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Abstract
Background: Stroke can occur in patients on warfarin despite anticoagulation. Patients with 
a low international normalized ratio (INR) should theoretically be at greater risk for ischemia 
than those who are therapeutic. Therefore, INR may be able to indicate whether new neuro-
logical deficits are more likely strokes or stroke mimics in patients on warfarin. This study 
evaluates the association and predictive value of INR in determining the likelihood of isch-
emia. Methods: Patients were identified using the acute stroke registry at a Primary Stroke 
Center from January 2013 through December 2014. All adult patients undergoing evaluation 
for acute stroke with prior documented use of warfarin and an INR level at presentation were 
included. Data were collected regarding patient demographics, medical comorbidities, stroke 
severity, reason for anticoagulation, and laboratory studies including INR. Student t tests and 
χ2 analysis were used to evaluate factors associated with increased likelihood of ischemia 
(stroke or transient ischemic attack) versus mimic. Significant results were entered into a mul-
tivariable regression analysis. Sensitivity and specificity analyses were conducted to deter-
mine the predictive value of INR for ischemic risk. Results: 116 patients were included; 46 were 
diagnosed with ischemia, 70 were diagnosed as mimics. 75% of patients were on warfarin for 
atrial fibrillation versus 25% for venous thrombosis. A statistically significant difference in 
mean INR for patients with ischemia (n = 46) versus mimics (n = 70) was observed (1.7 vs. 2.8; 
p < 0.001). In multivariable analysis, both sub-therapeutic INR (p < 0.001) and atrial fibrillation 
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(p = 0.014) were predictors of ischemia. In patients with an INR ≥2, the predictive value of 
having a non-ischemic etiology was 79%. No patient with an INR of ≥3.6 was found to have 
ischemia. Conclusions: Sub-therapeutic INR and atrial fibrillation are strongly associated with 
ischemia in patients on warfarin presenting with acute neurologic symptoms. Ischemia is far 
less likely in patients with an INR of ≥2 and rare in those with an INR ≥3.6. This study shows 
that the INR value of a patient on warfarin can help stratify patients’ risk for acute ischemic 
stroke and guide further neurologic imaging and workup. © 2017 The Author(s)

Published by S. Karger AG, Basel

Introduction

Stroke is the fifth leading cause of mortality in the United States. Nearly 90% of all stroke 
cases are ischemic in nature [1]. Rapid assessment of patient eligibility for intravenous recom-
binant tissue plasminogen activator (rt-PA) is critical in these cases to re-establish blood flow 
to the ischemic area [2–4]. The use of warfarin by itself is not an absolute contraindication to 
rt-PA administration; though due to increased bleeding risk, an international normalized 
ratio (INR) of >1.7 is a contraindication [5]. Because of this, tests of coagulation are included 
in the acute workup of patients on anticoagulation who present with new neurologic deficits 
[6]. Another reason to obtain an INR on admission in these patients may be its ability to help 
determine the likelihood of ischemia.

There is little published data regarding the incidence of ischemic stroke in patients 
already on warfarin with varying INR cutoffs, or the predictive value of INR in informing the 
likelihood of ischemia versus a stroke mimic. For the majority of patients on warfarin, 
available guidelines recommend an INR goal of 2–3 [7]. Unfortunately, patients are often sub-
therapeutic given the difficulty in controlling INR due to medication and food interactions [8, 
9]. For many indications, such as atrial fibrillation or a hypercoagulable state, a sub-thera-
peutic INR could increase risk for an ischemic stroke [10]. The aim of the present study is to 
determine the likelihood of ischemia (stroke or transient ischemic attack [TIA]) in patients 
on warfarin who present with stroke-like symptoms, based on their INR result.

Materials and Methods

Patient Selection
A retrospective analysis was performed of all patients presenting to our urban, academic 

stroke center with symptoms suggestive of acute stroke within the last 6 h, who were also on 
warfarin, between January 1, 2013, and December 31, 2014. The study was approved by the 
Institutional Review Board of the Johns Hopkins Health System. Eligible patients included 
adults (age ≥18 years), with warfarin documented as home medication, who had an INR 
obtained at presentation, and were included in our Brain Attack Registry. This registry is 
maintained by our Stroke Program to track patients presenting to the Emergency Department 
with symptoms concerning for acute stroke. Patients were excluded if they failed to meet the 
above criteria, had lack of further follow-up information regarding diagnosis, or were on 
warfarin because of mechanical valve (different INR goal: 2.5–3.5).

Patients were evaluated by a neurologist as part of the “brain attack (BAT)” or acute 
stroke code. They were categorized by final diagnosis using history, examination, laboratory 
data, and neuroimaging (MRI and non-contrast head CT) into ischemic (ischemic stroke or 
TIA) versus non-ischemic (hemorrhagic stroke or stroke mimic [other determined diag-
nosis]). In addition to demographic information, admission INR, and indication for warfarin 
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therapy; baseline laboratory results, stroke characteristics when applicable (Trial of Org 
10172 in Acute Stroke Treatment [TOAST] criteria), thrombolytic administration, and 
outcome (discharge modified Rankin scale score [mRS]) data were collected. The primary 
objective was to determine the association between initial INR and ischemia in patients on 
warfarin presenting with acute neurologic deficits. The secondary objective was to compare 
outcomes in patients with ischemic stroke who presented with a therapeutic versus sub-
therapeutic INR. We hypothesized that those with a therapeutic INR would be less likely to 
have ischemia than individuals who were sub-therapeutic, and that when they did present 
with strokes, they would be less severe.

Analysis
Statistical analyses were performed using Stata® (version 13·2, College Park, TX, USA). 

Continuous and normally distributed variables were compared using Student t tests. Cate-
gorical and nominal variables were calculated using χ2 tests. A p value of <0.05 was considered 
to be statistically significant. Multivariable regression was used to determine the odds ratio 
for any variable significant in univariate analysis and those predetermined to be potentially 
clinically significant (age, race, sex). A subsequent sensitivity and specificity analysis was 
performed to evaluate the relationship between INR and ischemic risk. Positive and negative 
predictive values were determined for multiple INR cut-points. In a secondary analysis, 
patients presenting with hemorrhage were removed from the “non-ischemic” group and 
analyses were repeated.

Results

Patients and Baseline Characteristics 
One-hundred eighteen patients met inclusion/exclusion criteria for this study (Fig. 1). 

Two additional patients were excluded due to indication for anticoagulation (mechanical 
valve). The baseline characteristics of the 116 patients are shown in Table 1. The median age 
was 77 years; 57% were women; 74% were white. Indications for warfarin therapy could be 

Patients presenting as BATs with a
potential acute stroke

(n = 880) 

Patients with potential acute stroke on
warfarin at time of presentation

(n = 118)  

Patients included
in analysis
(n = 116) 

Exclusion:
- Patients with mechanical valves (n = 2)

Exclusions:
- Not on warfarin (n = 636)
- Lack of patient information (n = 126)

Fig. 1. Study flow diagram.
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Table 1. Patient characteristics: predictors of stroke in patients on warfarin

Total
(n = 116)

Ischemia
(n = 46)

Non-ischemia
(n = 70)

p value

Demographic information
Median age (IQR), years 77 (67–84) 77 (67–82) 77 (67–84) 0.830
Race, n (%) 0.716

White 86 (74) 35 (76) 51 (73) –
Black 23 (20) 9 (20) 14 (20) –
Asian 2 (2) 0 (0) 2 (3) –

Women, n (%) 66 (57) 28 (61) 38 (54) 0.484
Smoking, n (%) 26 (23) 9 (20) 17 (25) 0.497
Alcohol, n (%) 26 (23) 6 (13) 20 (29) 0.041

Present medical history, n (%)
Coronary artery disease 74 (64) 30 (65) 44 (64) 0.874
History of stroke 54 (47) 21 (46) 33 (47) 0.875
History of TIA 36 (31) 14 (30) 22 (31) 0.910
Chronic heart failure 38 (33) 15 (33) 23 (33) 0.978
Hypertension 110 (95) 44 (96) 66 (94) 0.745
Diabetes mellitus 46 (40) 17 (37) 29 (41) 0.630

Warfarin information
Mean initial INR (SD) 2.4 (1.5) 1.7 (0.7) 2.8 (1.7) <0.001
Arterial indication for warfarin, n (%)1 88 (76) 40 (87) 48 (67) 0.024

Laboratory values
Mean platelets (SD), 103/mm3 230 (85) 252 (99) 215 (71) 0.021
Mean LDL (SD), mg/dL 75 (30) 78 (33) 70 (22) 0.309
Mean SBP (SD), mm Hg 154 (28) 155 (27) 152 (29) 0.533
Mean DBP (SD), mm Hg 84 (16) 85 (15) 82 (17) 0.337
Mean glucose (SD), mg/dL 138 (52) 132 (41) 143 (58) 0.254
Mean albumin (SD), g/dL 3.5 (0.7) 3.4 (0.6) 3.5 (0.7) 0.377
Mean HbA1c (SD) 6.5 (1.3) 6.4 (1.1) 6.8 (1.5) 0.277
Mean WBC (SD), 103/mm3 9.1 (3.9) 8.8 (2.9) 9.3 (4.4) 0.488
Median CHADS2 (IQR) 3 (2–4) 3 (2–4) 3 (2–4) 0.940
Median CHA2DS2VASc (IQR) 4 (3–5) 3 (3–5) 4 (3–5) 0.670
Median NIHSS (IQR) 5 (2–11) 4.5 (2–11) 5 (2–14) 0.180
Mean serum creatinine (SD), mg/dL 1.3 (0.6) 1.3 (0.6) 1.2 (0.6) 0.752

Medication use, n (%)
rt-PA 4 (4) 4 (9) 0 0.010
Antiplatelet 43 (37) 14 (30) 29 (41) 0.230
Statin 65 (56) 22 (48) 43 (61) 0.149

Final diagnosis
Ischemic stroke, n (%) 34 (29) 34 (74) 0 –
TIA, n (%) 12 (10) 12 (26) 0 –
Hemorrhagic stroke, n (%) 24 (21) 0 24 (34) –
Mimics, n (%) 46 (40) 0 46 (66) –
TOAST criteria, n 34 34 – –

Cardioembolism 26 26 – –
Lacune 3 3 – –
Large vessel 1 1 – –
Undetermined 4 4 – –

DBP, diastolic blood pressure; INR, international normalized ratio; LDL, low-density lipoprotein; rt-PA, 
recombinant tissue plasminogen activator; SBP, systolic blood pressure; TIA, transient ischemic attack; WBC, 
white blood cells. 1 Arterial indications include atrial fibrillation and antiphospholipid syndrome; venous 
indications include deep vein thrombosis and pulmonary embolism.
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divided into two groups: arterial (atrial fibrillation [n = 86] and antiphospholipid antibody 
syndrome [n = 2]) and venous (deep vein thrombosis and pulmonary embolism [n = 28]). 
Thirty-four patients had ischemic stroke; 12 TIA; 24 hemorrhagic strokes; and 46 stroke 
mimics. Four patients received thrombolytic therapy (rt-PA) and 1 patient received intra-
arterial intervention. Common stroke mimics included: seizure (n = 6), infection (n = 6), 
dementia/delirium (n = 3), hypoglycemia (n = 3), recrudescence (n = 4), drug toxicity (n = 4), 
systemic impairment (n = 4), and functional deficit (n = 2).

Initial INR and Ischemic Stroke
Univariate analysis showed a statistically significant difference in the initial INR for 

ischemic versus non-ischemic patients (1.7 vs. 2.8, p < 0.001). The initial INR values ranged 
from 1 to 3.4 for ischemic patients versus 1 to 6.4 for those diagnosed with hemorrhagic 
strokes. Twenty-five percent of hemorrhages were supra-therapeutic and the mean INR was 
2.7. Individuals diagnosed with ischemic stroke or TIA were more likely to be on warfarin 
therapy because of arterial indications, namely atrial fibrillation, compared to non-ischemic 
patients (87 vs. 67%, p = 0.024). The cause of stroke was most often cardioembolic (76%). 
Aside from a significant difference in platelet number between the ischemic and non-ische- 
mic groups (252 vs. 215, p = 0.024), there were no other differences seen in patient char
acteristics, including initial National Institute of Health Stroke Scale (NIHSS), CHADS2, 
CHA2DS2VASc, and serum creatinine (Table 1). Results were unchanged when patients with 
hemorrhage (n = 24) were removed from analysis.

A multivariable regression was performed with 5 independent variables: age, sex, race, 
initial INR, and indication for warfarin. Initial INR (OR per 1.0-point increase 0.30; 95% confi-
dence interval [CI] 0.17–0.55) and arterial indication for warfarin (OR 4.11; 95% CI 1.33–
12.67) remained statistically significant (Table 2).

Table 3 displays the sensitivity and specificity analysis for INR values. When INR was 
used to predict ischemia, the area under the curve was high at 0.77 indicating its ability to 
correctly classify patients. As the INR value increased, the number of patients incorrectly 
identified as “non-ischemic” significantly decreased (increased specificity). No patient had 
ischemia with an INR value of 3.6 or greater (specificity 100%). Predictive values were calcu-
lated to determine the likelihood of a patient with a therapeutic INR at ≥2 and ≥2.5 to have a 
mimic or hemorrhage rather than ischemia. The predictive value for both an INR of ≥2 (sensi-

Odds
ratio

95% confidence
interval

Entire cohort (n = 116)
Age 1.03 0.99–1.08
Race 1.18 0.80–1.73
Sex 1.03 0.41–2.57
Initial INR 0.30 0.17–0.55
Indication for warfarin 4.11 1.33–12.67

Hemorrhages excluded (n = 92)
Age 1.04 0.99–1.09
Race 0.97 0.58–1.61
Sex 0.84 0.29–2.42
Initial INR 0.32 0.17–0.59
Indication for warfarin 4.91 1.46–16.57

INR; international normalized ratio.

Table 2. Multivariable analysis of 
likelihood of ischemia
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tivity of 69% and specificity of 67%) and an INR of ≥2.5 (sensitivity of 47% and specificity of 
80%) was 79% for a non-ischemic etiology.

Initial INR and Clinical Outcome in Stroke Patients
The effect of INR result on clinical outcome was examined using discharge mRS. A mRS 

of 0–2 was defined as good outcome and a mRS 0–1 was considered a great outcome. There 
was a lack of an effect of INR on mRS <3 (OR 0.9; 95% CI 0.3–2.5) or mRS <2 (OR 4.7; 95% CI 
0.6–35.3) within the ischemic group. In the entire patient population, initial INR also did not 
affect mRS <3 (OR 0.5, 95% CI 0.2–1.1) or mRS <2 (OR 1.1, 95% CI 0.5–2.5).

Discussion

Our results indicate that for patients on warfarin presenting with a potential stroke, indi-
cation for anticoagulation and INR values are associated with cerebral ischemia. Within our 
cohort, patients diagnosed with ischemic stroke or TIA were more likely to present with a 

INR result Sensitivity, % Specificity, %

≥1 100 0
≥1.1 4.35 4.35
≥1.2 91.43 13.04
≥1.3 85.71 34.78
≥1.4 78.57 45.65
≥1.5 78.57 52.17
≥1.6 75.71 58.70
≥1.7 75.71 63.04
≥1.8 71.43 65.22
≥1.9 68.57 67.39
≥2.1 64.29 73.91
≥2.2 60.00 73.91
≥2.3 51.43 78.26
≥2.4 48.57 80.43
≥2.5 47.14 80.43
≥2.6 42.86 86.96
≥2.7 38.57 86.96
≥2.8 37.14 86.96
≥2.9 32.86 86.96
≥3 31.43 89.13
≥3.1 30.00 97.83
≥3.2 28.57 97.83
≥3.3 27.14 97.83
≥3.4 24.29 97.83
≥3.6 21.43 100
≥3.7 20.00 100
≥4.3 15.71 100
≥4.6 12.86 100
≥5.3 11.43 100
≥5.4 10.00 100
≥5.6 8.57 100
≥6.2 5.71 100
≥6.4 4.29 100
≥9.1 2.86 100
>9.1 0.00 100

Table 3. Sensitivity and 
specificity analysis of INR result
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sub-therapeutic INR than those with non-ischemic etiologies in both univariate testing and 
multivariable regression analyses. Arterial indications for warfarin, mainly atrial fibrillation, 
further increased the likelihood for ischemic stroke or TIA. This is consistent with prior 
research. Several studies have shown that a sub-therapeutic INR and atrial fibrillation increase 
the incidence of ischemic stroke in patients on warfarin with concurrent acute neurologic 
deficits [11–13]. In addition to showing an association, our data suggests that admission INR 
can be used to reliably predict the likelihood of ischemia.

The predictive value of INR for ischemic stroke in patients on warfarin who present with 
acute neurologic symptoms has not been previously well established in literature. The sensi-
tivity and specificity results of this study elucidate the value of INR in this group. When diag-
nostic imaging does not reveal evidence of hemorrhage or other clear etiology, the INR and 
indication for anticoagulation may be used in conjunction with pre-test probability (e.g., 
vascular risk factors) to direct immediate further management. There should be high suspicion 
for ischemia in individuals with atrial fibrillation who present with a sub-therapeutic INR. 
Alternatively, the negative predictive value of INR emphasizes the low likelihood of ischemia 
in patients on warfarin with therapeutic INR values. In our cohort, no ischemia occurred in 
patients with an INR ≥3.6.

Interestingly, patients who presented with ischemia had a small but statistically signif-
icant elevation in platelets compared to those who were not ischemic. Elevated platelets may 
represent an acute phase reactant [14, 15]. Advanced age and higher NIHSS scores were not 
associated with ischemia. This may illustrate that older individuals are at higher risk not only 
for ischemic stroke but also for other causes of acute neurologic symptoms such as urinary 
tract infection [16]. While assessing for suspected stroke, physicians’ attention should also be 
given to identifying any clinical or laboratory signs of stroke mimics [15].

We also evaluated the association between INR and patient outcome in our stroke 
patients using mRS at discharge. We hypothesized that patients with a therapeutic INR would 
have better outcomes than those with a non-therapeutic INR because emboli may break into 
smaller pieces, leading to smaller infarcts and less severe strokes in those on anticoagulation. 
Wakita et al. [17] showed that individuals who are anticoagulated do tend to have smaller 
infarcts. We found no such association despite that, as expected, the majority of our popu-
lation had cardioembolic strokes due to atrial fibrillation [18]. There are several possible 
explanations including our relatively small sample and the numerous medical comorbidities 
of our population (Table 1) that may have negatively impacted the outcome. It is also possible 
that a larger difference in mRS would have been observed 90 days after the stroke, allowing 
time for divergence of the recovery curves for varying stroke severity. Many previous trials 
found that therapeutic INR was associated with more favorable stroke outcomes in patients 
with cardioembolic stroke types [19, 20], though some failed to detect such a correlation [21]. 
A larger prospective trial including infarct size and longer-term follow-up is needed.

Our study is not without limitations. The patient population was from a single stroke 
center – with a relatively small sample size and the majority of patients above the age of 75 
years, white, and at high risk for ischemic stroke give their numerous vascular risk factors. 
The relatively small sample size may have limited our ability to find statistically significant 
results, and our sensitivities and specificities were based on the prevalence of stroke within 
our population and therefore our results may not be generalizable to all other populations. In 
addition, given the retrospective nature, we relied on physician notes and test results within 
the electronic medical record to determine final diagnosis. Fortunately, the underlying 
etiology was clear in the majority of cases and any questions were reviewed by a stroke 
neurologist to ensure that the cases most likely represented mimics rather than ischemic 
strokes. Finally, the INR can be influenced by numerous factors (foods, medications) and the 
value on presentation represents only a single data point rather than coagulability over time. 
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A patient may have been sub-therapeutic for several days at home but present with a single 
therapeutic INR. In spite of this, we feel that our data support that admission INR is a fairly 
good indicator of likelihood of ischemia and may have important clinical applications.

Conclusions

This study illustrates the usefulness of both INR values and the indication for anticoagu-
lation, specifically atrial fibrillation, in determining the likelihood of ischemic stroke in 
patients on anticoagulation presenting to the Emergency Department with an acute onset of 
neurologic symptoms. A sub-therapeutic INR in a patient with atrial fibrillation should signif-
icantly increase the suspicion for ischemia; while a supra-therapeutic INR, or lack of atrial 
fibrillation, is more reassuring that symptoms are more likely due to a mimic. While it is not 
our intention for a laboratory test to replace physician acumen, it may help to more accurately 
risk stratify patients and determine the need and urgency of further neurologic imaging and 
workup.
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