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8 Abstract

9 Introduction: The purpose of the present study was to study the concept of aspirin resistance or non-responsiveness by investigating the

10 response to long-term aspirin therapy in patients with a former acute myocardial infarction (AMI). Materials and methods: Patients with an

11 AMI (n = 202) randomly assigned to aspirin 160 mg/day (n = 71), aspirin 75 mg/day and warfarin (INR 2.0–2.5) (n = 58) or warfarin (INR

12 2.8–4.2) (n = 73) were evaluated by the PFA-100R, biochemical variables and clinical events after a mean treatment period of 4 years.

13 Results: The limit for being an aspirin non-responder was defined as the 95th percentile value in the warfarin alone group (196 s) with the

14 epinephrine cartridge. In patients on aspirin alone 25/71 (35%) were non-responders and on the combination 23/58 (40%). With the

15 adenosine diphosphate (ADP) cartridge only minor differences were found. The levels of thromboxane B2 in both aspirin groups, in

16 responders as well as in non-responders, were extremely low compared to the warfarin alone group. Evaluating both aspirin groups together

17 (n = 129), the levels of soluble P-selectin were significantly higher in non-responders as compared to responders ( p = 0.012). During the

18 observation period of 4 years with limited number of events, there was a tendency for higher event rates in non-responders as compared to

19 responders (36% vs. 24%, p = 0.28). Conclusions: In our evaluation of the PFA-100R a considerable number of post-AMI patients seemed to

20 be non-responders to long-term aspirin therapy in doses of 75 and 160 mg/day. Circulating levels of P-selectin were higher in the non-

21 responders. A tendency to higher incidence of clinical events among non-responders was observed.

22 D 2003 Published by Elsevier Science Ltd.
23
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2627 1. Introduction

28 Aspirin is commonly used for primary and secondary

29 prevention against thromboembolic complications of athe-

30 rosclerotic disease, and its effects are well documented

31 [1].

32 However, some patients on aspirin treatment still expe-

33 rience thromboembolic events, and the possible individual

34 variation in the response to aspirin has been discussed.

35 Several studies have, by using different methods of measur-

36 ing platelet activity, shown individual variations in the

37influence of aspirin treatment [2–7]. This has led to the

38introduction of the concept of aspirin resistance or non-

39responsiveness.

40Laboratory methods for evaluation of platelet function

41are complicated and time-consuming. Levels of beta-throm-

42boglobulin (h-TG) and soluble P-selectin have in some

43studies been used as markers of platelet activation [8,9],

44whereas platelet response to aspirin treatment has mostly

45been evaluated by platelet reactivity (PR) index [3], platelet

46aggregate ratio (PAR) [7], conventional platelet aggregation

47[4–6] and cutaneous bleeding time [2]. The inconsistency of

48the results related to aspirin response with the different

49methods used have contributed to confusion in this field. As

50most studies document a substantial inhibition of the pro-

51duction of thromboxane A2 in all patients studied, the term

52aspirin resistance seems inappropriate.

53The clinical relevance of this possible lack of response to

54aspirin treatment has been investigated by Grotemeyer et al.

55[10]. With the PR test used they showed, in stroke patients

56treated with aspirin 500 mg three times daily for 2 years,
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57 that 5 out of 114 (4,4%) responders and 24 out of 60 (40%)

58 non-responders suffered an endpoint defined as stroke,

59 myocardial infarction or vascular death.

60 In the study of Buchanan et al. [11] in patients under-

61 going coronary artery bypass grafting (CABG) treated with

62 325 mg aspirin daily, cutaneous bleeding time was used to

63 identify non-responders. They could not demonstrate any

64 statistically significant differences between responders and

65 non-responders in thrombotic events after 2 years of follow-

66 up.

67 With the recent introduction of the PFA-100R method,

68 studies of platelet function especially related to the influence

69 of aspirin have become more convenient and suitable for

70 clinical practise. PFA-100R is a simple and rapid method to

71 determine platelet function where whole blood samples can

72 be kept at room temperature for up to 4 h after sample

73 collection before analysis.

74 The purpose of the present study was to investigate the

75 response to long-term aspirin therapy in a population of

76 patients with a former acute myocardial infarction (AMI),

77 evaluated by the PFA-100R. In addition, we wanted to study
78 the reproducability of the test over several months. The

79 relation between the tested response to aspirin and clinical

80 events during 4 years of follow-up was also recorded.

81 2. Materials and methods

82 A subset of patients included in the Warfarin–Aspirin

83 Reinfarction Study (WARIS) II trial [12] was studied. Two

84 hundred and two patients with AMI had been randomly

85 assigned to treatment with aspirin (Albyl-E, Nycomed

86 Pharma, Norway) 160 mg/day (n = 71), aspirin 75 mg/day

87 and warfarin (Marevan, Nycomed Pharma) with target INR

88 2.0–2.5 (n = 58) or warfarin alone with target INR 2.8–4.2

89 (n = 73).

90 After a mean treatment period of 4 years, platelet

91 function was evaluated by the PFA-100R (Platelet Function

92 Analyzer, Dade Behring, Leiderbach, Germany) in a fasting

93 state 24 h after the last dose of aspirin. Citrated blood (0.129

94 M trisodium citrate in dilution 1:10) was used and the

95 analyses were performed within a range of 30 min and 2

96 h after blood collection. The PFA-100R evaluates platelet

97 function by determining the time to occlusion of an aperture

98 in a membrane coated with collagen and adenosine diphos-

99 phate (ADP) or epinephrine (EPI) as citrated whole blood

100 flows under high shear stress conditions.

101 Measurements of time to aperture occlusion (closure

102 time, CT) were performed using both a collagen/EPI car-

103 tridge and a collagen/ADP cartridge. After 300 s, the

104 process automatically terminates, inferring that longer CT’s

105 will be reported as 300 s. According to the manufacturer, in

106 healthy individuals, CT ranges with EPI are reported to be

107 94–193 s, and 71–118 s with ADP. The inter-assay coef-

108 ficient of variation (CV%) in our laboratory was < 4% for

109 both (different individuals with 10 parallel samples from

110each were analysed on the same day). The same batches of

111the PFA-100R cartridges were used throughout.

112In addition, the following measurements were made:

113platelet count and volume determined by conventional

114methods using EDTA blood and performed within 4 h;

115h-TG determinations in CTAD-plasma (containing sodium

116citrate, theophylline, adenosine and dipyridamole), handled

117according to the manufacturer (Diatube H, Diagnostica

118Stago, Asnières, France) (Asserachrom h-TG, Diagnostica
119Stago); soluble P-selectin in citrated plasma separated

120within 1 h (R&D Systems Europe, Abingdon, Oxon,

121UK); serum thromboxane B2 measured with a method

122previously described [13]. In brief: vacutainer tubes with-

123out anticoagulants were kept at 37 jC for 1 h before

124centrifugation to allow maximal generation of thrombox-

125ane A2.

126To study the stability of aspirin response over time, 40 of

127the patients in the aspirin alone group were re-examined

128with the PFA-100R after a further 4 months, and 20 of these

129were examined a third time after an additional 4 weeks.

130In the WARIS II trial, the main endpoint was combined

131including death, non-fatal reinfarction and stroke. In the

132present setting, only non-fatal reinfarction and stroke

133could be counted in the survivors that were tested. In ad-

134dition, the secondary endpoint of need for revasculariza-

135tions (CABG or percutaneous coronary intervention (PCI))

136was recorded.

137

1382.1. Statistics

139All continuous variables are given as median value and

14025,75 percentiles, while categorical variables are given as

141percentages.

142Demographic variables were tested for differences

143between the treatment groups by one-way analysis of var-

144iance (ANOVA).

145Assuming skewed distribution, especially of the CT

146values, nonparametric tests were used. Kruskal–Wallis test

t1.1Table 1

Some demographic variables of the patients in the three study groups t1.2

Aspirin

(160 mg)

Aspirin

(75 mg+warfarin)

Warfarin p t1.3

n 71 58 73 t1.4
Age

(years)a
65.8

(43–81)

67.3

(47–81)

66.4

(44–82)

0.910 t1.5

Sex

(male %)

79 74 77 0.821 t1.6

Current

smoker (%)

35 22 34 0.268 t1.7

Diabetes

mellitus (%)b
7 10 4 0.381 t1.8

Hypertension (%)b 13 24 22 0.205 t1.9

p values refer to differences between treatment groups. t1.10
a Median values (range). t1.11
b At randomization in the WARIS II trial. t1.12

K. Andersen et al. / Thrombosis Research 2126 (2003) 1–62
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147 was used for comparison of all treatment groups, and

148 Mann–Whitney’s rank sum for comparison of individual

149 group differences, and of the differences between respond-

150 ers and non-responders. Chi-square test was used to

151 evaluate the differences in the numbers of responders in

152 the two aspirin groups, and for differences in the appear-

153 ance of clinical events in the aspirin alone group. A two-

154 tailed value of p < 0.05 was considered statistically sig-

155 nificant.

156The statistical analyses were performed with SPSS for

157Windows version 10.0 package.

1583. Results

159Some demographic variables of the patients in the three

160study groups are given in Table 1. There were no statisti-

161cally significant differences between the groups.

162The CT’s measured with the collagen/epinephrine (CT/

163EPI) are presented in Figs. 1 and 2. Median (25,75 percen-

164tiles) CT/EPI was 293 s (164,300) on aspirin (160 mg/day)

165alone, 227 s (159,300) on the combination of warfarin and

166aspirin (75 mg/day) and 123 s (111,145) on warfarin alone.

167In patients on aspirin (both groups), the CT/EPI were

168significantly higher than in those on warfarin alone

169( p < 0.001 for both), while there was no statistically sig-

170nificant difference between the two aspirin groups. CT/EPI

171levels >300 s were not obtained in any patient on warfarin

172alone, in 26/58 (45%) on the combination and in 35/71

173(49%) on aspirin alone.

174We defined the 95th percentile of the CT/EPI in the

175patients on warfarin alone as the limit for being aspirin non-

176responder (V 196 s). On aspirin alone, 25/71 (35%) pre-

177sented as non-responders and on the combination, 23/58

178(40%) ( p = 0.603).

179The CT’s with the collagen/ADP cartridge (CT/ADP)

180were median 81 s (25,75 percentiles 74,99) on aspirin alone,

18176 s (67,98) on the combination and 75 s (67,87) on

182warfarin alone. In patients on aspirin alone, the CT/ADP

183were significantly higher than in those on warfarin alone

184( p = 0.002), while there were no statistically significant

185differences between the other groups.

186The levels of thromboxane B2 are shown in Table 2. As

187can be seen, in both aspirin groups, in responders as well as

Fig. 1. Distribution of the CT’s measured with CT/EPI in the different

treatment groups.

Fig. 2. Median values, 25,75 percentiles and range of the CT’s measured

with CT/EPI in the different treatment groups. **p< 0.001.

K. Andersen et al. / Thrombosis Research 2126 (2003) 1–6 3
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188 in non-responders, the levels were extremely low compared

189 to the warfarin alone group ( p < 0.001 for both), indicating

190 good compliance of aspirin intake, and inhibition of the

191 cyclooxygenase pathway.

192 The data on platelet counts, platelet volume, h-TG and

193 soluble P-selectin are also presented in Table 2. There were

194 neither statistically significant differences between the treat-

195 ment groups, nor between aspirin responders and non-

196 responders within the treatment groups. However, evaluat-

197 ing both aspirin groups together, the levels of P-selectin

198 were significantly higher in non-responders as compared to

199 responders ( p = 0.012).

200 The individual results (CT/EPI) of the 40 patients (20

201 responders and 20 non-responders) from the aspirin alone

202 population who were re-tested 4 months later are visualized

203 in Fig. 3. Four patients (10%) demonstrated a change that

204made them cross the line between responder and non-

205responder. Among the 20 patients of whom 13 were

206responders and 7 non-responders initially, who were tested

207a third time after another 4 weeks, two patients (10%) now

208crossed the line, one of whom was a responder at the initial

209test, non-responder at the second test and responder again at

210the last test.

211During the mean observation period of 4 years, 7

212patients in the aspirin alone group suffered a primary

213non-fatal event predefined as AMI or thromboembolic

214stroke, and 18 were revascularized (Table 3). Among the

215non-responders, 3 out of 25 patients (12%) suffered a

216primary event, as compared to 4 out of 46 (8.7%) among

217the responders. Among the non-responders, 9 (36%) were

218revascularized, as compared to 9 (20%) among the res-

219ponders. Counting all patients with any clinical event, the

t2.1 Table 2

Thromboxane B2, platelet counts, mean platelet volume, h-TG and P-selectin in the three study groups, and according to aspirin responsivenesst2.2

Aspirin (160 mg) Aspirin (75 mg+warfarin) Warfarin Both aspirin groupst2.3

Responders Non-responders Responders Non-responders Responders Non-responderst2.4

n 46 25 35 23 73 81 48t2.5
Thromboxane

B2 (ng/ml)

2 (0,2) 2 (1,2) 4 (2,8) 2 (1,10) 198* (185,258) 2 (1,6) 2 (1,4)t2.6

Platelet

count� 109/l

206 (182,231) 224 (201,250) 202 (169,231) 187 (176,217) 201 (168,234) 205 (174,231) 212 (180,241)t2.7

Mean platelet

volume (fl)

10.9 (10.2,11.4) 10.7 (10.4,11.4) 10.5 (10.0,11.2) 10.5 (10.2,11.1) 10.4 (9.9,11.2) 10.7 (10.1,11.2) 10.7 (10.3,11.1)t2.8

h-TG (IU/ml) 25.3 (19.1,39.7) 30.4 (19.9,41.7) 30 (20.8,43.5) 27.7 (22.9,39.3) 32.9 (20.2,56.2) 27.8 (19.8,40.4) 28.3 (21.8,39.8)t2.9
P-selectin (ng/ml) 43.3 (35.8,50.0) 48.7 (37.5,55.5) 42.6 (34.0,47.9) 44.8 (40.8,50.5) 42.8 (37.3,52.0) 42.6 (35.0,48.4) 46.4y (39.5,54.1)t2.10

Values are given as medians (25 and 75 percentiles).t2.11
*p< 0.001 for difference from the aspirin groups.t2.12
y p= 0.012 for difference from responders.t2.13

Fig. 3. CT/EPI (s) in patients re-tested. CT/EPI 1 is the initial test (n= 40), CT/EPI 2 the test 4 months later (n= 40) and CT/EPI 3 the test after another 4 weeks

(n= 20). The dotted line at CT 196 s represents the cut-off between responders and non-responders. The thicker line at CT 300 s represents all the patients who

reached the maximum CT 300. The rest of the lines represent one patient each.

K. Andersen et al. / Thrombosis Research 2126 (2003) 1–64
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220 numbers were 9 (36%) among the non-responders and 11

221 (24%) among the responders. Statistically, no significant

222 differences were obtained.

223 4. Discussion

224 Our results show that, measured by the PFA-100R
225 method with the collagen/EPI cartridge 24 h after the last

226 aspirin intake, a large number of post-AMI patients seems to

227 be non-responders to aspirin. As also described by others

228 [2,5–7,14], we found a certain tendency to dose–response,

229 although not statistically significant. By our definition of

230 response, there were 40% of non-responders in the group

231 taking 75 mg aspirin daily, and 35% in the group taking 160

232 mg aspirin daily. These figures are quite high compared to

233 some earlier reports.

234 The higher dose of aspirin used in some other studies [3–

235 6] may, due to the tendency to dose–response, partly

236 explain the lower prevalence of aspirin non-responders

237 found in these studies.

238 In the present study, measurements were made 24 h after

239 the last aspirin intake. Previous studies have indicated an

240 effect of time, with the larger effect of aspirin 2 h after tablet

241 intake, and reduced effect after 12 and 24 h [3,7]. This may

242 also partly explain the higher number of non-responders in

243 our study compared with others where the tests were

244 performed more shortly after intake. In some studies, the

245 time relation between medication and blood sampling was

246 not reported. Thus, in spite of the long duration of the effect

247 of aspirin upon platelets, it seems important to standardize

248 the interval between tablet intake and testing for aspirin

249 response, even within the first 24 h.

250 One might argue that our cut-off level between respond-

251 ers and non-responders (196 s defined as the 95th percentile

252 of the CT obtained in patients with a former myocardial

253 infarction currently treated with warfarin) is arbitrary, and

254 that choosing another cut-off level would result in a differ-

255 ent percentage of non-responders. However, our cut-off

256 level corresponds with that reported by Mammen et al.

257 [15] (191 s defined as the 95th percentile in healthy adults)

258 and is also in accordance with the upper reference limit

259 described by the manufacturer.

260Most other studies have used other methods than the

261PFA-100R to evaluate platelet function, which obviously

262might also influence the numbers of responders/non-res-

263ponders found.

264With the ADP cartridge, there were only small differ-

265ences between the treatment groups. Although the differ-

266ence between the aspirin alone and the warfarin alone

267groups was statistically significant, this difference is prob-

268ably too small for any practical use on the individual basis.

269The latter suggestion is in accordance with other findings

270indicating that the ADP cartridge is not sensitive to aspirin

271[14–18].

272As also known from the literature [2], and documented in

273the present study, thromboxane B2 levels are very low in

274patients taking aspirin, independent of so-called aspirin

275responsiveness. The platelets in non-responders as a group

276are obviously not resistant to aspirin, as their cyclooxygenase

277is largely inhibited. The sensitivity to very low levels of

278thromboxane A2 in an individual is unknown, and with the

279method used one could not disregard that very low amounts

280still are present, thus implying true aspirin resistance. How-

281ever, in these patients as a group their activity and behaviour

282in various tests of platelet function are not influenced as

283expected with aspirin therapy. We have chosen the term

284aspirin non-response to describe this phenomenon. The most

285likely explanation for this phenomenon is that these individ-

286uals mainly activate their platelets via other pathways,

287independent of cyclooxygenase, for instance initiated by

288thrombin. In the present patient population with myocardial

289infarction, this thrombin pathway might be particularly

290relevant, as local thrombin generation is thought to be of

291major importance in atherothrombotic disease states [19].

292There were no significant differences in platelet counts or

293platelet volume between the treatment groups, or between

294responders and non-responders. Thus, aspirin treatment and

295response as measured by the PFA-100R did not seem to be

296reflected by the number or volume of the platelets in the

297present study. We also did not find any correlation with the

298levels of h-TG. The levels of P-selectin, on the other hand,

299were significantly higher in the non-responders. This obser-

300vation would fit with the suggestion that non-responders

301have more activated platelets despite aspirin treatment. The

302different expression of h-TG and P-selectin might be dis-

303cussed by their reflection of different mechanisms of platelet

304physiology [8].

305Our findings when re-testing the CT/EPI in patients on

306aspirin alone indicate that the measurements are reasonably

307stable over time. Ten percent of the patients tested in each

308interval of time crossed the line between responder and non-

309responder, including one who was a responder at the initial

310test, non-responder at the second test and responder again at

311the last test. This may of course be a result of methodo-

312logical inconsistency or bad compliance. On the other hand,

313one would expect the status of the platelets in some patients

314to change over time, for instance in relation to changing

315disease activity and related differences in platelet activation

t3.1 Table 3

Clinical events according to aspirin responsivenesst3.2

Responders Non-responders pt3.3

n (%) n (%)t3.4

Non-fatal myocardial

infarction or

thromboembolic stroke

4/46 8.7 3/25 12 0.691t3.5

Revascularization 9/46 19.6 9/25 36 0.128t3.6
Any clinical non-fatal event 11/46 23.9 9/25 36 0.280t3.7

Number of patients suffering a clinical event in the group of patients treated

with aspirin alone (n= 71), after a mean observation period of 4 years.t3.8
p values refer to differences between responders and non-responders.t3.9

K. Andersen et al. / Thrombosis Research 2126 (2003) 1–6 5
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316 pathways. Change in the response to aspirin over time has

317 also been shown by Helgason et al. [6], while Grotemeyer

318 [3] described stability. Both used methods other than PFA-

319 100R to study platelet activity.

320 The clinical results in this subset of patients from the

321 WARIS II trial might indicate that the non-responders are at

322 a higher risk of experiencing a thromboembolic event or of

323 being in need of revascularization. But the numbers are far

324 too small to convey any statistically significant results.

325 Accordingly, we do not yet know whether the phenom-

326 enon of aspirin non-response observed with the PFA-100R
327 has any clinical relevance. This will have to be tested in

328 larger prospective studies on populations using aspirin as

329 the only platelet-inhibiting drug against arterial throm-

330 boembolism. If the observed non-responsiveness to aspirin

331 is shown to be of clinical importance, the PFA-100R seems

332 to be a suitable tool for such testing on routine scale.

333 5. Conclusion

334 Evaluated by the PFA-100R 24 h after the last aspirin

335 intake, a considerable number of post-AMI patients seemed

336 to be non-responders to aspirin in doses of 75 and 160 mg/

337 day with some tendency to dose–response. Circulating

338 levels of P-selectin were also higher in the non-responders

339 compatible with more activated platelets than in the res-

340 ponders. The response seemed to be relatively stable over

341 time. The clinical implications of the observed aspirin non-

342 responsiveness need to be further clarified.
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385[14] Borris M, Söhngen D, Englisch C, et al. Measurement of the effect of

386aspirin and ticlopidine on platelet function with a simple in vitro

387bleeding test. Ann Hematol 1997;74(Suppl II):73 [Poster].

388[15] Mammen EF, Comp PC, Gosselin R, et al. PFA-100k system: a new

389method for assessment of platelet dysfunction. Semin Thromb He-

390most 1998;24:195–202.

391[16] Kottke-Marchant K, Powers JB, Brooks L, et al. The effect of anti-

392platelet drugs, heparin, and pre-analytical variables on platelet func-

393tion detected by the Platelet Function Analyzer (PFA-100R). Clin
394Appl Thromb/Hemost 1999;5:122–30.

395[17] Madan M, Berkowitz SD, Christie DJ, Jennings LK, Smit AC, Sig-

396mon KN, et al. Rapid assessment of glycoprotein IIb/IIIa blockade

397with the platelet function analyzer (PFA-100) during percutaneous

398coronary intervention. Am Heart J 2001;141:226–33.

399[18] Mammen EF, Alshameeri RS, Comp PC. Preliminary data from a field

400trial of the PFA-100k system. Semin Thromb Hemost 1995 (Suppl 2);

40121:113.

402[19] Moons AHM, Levi M, Peters RJG. Tissue factor and coronary artery

403disease. Cardiovasc Res 2002;53:313–25.

404

K. Andersen et al. / Thrombosis Research 2126 (2003) 1–66


	Introduction
	Materials and methods
	Statistics

	Results
	Discussion
	Conclusion
	References

