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Background and Purpose—Enhanced platelet activity has previously been reported in the acute phase after ischemic
stroke. We tested the hypothesis that activated platelets (expressed by CD62p) are substantially increased in the acute
stage after a stroke and decrease thereafter, and that antiplatelet therapies can suppress CD62p expression.
Methods—We serially examined platelet CD62p expression using flow cytometry after acute ischemic stroke in 87
consecutive patients. The CD62p expression was also evaluated in 20 healthy volunteers and 33 at-risk control subjects.
Results—CD62p expression was significantly higher in the acute phase after ischemic stroke than in normal and at-risk
control subjects (both P⬍0.0001). CD62p expression decreased to a significantly lower level on day 21, and to a
substantially lower level on day 90. CD62p expression was not significantly suppressed by warfarin. However, CD62p
expression was significantly suppressed by aspirin treatment (P⫽0.024) and more substantially suppressed by
clopidogrel (P⬍0.0001) on day 90. Furthermore, only clopidogrel treatment (P⫽0.0016) was significantly independently associated with decreased CD62p expression on day 90.
Conclusions—Platelet activation was significantly increased in acute ischemic stroke and substantially decreased
thereafter. The lesser long-term pharmacodynamic potency of aspirin relative to clopidogrel raises the prospect of the
need for more effective antiplatelet agents or a synergistic combination therapy for stroke prevention in the future.
(Stroke. 2004;35:1683-1687.)
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expression is substantially increased in the acute stage after a
stroke and decreases thereafter, and that antiplatelet agents
can suppress CD62p expression after the acute phase of an
ischemic stroke.

urrent studies have demonstrated that increased numbers
of activated platelets are found after acute atherothrombotic stroke1,2 and also in the chronic phase after ischemic
stroke.3 Inhibition of platelet aggregation is believed to be
one of the most important strategic managements in secondary prevention after a stroke.4,5 Surprisingly, the therapeutic
decision for antiplatelet agents for secondary prevention after
a stroke is not based on scientific methods, such as an
evaluation of platelet activation, in individual patients.
Many experimental methods such as aggregometry,6 assessment of plasma levels of products released from platelets,7 urine excretion of thromboxane metabolites,2,4 and
human platelet antigen Ia/Ib genotyping8 have been developed to monitor platelet function. However, these methods
have recently been challenged for their reliability and usefulness in daily clinical practice.9 However, measurement of
platelet P-selectin (CD62p) expression by flow cytometry
appears to be a simple and useful tool to assess platelet
activity.10 Accordingly, we tested the hypothesis that CD62p

Materials and Methods
Study Patients
This study included consecutive patients admitted for acute ischemic
stroke to our hospital between October 2002 and April 2003. An
estimated sample size of 100 patients was based on the effective size
with an ␣⫽0.05, a power of 80%, a difference in platelet activity
between the study and normal volunteers of 0.6%, and a variance of
6.0%, and also assuming a 20% rate of protocol violations and
incomplete follow-up. Stroke was defined as sudden onset of loss of
global or focal cerebral function that persisted for ⬎24 hours. We
excluded patients with intracranial hemorrhage, a history of recent
surgery or trauma within the preceding 3 months, abnormal liver
function, renal insufficiency (creatinine ⬎1.5 mg/dL), malignancy,
febrile disorders, and acute or chronic inflammatory disease at study
entry, as well as those with a history of atrial fibrillation, valvular
heart disease, or intracardiac thrombus on echocardiograph, and

Received January 30, 2004; final revision received March 16, 2004; accepted April 5, 2004.
From the Division of Cardiology (H.-K.Y., M.-C.C.), Department of Neurology (J.S.L., Y.-F.K., M.-Y.L., Y.-Y.C., S.-L.L., W.-H.C.), Chang Gung
Memorial Hospital, Kaohsiung; Department of Biological Sciences (S.-S.C., H.-W.C.), National Sun Yat-Sen University, Taiwan, Republic of China.
Correspondence to Mien-Cheng Chen, MD, Division of Cardiology, Department of Internal Medicine, Chang Gung Memorial Hospital, 123, Ta Pei
Road, Niao Sung Hsiang, Kaohsiung Hsien, 83301, Taiwan, Republic of China. E-mail chenmien@ms76.hinet.net
© 2004 American Heart Association, Inc.
Stroke is available at http://www.strokeaha.org

DOI: 10.1161/01.STR.0000131658.80951.c3

1683

1684

Stroke

July 2004

those with an expected survival time of ⬍90 days. Patients were also
excluded if fever, infection, or death occurred after the stroke within
the study period. Over a period of 7 months, we prospectively
recruited 113 consecutive patients with ischemic stroke that had
occurred ⬍48 hour before blood sampling. Twenty-six (23.0%) of
the 113 patients were subsequently excluded because of fever (15
patients), incomplete follow-up (4 patients), or intracranial hemorrhage (2 patients) that occurred later after the ischemic stroke and
that required emergency surgical intervention. Another 5 patients
(4.4%) who died within 90 days after the stroke were also excluded.
Therefore, the remaining 87 patients constituted the study
population.
Thirty-three subjects matched with respect to age, gender, hypertension, diabetes mellitus, current smoking, and hypercholesterolemia served as risk factor control subjects. We also studied 20
age-matched and gender-matched healthy volunteers. Informed consent was obtained from all study subjects. The study protocol was
approved by the Institutional Review Committee on Human Research in our institution.

Neurological Assessment
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The physical and social functions of stroke patients were evaluated
using the modified Rankin scale score11 during the acute, convalescence, and chronic phases of stroke.

Imaging Studies and Laboratory Investigations
In additional to a full clinical assessment, ancillary examinations
were performed including complete blood counts, biochemical data,
a chest radiograph film, routine brain computed tomography (CT)
and magnetic resonance imaging (MRI)/MR angiography (MRA),
duplex scanning of the carotid arteries, and routine cardiac analysis
consisting of 12-lead echocardiogram (ECG) and echocardiography.

Blood Sampling and Assessment of
Platelet Activity
In stroke patients, blood samples were obtained within 48 hours of
stroke onset and on days 7, 21, and 90 after stroke occurrence. Blood
sample was obtained once in normal control and 4 times (days 1, 7,
21, and 90) in at-risk control subjects. Blood samples were obtained
in a fasting, nonsedative state between 09:00 and 10:00 in the control
and study groups to exclude the possible influence of circadian
variations. Blood was obtained under minimal tourniquet pressure
from the antecubital vein using a sterile 22-gauge needle syringe in
a single attempt with the study subjects in a sitting position for at
least 5 minutes. Three milliliters of blood was drawn into a
Vacutainer containing 3.8% buffered sodium citrate. Mixtures of
blood and sodium citrate were centrifuged (model 5400; Kubota
Corp) for 15 minutes at 1500 rpm at room temperature. The
supernatant platelet-rich plasma was used to assess the platelet
activity.
Platelet activity was determined with respect to ␣-granule degranulation (surface expression of P-selectin or the CD 62p antigen).
Details of the procedure have been described previously.12 In brief,
a fluorescein isothiocyanate-conjugated antibody to glycoprotein IIIa
(CD61; Becton Dickinson) was used as an activation-independent
marker of platelets. A phycoerythrin (PE)-conjugated anti-CD62
antibody (Becton Dickinson) was used to assess ␣-granule degranulation. The association of ligands with platelets was determined
with a fluorescence-activated cell sorter (FACSCalibur system;
Becton Dickinson). The control ligand (IgG-PE conjugate) was used
to detect any nonspecific association and to permit the definition of
a threshold for activation-dependent binding. The percentage of
platelets expressing P-selectin was defined as the fraction exhibiting
specific binding (ie, being CD62p-positive) minus that exhibiting
nonspecific binding (ie, the percentage defined with the IgG-PE
conjugate) from the 10 000 platelets sorted. The assays for P-selectin
expression in each blood sample were performed in duplicate, with
the mean level reported.

Medications
Aspirin was the first choice for acute stroke patients unless they were
allergic or intolerant to aspirin, such as having a history of peptic
ulcer or upper gastrointestinal tract bleeding during aspirin therapy.
Clopidogrel was used in patients who could not tolerate aspirin
therapy. If there were thrombi in the carotid artery confirmed by
duplex scanning, heparinization was administered and followed by
long-term warfarin therapy. Therefore, 53 patients received aspirin,
26 patients received clopidogrel, and 13 patients received warfarin
after the stroke for secondary prevention.

Statistical Analysis
Data were expressed as mean⫾SD. Categorical variables were
compared using 2 or Fischer exact test. Univariate analyses were
performed using Student t test. Continuous variables among 3 groups
were compared using 1-way ANOVA for parametric data and
Kruskal–Wallis test for nonparametric data, followed by post hoc
multiple comparison procedure. Repeated measures of ANOVA
were used for comparison of platelet activity among 4 intervals (⬍48
hours, and on days 7, 21, and 90) and individual effect of 3 drugs in
suppression of platelet activation among 3 intervals (⬍48 hours, and
on days 21 and 90). We used Scheffe multiple comparison to analyze
the intraindividual course of parameters over time and to compare
parameters of different groups. Arcsine transformation of CD62p
expression on platelets was used to improve the normality for
statistical analysis; P⬍0.05 was considered statistically significant.

Results
Baseline Characteristics of Study Patients
The baseline characteristics among 3 groups are shown
(Tables 1 and 2). The systolic and diastolic blood pressures
on presentation were significantly higher in stroke patients
than in at-risk control and normal control subjects. The
incidence of percutaneous coronary intervention before the
study entry was significantly higher in the at-risk control
subjects than in stroke patients. White blood cell counts were
significantly higher in stroke patients than in the at-risk
control and normal control subjects at any time point after
ischemic stroke (P⬍0.005). Platelet counts were significantly
lower in stroke patients and at-risk control subjects compared
with healthy subjects. However, there was no significant
difference in platelet counts between stroke patients and
at-risk control subjects at any time point after ischemic
stroke.

Serial Changes in Circulating Platelet Activity
Data on platelet expression of P-selectin among the 3 groups
and serial changes in platelet activity in stroke patients are
shown on Figure 1. The intra-assay variability based on
repeated measurements of the same blood sample was low,
with mean coefficients of variance of 7.3% (within 48 hours),
6.8% (on day 7), 6.9% (on day 21), and 6.6% (on day 90) in
stroke patients; 5.9%, 6.3%, 5.6%, 6.6% in 4 time intervals in
at-risk control subjects; and 5.6% in normal subjects,
respectively.
CD62p expression was significantly higher in patients
during the acute phase of stroke (3.4⫾2.2%) than in at-risk
control subjects (1.6⫾0.7%) and healthy subjects
(1.4⫾0.6%) (both P⬍0.0001). There was no significant
difference in CD62p expression in the acute stroke period
(3.4⫾2.2% within 48 hours versus 3.2⫾2.4% on day 7;
P⫽0.86). However, CD62p expression substantially decreased over time after stroke, being 3.4⫾2.2% in the acute
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Baseline Characteristics of Stroke in At-Risk and Normal Control Groups

Variables
Age (y) (mean⫾SD)

Study Patients
(n⫽87)

At-Risk Control
(n⫽33)

Normal Control
(n⫽20)

P

66.3⫾10.9

66.1⫾8.6

63.2⫾6.9

0.44

Male % (n)

58.6 (51)

54.5 (18)

55.0 (11)

0.90

Hypertension % (n)

77.0 (67)

72.7 (24)

—

0.62

Diabetes mellitus % (n)

43.7 (38)

39.4 (13)

—

0.76

Current smoking % (n)

25.3 (22)

27.3 (9)

—

0.82

Hypercholesterolemia % (n)

54.0 (47)

51.5 (17)

—

0.81

Previous stroke by history % (n)

27.6 (24)

—

—
—

Previous stroke by MRI % (n)

36.8% (32)

—

Coronary angioplasty % (n)

21.8% (19)

51.5% (17)

—

Systolic BP (mm Hg)

164.0⫾27.3*

138.2⫾13.5†

128.5⫾11.6†

⬍0.0001

Diastolic BP (mm Hg)

89.4⫾19.5*

75.2⫾8.6†

76.0⫾7.2†

⬍0.0001

Body temperature (°C)

36.6⫾0.5

36.4⫾0.5

36.7⫾0.4

0.09

—

0.0015

Modified Rankin scale score
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Score on presentation ⱖ3, % (n)

85.1 (74)

—

—

Score on day 90 ⱖ3, % (n)

21.8 (19)

—

—

—

1.1⫾0.7

1.1⫾0.3

1.0⫾0.2

0.77

Calcium (mg/dL)

8.8⫾0.4

9.0⫾0.3

9.1⫾0.3

0.16

Hs-CRP (mg/L)

6.0⫾6.7*

2.2⫾2.4†

1.4⫾1.3†

⬍0.0001

Creatinine (mg/dL)

* and † indicate significant difference (at 0.05 level) by Tukey multiple comparison procedure.

stage versus 2.6⫾2.6% on day 21 (P⬍0.01). It remarkably
decreased on day 90 (3.4⫾2.2% versus 2.1⫾1.8%;
P⬍0.0001). CD62p expression showed no significant difference between days 21 and 90 after stroke. CD62p expression
remained significantly higher in stroke patients on day 21
(P⫽0.002) and on day 90 (P⫽0.013) than in normal subjects.
Moreover, CD62p expression was also significantly higher in
stroke patients on day 21 than in at-risk control subjects
(P⫽0.013). However, this difference was no longer significant between stroke patients and at-risk control subjects on
day 90. CD62p expression did not differ between the 2
control groups. Moreover, there was no significant difference
in CD62p expression in at-risk control subjects at any time
point of study period (P⫽0.87).
TABLE 2.

Pharmacodynamic Modulation of
CD62p Expression
CD62p expression did not differ among patients treated with
aspirin, clopidogrel, or warfarin in the acute phase (⬍48
hours). However, on day 90, CD62p expression was significantly suppressed by clopidogrel treatment compared with
either aspirin or warfarin treatment (P⫽0.028) (Figure 2).
Moreover, repeated measures of ANOVA demonstrated that
CD62p expression was most remarkably suppressed by clopidogrel (P⬍0.0001), followed by aspirin (P⫽0.024), but
was not significantly suppressed by warfarin (P⫽0.86) on
day 90 after stroke.
Two-way ANOVA was used to assess the association
between different variables (age, sex, cardiovascular risk

Serial Changes of WBC and Platelets in Patients After Ischemic Stroke
⬍48 Hours

Day 7

Day 21

Day 90

P

Study patients (n⫽87)

7.5⫾2.0*

7.3⫾4.0¶

6.9⫾2.8¶

7.1⫾3.3¶

0.324

At-risk control (n⫽33)

5.9⫾1.3†

5.7⫾1.8储

5.6⫾2.8储

6.0⫾1.2储

0.421

Normal control (n⫽20)

5.4⫾0.8†

Variables
WBC (⫻103/mL)

Platelet (⫻104/mL)
Study patients (n⫽87)

21.1⫾5.5‡

22.8⫾5.8

22.1⫾3.8

21.8⫾4.3

0.621

At-risk control (n⫽33)

22.3⫾6.0§

23.2⫾4.9

22.1⫾8.0

22.6⫾7.0

0.648

Normal control (n⫽20)

24.5⫾4.8§

Data are expressed as mean⫾SD of patients. WBC indicates white blood cells.
Symbols (*, †, ‡, §, ¶, 储) indicate significant difference (at 0.05 level) by Tukey multiple comparison
procedure.
* versus †, P⬍0.0001.
‡ versus §, P⫽0.019.
¶ versus 储, P⬍0.005 at any time point after ischemic stroke.
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than in both control groups and in the chronic stage compared
with healthy subjects. Finally, after 3 months of follow-up,
clopidogrel treatment was associated with significantly decreased CD62p expression.

Kinetic Changes in CD62p Expression After Acute
Ischemic Stroke
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Figure 1. Serial changes of CD62p expression in stroke patients
and baseline CD62p expression in normal and at-risk control
subjects.
*P⬍0.0001, study patients versus normal and at-risk control
subjects.
†P⬍0.01, ⬍48 hours versus day 21 in study patients.
‡P⬍0.0001, ⬍48 hours versus day 90 in study patients.
§P⫽0.0013, study patients versus normal subjects on day 90.

factors, previous stroke and aspirin, warfarin or clopidogrel
treatment) and platelet activity. On day 90, only clopidogrel
treatment (1.4⫾0.8 versus 2.4⫾1.9; P⫽0.0016) was significantly independently associated with decreased CD62p
expression.

Discussion
The present study, in which we examined circulating platelet
activation expressed by CD62p in patients after acute ischemic stroke, produced 3 major findings. First, CD62p expression was significantly higher in acute stroke patients compared with at-risk control subjects and healthy volunteers.
Second, CD62p expression substantially decreased over time
after the stroke. However, CD62p expression remained significantly higher in stroke patients in the convalescence stage

Figure 2. Pharmacodynamic modulation of CD62p expression.
White bar, gray bar, and black bar represent the effect of warfarin, aspirin, and clopidogrel in suppression of CD62p expression, respectively.
*P⫽0.86, ⬍48 h versus day 90 in the warfarin group.
†P⬍0.024, ⬍48 h versus day 90 in the aspirin group.
‡P⫽0.0001, ⬍48 h versus days 21 and 90 in the clopidogrel
group.
§P⫽0.028, clopidogrel versus aspirin or warfarin on day 90.

Recently, Marquardt et al9 demonstrated that CD62p expression was higher on day 1 after a stroke than in normal and
at-risk control subjects, and that the expression decreased
rapidly thereafter. They suggested that such a rapid and
dramatic decrease in CD62p expression was attributed to the
shedding of CD62p from cell surfaces. In our study, we also
found the same kinetic changes in CD62p expression.
P-selectin, which is a platelet ␣- granule protein, serves as an
adhesion receptor involved in the binding of platelets to
leukocytes during the inflammatory reaction.13 We propose
that in addition to shedding of CD62p from cell surfaces,
diminution of the underlying inflammatory process after
stroke also contributes, in part, to decreased CD62p expression in the convalescence and chronic phases after stroke.
Given that a substantial percentage of our patients had
pre-existing cardiovascular or cerebrovascular disease, it is
not surprising to observe enhanced platelet activity in the
chronic phase after a stroke caused by shear stresses as a
result of narrowing of the vascular trees in our patients.2,14
Our results are concordant with recent studies,3,8,15 which
demonstrated that persistently increased platelet activation in
stroke patients could, in part, be the result of the chronic
inflammatory process, vascular risk factors,16 diffuse atherosclerotic lesions,16 or the extent of vascular damage caused by
a stroke.3

Pharmacodynamic Modulation of
CD62p Expression
A previous study demonstrated that there was no correlation
between platelet activity and the coagulation status. Despite
similar international normalized ratio, platelet reactivity
showed great individual variation.17 Therefore, there are still
controversial results regarding the effect of warfarin on
platelet activity.3,6,17 In our study, CD62p expression with
warfarin therapy did not differ between the acute and chronic
stages after a stroke. Our result corroborates the findings of
recent studies3,6 that observed that warfarin therapy did not
affect CD62p expression. Although our study was not designed to test whether persistent CD62p expression is a risk
factor for recurrent ischemic events, our finding should raise
suspicion about whether anticoagulants are effective in stroke
prevention in patients with ischemic events other than cardioembolic events.
Antiplatelet therapy has been a mainstay of primary and
secondary stroke prevention.4,5 Despite numerous large clinical trials4,5 showing a risk reduction for cardiovascular and
cerebrovascular events in patients using aspirin, some investigators found that aspirin substantially suppressed platelet
activation,3,6 whereas other investigators found partially suppressed18,19 or unchanged CD62p expression after treatment
with aspirin.2,15 In our study, although aspirin therapy was
used in the majority (57.5%) of our patients, aspirin therapy
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was not significantly independently associated with decreased CD62p expression on day 90 after stroke using 2-way
ANOVA. Perhaps our findings may help explain why aspirin
is only partially effective in preventing thrombotic events and
degranulation of ␣-granules.19 However, we found that clopidogrel therapy was significantly independently associated
with decreased CD62p expression on day 90 after stroke. Our
results indicate that clopidogrel has clear advantages over
aspirin in terms of suppression of CD62p expression; therefore, these results further confirm recent other
observations.15,20

Study Limitations
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There are several limitations to this study. First, although we
demonstrated that aspirin therapy is not associated with
decreased CD62p expression on day 90 after the stroke using
2-way ANOVA, we could not completely exclude the role of
aspirin in primary and secondary prevention of ischemic
stroke. Second, physiological assays, such as those for
determining platelet aggregation or adherence, were not
performed in this study. Therefore, the increased platelet
P-selectin expression may not necessarily be reflected in
changes in platelet physiological function. Finally, we did not
evaluate the association between the extent of brain infarction, clinical outcomes, and the fraction of circulating platelets expressing P-selectin. Neurological scores might have
correlated better with the site of brain infarct rather than the
extent of brain infarction.
In conclusion, platelet activation, as reflected by measurements of CD62p expression of circulating platelets, is present
in the acute phase of stroke and substantially decreases over
time after a stroke. In addition, CD62p expression remained
significantly higher among stroke patients in the convalescence and chronic phases as compared with healthy volunteers. As compared with aspirin, clopidogrel treatment was
associated with significantly decreased CD62p expression in
the convalescence and chronic phases of ischemic stroke.

Acknowledgments
This study is supported by a program grant from the National Science
Council, Taiwan, Republic of China (grant NSC 91-2314-B-182A-062).

References
1. van Kooten F, Ciabattoni G, Patrono C, Schmitz PI, Van Gijn J,
Koudstaal PJ. Evidence for episodic platelet activation in acute ischemic
stroke. Stroke. 1994;25:278 –281.
2. Zeller JA, Tschoepe D, Kessler C. Circulating platelets show increased
activation in patients with acute cerebral ischemia. Thromb Haemost.
1999;81:373–377.

Platelet Activation After Ischemic Stroke

1687

3. van Kooten F, Ciabattoni G, Koudstaal PJ, Dipple DWJ, Patrono C.
Increased platelet activation in the chronic phase after cerebral ischemia
and intracerebral hemorrhage. Stroke. 1999;30:546 –549.
4. Chen ZM, Sandercock P, Pan HC, Counsell C, Collins R, Liu LS, Xie JX,
Warlow C, Petro R. on behalf of the CAST and IST collaborative groups.
Indications for early aspirin use in acute ischemic stroke: a combined
analysis of 40000 randomized patients from the Chinese Acute Stroke
Trial and the International Stroke Trial. Stroke. 2000;31:1240 –1249.
5. Antiplatelet Trialists’ Collaboration. Collaborative overview of randomized trials of antiplatelet therapy-I: prevention of death, myocardial
infarction, and stroke by prolonged antiplatelet therapy in various categories of patients. BMJ. 1994;308:81–106.
6. Joseph R, D’Andrea G, Oster S, Welch K. Whole blood platelet function
in acute ischemic stroke: importance of dense body secretion and effects
of antithrombotic agents. Stroke. 1989;20:38 – 44.
7. Tohgi H, Suzuki H, Tamura K, Kimura B. Platelet volume, aggregation,
and adenosine triphosphate release in cerebral thrombosis. Stroke. 1991;
22:17–21.
8. Meiklejohn DJ, Vickers MA, Morrison ER, Dijkhuisen R, Moore I,
Urbaniak, Greaves M. In vivo platelet activation in atherothrombotic
stroke is not determined by polymorphisms of human platelet glycoprotein IIIa or Ib. Br J Haematol. 2001;112:621– 631.
9. Marquardt L, Ruf A, Mansmann U, Winter R, Schuler M, Buggle F,
Mayer H, Grau AJ. Course of platelet activation markers after ischemic
stroke. Stroke. 2002;33:2570 –2574.
10. Cox D. Methods for monitoring platelet function. Am Heart J. 1998;135:
S161–S169.
11. van Swieten JC, Koudstaal PJ, Visser MC, Schouten HJA, Gijn J. Interobserver agreement for the assessment of handicap in stroke patients.
Stroke. 1988;19:604 – 607.
12. Chen MC, Wu CJ, Yip HK, Chang HW, Fang CY, Yu TH, Fu M.
Increased regional left atrial platelet activity in patients with rheumatic
mitral stenosis: a correlation study of severity of mitral stenosis and
platelet P-selectin expression by flow cytometry. Chest. 2003;124:
1663–1669.
13. Hamburger SA, McEver RP. GMP-140 mediates adhesion of stimulated
platelets to neutrophils. Blood. 1990;75:550 –554.
14. Konstantopoulos K, Grotta JC, Sills C, Wu KK, Hellums JD. Shearinduced platelet aggregation in normal subjects and stroke patients.
Thromb Haemost. 1995;74:1329 –1334.
15. Yamazaki M, Uchiyama S, Iwata M. Measurement of platelet fibrinogen
binding and p-selectin expression by flow cytometry in patients with
cerebral infarction. Thromb Res. 2001;104:197–205.
16. Davi G, Gresele P, Violi F, Basili S, Catalano M, Giammarresi C,
Volpato R, Nenci GG, Giabattoni G, Patrono C. Diabetes mellitus, hypercholesterolemia, and hypertension but not vascular disease per se are
associated with persistent platelet activation in vivo. Evidence derived
from the study of peripheral arterial disease. Circulation. 1997;96:69 –75.
17. Kovacs IB, Murhpy M, Brain E. Effect of warfarin on arterial thrombogenesis: problems on monitoring. Am J Hematol. 1993;42:322–327.
18. Grau AJ, Ruf A, Vogt A, Lichy C, Buggle F, Patscheke H, Hacke W.
Increased fraction of circulating activated platelets in acute and previous
cerebrovascular ischemia. Thromb Haemost. 1998;80:298 –301.
19. Chronos NAF, Wilson DJ, Janes SL, Hutton RA, Buller NP, Goodall AH.
Aspirin does not affect the flow cytometric detection of fibrinogen
binding to, or release of ␣-granules or lysosomes from, human platelets.
Clinical Science. 1994;87:575–580.
20. Kabbani SS, Watkins MW, Ashikaga T, Terrien EF, Holoch PA, Sobel
BE, Schneider DJ. Platelet reactivity characterized prospectively: a determinant of outcome 90 days after percutaneous coronary intervention.
Circulation. 2001;104:181–186.

Serial Changes in Platelet Activation in Patients After Ischemic Stroke: Role of
Pharmacodynamic Modulation
Hon-Kan Yip, Shun-Sheng Chen, Josef S. Liu, Hsueh-Wen Chang, Yi-Fen Kao, Min-Yu Lan,
Yung-Yee Chang, Shung-Lon Lai, Wei-Hsi Chen and Mien-Cheng Chen
Downloaded from http://stroke.ahajournals.org/ by guest on April 1, 2017

Stroke. 2004;35:1683-1687; originally published online May 20, 2004;
doi: 10.1161/01.STR.0000131658.80951.c3
Stroke is published by the American Heart Association, 7272 Greenville Avenue, Dallas, TX 75231
Copyright © 2004 American Heart Association, Inc. All rights reserved.
Print ISSN: 0039-2499. Online ISSN: 1524-4628

The online version of this article, along with updated information and services, is located on the
World Wide Web at:
http://stroke.ahajournals.org/content/35/7/1683

Permissions: Requests for permissions to reproduce figures, tables, or portions of articles originally published
in Stroke can be obtained via RightsLink, a service of the Copyright Clearance Center, not the Editorial Office.
Once the online version of the published article for which permission is being requested is located, click
Request Permissions in the middle column of the Web page under Services. Further information about this
process is available in the Permissions and Rights Question and Answer document.
Reprints: Information about reprints can be found online at:
http://www.lww.com/reprints
Subscriptions: Information about subscribing to Stroke is online at:
http://stroke.ahajournals.org//subscriptions/

