.44–1.39) 2.03 (0.90–4.57)

Diabetes* 1.31 (0.98–1.75) 1.10 (0.41–2.93) 1.29 (0.95–1.74) 0.66 (0.35–1.26) 2.22 (1.00–4.94)

Beta-blockers* 1.32 (0.99–1.77) 0.96 (0.38–2.44) 1.36 (1.01–1.85) 0.72 (0.41–1.24) 1.54 (0.66–3.59)

Statins* 0.88 (0.66–1.17) 1.16 (0.46–2.93) 0.84 (0.63–1.12) 0.82 (0.47–1.42) 1.30 (0.58–2.92)

NSAIDs* 0.38 (0.12–1.18) Not to small 0.41 (0.13–1.28) 1.02 (0.25–4.20) 1.04 (0.14–7.74)

Proton-pump inhibitors* 1.60 (1.20–2.12) 1.48 (0.58–3.75) 1.62 (1.20–2.17) 1.02 (0.59–1.77) 1.39 (0.62–3.11)

Digoxin* 1.38 (1.02–1.87) 2.99 (1.19–7.53) 1.32 (0.96–1.81) 1.11 (0.60–2.06) 2.15 (0.96–4.84)

Score Charlson

<4 (reference)

≥4 1.77 (1.31–2.39) 1.35 (0.52–3.48) 1.77 (1.30–2.41) 0.80 (0.46–1.39) 1.72 (0.74–4.01)

CHA2DS2-VASc score

<3 (reference)

≥3 1.06 (0.72–1.56) 3.31 (0.44–24.89) 1.01 (0.68–1.50) 0.76 (0.38–1.52) 4.48 (0.60–33.14)

HAS-BLED score

<3 (reference)

≥3 1.22 (0.92–1.62) 0.83 (0.31–2.20) 1.28 (0.95–1.72) 1.05 (0.60–1.84) 2.33 (1.04–2.25)

Lenght of stay 1.01 (0.99–1.02) 1.02 (0.98–1.06) 1.01 (0.99–1.02) 1.00 (0.97–1.03) 1.00 (0.96–1.04)

Values are presented as hazard ratio (95% confidence interval). 
SE, systemic embolism; OAC, oral anticoagulant; TIA, transient ischemic attack; ICH, intracranial hemorrhage; NSAID, nonsteroidal anti-inflammatory drug. 
*1=yes vs. 0=no.
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Supplementary Table 6. Adjusted hazard ratios of clinical outcomes with a quarantine period of 6 weeks with binary time-dependent exposure (full cohort)

Stroke/SE/death
(185 events)

Stroke/SE
(17 events)

Death
(174 events)

Recurrent intracranial 
bleeding

(48 events)

Major extracranial 
bleeding

(21 events)

Exposure to OAC

No treatment (reference)

Treatment 0.10 (0.05–0.21) 0.56 (0.16–1.96) 0.07 (0.03–0.17) 0.43 (0.19–0.97) 1.73 (0.71–4.20)

Age (yr) 

65–74 (reference)

≥75 2.21 (1.13–4.33) 2.64 (1.25–5.54) 0.45 (0.21–0.94) 2.41 (0.32–18.10)

Sex

Male (reference)

Female 0.69 (0.49–0.95) 6.24 (1.43–27.28) 0.61 (0.44–0.86) 1.20 (0.67–2.16) 2.28 (0.88–5.90)

Prior stroke/TIA/SE* 1.21 (0.68–2.14) 0.73 (0.10–5.49) 1.24 (0.70–2.21)

Prior major bleeding (except ICH) * 0.94 (0.57–1.55) 0.89 (0.53–1.50) 1.98 (0.81–4.83) 4.27 (1.65–11.05)

Chronic heart failure* 1.40 (1.01–1.94) 1.53 (1.09–2.15)

Peripheral artery disease* 0.98 (0.69–1.39) 1.04 (0.73–1.50)

Chronic kidney disease* 1.30 (0.92–1.85) 1.26 (0.88–1.80)

Hypertension* 0.90 (0.57–1.40) 0.85 (0.54–1.35) 0.82 (0.37–1.81)

Dyslipidemia* 0.94 (0.66–1.35) 0.91 (0.63–1.32)

Diabetes* 1.23 (0.89–1.71) 1.24 (0.88–1.75) 0.63 (0.30–1.31)

Beta-blockers* 1.18 (0.87–1.61) 1.25 (0.90–1.72)

Statins* 0.73 (0.51–1.04) 0.69 (0.48–0.99)

Proton-pump inhibitors* 1.44 (1.05–1.97) 1.47 (1.06–2.03)

Digoxin* 1.53 (1.11–2.11) 1.47 (1.05–2.06)

Score Charlson

<4 (reference)

≥4 1.33 (0.89–1.99) 1.27 (0.84–1.93) 1.06 (0.57–1.96)

CHA2DS2-VASc score

<3 (reference)

≥3 0.93 (0.57–1.52) 0.89 (0.53–1.47)

HAS-BLED score

<3 (reference)

≥3 1.03 (0.72–1.49) 1.12 (0.77–1.64) 0.87 (0.45–1.68)

Values are presented as hazard ratio (95% confidence interval). 
SE, systemic embolism; OAC, oral anticoagulant; TIA, transient ischemic attack; ICH, intracranial hemorrhage. 
*1=yes vs. 0=no.
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Supplementary Table 7. Adjusted hazard ratios of clinical outcomes with a quarantine period of 6 weeks with binary time-dependent exposure and categor-
ical exposure

 Stroke/SE/death
(185 events)

 Stroke/SE
(17 events)

Death
(174 events)

Recurrent intracranial 
bleeding

(48 events)

Major extracranial 
bleeding

(21 events)

Exposure to OACs

0% (reference)

% <90+current not exposed 2.43 (1.56–3.78) 2.55 (0.57–11.45) 2.43 (1.55–3.82) 1.00 (0.30–3.26) 3.36 (0.92–12.22)

% <90+current exposed 0.25 (0.10–0.60) - 0.26 (0.11–0.64) 0.50 (0.15–1.62) 2.41 (0.76–7.60)

% ≥90 0.10 (0.04–0.24) 0.87 (0.24–3.11) 0.04 (0.01–0.17) 0.38 (0.13–1.08) 1.01 (0.28–3.68)

Age (yr) 

65–74 (reference)

≥75 2.38 (1.21–4.67) 2.85 (1.35–6.01) 0.47 (0.23–0.99)

Sex

Male (reference)

Female 0.67 (0.48–0.94) 6.29 (1.44–27.50) 0.60 (0.43–0.85) 1.20 (0.67–2.14)

Prior stroke/TIA/SE* 1.18 (0.67–2.09) 1.21 (0.68–2.15)

Prior major bleeding  (except ICH) * 0.88 (0.53–1.46) 0.84 (0.50–1.41) 2.04 (0.83–5.01) 3.70 (1.42–9.63)

Chronic heart failure* 1.39 (1.00–1.92) 1.52 (1.09–2.14)

Peripheral artery disease* 0.96 (0.68–1.37) 1.03 (0.72–1.48)

Chronic kidney disease* 1.33 (0.94–1.89) 1.29 (0.89–1.85)

Hypertension* 0.90 (0.58–1.41) 0.85 (0.54–1.35)

Dyslipidemia* 0.89 (0.62–1.27) 0.85 (0.59–1.24)

Diabetes* 1.27 (0.91–1.76) 1.28 (0.91–1.80)

Beta-blockers* 1.17 (0.86–1.60) 1.24 (0.89–1.71)

Statins* 0.72 (0.50–1.03) 0.68 (0.47–0.98)

Proton-pump inhibitors* 1.40 (1.02–1.92) 1.42 (1.02–1.97)

Digoxin* 1.49 (1.08–2.05) 1.43 (1.02–2.01)

Score Charlson

<4 (reference)

≥4 1.32 (0.88–1.97) 1.26 (0.83–1.92) 0.90 (0.51–1.61)

CHA2DS2-VASc score

<3 (reference)

≥3 0.93 (0.57–1.53) 0.89 (0.53–1.47)

HAS-BLED

<3 (reference)

≥3 1.05 (0.73–1.52) 1.14 (0.78–1.66) 0.82 (0.43–1.57)

Values are presented as hazard ratio (95% confidence interval). 
SE, systemic embolism; OAC, oral anticoagulant; TIA, transient ischemic attack; ICH, intracranial hemorrhage.
*1=yes vs. 0=no.
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Supplementary Table 8. Adjusted hazard ratios of all-cause mortality with a quarantine period of 6 weeks with binary time-dependent exposure and time-
dependent covariates

Death (174 events)

Exposure to OACs

No exposure (reference)

Exposure 0.07 (0.03–0.17)

Stroke/SE* 3.75 (1.58–8.91)

Recurrent intracranial bleeding* 1.95 (1.13–3.37)

Major extracranial bleeding* 1.96 (0.89–4.29)

Age (yr) 

65–74 (reference)

≥75 2.67 (1.26–5.62)

Sex

Male (reference)

Female 0.57 (0.41–0.81)

Prior stroke/TIA/SE* 1.20 (0.67–2.15)

Prior major bleeding (except ICH) * 0.84 (0.50–1.41)

Chronic heart failure* 1.61 (1.15–2.26)

Peripheral artery disease* 1.06 (0.74–1.53)

Chronic kidney disease* 1.23 (0.85–1.77)

Hypertension* 0.81 (0.51–1.29)

Dyslipidemia* 0.90 (0.62–1.31)

Diabetes* 1.22 (0.87–1.72)

Beta-blockers* 1.22 (0.88–1.70)

Statins* 0.68 (0.47–0.98)

Proton-pump inhibitors* 1.45 (1.05–2.01)

Digoxin* 1.43 (1.02–2.00)

Score Charlson

<4 (reference)

≥4 1.24 (0.81–1.89)

CHA2DS2-VASc score

<3 (reference)

≥3 0.91 (0.55–1.51)

HAS-BLED

<3 (reference)

≥3 1.17 (0.80–1.71)

Values are presented as hazard ratio (95% confidence interval). 
OAC, oral anticoagulant; SE, systemic embolism; TIA, transient ischemic attack; ICH, intracranial hemorrhage.
*1=yes vs. 0=no.
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Supplementary Table 9. Definition of subgroup analysis (e.g., spontaneous and traumatic ICH)17

Total spontaneous ICH events (n=394)

ICD-9 codes (n=74) ICD-10 codes (n=320)

430 subarachnoid hemorrhage (n=2) I60 subarachnoid hemorrhage (n=28)

431 intracerebral hemorrhage (n=47) I61 intracerebral hemorrhage, unspecified (n=193)

432 extradural hemorrhage (n=25) I62 extradural hemorrhage (n=99)

Total traumatic ICH events (n=309)

ICD-9 codes (n=41) ICD-10 codes (n=268)

852.X (n=29) S06.3; traumatic intracranial hemorrhage (n=39)

Subarachnoid hemorrhage following injury without open intracranial wound±consciousness
Subarachnoid hemorrhage following injury without open intracranial wound±consciousness
Subarachnoid hemorrhage following injury without open intracranial wound±consciousness

853.X (n=12) S06.4; traumatic epidural hemorrhage (n=4)

Other and unspecified intracranial hemorrhage following injury without open intracranial 
wound±consciousness

S06.5; traumatic subdural hemorrhage (n=156)

S06.6; traumatic subarachnoid hemorrhage (n=69)
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Supplementary Table 10. Baseline characteristics of full cohort for a quarantine period of 6 weeks according drug exposure categories

Characteristic
No treatment 

(n=423)
OAC exposure 

(n=260)
OAC partial exposure

(n=144)
OAC continuous exposure

(n=116)

Sociodemographics*

Age (yr) 83.6±5.8 81.7±5.8 81.6±6.1† 81.9±5.4‡

Male sex 200 (47.3) 120 (46.1) 64 (44.4) 56 (48.3)

Prior exposure (3-mo prior ICH index) 

Anticoagulants 292 (69.0) 233 (89.6) 127 (88.2)† 106 (91.4)‡

Warfarine 280 (66.2) 214 (82.3) 116 (80.6)† 98 (84.5)‡

DOACs 14 (3.3) 21 (8.1) 12 (8.3)† 9 (7.8) ‡

Antiplatelet agents 167 (39.5) 83 (31.9) 52 (36.1) 31 (26.7)‡

ASA low dose 155 (36.6) 74 (28.5) 45 (31.2) 29 (25.0)‡

Clopidrogrel 27 (6.4) 18 (6.9) 13 (9.0) 5 (4.3)

Co-morbidities (ICH index and 1-yr prior) 

Hypertension 366 (86.5) 218 (83.8) 122 (84.7) 96 (82.8)

Dyslipidemia 152 (35.9) 130 (50.0) 72 (50.0)† 58 (50.0)‡

Diabetes 130 (30.7) 81 (31.1) 36 (25.0) 45 (38.8)

Coronary artery disease 272 (64.3) 168 (64.6) 92 (63.9) 76 (65.5)

Acute myocardial infarction 27 (6.4) 21 (8.1) 14 (9.7) 7 (6.0)

Chronic heart failure 147 (34.7) 104 (40.0) 52 (36.1) 52 (44.8)‡

Cerebrovascular disease including TIA in 5-yr period 231 (54.6) 129 (49.6) 70 (48.6) 59 (50.9)

Peripheral vascular disease 85 (20.1) 65 (25.0) 32 (22.2) 33 (28.4) 

Chronic renal failure 168 (39.7) 105 (40.4) 53 (36.8) 52 (44.8)

Acute renal failure 75 (17.7) 40 (15.4) 21 (14.6) 19 (16.4)

Chronic obstructive pulmonary disease/asthma 130 (30.7) 78 (30.0) 38 (26.4) 40 (34.5)

Prior major bleeding (excluding ICH) in 5-yr period 39 (9.2) 27 (10.4) 16 (11.1) 11 (9.5)

Liver disease 10 (2.4) 7 (2.7) 3 (2.1) 4 (3.4)

Systemic embolism 5 (1.2) 5 (1.9) 4 (2.8) 1 (0.9)

Medications (3-mo prior ICH index)§

β-Blockers 245 (57.9) 157 (60.4) 84 (58.3) 73 (62.9)

Calcium channel blockers 161 (38.1) 109 (41.9) 57 (39.6) 52 (44.8)

Inhibitors of renin-angiotensin system 206 (48.7) 126 (48.5) 67 (46.5) 59 (50.9)

Diuretics 229 (54.1) 152 (58.5) 81 (56.2) 71 (61.2)

Loop diuretics 193 (45.6) 122 (46.9) 66 (45.8) 56 (48.3)

Statin 202 (47.7) 149 (57.3) 81 (56.2) 68 (58.6)‡

Antidiabetics 98 (23.2) 69 (26.5) 32 (22.2) 37 (31.9)

Antidepressants 105 (24.8) 56 (21.5) 27 (18.7) 29 (25.0)

Proton pump inhibitors 198 (46.8) 132 (50.8) 68 (47.2) 64 (55.2)

Digoxin 99 (23.4) 80 (30.8) 44 (30.6) 36 (31.0)

Amiodarone 49 (11.6) 39 (15.0) 21 (14.6) 18 (15.5)

CHA2DS2-VASc score (ICH index and 1-yr prior)§ 3.9±1.3 3.9±1.3 3.9±1.3 3.9±1.3

1 1 (0.2) 7 (2.7) 5 (3.5)† 2 (1.7)

2 53 (12.5) 20 (7.7) 9 (6.3)† 11 (9.5)

3 110 (26.0) 72 (27.7) 43 (29.9)† 29 (25.0)

4–9 259 (61.2) 161 (61.9) 87 (60.4)† 74 (63.8)
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Characteristic
No treatment 

(n=423)
OAC exposure 

(n=260)
OAC partial exposure

(n=144)
OAC continuous exposure

(n=116)

HAS-BLED score (ICH index and 1-yr prior)∥ 2.6±1.1 2.6±1.1 2.7±1.1 2.6±1.1

<3.0 219 (51.8) 141 (54.2) 74 (51.4) 67 (57.8)

≥3.0 204 (48.2) 119 (45.8) 70 (48.6) 49 (42.2)

Charlson score (ICH index and 1-yr prior index)§

Mean±SD 4.5±3.2 4.3±3.2 4.1±3.4 4.6±3.1

Median (interquartile range) 4.0 (2.0–6.0) 4.0 (2.0–6.0) 4.0 (2.0–5.0) 4.0 (2.0–6.0)

Health medical service (1-yr prior ICH index)§

No. of of specialty visits 9.9±19.3 9.3±14.8 9.7±14.1† 8.8±15.6

No. of of family physician visits 3.2±6.0 2.7±4.4 2.6±4.0 2.9±4.9

No. of of emergency visits 3.9±3.8 3.6±3.6 3.6±3.6 3.6±3.7

Health hospital service (3-yr prior ICH index)§

Proportion of all-cause hospital admission 360 (85.1) 226 (86.9) 129 (89.6) 97 (83.6)

No. of of all-cause hospital admission 2.7±2.4 2.7±2.5 2.6±2.4 2.7±2.6

Hospital length of stay 11.2±10.8 7.5±6.9 7.0±6.6† 8.1±7.3‡

Values are presented as mean±standard deviation or number (%) unless otherwise indicated.
OAC, oral anticoagulant; ICH, intracranial hemorrhage; DOAC, direct oral anticoagulant; ASA, acetylsalicylic acid; TIA, transient ischemic attack.
*At the cohort entry; †P<0.05 in the comparison between the no OAC and the OAC partial exposure group; ‡P<0.05 in the comparison between the no OAC 
and the OAC continuous exposure group; §Data source: Régie de l’Assurance Maladie du Quebec (RAMQ) dataset; ‖The components of the scores are provided 
in Supplementary Tables.

Supplementary Table 10. Continued
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Supplementary Table 11. Crude and adjusted hazard ratios of clinical outcomes with binary time-dependent exposure in the spontaneous and traumatic ICH

Stroke/SE/death Stroke/SE Death
Recurrent intracranial 

bleeding
Major extracranial  

bleeding

Spontaneous ICH

Number 372 372 371 372 371

Events 106 8 100 27 11

No exposure Reference Reference Reference Reference Reference

Exposure to OACs

Crude hazard ratio 0.12 (0.04–0.32) 0.42 (0.05–3.42) 0.09 (0.03–0.29) 0.38 (0.12–1.28) 1.68 (0.49–5.78)

Adjusted hazard ratio 0.10 (0.04–0.27) 0.45 (0.05–3.65) 0.08 (0.03–0.25) 0.34 (0.10–1.14) 1.67 (0.48–5.79)

Traumatic ICH

Number 310 310 310 311 310

Events 79 9 74 21 10

No exposure Reference Reference Reference Reference Reference

Exposure to OACs

Crude hazard ratio 0.11 (0.04–0.30) 0.58 (0.12–2.82) 0.06 (0.01–0.23) 0.53 (0.18–1.58) 1.51 (0.42–5.39)

Adjusted hazard ratio 0.11 (0.04–0.30) 0.61 (0.13–2.94) 0.06 (0.01–0.23) 0.53 (0.18–1.60) 1.66 (0.46–5.97)

Values are presented as hazard ratio (95% confidence interval). 
ICH, intracranial hemorrhage; SE, systemic embolism; OAC, oral anticoagulant.
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Supplementary Table 12. Crude and adjusted hazard ratios of clinical outcomes with binary time-dependent exposure in the age population older ≥75 and <75 years

Stroke/SE/death Stroke/SE Death
Recurrent intracranial 

bleeding
Major extracranial 

bleeding

Population ≥75 yr

Number 608 608 607 609 607

Events 175 15 166 39 20 

No exposure Reference Reference Reference Reference Reference

Exposure to OACs

Crude hazard ratio 0.08 (0.03–0.19) 0.19 (0.02–1.45) 0.06 (0.02–0.17) 0.50 (0.21–1.20) 1.48 (0.59–3.73)

Adjusted hazard ratio 0.07 (0.03–0.17) 0.20 (0.03–1.50) 0.06 (0.02–0.16) 0.50 (0.21–1.19) 1.52 (0.61–3.84)

Population <75 yr

Number 74 74 74 74 74

Events 10 2 8 9 1

No exposure Reference Reference Reference Reference Reference

Exposure to OACs

Crude hazard ratio 0.74 (0.19–2.92) n to small 0.26 (0.03–2.16) 0.24 (0.03–1.98) n to small

Adjusted hazard ratio 0.26 (0.04–1.66) n to small 0.03 (0.01–1.02) 0.27 (0.03–2.46) n to small

Values are presented as hazard ratio (95% confidence interval). 
SE, systemic embolism; OAC, oral anticoagulant. 
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Supplementary Table 13. Net clinical benefit of the combination of ischemic stroke and systemic embolism and ICH

Type of diagnosis

TE ICH

Not receiving OACs
Receiving exposure to all 

OACs Difference 
in rate of TE 

(off-on) 

Not receiving OACs
Receiving exposure to all 

OACs
Difference 
in rate of 

ICH
(on-off)PY

Annual rate 
per 100 PY

PY
Annual rate 
per 100 PY

PY
Annual rate 
per 100 PY

PY
Annual rate 
per 100 PY

Total cohort 331.9 3.3 235.0 2.6 0.7 315.7 11.4 229.5 5.2 –6.2

Non-traumatic diagnosis 193.4 3.6 113.0 0.9 2.7 185.7 12.4 109.6 3.6 –8.8

Traumatic diagnosis 138.4 2.9 122.0 4.1 –1.5 130.0 10.0 119.9 6.7 –3.3

Annual net clinical benefit Weight=1.5 Weight=1.0 Weight=2.0

Total cohort 10.3 (10.1–10.5) 7.1 (6.9–7.3) 13.5 (13.2–13.8)

Non-traumatic diagnosis 16.3 (16.0–16.6) 11.8 (11.5–12.0) 20.8 (20.4–21.2)

Traumatic diagnosis 3.8 (3.4–4.2) 2.1 (1.9–2.4) 5.5 (5.0–6.0)

Values are presented as annual net clinical benefit (95% confidence interval).
ICH, intracranial hemorrhage; TE, thromboembolism; OAC, oral anticoagulant; PY, person-year.
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Supplementary Table 14. Net clinical benefit of the combination of death and ICH

Type of diagnosis

All-cause death ICH

Not receiving OACs
Receiving exposure to all 

OACs
Difference 
in rate of 

death (off-
on)

Not receiving OACs
Receiving exposure to all 

OACs
Difference 
in rate of 

ICH
(on-off)PY

Annual rate 
per 100 PY

PY
Annual rate 
per 100 PY

PY
Annual rate 
per 100 PY

PY
Annual rate 
per 100 PY

Total cohort 332.8 40.6 239.6 16.3 24.3 315.7 11.4 229.5 5.2 –6.2

Non-traumatic diagnosis 195.2 41.0 113.3 17.7 23.3 185.7 12.4 109.6 3.6 –8.8

Traumatic diagnosis 137.6 40.0 126.3 15.0 25.0 130.0 10.0 119.9 6.7 –3.3

Annual net clinical benefit Weight=1.5 Weight=1.0 Weight=2.0

Total cohort 34.1 (33.7–34.5) 30.9 (30.6–31.3) 37.3 (36.9–37.8)

Non-traumatic diagnosis 37.1 (36.6–37.7) 32.6 (32.2–33.1) 41.7 (41.1–42.3)

Traumatic diagnosis 30.2 (29.6–30.7) 28.5 (28.0–29.0) 31.9 (31.2–32.5)

Values are presented as annual net clinical benefit (95% confidence interval).
ICH, intracranial hemorrhage; OAC, oral anticoagulant; PY, person-year.
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Supplementary Table 15. Net clinical benefit of the combination of death and extracranial major

Type of diagnosis

All-cause death Extracranial major bleeding

Not receiving OACs
Receiving all exposure to 

OACs
Difference 
in rate of 

death (off-
on)

Not receiving
OACs

Receiving all exposure to 
OACs

Difference 
in rate of 

ICH
(on-off)PY

Annual rate 
per 100 PY

PY
Annual rate 
per 100 PY

PY
Annual rate 
per 100 PY

PY
Annual rate 
per 100 PY

Total cohort 332.8 40.6 239.6 16.3 24.3 328.9 2.7 231.2 5.2 2.5

Non-traumatic diagnosis 195.2 41.0 113.3 17.7 23.3 192.4 3.1 110.5 4.5 1.4

Traumatic diagnosis 137.6 40.0 126.3 15.0 25.0 136.5 2.2 120.7 5.8 3.6

Annual net clinical benefit Weight=1.5 Weight=1.0 Weight=2.0

Total cohort 21.0 (20.6–21.3) 22.2 (21.8–22.5) 19.8 (19.4–20.1)

Non-traumatic diagnosis 21.4 (20.9–21.8) 22.1 (21.7–22.5) 20.6 (20.1–21.1)

Traumatic diagnosis 19.8 (19.3–20.3) 21.6 (21.1–22.0) 18.1 (17.5–18.6)

Values are presented as annual net clinical benefit (95% confidence interval).
OAC, oral anticoagulant; ICH, intracranial hemorrhage; PY, person-year.


