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Background and Purpose—Antiplatelet therapy nonresponse is associated with worse clinical outcomes. We studied the
clinical outcomes associated with platelet function-guided modifications in antiplatelet therapy in patients with ischemic
stroke or transient ischemic attack.

Methods—From January 2005 to August 2007, 324 patients with ischemic stroke underwent platelet function testing using
platelet aggregometry. Aspirin nonresponse was defined as a mean platelet aggregation �20% with 0.5 mg/mL
arachidonic acid and/or �70% with 5 �mol/L adenosine diphosphate. Clopidogrel nonresponse was defined as a mean
platelet aggregation �40% with 5 �mol/L adenosine diphosphate. A modification was any increase in antiplatelet
therapy occurring after testing. Clinical outcomes were compared between patients with and without platelet
function-guided antiplatelet therapy modifications using univariate and propensity score-adjusted analyses.

Results—In patients with ischemic stroke or transient ischemic attack, 43% (n�128) and 35% (n�54) were nonresponders
to aspirin and clopidogrel, respectively. After platelet function testing, antiplatelet therapy was increased in 23% of
patients (n�73). After propensity score matching (n�61 in each group), antiplatelet therapy modification was
associated with significantly increased rates of death, ischemic events, or bleeding (hazard ratio, 2.24; 95% CI,
1.12–4.47; P�0.02) compared with no modification in antiplatelet therapy and a trend toward increased bleeding
(hazard ratio, 3.56; 95% CI, 0.98–12.95; P�0.05). No differences in ischemic events were observed.

Conclusions—Platelet function-guided modification in antiplatelet therapy after an ischemic stroke or transient ischemic
attack was associated with significantly higher rates of adverse clinical outcomes. (Stroke. 2012;43:2376-2381.)
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Recurrent stroke after an ischemic stroke or transient
ischemic attack (TIA) represents nearly 25% of the

approximately 795 000 strokes occurring in the United States
annually.1 After an ischemic stroke or TIA, antiplatelet
therapy is currently recommended to reduce the risk of
recurrent ischemic events.2 Antiplatelet agents reduce ische-
mic events by 22% in patients with prior ischemic stroke or
TIA.3 However, the response to antiplatelet therapy with
aspirin or clopidogrel is variable.4 The prevalence of aspirin
or clopidogrel nonresponse ranges from 5% to 60% and 8%
to 28%, respectively.5,6 Nonresponse to aspirin in patients
with ischemic stroke is associated with an increased risk of
death, adverse cardiac events, and worse functional status.7–9

Adverse cardiac events associated with clopidogrel nonre-
sponse are well described, yet this association has not been
well studied in patients with ischemic stroke or TIA.10

Despite antiplatelet nonresponse signifying a risk factor for
adverse events, improvement in clinical outcomes by inten-
sifying antiplatelet therapy has not been demonstrated in
patients with ischemic stroke or TIA.11,12 The aim of our
study was to determine the clinical efficacy and safety
associated with platelet function-guided modifications in
antiplatelet therapy in patients with ischemic stroke or TIA.

Methods
Between January 2005 and August 2007, a retrospective analysis
identified 345 patients with ischemic stroke or TIA who underwent
platelet function testing in the absence of any endovascular or
surgical treatment for stroke. Patients whose antiplatelet therapy was
decreased (n�15) or who had warfarin added (n�6) were excluded
from the study. The final analysis comprised 324 patients with
ischemic stroke (n�250) or TIA (n�74). All patient data were
obtained through the electronic medical record system and/or paper
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charts and were independently verified by the authors. Institutional
Review Board approval was obtained on October 18, 2007.

Platelet function was measured by optical platelet aggregation and
the definitions used for aspirin and clopidogrel nonresponse are
found in Appendix I in the online-only Data Supplement. Patients
were separated into groups based on antiplatelet therapy modifica-
tion. The definition used for antiplatelet therapy modification was
any increase in the patient’s antiplatelet regimen within 24 hours
after the platelet function testing result was made available. In-
creased antiplatelet therapy was defined as any increase in the dosage
of the patient’s current antiplatelet agent, adding an additional
antiplatelet agent, or switching to a more potent antiplatelet agent
(eg, aspirin to clopidogrel).

The primary outcome of the study was a composite of death from
any cause, bleeding, or ischemic event. Secondary outcomes in-
cluded the individual end points of death, bleeding, or ischemic
events. Patients were followed from the date of platelet function
testing through August 1, 2011. Clinical outcomes are defined in
Appendix I in the online-only Data Supplement.

The statistical methods are detailed in Appendix I in the online-only
Data Supplement. Differences between the antiplatelet therapy modifi-
cation and no modification groups were analyzed by univariate methods.
Survival function estimates for clinical outcomes were evaluated
through Kaplan-Meier analyses and log-rank tests. Propensity scores
were created for antiplatelet therapy modification and no modification
groups based on patient characteristics. Additional analyses on adjusted
and matched propensity scores were conducted. A Cox proportional
hazards model for each outcome was created with and without propen-
sity score adjustment and by matching. All statistical analyses were
performed using SAS 9.3 (SAS Institute, Cary, NC). A probability value
�0.05 was considered statistically significant.

Results
The study analyzed 324 patients with ischemic stroke
(n�250) or TIA (n�74) who underwent platelet function
testing on aspirin and/or clopidogrel. At the time of platelet
function testing, 296 patients (91%) were receiving aspirin
and 156 patients (48%) were currently being treated with
clopidogrel. The prevalence of aspirin nonresponse (n�128)
was 43%, whereas the prevalence for clopidogrel nonre-
sponse (n�54) was 35%. Patients with nonresponse to both
aspirin and clopidogrel comprised 19% (n�25) of those on
both agents at the time of testing (n�129). Baseline clinical
characteristics for the 324 patients in the study with (n�73)
and without (n�251) antiplatelet therapy modification after
platelet function testing are shown in Table 1. The majority of
our study population (79%) underwent platelet function
testing in the setting of a recurrent stroke or TIA (n�257).
Patients who underwent antiplatelet therapy modification
were older, more likely to undergo platelet function testing as
an inpatient, and treated more often with �-blockers, calcium
channel blockers, angiotensin-converting enzyme inhibitors,
or angiotensin receptor blockers compared with patients
without antiplatelet therapy modification. Aspirin nonre-
sponse (64% versus 37%, P� 0.001), clopidogrel nonre-
sponse (74% versus 25%, P�0.001), and nonresponse to both
aspirin and clopidogrel (54% versus 11%, P�0.001) were
significantly higher in patients with antiplatelet therapy mod-
ification compared with patients without any modification.

The antiplatelet therapy modifications after platelet func-
tion testing are shown in Table 2. Antiplatelet therapy was
increased in 73 patients. Increasing the aspirin dosage (n�42)
followed by adding or increasing the clopidogrel dosage
(n�39) were the most common modifications in antiplatelet

therapy. Clopidogrel was added in 30% of patients with an
antiplatelet therapy increase and the dosage was increased to
150 mg/day or higher in 23% of patients (n�17). In aspirin
nonresponders, the antiplatelet therapy was increased after
platelet function testing in 33% of patients (n�42) by
increasing the aspirin dosage (n�27), increasing the clopi-
dogrel dosage (n�9), or adding clopidogrel (n�9). An
increase in antiplatelet therapy after platelet function testing
occurred in 43% of clopidogrel nonresponders (n�23) by
either increasing the clopidogrel (n�17) and/or aspirin dos-
age (n�8). Compared with Table 1, no changes were ob-
served in the distribution of baseline patient characteristics
when compared in patients with and without antiplatelet
therapy modification for the aspirin or clopidogrel nonre-
sponse subgroups.

Table 1. Patient Characteristics

Antiplatelet Therapy
Modification

Variable No (n � 251) Yes (n � 73) P Value

Age, y 65.6�13.5 71.4�11.9 �0.001

Male 131 (52%) 43 (59%) 0.31

Inpatient 127 (51%) 52 (71%) 0.002

Current/former smoker 154 (61%) 47 (64%) 0.64

Diabetes mellitus 77 (31%) 28 (38%) 0.22

Hypertension 218 (87%) 68 (93%) 0.14

Hyperlipidemia 199 (79%) 64 (88%) 0.11

Chronic kidney disease 27 (11%) 11 (15%) 0.31

Atrial fibrillation/flutter 23 (9%) 4 (5%) 0.32

Prior stroke 195 (78%) 62 (85%) 0.18

Prior MI 73 (29%) 17 (23%) 0.33

Prior PCI 42 (17%) 6 (8%) 0.07

Prior CABG 31 (12%) 10 (14%) 0.76

Aspirin 230 (92%) 66 (90%) 0.74

Clopidogrel 125 (50%) 31 (42%) 0.27

Aspirin/dipyridamole 8 (3%) 4 (5%) 0.48

Cilostazol 1 (0%) 0 (0%) 1.00

Warfarin 16 (6%) 5 (7%) 0.79

ACE inhibitor or ARB 102 (41%) 41 (56%) 0.02

Beta-blocker 112 (45%) 43 (59%) 0.03

Calcium channel blocker 62 (25%) 32 (44%) 0.002

Statin 172 (69%) 54 (74%) 0.37

Proton pump inhibitor 64 (26%) 25 (34%) 0.15

Platelet function testing

Aggregation with AA, % 19.1�14.0 26.7�19.7 0.003

Aggregation with ADP, % 46.5�23.5 56.2�22.9 0.002

Aspirin nonresponder 86 (37%) 42 (64%) �0.001

Clopidogrel nonresponder 31 (25%) 23 (74%) �0.001

Aspirin and clopidogrel
nonresponder

12 (11%) 13 (54%) �0.001

Values are shown as absolute numbers (percentages) or mean�SD.
MI indicates myocardial infarction; PCI, percutaneous coronary intervention;

CABG, coronary artery bypass graft; ACE, angiotensin-converting enzyme; ARB,
angiotensin receptor blocker; AA, arachidonic acid; ADP, adenosine diphosphate;
ARB, angiotensin receptor blocker.

Depta et al Platelet Function-Guided Treatment of Stroke 2377

D
ow

nloaded from
 http://ahajournals.org by on M

ay 19, 2023



Clinical follow-up was available for all patients with a
mean follow-up period of 4.6�1.1 years. The clinical out-
comes for the study are shown in Table 3. The composite rate
of death, bleeding, or ischemic event was significantly higher
in patients who underwent antiplatelet therapy modification
compared with patients without modification (40% versus
21%, P�0.001). Combined bleeding or ischemic events were
also significantly higher in the antiplatelet therapy modified
group (34% versus 19%, P�0.006). Kaplan-Meier estimates
of cumulative freedom from death, bleeding, or ischemic
event (log-rank P� 0.001), bleeding or ischemic event
(log-rank P�0.003), and ischemic event (log-rank P�0.04)
were significantly higher in patients without antiplatelet
therapy modification compared with patients who underwent
modification (Figure). A trend toward higher freedom from
bleeding was also observed in the patients without antiplatelet
therapy modification (log-rank P�0.09; Figure). The rate of
death was not significantly different between the 2 groups.
Antiplatelet therapy modification was associated with a

significant increase in bleeding events (19% versus 10%,
P�0.04) compared with patients without modification, which
was predominantly driven by increased Global Utilization of
Streptokinase and Tissue Plasminogen Activator for Oc-
cluded Coronary Arteries (GUSTO) moderate bleeding (14%
versus 7%, P�0.06) and a significant increase in gastrointes-
tinal bleeding (14% versus 5%, P�0.02). The highest rates of
bleeding were observed in patients in whom clopidogrel was
added or increased (23% or 9 of 39 patients) or in whom both
aspirin and clopidogrel dosages were increased (50% or 4 of
8 patients). A slight trend toward increased ischemic events
was associated with antiplatelet therapy modification com-
pared with no modification (15% versus 9%, P�0.12),
primarily due to a significantly higher rate of ischemic stroke
or TIA (14% versus 6%, P�0.04).

Retesting platelet function after antiplatelet therapy modi-
fication was performed in 24 patients (33%). In patients with
aspirin nonresponse, 43% were responsive by increasing
aspirin and 71% were responsive by increasing or adding
clopidogrel. In clopidogrel nonresponsive patients, 88% were
responsive by increasing the clopidogrel dose. After retesting,
37.5% of patients remained nonresponsive to aspirin and/or
clopidogrel. No significant differences were seen in any
clinical outcome between patients who became responsive
compared with those who remained nonresponsive.

In patients who were nonresponsive to aspirin, increasing
antiplatelet therapy (n�42) compared with no modification
or a decrease in antiplatelet therapy (n�86) was associated
with increased death, bleeding, or ischemic event (38%
versus 19%, P�0.02), which was primarily due to an increase
in ischemic events (19% versus 5%, P�0.02), mainly ische-
mic stroke or TIA (17% versus 2%, P�0.006; Table I in the
online-only Data Supplement). Increasing the antiplatelet
therapy (n�23) in clopidogrel nonresponsive patients was
associated with an increased rate of death, bleeding, or
ischemic event (48% versus 19%, P�0.03) compared with no
modification or a decrease in antiplatelet therapy (n�31;
Table II in the online-only Data Supplement).

The unadjusted and propensity score-adjusted hazard ratios
for clinical outcomes with and without modification of
antiplatelet therapy are shown in Table 4. With propensity
score adjustment, antiplatelet therapy modification was asso-
ciated with higher rates of death, bleeding, or ischemic event
(hazard ratio, 1.84; 95% CI, 1.10–3.09; P�0.02) and a trend
toward increased bleeding or ischemic event (hazard ratio,
1.65; 95% CI, 0.95–2.87; P�0.07) compared with no modi-
fication. No significant differences were seen in the propen-
sity score-adjusted individual rates of death, bleeding, or
ischemic events between the 2 groups. In additional analyses
performed after propensity score matching of patients in the
antiplatelet therapy modification (n�61) and no modification
(n�61) groups, rates of combined death, bleeding, or ische-
mic event and combined bleeding or ischemic event remained
significantly higher in the antiplatelet therapy modification
group, whereas a trend toward higher rates of bleeding was
observed in the modification group (hazard ratio, 3.56; 95%
CI, 0.98–12.95; P�0.05). No significant difference in ische-
mic events was seen between the 2 matched groups.

Table 2. Modification in Antiplatelet Therapy After Platelet
Function Testing

(n�73)

Increased antiplatelet therapy 73 (100%)

Added or increased aspirin 42 (58%)

Added aspirin 1 (1%)

Added aspirin/dipyridamole 1 (1%)

Added or increased clopidogrel 39 (53%)

Added clopidogrel 22 (30%)

Increased or added both aspirin or clopidogrel 8 (11%)

Changed from aspirin to clopidogrel 7 (10%)

Values are shown as absolute numbers (percentages).

Table 3. Clinical Outcomes

Antiplatelet Therapy
Modification

Variable No (n � 251) Yes (n � 73) P Value

Death, bleeding or ischemic event 53 (21%) 29 (40%) 0.001

Bleeding or ischemic event 48 (19%) 25 (34%) 0.006

Death 16 (6%) 6 (8%) 0.60

Any bleeding event 26 (10%) 14 (19%) 0.04

GUSTO minor 3 (1%) 2 (3%) 0.31

GUSTO moderate 17 (7%) 10 (14%) 0.06

GUSTO severe 6 (2%) 2 (3%) 1.00

GUSTO moderate/severe 23 (9%) 12 (16%) 0.08

Gastrointestinal bleeding 12 (5%) 10 (14%) 0.02

Intracerebral hemorrhage 4 (2%) 1 (1%) 1.00

Any ischemic event 22 (9%) 11 (15%) 0.12

Ischemic stroke 11 (4%) 6 (8%) 0.23

Ischemic stroke/TIA 16 (6%) 10 (14%) 0.04

Myocardial infarction 6 (2%) 0 (0%) 0.34

Values are shown as absolute numbers (percentages).
GUSTO indicates Global Use of Strategies to Open Occluded Coronary

Arteries; TIA, transient ischemic attack.

2378 Stroke September 2012

D
ow

nloaded from
 http://ahajournals.org by on M

ay 19, 2023



Discussion
The results of our study suggest that modifying antiplatelet
therapy after platelet function testing may be associated with
increased death, bleeding, or ischemic events compared with
patients without any antiplatelet therapy modification. In-
creasing antiplatelet therapy in patients with aspirin and/or
clopidogrel nonresponse was not associated with better, or
even similar, clinical outcomes as in those without modifica-
tion of their antiplatelet regimen but rather was associated
with higher event rates. Our findings may reflect the fact that
patients who underwent antiplatelet therapy modification

were at higher risk, as evidenced by a higher rate of
antiplatelet modification in patients who were hospitalized.
The results do not provide support for testing, as the strategy
of antiplatelet therapy modification was not associated with
any evidence of better outcomes.

The prevalence of aspirin or clopidogrel nonresponse in
our study was similar to the prevalence reported in prior
studies.5,6 Nonresponse to antiplatelet therapy is associated
with poorer clinical outcomes.7–9 Beyond noncompliance, the
mechanisms associated with aspirin and clopidogrel nonre-
sponse are complex and mutilfactorial.13 Clinical factors

Figure. Kaplan-Maier analysis of adverse outcomes associated with and without modifying antiplatelet therapy after platelet function
testing in ischemic stroke or transient ischemic attack. Freedom from (A) death, bleeding, or ischemic event; (B) bleeding or ischemic
event; (C) bleeding event; or (D) ischemic event are compared between patients with and without antiplatelet therapy modification with
a log-rank test and its associated P value.

Table 4. Unadjusted and Adjusted Hazards Ratios (HRs) for Clinical Outcomes With and Without Modification in Antiplatelet Therapy

Clinical Outcome

Unadjusted Propensity Score Adjusted Propensity Score Matched

HR (95% CI) P Value HR (95% CI) P Value HR (95% CI) P Value

Death, bleeding, or ischemic event 2.15 (1.36–3.38) 0.001 1.84 (1.10–3.09) 0.02 2.24 (1.12–4.47) 0.02

Bleeding or ischemic event 2.04 (1.26–3.31) 0.004 1.65 (0.95–2.87) 0.07 2.23 (1.04–4.77) 0.04

Death 1.31 (0.51–3.35) 0.57 1.49 (0.52–4.31) 0.46 1.01 (0.33–3.13) 0.99

Bleeding event 1.97 (1.03–3.78) 0.04 1.60 (0.77–3.32) 0.21 3.56 (0.98–12.95) 0.05

Ischemic event 1.86 (0.90–3.84) 0.09 1.58 (0.68–3.65) 0.29 1.52 (0.58–3.99) 0.40
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associated with antiplatelet therapy nonresponse (eg, diabetes
mellitus) may also portend worse clinical outcomes.6 The
increased risk associated with nonresponse to antiplatelet
agents may reflect increased morbidity of the patient as
opposed to a modifiable risk factor. Moreover, clinical factors
that predict antiplatelet nonresponse are not consistent be-
tween different platelet function tests.14 Platelet function
testing is not recommended in the current guidelines for
management of ischemic stroke or TIA.2

Preventing recurrent stroke after ischemic stroke/TIA with
antiplatelet therapy remains a challenge. Despite the reduc-
tion in recurrent events with antiplatelet therapy, a significant
number of patients will have a recurrent ischemic event.3

Aspirin plus dipyridamole or clopidogrel may be more effective
at preventing recurrent ischemic events compared with aspi-
rin alone in patients with prior stroke/TIA,15–17 yet the current
guidelines for ischemic stroke/TIA do not favor one antiplate-
let agent over another for prevention of recurrent ischemic
events and recommend that selection of an antiplatelet regi-
men should be individualized to each patient based on patient
characteristics, patient preference, and cost.2

The majority of our study population consisted of patients
who underwent platelet function testing after a recurrent
ischemic stroke or TIA and were on aspirin (91%) and/or
clopidogrel (48%). The use of platelet function testing to
select patients for optimization of their antiplatelet regimen
resulted in heterogeneous regimens used to prevent further
ischemic events. Increasing antiplatelet therapy dosages or
potency was the predominant modification in patients with
nonresponse, yet a number of patients who were nonrespon-
sive did not undergo any antiplatelet therapy modification.
Increasing the aspirin dose was used in a number of the
patients with aspirin and/or clopidogrel nonresponse. Higher
dosages of aspirin do not reduce ischemic events in unse-
lected patients with prior ischemic stroke and are associated
with a higher risk of bleeding, mainly gastrointestinal.18–20 In
our study, a minority of patients (7%) were changed from
aspirin to clopidogrel. The Clopidogrel versus Aspirin in
Patients at Risk of Ischemic Events (CAPRIE) trial demon-
strated that clopidogrel compared with aspirin reduces ische-
mic events in patients with recent atherosclerotic vascular
disease (ie, ischemic stroke, myocardial infarction, or symp-
tomatic peripheral arterial disease).17 Clopidogrel does not
reduce ischemic events in patients with ischemic stroke
compared with aspirin plus dipyridamole and was associated
with lower rates of intracranial hemorrhage compared with
aspirin plus dipyridamole.21 Adding clopidogrel to aspirin
was also used to optimize antiplatelet therapy. Dual antiplate-
let therapy with aspirin and clopidogrel can increase platelet
inhibition in patients with ischemic stroke compared with
aspirin or clopidogrel alone.22 Despite enhanced platelet
inhibition with aspirin and clopidogrel, 2 randomized trials
did not demonstrate any clear clinical benefit with aspirin and
clopidogrel compared with aspirin alone in patients with
ischemic stroke or TIA but did show a significant increase in
the risk for bleeding.23,24 The clopidogrel dosage was in-
creased in 23% of patients whose antiplatelet therapy was
modified. Currently, a higher dosage of clopidogrel (�75 mg
daily) has not been studied in a randomized trial of patients

with ischemic stroke or TIA. In an acute coronary syndrome
population, using a higher dosage of clopidogrel (150 mg
daily for 7 days) for a short duration after acute coronary
syndrome resulted in increased major bleeding compared
with standard clopidogrel dosages (75 mg daily).25 Aspirin
plus dipyridamole does augment platelet inhibition compared
with aspirin alone and, as mentioned previously, may provide
some clinical benefit in patients with ischemic stroke com-
pared with aspirin alone.26 In our study, only one patient was
changed to aspirin plus dipyridamole. To date, higher dosages
of aspirin, adding clopidogrel, or increasing the dosage of
clopidogrel have not yielded any clinical benefit in prevent-
ing recurrent stroke and, moreover, are associated with an
increased risk of bleeding. The current guidelines are consis-
tent with this evidence and do not recommend increasing the
dosage of antiplatelet therapy or switching therapy in patients
with recurrent ischemic events.2

Several important limitations of our study should be
considered. Our study is retrospective and observational. The
choice to use platelet function tests in our patient population
was determined by the patient’s primary physician and may
limit the generalizability of the results. Additionally, the
diverse modifications in antiplatelet regimens used after
platelet function testing were at the physician’s discretion. It
is unknown what clinical factors led each physician to
consider testing for platelet function as well as decide which
therapeutic regimen to use after platelet function testing, thus
making it very difficult to control for selection bias. Although
careful analysis was performed to account for any differences
between patients with and without antiplatelet therapy mod-
ification, unknown confounders may have contributed to the
differences in clinical outcomes between both groups. Fur-
thermore, the infrequency of retesting limited our ability to
determine if responsiveness after antiplatelet therapy modifi-
cation resulted in any clinical benefit.

Conclusions
Platelet function testing may be useful as a marker of
increased risk for recurrent events after ischemic stroke or
TIA. However, the results of our study demonstrate that
testing is not currently useful to optimize clinical outcomes,
because the therapeutic responses to platelet function testing
in this patient population did not improve clinical outcomes
and may be associated with increased adverse events. The
results of our study should be interpreted with caution given
the possible confounding role of selection bias. Randomized
trials are needed to determine if a platelet function-guided
approach is beneficial and safe to prevent recurrent events
after ischemic stroke or TIA.
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