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INTRAVENOUS TISSUE PLASMINOGEN

activator (tPA) is currently the
only effective treatment to im-
prove outcomes for acute ischemic

stroke1,2; however, treatment with
intravenous tPA carries the risk of
symptomatic intracranial hemorrhage
(sICH). Of patients who receive intra-
venous tPA for stroke, 2.4% to 8.8%
experience this potentially life-
threatening complication.3-6 Warfarin-
treated patients may be at an increased
risk of sICH, but the true absolute
risk of sICH in this population
remains a matter of significant debate,
because warfarin-treated patients were
excluded from major trials of tPA.3-8

Furthermore, observational studies of
bleeding risk among warfarin-treated
patients receiving intravenous tPA
have been small and inconsistent.9-13

Based on limited data, current guide-
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Context Intravenous tissue plasminogen activator (tPA) is known to improve out-
comes in ischemic stroke; however, patients receiving long-term chronic warfarin therapy
may face an increased risk for intracranial hemorrhage when treated with tPA. Al-
though current guidelines endorse administering intravenous tPA to warfarin-treated
patients if their international normalized ratio (INR) is 1.7 or lower, there are few data
on safety of intravenous tPA in warfarin-treated patients in clinical practice.

Objectives To determine the risk of symptomatic intracranial hemorrhage (sICH)
among patients with ischemic stroke treated with intravenous tPA who were receiv-
ing warfarin vs those who were not and to determine this risk as a function of INR.

Design, Setting, and Patients Observational study, using data from the Ameri-
can Heart Association Get With The Guidelines–Stroke Registry, of 23 437 patients
with ischemic stroke and with INR of 1.7 or lower, treated with intravenous tPA in
1203 registry hospitals from April 2009 through June 2011.

Main Outcome Measure Symptomatic intracranial hemorrhage. Secondary end
points include life-threatening/serious systemic hemorrhage, any tPA complications,
and in-hospital mortality.

Results Overall, 1802 (7.7%) patients with stroke treated with tPA were receiving
warfarin (median INR, 1.20; interquartile range [IQR], 1.07-1.40). Warfarin-treated
patients were older, had more comorbid conditions, and had more severe strokes. The
unadjusted sICH rate in warfarin-treated patients was higher than in non–warfarin-
treated patients (5.7% vs 4.6%, P� .001), but these differences were not signifi-
cantly different after adjustment for baseline clinical factors (adjusted odds ratio [OR],
1.01 [95% CI, 0.82-1.25]). Similarly, there were no significant differences between
warfarin-treated and non–warfarin-treated patients for serious systemic hemorrhage
(0.9% vs 0.9%; adjusted OR, 0.78 [95% CI, 0.49-1.24]), any tPA complications (10.6%
vs 8.4%; adjusted OR, 1.09 [95% CI, 0.93-1.29]), or in-hospital mortality (11.4% vs
7.9%; adjusted OR, 0.94 [95% CI, 0.79-1.13]). Among warfarin-treated patients with
INRs of 1.7 or lower, the degree of anticoagulation was not statistically significantly
associated with sICH risk (adjusted OR, 1.10 per 0.1-unit increase in INR [95% CI,
1.00-1.20]; P=.06).

Conclusion Among patients with ischemic stroke, the use of intravenous tPA among
warfarin-treated patients (INR �1.7) was not associated with increased sICH risk com-
pared with non–warfarin-treated patients.
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lines of the American Heart As-
sociation/American Stroke Association
(AHA/ASA) allow use of intravenous
tPA in warfarin-treated patients, pro-
vided that the patient’s international
normalized ratio (INR) is 1.7 or
lower.1,2 Without safety data, however,
some investigators have expressed
concern regarding administration of
intravenous tPA to warfarin-treated
patients with stroke.9,12

We accessed the AHA Get With The
Guidelines–Stroke (GWTG-Stroke)
Registry to evaluate the association of
warfarin treatment and sICH among pa-
tients with stroke receiving intrave-
nous tPA in routine clinical practice.
Our specific goals were to (1) deter-
mine whether warfarin-treated pa-
tients were at an increased risk of sICH
following administration of intrave-
nous tPA for acute ischemic stroke; (2)
to examine the association between INR
and sICH in warfarin-treated patients;
and (3) to estimate the percentage of
warfarin-treated patients in current
clinical practice who were otherwise eli-
gible to receive tPA treatment but who
did not receive it.

METHODS
GWTG-Stroke Registry

The primary data source was the
GWTG-Stroke Registry, an ongoing,
voluntary, national stroke registry and
performance improvement program
sponsored by the AHA/ASA. Details of
the design and conduct of the GWTG-
Stroke Registry have been previously
described.14-16 To summarize, the AHA/
ASA developed the GWTG-Stroke Reg-
istry to improve the quality of care and
outcomes for patients hospitalized with
stroke. The program includes a set of
performance measures to quantify the
quality of stroke care and uses the re-
sults of those measures to guide the
quality improvement efforts at partici-
pating centers. As part of this effort,
trained hospital personnel are in-
structed to use an Internet-based pa-
tient management tool (Outcome Sci-
ences Inc, Cambridge, Massachusetts)
to collect patient-level data on acute
stroke care provided to patients en-

rolled in the GWTG-Stroke Registry.
The eligibility of each admission is con-
firmed through chart review.

Standardized data collection includes
patient demographics, medical history,
diagnostic testing, brain imaging, in-
hospital treatment, and outcomes. The
GWTG-Stroke Registry collects data
on medications prior to admission,
including use of antithrombotics, type
of antithrombotic (eg, antiplatelet agent
or anticoagulant), and INR values at pre-
sentation,usinganewversionof thedata
collection form made available in April
2009. The validity and reliability of
data collection in the GWTG-Stroke
Registry database has been reported.17

Outcome Sciences Inc serves as the
data collection and coordination center
for GWTG-Stroke. The Duke Clinical
Research Institute serves as the data
analysis center and has an agreement to
analyze the aggregate deidentified data
for research purposes.

Study Population

Our analyses included patients with
acute ischemic stroke receiving intra-
venous tPA in GWTG-Stroke hospi-
tals between April 1, 2009, and June 30,
2011. We excluded patients who had
missing information on warfarin use
and INR. We further limited our pri-
mary analyses to patients presenting
with a baseline INR of 1.7 or lower to
conform to the AHA/ASA guideline rec-
ommendations. After these exclu-
sions, our primary study population
consisted of 23 437 patients from 1203
hospitals (FIGURE 1).

Variables of Interest
and Outcomes

Warfarin treatment was defined as a pa-
tient taking warfarin within 7 days of
the index stroke admission. The base-
line INR results refer to the first mea-
surement after presentation to the hos-
pital. The primary outcome measure
was sICH, defined as intracerebral hem-
orrhage within 36 hours, documented
by computed tomography or mag-
netic resonance imaging and by the
treating physician’s notes indicating
clinical deterioration attributable to

hemorrhage. This definition is based on
the criteria for sICH established in the
National Institute of Neurological Dis-
orders and Stroke (NINDS) tPA trials.3

Secondary end points included life-
threatening or serious systemic hem-
orrhage within 36 hours, any tPA com-
plication within 36 hours, in-hospital
mortality, and discharge to skilled nurs-
ing facility or inpatient rehabilitation
facility. Any tPA complication in-
cludes sICH within 36 hours, life-
threatening or serious systemic hem-
orrhage within 36 hours, or other
serious complications.

Statistical Analyses

Means, medians, and percentages were
used to describe the distribution of
continuous and categorical variables,
respectively. Baseline characteristics
were compared between patients with
and without warfarin treatment by
Pearson �2 test for categorical vari-
ables and Wilcoxon rank-sum test for
continuous variables. Multivariable
logistic regression analyses were per-
formed to investigate the relationships
between warfarin use and tPA-related
complications of (1) sICH, (2) life-
threatening or serious systemic hem-
orrhage, and (3) any tPA complica-
tion. These analyses adjusted for
baseline demographic and clinical

Figure 1. Selection of Study Population

23 437 Patients included in primary analysis
(1203 hospitals)
21 635 No preadmission warfarin use

1802 Preadmission warfarin use

28 289 Patients identified in the GWTG-Stroke
Registry with acute ischemic stroke and
receiving intravenous tPA between 
April 1, 2009, and June 30, 2011

4852 Excluded
1986 No INR information
1341 No warfarin information
556 Transferred out within 2 d
 530 No discharge information

166 INR >1.7
51 Intravenous tPA administered

at nonregistry hospital

 222 Investigational or experimental
protocol for thrombolysis

GWTG-Stroke indicates Get With The Guidelines–
Stroke; INR, international normalized ratio; tPA, tis-
sue plasminogen activator.
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variables associated with sICH risk in
intravenous tPA–treated patients with
stroke and included age, sex, race/
ethnicity (determined using GWTG-
Stroke Registry categories and assessed
because race/ethnicity has been identi-
fied in previous studies as a risk factor
for sICH), baseline National Institutes
of Health Stroke Scale (NIHSS) score
(a measure of neurologic deficits rang-
ing from 0-42, with higher score for
greater stroke severity), systolic blood
pressure, and blood glucose levels.18

Similar logistic regression analyses
were performed to evaluate the rela-
tionship between warfarin use and
in-hospital mortality. The mortality
model adjusted for age, sex, arrival
mode, medical history of atrial fibrilla-
tion, coronary artery disease, prior
stroke or transient ischemic attack
(TIA), diabetes mellitus, dyslipidemia,
and NIHSS score.19 A multiple imputa-
tion method was used to impute miss-
ing NIHSS data for 2327 patients
(9.9%). Our analyses also accounted
for within-hospital clustering using a
generalized estimating equations
approach.

The robustness of our findings was
assessed in several ways. First, we per-
formed a sensitivity analysis using a lo-
gistic regression model with all afore-
mentioned clinical factors except for
NIHSS score. Second, we restricted the
study population to intravenous tPA–
treated patients with complete NIHSS
data (N = 21 110). Third, we per-
formed subgroup analyses according to
age (�75 and �75 years), sex, and
NIHSS score (�14 and �14). Fourth,
given that the population of greatest in-
terest may be those with higher INR lev-
els, we performed a subgroup analysis
focused on patients presenting with
INRs between 1.5 and 1.7 (n=269). In
addition, we extended our study co-
hort to the entire subtherapeutic INR
and included patients with an INR of
2.0 or lower (n=23 510).

Because of the possibility of con-
founding by tPA treatment selection, we
analyzed data from all tPA-eligible war-
farin-treated patients (n=3554) who ar-
rived within 3.5 hours (potentially eli-

gible for the 4.5-hour treatment
window) with INRs of 1.7 or lower and
who had no documented contraindi-
cation or warning signs except for war-
farin use. We compared clinical fac-
tors between warfarin-treated patients
treated with tPA vs those not. We es-
timated the risk of sICH for 2 groups
based on risk factors associated with
sICH and determined whether pa-
tients with high risk for sICH or those
with low risk received tPA. For warfa-
rin-treated patients who did not re-
ceive tPA, the model predicts the ex-
pected risk of tPA-related sICH had they
received tPA.

The association of INR and risk for
sICH among warfarin-treated patients
was examined graphically and tested
for linearity. We then conducted a
multivariable analysis including INR
and the aforementioned other intrace-
rebral hemorrhage risk factors to
determine whether any association
between INR and sICH risk persisted
after risk adjustment. Because INR is
an exponential measure of the ratio of
a patient’s prothrombin time to nor-
mal, we repeated the analysis based
on log INR.

In a separate analysis, we deter-
mined the percentage of patients with
ischemic stroke receiving warfarin
therapy in the GWTG-Stroke Registry
who were otherwise eligible for intra-
venous tPA but did not receive it. Based
on the AHA/ASA guidelines, we con-
sidered a warfarin-treated patient eli-
gible for intravenous tPA if he or she
presented within 0 to 2 or 2 to 3.5 hours
(potentially eligible for the 0-3 or 3-4.5–
hour time window) with an INR of 1.7
or lower and no contraindications or if
the only documented issue for intra-
venous tPA was use of warfarin.1,2

All statistical analyses were per-
formed using SAS version 9.3 (SAS In-
stitute Inc). All P values are 2-sided,
with P� .05 considered statistically sig-
nificant. Based on sample size and ob-
served sICH rates, our study had more
than 84% statistical power to detect a
1% difference in sICH between warfa-
rin-treated and non–warfarin-treated
patients.

The institutional review board of the
Duke University Health System ap-
proved the study; patient informed con-
sent was not required.

RESULTS
Among 23 437 patients receiving
intravenous tPA, 1802 (7.7%) were
taking warfarin prior to admission.
TABLE 1 and TABLE 2 report demo-
graphic, clinical, and hospital charac-
teristics. Warfarin-treated patients
were older (median age, 77 [inter-
quartile range {IQR}, 68-84] years vs
71 [IQR, 59-82] years); more likely
to be women; more often had a medi-
cal history of atrial fibrillation or
flutter, previous stroke or TIA, coro-
nary artery disease, heart failure, or
peripheral vascular disease; and were
more likely to present with greater
stroke severity as measured by
NIHSS score (median, 14 [IQR, 8-20]
vs 11 [IQR, 6-17]; P� .001 for all).
The baseline INR levels were higher
in warfarin-treated patients (median,
1.20 [IQR, 1.07-1.40] vs 1.00 [IQR,
1.00-1.10]; P � .001). Nearly 15%
(269/1802) of warfarin-treated
pa t i en t s pre sen ted wi th INRs
between 1.5 and 1.7. Time from
symptom onset to administration of
intravenous tPA was similar in both
groups (median, 148 [IQR, 120-174]
minutes vs 145 [IQR, 115-175] min-
utes; P=.28).

We found generally similar demo-
graphic, medical history, and clinical
characteristics among the tPA-eligible
warfarin-treated patients who re-
ceived tPA vs those who did not
(eTable, available at http://www.jama
.com). However, patients who re-
ceived intravenous tPA were less likely
to have a history of previous stroke or
TIA and more likely to present with
greater stroke severity (median NIHSS
score, 14 [IQR, 8-20] vs 9 [IQR, 4-16];
P� .001). Based on the sICH risk pre-
diction model, tPA-treated patients had
significantly higher predicted risk of
sICH compared with patients not
treated with tPA (mean predicted sICH
rate, 5.9%; median, 5.0% [IQR, 2.8%-
8.4%] vs mean predicted sICH rate,
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4.4%; median, 3.1% [IQR, 1.9%-
6.2%]; P� .001). Therefore, we found
no evidence for preferential treatment
of warfarin-treated patients with a lower
propensity for tPA-related sICH.

Symptomatic Intracranial
Hemorrhage

Overall, 1107 patients (4.7%) devel-
oped sICH after intravenous tPA ad-
ministration. Warfarin-treated pa-
tients had a higher overall unadjusted
rate of sICH than did non–warfarin-
treated patients (5.7% vs 4.6%, P� .001;
unadjusted odds ratio [OR], 1.22 [95%
CI, 0.99-1.51]; P=.06) (TABLE 3). How-
ever, after risk adjustment, warfarin use
was not an independent predictor of
sICH risk (adjusted OR, 1.01 [95% CI,
0.82-1.25]; P=.94).

These relationships between warfa-
rin use and sICH were consistent in
sensitivity analysis (TABLE 4). When
NIHSS score was excluded from our
multivariable model, we found that
warfarin was still not associated with
sICH risk (adjusted OR, 1.11 [95% CI,
0.90-1.37]; P=.32). Our results also
remained essentially unchanged in
patients with complete NIHSS data
(1617 warfarin-treated and 19 493
non–warfarin-treated patients; unad-
justed sICH rates, 5.7% vs 4.6%;
adjusted OR, 1.00 [95% CI, 0.79-
1.25]; P=.99). Further adjustment for
use of antiplatelet therapy prior to
admission did not substantially alter
the association of warfarin and sICH
(adjusted OR, 1.04 [95% CI, 0.84-
1.29]; P=.71). Stratified analyses by
age, sex, and NIHSS score found simi-
lar results. Warfarin remained unre-
lated with the risk for sICH in the sub-
group analysis of patients with INRs
between 1.5 and 1.7 (adjusted OR,
1.32 [95% CI, 0.85-2.04]; P=.21) and
in the exploratory analysis of those
with INRs of 2.0 or lower (adjusted
OR, 1.00 [95% CI, 0.81-1.23]; P=.97).

Secondary Outcomes

The rates of life-threatening or serious
systemic hemorrhage were similar in
both groups (0.9% vs 0.9%, P= .90)
(Table 3), although higher unad-

justed rates of any tPA complication
(10.6% vs 8.4%, P=.001) and mortal-
ity (11.4% vs 7.9%, P� .001) were ob-
served in warfarin-treated patients.
However, after multivariable adjust-
ment, warfarin use was not associated
with life-threatening or serious sys-
temic hemorrhage (adjusted OR, 0.78
[95% CI, 0.49-1.24]; P=.29), any tPA
complication (adjusted OR, 1.09 [95%
CI, 0.93-1.29]; P=.30), or in-hospital
mortality (adjusted OR, 0.94 [95% CI,
0.79-1.13]; P=.50). Among patients
who survived, there was no signifi-

cant difference in rates of discharge to
a rehabilitation facility (adjusted OR,
1.09 [95% CI, 0.97-1.22]; P=.16). How-
ever, warfarin-treated patients were
more likely to be discharged to a skilled
nursing facility (adjusted OR, 1.16 [95%
CI, 1.02-1.32]; P=.02).

Baseline INR and sICH

Graphical trends of the association be-
tween unadjusted admission INR and
sICH rates following administration of
intravenous tPA are shown in FIGURE 2.
International normalized ratio was

Table 1. Demographic, Medical History, and Hospital Characteristics According to
Preadmission Warfarin Use

Characteristic

No. (%)

P
Value

Preadmission
Warfarin Use

(n = 1802)

No Preadmission
Warfarin Use
(n = 21 635)

Demographics
Age, y

Mean (SD) 74.1 (13.4) 69.5 (15.1)
�.001

Median (IQR) 77 (68-84) 71 (59-82)

Women 976 (54.2) 10 920 (50.5) .003

Race/ethnicity
White 1309 (72.6) 15 566 (72.0)

Black 256 (14.2) 3226 (14.9)

Asian 40 (2.2) 514 (2.4) .57

Hispanic 129 (7.2) 1519 (7.0)

Other 68 (3.8) 810 (3.7)

Medical history
Atrial fibrillation/flutter 1229 (69.2) 3710 (19.0) �.001

Prosthetic heart valve 100 (5.6) 166 (0.9) �.001

Previous stroke/TIA 642 (36.2) 5099 (26.1) �.001

Carotid stenosis 56 (3.2) 627 (3.2) .89

CAD/prior MI 658 (37.1) 5417 (27.8) �.001

Heart failure 320 (18.0) 1744 (8.9) �.001

Hypertension 1399 (78.8) 15 544 (79.6) .40

Dyslipidemia 759 (42.7) 8189 (41.9) .52

Peripheral vascular disease 96 (5.4) 712 (3.7) �.001

Diabetes mellitus 523 (29.5) 5398 (27.7) .11

Smoker 173 (9.7) 4147 (21.2) �.001

Hospital characteristics
No. of beds, median (IQR) 366 (270-572) 369 (266-567) .84

Annual ischemic stroke volume
�301 826 (45.8) 10 052 (46.5)

101-300 826 (45.8) 9650 (44.6) .85

0-100 150 (8.3) 1933 (8.9)

Annual intravenous tPA cases
�10 608 (33.7) 6878 (31.8)

7-10 679 (37.7) 7992 (36.9) .05

�7 515 (28.6) 6765 (31.3)

Academic hospital 965 (53.6) 11 881 (54.9) .20
Abbreviations: CAD, coronary artery disease; IQR, interquartile range; MI, myocardial infarction; TIA, transient ischemic attack;

tPA, tissue plasminogen activator.
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modeled as a continuous variable be-
cause it did not violate linearity as-
sumptions (P=.15). After adjustment
for risk factors, INR was not statisti-
cally significantly associated with sICH
(adjusted OR, 1.10 per 0.1-unit in-
crease in INR [95% CI, 1.00-1.20];
P=.06; adjusted relative risk, 1.09 per
0.1-unit increase [95% CI, 1.00-1.19];

P=.05). These findings were similar
when we repeated the analysis based on
log INR (adjusted OR, 1.12 [95% CI,
1.00-1.26]; P=.06). We also grouped
the INR into 3 categories (0.80-1.19,
1.20-1.49, 1.50-1.70) and found no sig-
nificant trend of sICH and the degree
of anticoagulation (P=.16 by Cochran-
Mantel-Haenszel trend test).

Eligible Warfarin-Treated Patients
Not Receiving Intravenous tPA
Among 443 916 patients with acute is-
chemic stroke in the GWTG-Stroke
Registry during in the study period,
47 358 (10.7%) were classified as hav-
ing taken warfarin prior to admission.
More than half of these warfarin-
treated patients (25 762/47 358) pre-
sented with a baseline INR of 1.7 or
lower. The current AHA/ASA guide-
lines permit administration of intrave-
nous tPA to eligible patients who can
be treated in the period of 0 to 3 and 3
to 4.5 hours after symptom onset.1,2 Ac-
cordingly, we identified 5884 warfarin-
treated patients presenting within 2
hours (potentially eligible for the 0-3–
hours window) and 1826 warfarin-
treated patients presenting between 2
and 3.5 hours (potentially eligible for
the 3-4.5–hours window) with INRs of
1.7 or lower. Overall, 2489 of the pa-
tients in the 0-hours to 3-hours time
window and 1065 of the patients in the
3-hours to 4.5-hours time window were
reported to have no contraindications
for intravenous tPA or the only docu-
mented issue was warfarin use. Among
these patients, 32.1% (799/2489) in the
0-hours to 3-hours time window and
87.3% (930/1065) in the 3-hours to 4.5-
hours time window did not receive in-
travenous tPA treatment. Collec-
tively, 48.6% (1729/3554) of patients
receiving warfarin who were other-
wise eligible were not treated.

COMMENT
In this large nationwide contemporary
registry of patients with acute ische-
mic stroke, we found that use of intra-
venous tPA among warfarin-treated
patients with a baseline INR of 1.7 or
lower was not associated with
increased risk of sICH. These findings
were robust across several subgroup
analyses and risk-adjustment meth-
ods. Warfarin use was also not associ-
ated with life-threatening or serious
systemic hemorrhage, any tPA com-
plication, or in-hospital mortality.
Therefore, although the risk of sICH
increases marginally with higher INR
levels, intravenous tPA appears to be

Table 2. Clinical Characteristics According to Preadmission Warfarin Use

Characteristic

No. (%)

P
Value

Preadmission
Warfarin Use

(n = 1802)

No Preadmission
Warfarin Use
(n = 21 635)

Medications prior to admission
Warfarin 1802 (100) 0 NA

Antiplatelet 544 (30.2) 9499 (43.9) �.001

Antihypertensive 1541 (85.5) 14 253 (65.9) �.001

Cholesterol reducer 896 (49.7) 8176 (37.8) �.001

Diabetes medication 411 (22.8) 4150 (19.2) �.001

Mode of arrival
EMS from scene 1524 (84.6) 17 393 (80.4)

Private transport/walk-in 171 (9.5) 2918 (13.5) �.001

Other 107 (5.9) 1324 (6.1)

Ambulatory status prior to current event,
able to ambulate independently

1427 (79.2) 18 276 (84.5) �.001

Ambulatory status on admission,
unable to ambulate

1005 (55.8) 10 169 (47.0) �.001

NIHSS score
Mean (SD) 14.4 (7.7) 12.0 (7.3)

�.001
Median (IQR) 14 (8-20) 11 (6-17)

Time from symptom onset to
intravenous tPA, median (IQR), min

148 (120-174) 145 (115-175) .28

Heart rate, beats/min
Mean (SD) 82.9 (19.7) 81.9 (18.4)

.25
Median (IQR) 80 (69-93) 80 (69-92)

Blood pressure, mm Hg
Systolic

Mean (SD) 154.5 (28.2) 157.0 (28.8)
.001

Median (IQR) 153 (136-172) 154 (137-175)

Diastolic
Mean (SD) 83.7 (19.1) 84.5 (18.7)

.08
Median (IQR) 82 (71-95) 83 (72-95)

INR
Mean (SD) 1.22 (0.20) 1.03 (0.11)

�.001
Median (IQR) 1.20 (1.07-1.40) 1.00 (1.00-1.10)

Creatinine, mg/dL
Mean (SD) 1.3 (3.0) 1.4 (5.0)

.32
Median (IQR) 1.0 (0.8-1.3) 1.0 (0.8-1.2)

Blood glucose, mg/dL
Mean (SD) 134.6 (53.7) 136.2 (59.1)

.36
Median (IQR) 120 (103-148) 118 (102-147)

BMIa
Mean (SD) 28.0 (6.8) 28.3 (6.7)

.05
Median (IQR) 27.1 (23.4-31.3) 27.3 (23.8-31.6)

Abbreviations: BMI, body mass index; EMS, emergency medical services; INR, international normalized ratio; IQR, inter-
quartile range; NA, not applicable; NIHSS, National Institutes of Health Stroke Scale; tPA, tissue plasminogen activator.

SI conversion factors: To convert creatinine values to µmol/L, multiply by 88.4; blood glucose values to mmol/L, multiply by
0.0555.

aCalculated as weight in kilograms divided by height in meters squared.
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safe in warfarin-treated patients with a
baseline INR of 1.7 or lower. Collec-
tively, these findings provide empiri-
cal support for current AHA/ASA
guideline recommendations and con-
firm the safety profile of intravenous
tPA in warfarin-treated patients with
INRs of 1.7 or lower in routine clini-
cal practice.

Symptomatic intracranial hemor-
rhage is the most feared complication of
thrombolysis for acute ischemic stroke.
The NINDS tPA study and the Euro-
pean Cooperative Acute Stroke Study
trials (ECASS I-III) excluded patients re-
ceiving oral anticoagulant treatment, re-
gardless of INR.3-6 The Safe Implemen-

tation of Thrombolysis in Stroke–
Monitoring Study (SITS-MOST), an
observational study to assess the safety
profile of intravenous tPA in routine
clinical practice, also excluded warfarin-
treated patients to conform with the Eu-
ropean product license.7,8 Although the
use of an anticoagulant was not an ex-
clusion criterion in the Standard Treat-
ment With Alteplase to Reverse Stroke
(STARS) study (a phase 4 postmarket-
ing study of tPA mandated by the US
Food and Drug Administration), the out-
come of sICH has not been reported
separately in this patient group.20

Despite lack of safety data, intrave-
nous tPA has been used in patients re-

ceiving warfarin in clinical practice. To
date, only a few studies have investi-
gated the safety of tPA treatment among
warfarin-treated patients, with conflict-
ing and inconclusive results.9-13,21 Two
single-center studies involving a total
of 27 warfarin-treated patients re-
ported a 6- to 10-fold increased risk of
intracranial hemorrhage in patients with
preadmission use of warfarin treated
with intravenous tPA.9,12 In contrast,
observational studies from Canada,
Finland, Korea, and Switzerland (intra-
arterial therapy) did not find signifi-
cantly increased risk of intracranial
hemorrhage associated with preadmis-
sion warfarin use.1 0 , 1 1 , 1 3 , 2 1 How-

Table 3. Primary and Secondary Outcomes Measures According to Preadmission Warfarin Use

Outcome

No. of Events/Total No. of Patients (%) OR (95% CI)

P
Value

Preadmission
Warfarin Use

No Preadmission
Warfarin Use Unadjusted Adjusted

Symptomatic intracranial hemorrhage 102/1802 (5.7) 1005/21 635 (4.6) 1.22 (0.99-1.51) 1.01 (0.82-1.25)a .94

Life-threatening or serious systemic hemorrhage 16/1802 (0.9) 199/21 635 (0.9) 0.99 (0.62-1.56) 0.78 (0.49-1.24)a .29

Any tPA complicationb 191/1802 (10.6) 1824/21 635 (8.4) 1.29 (1.10-1.52) 1.09 (0.93-1.29)a .30

In-hospital mortalityc 202/1772 (11.4) 1676/21 304 (7.9) 1.50 (1.29-1.75) 0.94 (0.79-1.13)d .50

Discharge to skilled nursing facilitye 414/1406 (29.5) 3720/18 464 (20.1) 1.60 (1.43-1.80) 1.16 (1.02-1.32) .02

Discharge to inpatient rehabilitation facilitye 518/1406 (36.8) 6113/18 464 (33.1) 1.19 (1.06-1.33) 1.09 (0.97-1.22) .16
Abbreviations: OR, odds ratio; tPA, intravenous tissue plasminogen activator.
aAdjusted for age, sex, race, systolic blood pressure, blood glucose level, and baseline National Institutes of Health Stroke Scale (NIHSS) score from previously established symptomatic

intracranial hemorrhage prediction model. Multiple imputations were performed for missing NIHSS data (2327 [9.9%]).
bSymptomatic intracranial hemorrhage within 36 hours, life-threatening or serious systemic hemorrhage within 36 hours, or other serious complications.
c Excluded transferred out.
dAdjusted for age, sex, arrival mode, previous stroke or transient ischemic attack, history of atrial fibrillation, coronary artery disease, diabetes mellitus, dyslipidemia, and baseline NIHSS

score from previously established mortality prediction model. Multiple imputations were performed for missing NIHSS data (2327 [9.9%]).
eExcluded in-hospital death, left against medical advice, discharge to hospice, and transferred out.

Table 4. Sensitivity Analysis: Preadmission Warfarin Use and Symptomatic Intracranial Hemorrhage

Variable

No. With Hemorrhage/
Total No. of Patients (%) OR (95% CI)

P
Value

Preadmission
Warfarin Use

No Preadmission
Warfarin Use Unadjusted Adjusteda

Risk adjustment
Without NIHSS adjustment 102/1802 (5.7) 1005/21 635 (4.6) 1.22 (0.99-1.51) 1.11 (0.90-1.37) .32

Excluding NIHSS missing data 92/1617 (5.7) 902/19 493 (4.6) 1.24 (0.99-1.54) 1.00 (0.79-1.25) .99

Age, y
�75 30/743 (4.0) 408/12 337 (3.3) 1.21 (0.84-1.74) 1.12 (0.77-1.62) .54

�75 72/1059 (6.8) 597/9298 (6.4) 1.07 (0.82-1.38) 0.96 (0.74-1.25) .76

Sex
Women 52/976 (5.3) 532/10 920 (4.9) 1.09 (0.81-1.47) 0.89 (0.66-1.19) .42

Men 50/826 (6.1) 473/10 715 (4.4) 1.39 (1.03-1.86) 1.17 (0.87-1.59) .30

NIHSS score
�14 34/850 (4.0) 400/12 861 (3.1) 1.28 (0.91-1.80) 1.20 (0.86-1.69) .29

�14 58/767 (7.6) 502/6632 (7.6) 1.00 (0.75-1.34) 0.94 (0.70-1.26) .68

Subgroup analysis of INR 1.5-1.7 21/269 (7.8) 1005/21 635 (4.6) 1.73 (1.13-2.64) 1.32 (0.85-2.04) .21

Exploratory analysis of those with INR �2.0 103/1835 (5.6) 1009/21 675 (4.7) 1.21 (0.98-1.49) 1.00 (0.81-1.23) .97
Abbreviations: INR, international normalized ratio; NIHSS, National Institutes of Health Stroke Scale.
aAdjusted for age, sex, race, systolic blood pressure, blood glucose level, and baseline NIHSS from previously established sICH prediction model. Except for sensitivity analysis excluding

NIHSS missing and stratified analysis according to NIHSS, multiple imputations were performed for missing NIHSS data (2327 [9.9%]).
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ever, patterns of stroke care and
administration of tPA in the United
States may differ from patterns in other
nations—especially those with non–
United States labeling. Importantly, all
of these studies were limited to small
samples that included a total of 247 pa-
tients receiving oral anticoagulants.

Our study represents the largest clini-
cal experience of the safety of intrave-
nous tPA in warfarin-treated patients
who meet clinical guideline eligibility
criteria. Among 23 437 patients with is-
chemic stroke treated with intrave-
nous tPA, 1802 had taken warfarin be-
fore stroke onset. The overall sICH rate
(4.7%) in this study is slightly lower
than pooled results from randomized
controlled trials (7.7%) but compa-
rable to rates reported in nonselective
patient populations (5.2%).22,23 Al-
though the unadjusted incidence of
sICH was higher in warfarin-treated pa-
tients than in non–warfarin-treated pa-
tients, these findings appear to be as-
cribed to the difference in risk profiles
between the 2 groups. Age and stroke
severity are strong predictors of
sICH.24,25 Warfarin-treated patients were
significantly older, and stroke severity
assessed by the NIHSS score also tended
to be greater in these patients com-
pared with those without prior warfa-
rin use. After adjusting for these fac-

tors in the multivariate analysis,
warfarin treatment was no longer a sig-
nificant predictor of sICH. Another ex-
planation may be related to the inten-
sity of anticoagulation. Studies have
shown that the bleeding risk of warfa-
rin is associated with the intensity of
anticoagulation, as reflected by the
INR.26 Although INR levels were higher
in warfarin-treated patients compared
with non–warfarin-treated patients
(median, 1.2 vs 1.0), the baseline INR
was below the therapeutic range (2.0-
3.0 or 2.5-3.5), which may explain the
low incidence of sICH in our study
population.

Our findings also suggest several new
directions for outcomes-based stroke re-
search. The NINDS tPA trial sug-
gested a net benefit of intravenous tPA,
even after accounting for increased
sICH risk among tPA-treated pa-
tients.3 This benefit could be neutral-
ized at some rate of sICH. Although our
study supports the safety of intrave-
nous tPA for warfarin-treated patients
within the guideline recommenda-
tion, it remains unclear how high the
INR value could be for this safety to
hold. The subgroup analysis of pa-
tients with INRs between 1.5 and 1.7
and the exploratory analysis of INRs of
2.0 or lower suggests that intravenous
tPA appears to be safe in this popula-

tion; however, this finding should be
interpreted with caution. There were
269 warfarin-treated patients with INRs
of 1.5 to 1.7 with 21 sICH events (7.8%)
and only 33 patients with subtherapeu-
tic INRs greater than 1.7 with 1 sICH
event (3.0%). Further study is war-
ranted to clarify the effectiveness and
safety of intravenous tPA for patients
beyond the guideline recommended
INR range.

In addition, new oral anticoagu-
lants such as dabigatran (a direct throm-
bin inhibitor) and rivaroxaban (a di-
rect Xa inhibitor) have recently been
approved by the US Food and Drug Ad-
ministration as an alternative to war-
farin for the prevention of stroke and
thromboembolic disease in patients
with nonvalvular atrial fibrilla-
tion.27-29 Yet there is little experience
with and no guidelines for the use of
intravenous tPA in this popula-
tion.30,31 Further study is needed to pro-
vide guidance on thrombolytic therapy
for patients who developed ischemic
stroke while taking new oral antico-
agulants.

This study also found that many pa-
tients with acute ischemic stroke who
were eligible for intravenous tPA did not
receive this treatment. Our study found
that up to 48.6% of warfarin-treated pa-
tients who met AHA/ASA guidelines eli-
gibility criteria did not receive intrave-
nous tPA. In these cases, physician
concern about serious adverse effects
is one of the main obstacles prevent-
ing tPA use.32 Each year, nearly 800 000
new or recurrent strokes occur in the
United States.33 Based on the preva-
lence of warfarin use in the GWTG-
Stroke Registry, we estimate that at least
2400 warfarin-treated patients with is-
chemic stroke who presented with a
baseline INR of 1.7 or lower are other-
wise eligible and currently do not re-
ceive tPA.

There are several issues to consider
in interpreting the results of our study.
First, this was a retrospective observa-
tional analysis, and treatment selec-
tion may bias outcome comparisons.
However, among measured potential
confounders, we found that patients re-

Figure 2. Relationship Between International Normalized Ratio and Risk of Symptomatic
Intracranial Hemorrhage in Warfarin-Treated Patients (Baseline INR �2.0)
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Solid line indicates risk of symptomatic intracranial hemorrhage (sICH); dashed lines, 95% confidence inter-
vals. Logistic regression modeling was conducted to examine the relationship between international normal-
ized ratio (INR) and binary outcome of sICH. The Stone and Koo additive spline method was fitted to generate
the plot; adequacy of linearity was tested using likelihood ratio statistic by comparing the linear and nonlinear
logistic models.
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ceiving tPA had greater stroke sever-
ity and had higher predicted risk of
sICH than tPA-eligible warfarin-
treated patients who did not receive
tPA. Thus, it could be argued that se-
lection bias is more likely to be against
warfarin-treated patients. Second,
NIHSS score, a critical determinant of
stroke outcomes,34 was missing in 10%
of our cohort. Consequently, we per-
formed multiple imputation to fill in
missing data with plausible values. Im-
portantly, our findings were consis-
tent for the entire cohort, the sub-
group analyses that excluded NIHSS
missing data, and the stratified analy-
ses by NIHSS groups.

Third, baseline INR was deter-
mined as the first measurement on pre-
sentation to the hospital. We were un-
able to verify whether it was before or
after the tPA treatment. Although plau-
sible, the latter seems less likely, be-
cause clinical guidelines require an INR
result before giving tPA in patients re-
ceiving warfarin or in those whose use
of anticoagulants is not known.1 A re-
lated issue is the definition of sICH.
Computed tomography or magnetic
resonance imaging scans were inter-
preted locally and not centrally adju-
dicated. The GWTG-Stroke Registry
does not have the actual images for re-
view; therefore, we cannot determine
the hemorrhage type according to the
commonly used ECASS grading sys-
tem.5 Nonetheless, our overall sICH rate
(4.7%) is comparable to rates re-
ported in nonselective patient popula-
tions outside of randomized con-
trolled trials (5.2%).23 However, it
should be noted that because various
definitions are used, it might be diffi-
cult to compare our incidence of sICH
with incidences from other studies.
Fourth, the GWTG-Stroke Registry did
not have information on causes of
death, so that deaths related to tPA com-
plications could not be determined.

Last, the GWTG-Stroke Registry is
a voluntary program. Hospitals partici-
pate based on their level of interest in
quality improvement in stroke care and
their capacity to fulfill the require-
ments. Therefore, the generalizability

of our findings to non–GWTG-Stroke
Registry hospitals remains to be estab-
lished. Regardless, the GWTG-Stroke
Registry is the largest stroke registry in
the world, representing nearly 25% of
all ischemic stroke cases in the United
States in 2008.16 In parallel with in-
creasing rates of hospital participa-
tion, this number is expected to in-
crease in later years. Thus, our findings
are likely to represent routine clinical
practice.

In summary, this study represents the
largest clinical experience of the safety
of thrombolysis in warfarin-treated pa-
tients with acute ischemic stroke who
meet clinical guideline eligibility cri-
teria. The use of intravenous tPA among
warfarin-treated (INR �1.7) patients
with ischemic stroke was not associ-
ated with increased sICH risk com-
pared with the use of intravenous tPA
among non–warfarin-treated patients in
routine clinical practice. We found the
potential for substantial undertreat-
ment, because up to 50% of warfarin-
treated patients who might have been
eligible for reperfusion therapy did not
receive intravenous tPA. These data
provide empirical support of current
AHA/ASA guideline recommenda-
tions and may help support future
stroke quality improvement efforts.
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