
Atrial fibrillation is a major risk factor
for stroke and systemic embolism, and
strong evidence supports the use of the

anticoagulant warfarin to reduce this risk.1–3

However, warfarin has a narrow therapeutic
range and requires regular monitoring of the
international normalized ratio to optimize its
effectiveness and minimize the risk of hemor-
rhage.4,5 Although rates of major hemorrhage
reported in trials of warfarin therapy typically
range between 1% and 3% per person-year,6–11

observational studies suggest that rates may be
considerably higher when warfarin is pre-
scribed outside of a clinical trial setting,12–15

approaching 7% per person-year in some stud-
ies.13–15 The different safety profiles derived
from clinical trials and observational data may
reflect the careful selection of patients, precise
definitions of bleeding and close monitoring in
the trial setting. Furthermore, although a few
observational studies suggest that hemorrhage

rates are higher than generally appreciated,
these studies involve small numbers of patients
who received care in specialized settings.14–16

Consequently, the generalizability of their re -
sults to general practice may be limited.

More information regarding hemorrhage rates
during warfarin therapy is particularly important
in light of the recent introduction of new oral
anticoagulant agents such as dabigatran, rivarox-
aban and apixaban, which may be associated
with different outcome profiles.17–19 There are
currently no large studies offering real-world,
population-based estimates of hemorrhage rates
among patients taking warfarin, which are
needed for future comparisons with new antico-
agulant agents once they are widely used in rou-
tine clinical practice.20

We sought to describe the risk of incident
hemorrhage in a large population-based cohort
of patients with atrial fibrillation who had re -
cently started warfarin therapy.
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Background: Although warfarin has been
extensively studied in clinical trials, little is
known about rates of hemorrhage attribut-
able to its use in routine clinical practice. Our
objective was to examine incident hemor-
rhagic events in a large  population-based
cohort of patients with atrial fibrillation who
were starting treatment with warfarin.

Methods: We conducted a population-based
cohort study involving residents of Ontario
(age ≥ 66 yr) with atrial fibrillation who started
taking warfarin between Apr. 1, 1997, and Mar.
31, 2008. We defined a major hemorrhage as
any visit to hospital for hemorrage. We deter-
mined crude rates of hemorrhage during war-
farin treatment, overall and stratified by CHADS2

score (congestive heart failure, hypertension,
age ≥ 75 yr, diabetes mellitus and prior stroke,
transient ischemic attack or thromboembolism).

Results: We included 125 195 patients with
atrial fibrillation who started treatment with
warfarin during the study period. Overall, the

rate of hemorrhage was 3.8% (95% confidence
interval [CI] 3.8%–3.9%) per person-year. The
risk of major hemorrhage was highest during
the first 30 days of treatment. During this
period, rates of hemorrhage were 11.8% (95%
CI 11.1%–12.5%) per person-year in all patients
and 16.7% (95% CI 14.3%–19.4%) per person-
year among patients with a CHADS2 scores of 4
or greater. Over the 5-year follow-up, 10 840
patients (8.7%) visited the hospital for hemor-
rhage; of these patients, 1963 (18.1%) died in
hospital or within 7 days of being discharged.

Interpretation: In this large cohort of older
patients with atrial fibrillation, we found that
rates of hemorrhage are highest within the
first 30 days of warfarin therapy. These rates
are considerably higher than the rates of 1%–
3% reported in randomized controlled trials
of warfarin therapy. Our study provides timely
estimates of warfarin-related adverse events
that may be useful to clinicians, patients and
policy-makers as new options for treatment
become available.
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Methods

Setting
We performed a population-based cohort study
among Ontario residents aged 66 years and older
who started warfarin therapy between Apr. 1,
1997, and Mar. 31, 2008. Eligible residents had
access to prescription drug coverage, physician
care and hospital services through the province’s
universal health care system, the Ontario Health
Insurance Plan (OHIP). The study was approved
by the Research Ethics Board of the Sunnybrook
Health Sciences Centre, Toronto, Ontario.

Data sources
We linked multiple administrative datasets from
Ontario, Canada’s most populous province. Out-

patient prescription records were identified from
the Ontario Public Drug Benefit Program Data-
base, which contains comprehensive information
on prescription drugs dispensed to about 1.8 mil-
lion residents of Ontario aged 65 years and older,
annually. We identified hospital visits using the
Canadian Institute for Health Information’s Dis-
charge Abstract Database and emergency depart-
ment visits using the National Ambulatory Care
Reporting System. These databases contain
detailed diagnostic and procedural information
regarding all inpatient hospital admissions and
visits to emergency departments. We used the
OHIP database to identify claims for inpatient
and outpatient physician services, and the Regis-
tered Persons Database to obtain demographic
information for all members of the cohort. We
used the Ontario Diabetes Database,21 the Con-
gestive Heart Failure Database and the Hyperten-
sion Database22 to calculate the CHADS2 score
(determined using criteria validated by Gage and
colleagues,23 with 1 point each for congestive
heart failure, hypertension, age ≥ 75 yr, and dia-
betes mellitus, and 2 points for previous ischemic
stroke) for each patient in the cohort. The sensi-
tivity and specificity of each of these databases
are high.21,22 They are held securely in a linked,
deidentified form and analyzed at the Institute for
Clinical Evaluative Sciences, and are routinely
used for the purposes of studying drug safety.24–27

Identification of the cohort
We identified all patients to whom warfarin was
dispensed between Apr. 1, 1997, and Mar. 31,
2008. For each participant, we identified a period
of continuous warfarin use beginning with the
first prescription dispensed after his or her 66th
birthday. To create an inception cohort, we ex -
cluded patients with any prescription for warfarin
dispensed in the preceding year, and we did not
include participants during their first year of eligi-
bility for prescription drug coverage (age 65 yr)
to avoid incomplete medication records. To
restrict the analysis to patients with atrial fibrilla-
tion receiving warfarin therapy, we excluded
patients who had not visited a physician, been
assessed in an emergency department or been
admitted to hospital for atrial fibrillation or flutter
(International Classification of Diseases, 9th
Revision (Clinical Modification) code 427.3;
International Statistical Classification of Dis-
eases and Related Health Problems, 10th revision
codes I48.0 or I48.1; OHIP diagnosis code 427)
in the 100 days preceding their first prescription
for warfarin being dispensed. For all analyses, we
defined the date of entry into the cohort as the
date on which the first prescription for warfarin
meeting these criteria was  dispensed.
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Table 1 (part 1 of 2): Baseline characteristics of people starting warfarin 
therapy after atrial fibrillation was diagnosed 

Characteristic 

Patients, 
no. (%)* 

n = 125 195 

Age at start of study, yr, median (IQR) 77 (72–82) 

Age category, yr  

66–75 53 260 (42.5) 

76–85 56 026 (44.8) 

≥ 86 15 909 (12.7) 

Male sex 61 911 (49.5) 

Income quintile  

Missing 24 945 (19.9) 

1 27 033 (21.6) 

2 24 707 (19.7) 

3 23 401 (18.7) 

4 24 752 (19.8) 

5      357   (0.3) 

Rural residence 18 942 (15.1) 

Charlson comorbidity index  

0 36 616 (29.2) 

1 26 397 (21.1) 

≥ 2 39 919 (31.9) 

No admission to hospital 22 263 (17.8) 

Drugs prescribed in past 1 yr, no., median (IQR) 8 (5–12) 

Previous admission to hospital for hemorrhage   5 596   (4.5) 

Resident of long-term care facility   6 411   (5.1) 

Comorbidity (past 3 yr)  

Renal disease   1 876   (1.5) 

Liver disease   3 873   (3.1) 

Alcoholism   3 801   (3.0) 

Dementia 11 831   (9.5) 

Medication use (past 120 d)  

Acetylsalicylic acid 24 328 (19.4) 



Warfarin exposure
Because the maximum duration of a prescription
eligible for funding by the Ontario Public Drug
Program is 100 days, we defined ongoing war-
farin therapy by successive refills of a prescription
within 180 days to allow for periodic adjustments
to doses, lapses in adherence and variable timing
of refills. If more than 180 days elapsed between
successive prescriptions, patients were deemed to
have stopped treatment; such patients were fol-
lowed for 100 days from the date of the last pre-
scription to identify instances of hemorrhage that
may have precipitated the end of  treatment.

Risk of hemorrhage
A major hemorrhage was defined as a visit to an
emergency department or an admission to hospital
for hemorrhage during warfarin therapy. We fol-
lowed patients until 1 of the following events
occurred: a visit to hospital for hemorrhage, the
end of warfarin therapy, death, 5 years of follow-
up or the end of the study period (Mar. 31, 2010).
We stratified hemorrhage anatomically as upper
gastrointestinal, lower gastrointestinal, intracranial
or other (principally consisting of hemorrhage
involving the genitourinary tract or respiratory sys-
tem). De tailed ICD-9 and ICD-10 codes for these
definitions are provided in Appendix 1 (available
at www .cmaj .ca /lookup /suppl /doi :10 .1503 /cmaj
.121218 /-/DC1), and are based on a validation
study that found these codes to have 94% sensitiv-
ity and 83% specificity in defining major hemor-
rhage events.28 If a patient had multiple admissions
for hemorrhage during warfarin therapy, we in -
cluded only the first such event.

Patient characteristics
We determined the following baseline character-
istics for members of the study cohort: age, sex,
estimated socioeconomic status (based on neigh-
bourhood income quintile),29 residence in a long-
term care facility, rural residence and receipt of
prescriptions for antiplatelet drugs (acetylsali-
cylic acid [ASA], clopidogrel, dipyridamole or
ticlopidine) or nonsteroidal anti-inflammatory
drugs (NSAIDs) in the 120 days preceding entry
to the cohort. We defined several indicators of
comorbidity in the preceding 3 years, including
the Charlson comorbidity index,30,31 the total
number of drugs for which patients had received
a prescription in the previous year, admission to
hospital for renal disease, liver disease, alco-
holism or dementia, and previous admissions to
hospital involving hemorrhage.

Although we did not have access to labora-
tory data to assess the quality of anticoagulation,
we performed 2 analyses to explore the fre-
quency of international normalized ratio testing

in our population. In the first analysis, we re -
stricted our cohort to those patients receiving
warfarin for at least 365 days, and measured the
average number of prothrombin time tests per
person during the first year of follow-up. The
second analysis assessed the prevalence of a pro-
thrombin time test in the 7 and 14 days before
hemorrhage as a surrogate measure of the ade-
quacy of monitoring the international normalized
ratio. To create a comparator group, we ran-
domly assigned index dates to patients without a
hemorrhage during the 5-year follow-up that fol-
lowed the same temporal distribution as the hem-
orrhage dates. For each patient with a hemor-
rhage, a patient who did not have a hemorrhage
was randomly selected, and the prevalence of a
prothrombin time test was assessed for the
period before his or her index date.
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Table 1 (part 2 of 2): Baseline characteristics of people starting warfarin 
therapy after atrial fibrillation was diagnosed 

Characteristic 

Patients, 
no. (%)* 

n = 125 195 

Medication use (past 120 d)  

Acetylsalicylic acid and clopidogrel      557   (0.4) 

Acetylsalicylic acid and dipyridamole      817   (0.7) 

Other nonsteroidal anti-inflammatory drugs 20 671 (16.5) 

Clopidogrel   4 151   (3.3) 

Ticlopidine   1 092   (0.9) 

Time to starting warfarin therapy, d, median (IQR) 7 (2–22) 

0 21 573 (17.2) 

1–7 41 278 (33.0) 

8–14 21 090 (16.8) 

15–30 16 976 (13.6) 

31–100 24 278 (19.4) 

CHADS2 score (components)  

Congestive heart failure 44 011 (35.2) 

Hypertension 94 063 (75.1) 

Age > 75 yr 78 408 (62.6) 

Diabetes 30 437 (24.3) 

Previous stroke 26 661 (21.3) 

CHADS2 score   

0   8 655   (6.9) 

1 30 108 (24.0) 

2 44 716 (35.7) 

3 29 713 (23.7) 

4   9 599   (7.7) 

5   1 860   (1.5) 

6      544   (0.4) 

Note: IQR = interquartile range. 
*Unless otherwise indicated. 

http://www.cmaj.ca/lookup/suppl/doi:10.1503/cmaj.121218/-/DC1
http://www.cmaj.ca/lookup/suppl/doi:10.1503/cmaj.121218/-/DC1


Statistical analysis
We calculated the crude rate of hemorrhage in
each 30-day interval after the start of warfarin
therapy. The rate was calculated as the total
number of people with a visit to hospital for a
hemorrhage divided by the number of people
taking warfarin, alive and event-free, at the
beginning of the interval. All rates were
expressed as a percentage per person-year of
 follow-up. We stratified analyses by CHADS2

score. We used the Cochrane–Armitage test to
identify differences in hemorrhage rates among
groups. In a sensitivity analysis, we stratified
hemorrhage rates by age (< 75 yr and ≥ 75 yr) to
align with typical inclusion criteria in random-
ized controlled trials. This stratification is impor-
tant, because patients aged 75 years and older
typically have a higher burden of atrial fibrilla-
tion, greater frailty and  greater propensity for
hemorrhagic outcomes than younger patients.
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Table 2: Rates of hemorrhage by length of time since starting warfarin therapy 

  Rate of hemorrhage, % per person-year (95% CI) 

Characteristic 

Hemorrhages during  
5-yr follow-up, 

no. (%)* First 30 d 
Remainder of 5-yr 

follow-up Overall 

Overall, no. 10 840 11.8 (11.1–12.4) 3.4 (3.4–3.5) 3.8 (3.8–3.9) 

CHADS2 score        

0    382   (3.5) 7.2 (5.5–9.5) 1.6 (1.4–1.7) 1.8 (1.6–2.0) 

1 1 845 (17.0) 7.3 (6.3–8.4) 2.3 (2.2–2.4) 2.5 (2.4–2.6) 

2–3 7 053 (65.1) 13.3 (12.5–14.3) 3.8 (3.7–3.9) 4.3 (4.2–4.4) 

4–6 1 560 (14.4) 16.7 (14.3–19.4) 6.0 (5.7–6.3) 6.7 (6.3–7.0) 

Type of hemorrhage        

Intracranial    549   (5.1) 0.4 (0.4–0.5) 0.2 (0.2–0.2) 0.2 (0.2–0.2) 

Upper gastrointestinal 2 829 (26.1) 4.0 (3.8–4.2) 0.9 (0.8–0.9) 1.0 (1.0–1.0) 

Lower gastrointestinal 3 956 (36.5) 4.6 (4.4–4.9) 1.2 (1.2–1.3) 1.4 (1.4–1.4) 

Other 4 190 (38.7) 4.7 (4.5–5.0) 1.3 (1.3–1.3) 1.5 (1.5–1.5) 

Age ≤≤≤≤ 75 yr, no. 3684 9.2 (8.4–10.2) 2.6 (2.5–2.7) 2.9 (2.8–3.0) 

CHADS2 score        

0    382 (10.4) 7.2 (5.5–9.5) 1.6 (1.4–1.7) 1.8 (1.6–2.0) 

1 1 204 (32.7) 6.8 (5.7–8.1) 2.0 (1.9–2.2) 2.3 (2.1–2.4) 

2–3 1 881 (51.1) 12.1 (10.6–13.9) 3.4 (3.3–3.6) 3.9 (3.7–4.0) 

4–6    217   (5.9) 13.1 (8.2–20.7) 5.5 (4.8–6.4) 6.0 (5.3–6.9) 

Type of hemorrhage        

Intracranial    194   (5.3) 0.4 (0.3–0.4) 0.1 (0.1–0.1) 0.2 (0.1–0.2) 

Upper gastrointestinal 1 055 (28.6) 3.9 (3.5–4.3) 0.7 (0.7–0.7) 0.8 (0.8–0.9) 

Lower gastrointestinal 1 268 (34.4) 3.5 (3.2–3.9) 0.9 (0.9–0.9) 1.0 (1.0–1.0) 

Other 1 406 (38.2) 3.3 (3.0–3.7) 1.0 (1.0–1.0) 1.1 (1.1–1.1) 

Age > 75 yr, no. 7 156 13.7 (12.7–14.6) 4.1 (4.0–4.2) 4.6 (4.5–4.7) 

CHADS2 score        

0        0  (0.0) — — — 

1    641  (9.0) 8.5 (6.6–10.9) 2.8 (2.6–3.1) 3.1 (2.9–3.4) 

2–3 5 172 (72.3) 13.8 (12.8–15.0) 4.0 (3.9–4.1) 4.5 (4.4–4.6) 

4–6 1 343 (18.8) 17.3 (14.6–20.3) 6.1 (5.7–6.4) 6.8 (6.4–7.1) 

Type of hemorrhage        

Intracranial    355   (5.0) 0.5 (0.4–0.5) 0.2 (0.2–0.2) 0.2 (0.2–0.2) 

Upper gastrointestinal 1 774 (24.8) 4.1 (3.8–4.3) 1.0 (1.0–1.0) 1.1 (1.1–1.2) 

Lower gastrointestinal 2 688 (37.6) 5.5 (5.1–5.9) 1.5 (1.5–1.6) 1.7 (1.7–1.8) 

Other 2 784 (38.9) 5.7 (5.3–6.1) 1.6 (1.5–1.6) 1.8 (1.8–1.8) 

Note: CI = confidence interval. 
*Unless otherwise indicated 



Results

Over the 13-year study period, we identified
266 460 new users of warfarin in Ontario aged
66 years or older. Of these patients, 125 195
(47.0%) had a visit to a physician or an admission
to hospital for atrial fibrillation in the preceding 100
days. The median age for starting warfarin therapy
was 77 years, and about one-half of the participants
were men (Table 1). Overall, 69.0% (n = 86 432) of
patients with atrial fibrillation newly receiving war-
farin therapy had an estimated CHADS2 score of 2
or more at the start of therapy. The 5-year all-cause
mortality for the cohort was 35.7% (n = 44 692).

Among patients starting warfarin for atrial fib-
rillation, the cumulative incidence of hemorrhage
was 1.0% (n = 1196) at 30 days, 4.1% (n = 5095)
at 1 year and 8.7% (n = 10 840) at 5 years. The
overall risk of hemorrhage for the duration of the
study was 3.8% (95% confidence interval [CI]
3.8%–3.9%) per person-year (Table 2). The risk
was highest during the first 30 days of therapy
(11.8% [95% CI 11.1–12.4] per person-year),
falling to 3.4% (95% CI 3.4–3.5) per person-year
during the remaining follow-up period (Table 2;
Figure 1). Crude 5-year rates of hemorrhage var-
ied significantly according to patients’ CHADS2

scores at the start of treatment (Table 2; p <
0.001). Those with a CHADS2 score of 4 or
higher had higher than average rates of hemor-
rhage (16.7% [95% CI 14.3%–19.4%] per
 person-year in the first 30 d, 6.0% [95% CI
5.7%–6.3%] per person-year thereafter), and
patients with a CHADS2 score of less than 2 had
lower than average rates of hemorrhage (1.8%
[95% CI 1.6%–2.0%] per person-year for a score
of 0, and 2.5% [95% CI 2.4%–2.6%] per person-
year for a score of 1; Figure 1). Similarly, rates of
hemorrhage varied by patient age at the start of
treatment. The risk of hemorrhage among pa tients
older than 75 years was 4.6% (95% CI 4.5%–
4.7%) per person-year, compared with 2.9% (95%
CI 2.8%–3.0%) per person-year among patients
aged 75 years or younger (Table 2).

Most admissions to hospital involved gas-
trointestinal hemorrhages (62.6%, n = 6785);
more than one-third involved hemorrhages at
other sites (38.7%, n = 4190) (Table 2). In total,
1963 (18.1%) patients admitted to hospital with
hemorrhages died in hospital or within 7 days of
being discharged (data not shown). As expected,
mortality was highest among patients admitted to
hospital for intracranial hemorrhage (n = 229,
41.7%) as compared with upper gastrointestinal
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Figure 1: Incident rate of visits to hospital with hemorrhages in 30-day increments after the start of war-
farin therapy among older patients (≥ 66 yr) with atrial fibrillation. Rates are stratified by CHADS2 score at
the start of treatment.



hemorrhages (n = 408, 14.4%), lower gastroin-
testinal hemorrhages (n = 595, 15.0%) and other
hemorrhages (n = 527, 12.6%) (data not shown).

In an analysis of the frequency of monitoring
the international normalized ratio among the
77 267 patients receiving warfarin therapy for at
least 1 year, we found that the average number of
prothrombin time tests per person was 24.1
(standard deviation [SD] 14.9). Furthermore, in
an analysis of the quality of such monitoring
among the 10 840 patients admitted to hospital
with a hemorrhage over 5 years and a randomly
selected group of patients who did not have hem-
orrhages, we found similar rates of testing in the
preceding 7 (35.9% v. 31.7%) and 14 days
(51.9% and 51.2%) (Appendix 1).

Interpretation

In this population-based study spanning 13 years,
we found that the rate of hemorrhage among older
patients with atrial fibrillation who were receiving
warfarin therapy is roughly half that reported in
other observational studies (3.8% v. 6.8%–7.2%
per person-year).13–15 This is ex pected, because
previous studies have considered shorter periods
of warfarin use (when the risk of hemorrhage is
highest) and patients whose condition is managed
at anticoagulation clinics, where closer monitor-
ing may lead to more complete identification of
major hemorrhagic events. Conversely, the rate of
hemorrhage in our study is considerably higher
than those reported in randomized controlled trials
of warfarin therapy, which have ranged between
1% and 3% per  person-year.6,7,9,11 This difference is
likely due to the strict inclusion criteria and close
monitoring of patients in clinical trials and the
average age of our participants being older than
that of patients included in trials. This latter factor
is emphasized by our sensitivity analysis stratified
by age, in which the rate of hemorrhage for the
younger group of patients (aged ≤ 75 yr) newly
receiving warfarin therapy more closely aligns
with results from randomized clinical trials.

Our study shows that the risk of hemorrhage
is particularly high during the first 30 days of
warfarin therapy, with almost 1% of all new
users admitted to hospital for hemorrhage during
this period. Furthermore, this risk is amplified
among patients with CHADS2 scores higher than
4. The clinical importance of this finding is
underscored by the number of patients admitted
to hospital for hemorrhage who died either in
hospital or shortly after discharge.

Strengths and limitations
Strengths of our study include its large sample,
extended follow-up and inclusiveness. Further-

more, our cohort members had comprehensive
health insurance, including coverage for prescrip-
tion drugs, thereby minimizing selection bias. Al -
though the rates of hemorrhage we describe are
crude estimates, characterizing these risks in such
a large population receiving routine clinical care is
an important contribution to the literature.

Our findings derive from Ontario residents
aged 66 years and older. Thus, the generalizabil-
ity of our results to younger patients and people
in other jurisdictions is unknown. However, be -
cause atrial fibrillation is diagnosed at a mean
age of 71 years,32 most people receiving warfarin
therapy for new onset of the condition would be
eligible for inclusion in our study.

We do not have information regarding med-
ications obtained without a prescription, and thus
the true prevalence of the use of ASA and
NSAIDs by our cohort is underestimated.

We do not have access to international nor-
malized ratio values during bleeding episodes,
which would provide interesting data on risk of
hemorrhage for individual patients. However, a
 population-based study in Ontario recently found
the time in therapeutic range among residents of
Ontario receiving warfarin therapy to be about
59%.33 In addition, we found similar rates of
monitoring the international normalized ratio
among patients with and without hemorrhage.

We limited our analyses to patients who started
warfarin therapy after a clinical encounter for
atrial fibrillation or flutter. Although the sensitivity
(77.8%–87.7%) and specificity (99%–100%) of
this definition has been shown to be high,34 our
approach will undoubtedly exclude some patients
with atrial fibrillation, particularly those with
paroxysmal atrial fibrillation or flutter. 

We are unable to determine which patients
received treatment in the community as opposed
to in hospital-based anticoagulation clinics,
which could help guide future research. 

Finally, our study examined the incidence of
hemorrhage resulting in a visit to hospital, and
therefore excludes minor events not resulting in a
visit to hospital and severe events leading to pre-
hospital death. Consequently, our rates of hemor-
rhage underestimate the true overall rates in this
population. Furthermore, although the codes used
to identify major hemorrhage are highly sensitive
and specific, care must be taken when comparing
hemorrhage rates between studies given the vary-
ing definitions of major bleeding events.

Conclusion
In this large cohort of older patients with atrial
fibrillation, we found that rates of hemorrhage
are highest during the first 30 days after the start
of warfarin therapy, and that almost 1 in 5 such
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patients who have a hemorrhage requiring
admission to hospital died either in hospital or
shortly after discharge. Our study provides
timely estimates of warfarin-related adverse
events that may be useful to clinicians, patients
and policy-makers in light of newly approved
and emerging anticoagulant therapies.
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