
Bleeding During Antithrombotic Therapy
in Patients With Atrial Fibrillation
The Stroke Prevention in Atrial Fibrillation Investigators

Background: The Stroke Prevention in Atrial Fibril-
lation II study compared warfarin vs aspirin for stroke
prevention in atrial fibrillation. Bleeding complications
importantly detracted from warfarin's net effective-
ness, particularly among older patients.

Objectives: To analyze bleeding complications
according to assigned therapy. To identify risk factors
for bleeding during anticoagulation.
Methods: Eleven hundred patients (mean age, 70 years)
were randomized to 325 mg of aspirin daily (enteric
coated) vs warfarin (target prothrombin time ratio, 1.3
to 1.8; approximate international normalized ratio, 2.0
to 4.5). Major hemorrhages were defined prospectively.
Results: The rate of major bleeding while receiving war-

farin was 2.3% per year (95% confidence interval [CI],
1.7 to 3.2) vs 1.1% per year (95% CI, 0.7 to 1.8) while

receiving aspirin (relative risk, 2.1; 95% CI, 1.1 to 3.1;
P=.02). Intracranial hemorrhage occurred at 0.9% per year
(95% CI, 0.5 to 1.5) with warfarin and 0.3% per year (95%
CI, 0.1 to 0.8) with aspirin (relative risk, 2.4; P=.08). Age
(P=.006), increasing number of prescribed medications
(P=.007), and intensity of anticoagulation (P=.02) were

independent risks for bleeding at any site during anti-
coagulation. The rate of major hemorrhage was 1.7% per
year in patients aged 75 years or younger who received
anticoagulation vs 4.2% per year in older patients (rela-
tive risk, 2.6, P=.009); rates by age for intracranial bleed-
ing were 0.6% per year and 1.8% per year, respectively
(P=.05).

Conclusion: Advancing age and more intense antico-
agulation increase the risk of major hemorrhage in pa-
tients given warfarin for stroke prevention.

(Arch Intern Med. 1996;156:409-416)

Warfarin and aspi¬
rin are both effec¬
tive for the preven¬
tion of ischémie
stroke in patients

with atrial fibrillation.1,2 Warfarin is
substantially more effective than aspirin
for reducing the rate of ischémie stroke
in these patients2"4; but in the Stroke
Prevention in Atrial Fibrillation II
(SPAF II) trial, hemorrhages in elderly
patients negated the benefit.3 The main
results of the SPAF II Study have been
reported3; herein we analyze bleeding
complications in detail and identify risk
factors for major hemorrhage during
anticoagulation.

RESULTS

TREATMENTS AND COMPLIANCE

Among warfarin-assigned patients, the
mean dose of warfarin was 4.5 mg/d in
patients aged 75 years or younger

(mean age, 64 years) and 3.7 mg/d in
those older than 75 years (mean age, 80
years) to achieve similar intensities of
anticoagulation (mean PTR, 1.45 vs

1.46 and mean INR, 2.6 vs 2.7, respec¬
tively). The average warfarin dose did
not change after converting from PTRs
to INRs. Of 16 453 measurements, anti-
coagulation intensity exceeded the
upper limit of the trial's therapeutic
range in 5% of the measurements in the
younger patients and in 6% of those in
the older patients; it was below the
lower limit in 20% and 22%, respec¬
tively. Among aspirin-assigned patients,
compliance estimated by pill count was

satisfactory (80% to 105% of expected
consumption) in 90% of all follow-up
visits in both age groups.

See Methods on next page
The participating investigators
are listed on page 411.
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METHODS

The design and main results of the SPAF II Study have
been described.3,5 In brief, the efficacy and safety of war¬
farin vs aspirin were compared for prevention of arterial
thromboembolism in patients with nonvalvular atrial
fibrillation. Patients were stratified by age so that the
antithrombotic agents were compared in two popula¬
tions: patients aged 75 years or younger and those 76
years or older (Figure I). In total, 1100 patients were
entered in the study: 715 in the younger age group and
385 in the older.

As a requisite for enrollment, all patients were con¬
sidered candidates for warfarin anticoagulation. The fol¬
lowing were explicit exclusions: dementia; chronic renal
failure with a serum creatinine level of greater than 265
|xmol/L (3.0 mg/dL); thrombocytopenia (<100X 109 plate¬
lets per liter); anemia (hemoglobin concentration, <100
g/L); baseline prothrombin time more than 2 seconds longer
than control on two occasions; systolic blood pressure more

than 180 mm Hg and/or diastolic blood pressure more than
100 mm Hg despite treatment; severe chronic alcohol ha-
bituation with transaminase values more than three times
the normal upper limits; stool guaiac test positive for oc¬
cult blood; inability to obtain adequate follow-up for moni¬
toring prothrombin times; previous intracranial hemor¬
rhage; gastrointestinal (GI) or genitourinary bleeding within
the preceding 6 months; previous severe hemorrhage with
a therapeutic prothrombin time while receiving warfarin;
conditions predisposing to head trauma; and the require¬
ment for treatment with nonsteroidal anti-inflammatory
drugs.

Anticoagulation monitoring was performed in more
than 50 clinical laboratories.6 Initially, the warfarin dose
was adjusted to achieve a target prothrombin time ratio
(PTR) of 1.3 to 1.8 times control. During the trial, inter¬
national sensitivity indices (ISIs) were established at the
laboratories serving 68% of the warfarin-assigned sub¬
jects, and thereafter for these patients the warfarin dos¬
age was regulated within the international normalized
ratio (INR) range of 2.0 to 45.6 Thirty-four percent of
all determinations used the INR. The anticoagulation
effect was monitored at least monthly, and the patients
were contacted when a determination was missed. Dose
adjustments were made by experienced study nurses

supervised by physicians and using a standard algo¬
rithm. Patients who developed an indication for a
nonsteroidal anti-inflammatory drug that could not be
adequately managed with nonacetylated sali-
cylates were withdrawn from warfarin therapy. Aspirin
(325 mg daily) was enteric coated (Ecotrin), and com¬

pliance was assessed at follow-up every 3 months by pill
count.

Bleeding complications were detected locally and
submitted for central adjudication. A bleeding event was
called major when it involved the central nervous sys¬
tem; required hospitalization, blood transfusion, and/or
surgical intervention; or resulted in permanent func¬
tional impairment to any degree. All intracranial hemor¬
rhages were confirmed by neuroimaging. Major bleeding
episodes were verified independently by two central
adjudicators, unblinded to treatment assignment, and
reanalyzed using the severity scale of Landefeld et al.7

The two adjudicators agreed on the classification of
hemorrhages as major by study criteria in 100% of cases.

Eighty-nine percent (50/56) were also classified as major
hemorrhages using the Landefeld severity index. Of six
bleeding episodes meeting the former criteria but not the
Landefeld criteria, five involved chronic, non-life-
threatening blood loss in warfarin-assigned patients.
Analyses reported herein considered the 50 bleeding epi¬
sodes qualifying as major by both criteria based on
intention to treat. A secondary on-therapy analysis con¬
sidered bleeding episodes occurring within 7 days of
receiving assigned medication. Outcome was categorized
as full recovery, incomplete recovery, or fatality. Incom¬
plete recovery implied a functionally significant adverse
health consequence at hospital discharge.

The rates of bleeding were based on the number of
events per patient-year of exposure. The 95% confidence
interval (CI) was estimated using Poisson regression. A
limited number of factors designated a priori were exam¬
ined for a relationship to all major hemorrhage, GI hem¬
orrhage, and parenchymal intracranial hemorrhage
when assigned to warfarin therapy. Some factors were

available before initiating therapy (ie, baseline factors),
others were manifested during follow-up. Factors were
selected because of a published association with hemor¬
rhage or because of biological plausibility and included
the following: age8"18; female gender12,13; cerebrovascular
disease (in our data represented by a history of stroke,
transient ischémie attack, or systemic embolism10,18"23);
congestive heart failure12,13; diabetes24 25; history of GI
bleeding10; hypertension*; number of concurrent medi¬
cations9,11,15,21,33,34; intensity of anticoagulationt; and
variability of anticoagulation control.11,33"37 Univariate
relative risk (RR) associated with each factor was esti¬
mated using the Cox proportional hazards model and
the log rank statistic. For all major hemorrhages, a mul-
tivariate model was constructed using variables with
univariate significance (P<.05) entered sequentially.
Because of the small numbers, multivariate models were
not computed separately for bleeding complications in
the GI tract and brain parenchyma.

Several measures of intensity were used in examin¬
ing the effect of degree of anticoagulation on risk of bleed¬
ing. One measure was the overall mean PTR for each pa¬
tient.46 The bleeding rate of patients having a mean PTR
above the midpoint of our target range (1.5) was com¬

pared with that of patients with a lower mean PTR. Also
calculated were the time-dependent risks associated with
(1) an average quarterly PTR above 1.5 and (2) any PTR
value over 1.8 during a quarter. In each of these across-

patient, time-dependent analyses, the bleeding events/
quarter were calculated for all quarters with intensity ex¬

ceeding the threshold compared with all quarters with
intensity below the threshold. The variability of PTR mea¬

surements was estimated using the method of Fihn et al35
with a target PTR of 1.5. In all of these analyses, the initial
6 weeks while anticoagulation treatment was stabilized were
omitted from consideration. Only PTRs obtained during
routine monitoring were included, ie, PTRs obtained at the
time of bleeding were excluded.

*References 11, 12, 14, 15, 19, 20, 22, 25-32.
\s=d\References8, 9, 11, 12, 16, 18, 21, 27, 32, 34-45.
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The Stroke Prevention in Atrial Fibrillation Investigators are the following (centers are listed in order of the number of pa¬
tients enrolled):

Clinical Centers
Mayo Clinic and Mayo Foundation, Rochester, Minn: James H. Chesebro, MD; David O. Wiebers, MD; Anne E. Holland,
RN; William T. Bardsley, MD; Scott C Litin, MD; Irene Meissner, MD; Douglas M. Zerbe, MD.
The University of Missouri, Columbia: Greg C. Flaker, MD; Richard Webel, MD; Barbie Nolte, RN; Pat Stevenson, LPN;
John Byer, MD; William Wright, MD.
Hennepin County Medical Center, Abbott Northwestern Hospital, and Park Nicollet Medical Center, Minneapolis, Minn:
David C. Anderson, MD; Richard W. Asinger, MD; Susan M. Newburg, RN; Scott R. Bundlie, MD; Cheryl C. Farmer, RN,
MA; Richard L. Koller, MD; John M. Haugland, MD; Martha A. Nance, MD; Ronald M. Tarrel, DO; David N. Dunbar, MD;
Charles R. Jorgensen, MD; Scott W. Sharkey, MD.
University of Texas Health Science Center at San Antonio, and Audie L. Murphy Veterans Hospital: Anne D. Leonard,
RN; Merrill C. Kanter, MD; Diane H. Solomon, MD; Miguel Zabalgoitia, MD.
Oregon Health Sciences University, Portland: John H. McAnulty, MD; Christy Marchant, RN, MBA; Bruce M. Coull, MD.
University of Miami School of Medicine, Miami, Fla: Roger E. Kelley, MD; Robert Chahine, MD; Malte Palermo, RN; Pura
Teixeiro, RN.
Kaiser Permanente, Portland: George Feldman, MD; Arthur Hayward, MD; Kate MacMillan, RN; Elizabeth Gándara, RN; War¬
ren Anderson, MD; Nathan Blank, MD; Richard Strauss, MD.
The University of Arizona College of Medicine, Tucson: William M. Feinberg, MD; Brenda K. Void, RN; Karl B. Kern, MD;
Christopher Appleton, MD; Denise Brück; S. Dorr.
University of California, San Diego Medical Center: Howard C. Dittrich, MD; John F. Rothrock, MD; Carol Hagenhoff, RN,
MPH.
St John's Mercy Medical Center, St Louis, Mo: William R. Logan, MD; William P. Hamilton, MD; Barbara J. Green, MD;
Rebecca S. Bacon, RN.
University of Illinois College of Medicine at Chicago and Peoria: Cathy M. Helgason, MD; George T. Kondos, MD; Julie Hoff,
RN, MPH.
Mount Sinai Medical Center, New York, NY: Jonathan L. Halperin, MD; Elizabeth B. Rothlauf, RN; Jesse M. Weinberger, MD;
Martin E. Goldman, MD.
Northwestern University Medical School, Chicago: Vincent T. Miller, MD; Connie J. Hockersmith, RN; Bruce A. Cohen, MD.
St Louis University Medical Center, St Louis: Denise L. Janosik, MD; DorothyJ. Cadell, RN; Leanna Kellerman, RN; Camilo R.
Gomez, MD; Arthur J. Labovitz, MD.
University of Colorado School of Medicine, Denver: Robert M. Rothbart, MD; Gretchen H. Bailey, RN; Caralyn Burkhardt,
MD; Lawrence Horwitz, MD.
Mayo Clinic, Jacksonville, Fla: J. L. Blackshear; L. Weaver; V. Baker; G. Lee; G. Lane; F. Rubino; R. Safford.

Statistical Coordinating Center
University of Washington, Seattle: Richard A. Kronmal, PhD.
Statistics and Epidemiology Research Corp, Seattle: Ruth McBride; Lesly Pearce, MS; Kristin A. Fletcher, MS; Elaine Nasco.

Clinical Coordinating Center
University of Texas Health Science Center at San Antonio: Robert G. Hart, MD; David G. Sherman, MD; Robert L. Talbert,
PharmD; Patricia A. Heberling.

Writing Committee (Given Alphabetically)
David C Anderson, MD, Minneapolis (chair); George Feldman, MD, Portland; Robert G. Hart, MD, San Antonio; Karl B. Kern,
MD, Tucson; Scott C. Litin, MD, Rochester; Ruth McBride, Seattle; and Robert L. Talbert, PharmD, San Antonio.

Safety/Monitoring Committee
Boston University, Boston, Mass: Theodore Colton, ScD.
Knoll Pharmaceuticals, Whippany, NJ: David E. Levy, MD.
Harvard University, Boston: James D. Marsh, MD.
Henry Ford Hospital, Detroit, Mich: K. M. A. Welch, MD.
National Institute of Neurological Disorders and Stroke, Bethesda, Md: John R. Marier, MD; Michael D. Walker, MD.

MAJOR BLEEDING BY
TREATMENT ASSIGNMENT

Considering both age strata together (mean age, 70 years),
50 major hemorrhages occurred: 16 (2.9%) in 545 aspirin-
assigned patients and 34 (6.1%) in 555 warfarin-
assigned patients during a mean follow-up of 2.6 years.
The rates of all major bleeding were significantly higher
in those assigned to warfarin (2.3% per year; 95% CI, 1.7
to 3.2) compared with the aspirin group (1.1% per year;
95% CI, 0.7 to 1.8) (RR, 2.1; 95% CI, 1.1 to 3.1; P=.02).

Intracranial hemorrhage occurred at a rate of 0.9% per
year (95% CI, 0.5 to 1.5) in warfarin-assigned patients
and at 0.3% per year (95% CI, 0.1 to 0.8) in aspirin-
assigned patients (RR, 2.4; P=.08). Among patients who
received anticoagulation, the risks of all major hemor¬
rhage (RR, 2.6; P=.009) and intracranial hemorrhage (RR,
3.2; P=.05) were greater in those older than 75 years vs

younger patients. There was no relationship between rate
of hemorrhage and duration of study participation
(Figure 2); specifically, the rate was not measurably
higher in the early period of warfarin use.
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LOCATION OF BLEEDING
AND CLINICAL ASPECTS

The anatomic distribution of hemorrhages was similar for
the two antithrombotic agents, the most common site be¬
ing the GI tract (Table I ). The bleeding source was above
the ligament of Treitz in six of eight aspirin-related bleed¬
ing episodes and in nine of 14 GI bleeding episodes in those
patients receiving warfarin. An underlying lesion was
documented in seven patients receiving aspirin and in 10
receiving warfarin. In one aspirin-assigned patient a neo-

plastic lesion was demonstrated in the workup. The
lesions in the other cases were as follows: aspirin: gastric
ulcer (n=2), esophageal varices (n=2), gastritis (n=l), di-
verticulitis (n=l); warfarin: gastric ulcer (n=3), gastritis
(n=3), duodenal ulcer (n=2), and diverticulitis (n=2).

Other major non-nervous system hemorrhages oc¬

curred in three and seven patients assigned to the aspi¬
rin and warfarin groups, respectively. All three bleeding
episodes from aspirin involved excessive surgical blood
loss (two at coronary bypass grafting, one after prostate
surgery). Of the bleeding episodes from warfarin, two were
traumatic soft-tissue hemorrhages, and two were exces¬
sive blood loss during surgery (dental, cardiac). The three
remaining episodes were spontaneous bleeding into the
genitourinary tract, the pericardium, and the retroperi-
toneal space, with the last following coronary lytic therapy.

More than a third (18of50)of the major hemorrhages
were intracranial. A history of recent head trauma was elic-

Age <75 y
Mean Age, 64 y
Randomized to

Mean Follow-up, 3.1 y

Age >75 y
Mean Age, 80 y
Randomized to

Mean Follow-up, 2.0 y

Warfarin
(n=358)

Mean INR=2.7

Aspirin
(n=357)

Warfarin
(n=197)

Mean INR=2.6

Aspirin
(n=188)

Figure 1. Design of the Stroke Prevention in Atrial Fibrillation II Study.5
Anticoagulation of eligible patients with atrial fibrillation. INR indicates
international normalized ratio.

ited in the two subdural hemorrhages in aspirin-assigned
patients and in three of the four subdural hemorrhages in
warfarin-assigned patients. Prothrombin time ratios on ad¬
mission in the four warfarin-related subdural cases were 1.2,
1.3,1.8, and 2.0. A berry aneurysm was the source of sub-
arachnoid hemorrhage in a single aspirin-assigned patient.

The largest share of intracranial hemorrhages were

parenchymal (11 of 18), and these accounted for the ma¬

jority of fatal bleeding episodes in both aspirin- (two of
three) and warfarin-treated patients (six of 10) (Table 1).
Both parenchymal hemorrhages in aspirin-assigned patients
were hemispheric ganglionic in location and fatal.

The location of parenchymal intracranial bleeding in
warfarin-assigned patients was lobar in three, cerebellar in
two, and hemispheric ganglionic in four. The evolution of
the neurologic deficit was progressive over 6 to 12 hours
in three patients, apparently abrupt in two, and indeter¬
minable in four (three patients were found unconscious).
No specific precipitating factors (eg, acutely elevated blood
pressure, aspirin ingestion, minor trauma) could be iden¬
tified in these cases. The outcome was poor: six cases (67%)
were fatal, and no patient reached full functional recovery.

ANALYSIS AND EFFECT OF ANTICOAGULATION
INTENSITY WHILE RECEIVING THERAPY

Using the 7-day rule, 12 of 16 major hemorrhages in aspirin-
assigned patients and 33 of34 major hemorrhages inwarfarin-
assigned patients occurred while receiving therapy. When
bleeding was detected, the PTRs of 16 warfarin-assigned pa¬
tients were within the trial's therapeutic range; 13 were above
and four were below the range. The mean PTR was 1.42 at
the last routine determination before majorbleeding and 2.11
at admission for major hemorrhage (Figure 3).

PREDICTORS OF BLEEDING IN PATIENTS WHO
RECEIVED ANTICOAGULATION

Univariate analysis ofpotential risks for bleeding in warfarin-
assigned patients are displayed in Table 2. By multivarí¬
ate analysis, the onlybaseline characteristics that significantly
and independently correlated with warfarin-related major

Warfarin
Aspirin

Log Rank P=.02

730 1095

Days From Randomization, No.
1825

5i

Warfarin
Aspirin

Log Rank P=.08

365 730 1095 1460

Days From Randomization, No.

Warfarin
Aspirin

555
545

496
493

388
394

170
171

Warfarin

Aspirin
555
545

496
493

170
171

Figure 2. Kaplan-Meier plots of all major bleeding events (left) and intracranial bleeding (right) in warfarin- and aspirin-assigned patients of all ages.

Downloaded From: http://archinte.jamanetwork.com/ by a University of Manitoba User  on 06/05/2015



Table 1. Major Hemorrhages According
to Treatment Assignment*

Age s=75 y >75y
Aspirin
(n=357)

Warfarin
(n=358)

Aspirin
(n=188)

Warfarin
(n=197)

Patient-years
Major hemorrhages

Rate, % per year
95% CI

Fatalf
Incomplete recovery

Location
GI tract
Other
Intracranial

Rate, % per year
95% CI

Parenchymal
Subdural
Subarachnoid

Therapy stopped because
of minor bleeding

1072
10
0.9

0.5-2.6
2
1

6
2
2
0.2

0.05-0.7
1
0
1

1079
18

1.7
1.1-2.6

4
2

7
5
6
0.6

0.2-1.2
3
3
0

12

373
6
1.6

0.7-3.6
1
2

2
1
3
0.8

0.3-2.5
1
2
0

1

385
16
4.2

2.5-6.8
6
3

7
2
7
1.8

0.9-3.8
6
1
0

*Dafa are based on intention-to-treat analysis and the bleeding criteria
of Landefeld et al.7 Of 50 major hemorrhages, four aspirin-assigned
patients and one warfarin-assigned patient had not received the study drug
within 7 days of the bleeding event. CI indicates confidence interval; GI,
gastrointestinal.

f There were 13 fatal bleeding sites: aspirin, central nervous system
(two) and GI tract (one); warfarin, central nervous system (seven) and GI
tract (three).

D No Bleed

 Bleed

Last Routine PTR Proximate PTR Mean (SD) PTR

Figure 3. Individual prothrombin time ratios (PTRs [solid squares]) at last
routine measurement before hemorrhage (column 1) and proximate to
discovery of bleeding (column 2). Proximate PTRs plotted at 4.0 are
actually 4.8 and 6.2. Routine PTR means±SDs of patients with bleeding
episodes vs all other patients (column 3).

hemorrhage were advanced age (P=.006) and increasing
number of prescription drugs (P=.007). Patients aged 75
years or younger who were taking three prescription drugs
or less had a yearly rate of 1.2% per year (95% CI, 0.6 to
2.4); those who were either older or taking more than
three drugs had a rate of 2.9% per year (95% CI, 1.8 to
4.6); and those with both features had a rate of 5.2% per
year (95% CI, 2.6 to 10.3) (P=.01 for neither vs both; other
comparisons, not significant). There was no difference

Table 2. Univariate Risk of Bleeding During Warfarin
Anticoagulation According to Patient Characteristics
at Entry and During Follow-up*

Baseline Features

Warfarin- Rate,
Treated Percent

Patients, % per Year RR

Age >75 y
Female gender
History of

Thromboembolism
Congestive heart failure
Diabetes
GI bleeding
Documented ulcer
Abdominal pain
Hypertension

Systolic BP ==160 mm Hg
Diastollc BP 2:90 mm Hg
Use at entry of

Tobacco
NSAIDs
Histamine2 blocker
Alcohol
Other prescriptions

During follow-up
PTR (A)t
PTR (B)t-
PTR (C)§
PTR fluctuation!!
Systolic BP >160 mm Hg
Diastollc BP ==90 mm Hg
Use of alcohol
Smoking
Pulse pressure

36
31

21
14

9
9
5

52
15
18

12
43

4
32

4.2
2.6

4.0
4.0
4.1
3.5
0.8
1.5
2.5
3.8
2.5

4.0
2.7
3.3
2.0

2.6
1.1

1.9
2.0
1.9
1.6
0.3
0.6
1.1
1.8
1.1

1.9
1.3
1.5
1.0

1.2/drug

3.3
3.2

1.4
0.7
0.9
1.1
1.0

.009

.05

.003

.02

.03

.03

.05

*RR indicates relative risk; GI, gastrointestinal; BP, blood pressure;
NSAIDs, nonsteroidal anti-inflammatory drugs; and PTR, prothrombin time
ratio.

^Intensity was measured by within-patient mean PTR during
follow-up—PTR (A)46

^Intensity was measured by within-patient mean PTR at each quarterly
follow-up, and the estimated RR is that associated with a mean PTR of
more than 1.5 in a 3-month period—PTR (B).

^Intensity was measured by any PTR of more than 1.8 during a
quarterly follow-up, and the estimated RR is that associated with
observation of one or more PTRs of more than 1.8 in a 3-month
period—PTR (C).

|| Variability or fluctuation of PTR was estimated using the method of
Fihn et al.35

between the mean PTR in those taking three drugs or less
(1.44) vs more than three drugs (1.45), and there was

no difference in variability of anticoagulant effect in these
groups. Of specific individual medications and medica¬
tion groups, only nonacetylated salicylates were specifi¬
cally associated with major hemorrhage, whether used
at entry (RR, 4.0; P=.001) or during follow-up in a time-
dependent analysis (RR, 3.2; P=.003).

Intensity of anticoagulant effect was an independent
contributor to risk ofmajor bleeding measured by the mean

PTR (P=.02) (Figure 3) as well as bywhether the upper thera¬
peutic limit of 1.8 was exceeded during each quarter of the
follow-up (P=.07). The relationship of increasing intensity
to bleeding was apparent only in the patients older than 75
years. In those with a mean PTR of 1.5 or less (n=141), the
rate ofmajorbleeding was 2.7% peryear (95% CI, 1.4 to 5.5);
while in those with a mean PTR of more than 1.5 (n=40),
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Table 3. Parenchymal Intracranial Hemorrhages During Anticoagulation*

Age, y/Sex

Duration of
Warfarin
Therapy,

mo

Mean BP
at Entry and

at 1 mo

Mean During
Follow-up At Last Visit

r
BP PTR

r
BP PTR

At
Bleeding
Episode

PTR
80/M
79/M
79/F
81/F
65/M
81/F
80/F
72/M
65/F
Average age, y 76
SPAFt 70

4
4

12
16
17

7
3
7

144/75
121/70
128/72
168/96
163/98
168/77
128/56
196/115
136/90
150/83
136/79

142/82
115/66
133/79
148/82
135/86
164/77
110/70
173/100
139/90
140/81
134/78

1.6
1.4
1.6
1.5
1.4
1.6
1.2
1.2
1.4
1.43
1.45

134/74
120/70
138/80
140/70
130/80
138/66
110/70
166/90
140/78
135/75

1.5
1.5
1.2
1.3
1.6
1.7
1.1
1.5
1.4
1.42

1.5
1.3
1.3
2.0
1.6
1.5
1.7
1.3
1.6
1.54

*BP indicates blood pressure; PTR, prothrombin time ratio.
t/W/ other Stroke Prevention in Atrial Fibrillation (SPAF) patients (excluding those with parenchymal intracranial bleeding).{Expected mean time to hemorrhage if random, 16 months.

AFASAK

BAATAF H

EAFT

SPAF II <75 H

Mean Mean
Age, y INR

74 2.6*

68 2.2*

2.4

2.0*

3 4 5 6

Percent per Year

Figure 4. Anticoagulation and major hemorrhage in six clinical trials
involving patients with atrial fibrillation. Vertical lines indicate the rates of
major hemorrhage (percentage per year); horizontal bars, 95% confidence
intervals; INR, international normalized ratio; asterisks, mean INRs were
estimated for trials reporting prothrombin time ratios; AFASAK, Atrial
Fibrillation, Aspirin, Anticoagulation Trial59; BAATAF, Boston Area
Anticoagulation Trial for Atrial Fibrillation57; CAFA, Canadian Atrial
Fibrillation Anticoagulation Study60; SPINAF, Stroke Prevention in
Nonrheumatic Atrial Fibrillation Trial; EAFT, European Atrial Fibrillation
Trial"; and SPAF II, Stroke Prevention in Atrial Fibrillation. Protocols for
these studies are described elsewhere.2-4

the rate was 9.0% peryear (95% CI, 4.5 to 18.0) (P=. 16). An-
ticoagulation intensitywas not a significant risk factor in pa¬
tients aged 75 years or younger; the bleeding rate was 1.7%
per year for those with a mean PTR more or less than 1.5.
Major bleeding was more frequent in patients with the great¬
est variation of anticoagulation effect (P=.05).

Considering only GI hemorrhages, univariate analy¬
sis incriminated age (RR, 1.1 per year; P=.008) and
number ofmedications taken atbaseline (RR, 1.2 per drug;

P=.03) as risk factors for major hemorrhage. A history
of congestive heart failure (RR, 2.7; P=.03) also emerged
as a significant predictor for GI hemorrhage. Multivari-
ate analysis was not performed because of an insuffi¬
cient number of events.

Advanced age was a predictor of parenchymal intra¬
cranial hemorrhage. The rate of parenchymal intracranial
hemorrhage was 0.3% per year (95% CI, 0.09 to 0.9) in
warfarin-assigned patients aged 75 years or younger and 1.5%
per year (95% CI, 0.7 to 3.5) in those older than 75 years
(RR, 3.7; P=.05). Univariate analysis demonstrated an
increased risk of parenchymal intracranial hemorrhage in
patients with a history of thromboembolism who received
anticoagulation (RR, 6.3 ; P=.003) and those with either sys¬
tolic hypertension (>160 mm Hg) (RR, 4.4; P=.02) or

diastolic hypertension (>90 mm Hg) (RR, 3.6; P=.04) at
entry. Blood pressure and anticoagulation intensity mea¬
sured at the last routine occasion before bleeding (the last
potential opportunity to intervene to prevent bleeding)
were not alarmingly elevated (Table 3).

Major bleeding influenced the benefit-risk ratios of the
antithrombotic agents tested in the SPAF II study.3 We
detected a substantial rate of bleeding among warfarin-
assigned patients at advanced age, and many of these hem¬
orrhages were intracranial. The intracranial bleeding rate
of 1.8% per year among those older than 75 years can¬

celed the benefit of warfarin over aspirin for the preven¬
tion of ischémie strokes in these elderly patients.

The effect of age on anticoagulation-related bleeding
has been disputed (positive association,8"18 no associa-
tion33,35'36,41'47'48); although, with one exception,48 studies
finding no association between age and bleeding involved
patient groups with a mean age of less than 60 years. A trend
for the bleeding rate to rise with age was also found in the
aspirin-treated patients in the SPAF II Study (P=.ll), sug¬
gesting that increased bleeding may be age related regard¬
less of the antithrombotic agent. Wintzen et al32 found that
warfarin increased intracranial hemorrhage 10-fold com-
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pared with untreated patients in a population-based, ret¬
rospective study. The very high rate in the elderly, they rea¬
soned, may reflect the increasing spontaneous hemorrhage
rate multiplied by the effect of anticoagulation.

In addition to advanced age, the use of multiple drugs
was an independent risk factor for bleeding during anti-
coagulation, as reported by others.9'1115'21,33,34 Multiple drug
use was not associated with differences in anticoagulation
control in our study, but it was a marker for medical co-

morbidity, which itself has been reported to be associated
with bleeding.10,35 A relationship between bleeding and non-

acetylated salicylate use during anticoagulation was found
in an exploratory analysis. This relationship has not been
previously reported, and it may be a chance correlation.

There was an association between intensity of anti-
coagulation and major hemorrhage. As a group, patients
who bled were anticoagulated at a slightly greater inten¬
sity than those who did not. Importantly, our analyses sug¬
gest that elderly patients, who may be at intrinsically higher
risk, bleed at a lower rate if anticoagulated less intensely
(ie, PTR below 1.5, approximate INR of 3.0).

Both intensity andvariability ofanticoagulation effect
were associated withbleeding complications. These relation¬
ships may have been even more apparent if INRs rather than
less reliable PTRs had been used to regulate anticoagulation
throughout the trial. It is possible that the use ofPTRs con¬
tributed to the substantial bleeding rate.6,49 It is reasonable
to expect that targeting a lower range will reduce bleeding
risk. It is not as straightforward to translate the measures of
variability into a recommendation for general clinical prac¬
tice, where variability may be even greater than in clinical
trials.50,31 Avoidance of dietary factors and drugs that affect
warfarin's anticoagulant activitywould appear to be sensible.52
Guideline-based consultation services,33 anticoagulation clin¬
ics,54 home-monitoring devices,53 and computer modeling
to determine optimal monitoring intervals56 are other mea¬
sures that have been reported to reduce variability of anti-
coagulation control.

Other clinical trials using PTR to regulate anticoagu¬
lation in patients with atrial fibrillation targeted a lower
intensity range (eg, the Boston Area Anticoagulation Trial
for Atrial Fibrillation, 1.2 to 1.537; Veterans Affairs Stroke
Prevention in Nonrheumatic Atrial Fibrillation Trial, 1.2 to
1.558). We adopted INR measurements during the course
of the trial whenever local laboratory ISIs could be obtained.
An INR target of 2.0 to 4.5 was established with the goal of
continuing the same intensity of anticoagulation, consid¬
ering the original PTR target and the range of international
sensitivity indices of thromboplastins employed by the
individual laboratories used by our patients.6 Three major
clinical trials ofpatients with atrial fibrillation regulated the
intensity ofanticoagulation using INRs throughout, and the
SPAF II Study's upper limit of the target intensity range (4.5)
was higher than all three (Atrial Fibrillation, Aspirin,
Anticoagulation Trial, 2.8 to 4.259; Canadian Atrial Fibril¬
lationAnticoagulation Study, 2.0 to 3.060; and EuropeanAtrial
Fibrillation Trial, 2.5 to 4.04).

The rate of major bleeding (2.3% per year) among all
warfarin-assigned patients exceeded that of the other trials
ofanticoagulation therapy for primary stroke prevention in
patients with atrial fibrillation (Figure 4). This may have
been owing to play of chance, the higher upper limit ofan-

ticoagulation intensity targeted in the SPAF II Study, or the
specific inclusion of a cohort of elderly people (mean age,
80 years) who had a 4.2% per year rate ofbleeding. The rate
ofbleeding in the younger subtrial (1.7% peryear) was simi¬
lar to those in the other primary prevention trials (Figure
4). The high rate of intracranial hemorrhage in our elderly
patients (1.8% per year) was the decisive factor in cancel¬
ing warfarin's effectiveness in that group. In contrast, a re¬
cent analysis ofpooled data from 223 patients older than 75
years in the other trials found a substantially lower rate of
intracranialhemorrhage (0.3% per year; 95% CI, 0.04 to 2.1)
during anticoagulation.61

As increasing numbers of elderly patients with atrial
fibrillation receive long-term anticoagulation to prevent
stroke,62 anticoagulation-related parenchymal intracra¬
nial hemorrhage is becoming a more frequent problem.
Confirming previous reports, we found that the risk for
this complication increases with age,101618 with a his¬
tory of thromboembolism,10,18,22,29,63 and with elevated
blood pressure at the time of initiation of warfarin
therapy.15,19,20'22,2532 The relationship of parenchymal in¬
tracranial hemorrhage to the intensity of anticoagula-
tion has been controversial.2764 A recent case-control
study18 found a doubling of risk with each 0.5 increase
in PTR. On average, these strokes are much more severe

and more often fatal than ischémie strokes in patients with
atrial fibrillation. In the SPAF II Study, 36% (9/25) of the
strokes that occurred while receiving warfarin therapy
were parenchymal hemorrhages. Early diagnosis and ur¬

gent reversal of anticoagulation may be of benefit,65 as

progression of hematoma over many hours is common.

Optimal treatment of this complication has not been de¬
fined, and further studies are urgently needed.

In summary, our results demonstrate that the risk of
bleeding, particularly intracranial hemorrhage, must be
carefully weighed when considering anticoagulation for
elderly patients. The intensity and variability of antico¬
agulation were independently related to occurrence of all
major bleeding events; however, characteristics at entry
(particularly patients' age) were at least as important as

anticoagulation management. Less intensive anticoagu¬
lation may reduce the rate ofbleeding in patients with high
intrinsic risk. Ironically, advanced age, hypertension, and
previous thromboembolism are predictors ofboth isché¬
mie stroke66 and anticoagulation-associated intraparen-
chymal hemorrhage. Alternative antithrombotic regimens
to prevent stroke in patients with atrial fibrillation are now

being tested in the SPAF III Study and other ongoing clini¬
cal trials67 to find safer treatment strategies.
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