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Abstract

Background Recently we have demonstrated a dose-

dependent improvement of endothelial function after

administration of a single loading dose of clopidogrel in

patients with coronary artery disease (CAD). We therefore

hypothesized that chronic therapy with clopidogrel may

improve endothelial function in patients with CAD.

Methods In a double-blind, randomized, monocentric

study 120 patients with established CAD were randomized

to one of the following treatment arms: clopidogrel 75 mg

q.d., acetylsalicylic acid (ASA) 100 mg q.d., or a combina-

tion of ASA and clopidogrel. Endothelium-dependent flow-

mediated dilation (FMD) and endothelium-independent

nitroglycerin-mediated dilation (NMD) of the brachial

artery were determined before and after 28 days of treat-

ment. The effect of clopidogrel was monitored in vitro by

ADP-induced platelet aggregation in platelet-rich plasma.

Effects of treatment on platelet superoxide production were

measured by lucigenin-enhanced chemiluminescence in

washed platelets. C-reactive protein, RANTES and

monocyte chemoattractant protein-1 were determined as

inflammatory markers. The study was registered as

ISRCTN34097747.

Results Treatment groups were comparable regarding

age, gender, cardiovascular risk factor distribution and

concomitant medication. FMD [median (IQR) ASA, ?0.8

(-2.0; 2.7); ASA ? clopidogrel, ±0 (-2.0; 2.9); clopi-

dogrel, ?1.0 (-1.1; 2.4); P = n.s.], NMD, platelet super-

oxide production or inflammatory markers remained

unchanged in all treatment groups.

Conclusion We conclude that the beneficial effects of

short-term effects of clopidogrel on endothelial function of

patients with CAD are abolished after long-term clopido-

grel treatment.
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Introduction

Animal and clinical studies have identified an important role

for platelets in the pathogenesis of atherosclerosis. Inhibition

of platelet aggregation by acetylsalicylic acid (ASA)

involves the inhibition of cyclooxygenase and is part of the

chronic standard therapy of patients with coronary artery

disease (CAD). The inhibition of ADP-mediated platelet

aggregation by clopidogrel has been shown to reduce major

adverse events after percutaneous coronary intervention and

in acute coronary syndrome compared with treatment with

ASA alone [8]. The underlying mechanisms of this positive

clinical effect of clopidogrel is currently assumed to be the

inhibition of thrombus formation within the inserted coro-

nary stent and/or dilated coronary artery segment or the

improvement of the coronary flow of the microcirculation by

inhibition of peripheral microembolization. However, ex

vivo studies indicate important interactions between differ-

ent cell types (platelets, endothelial cells, vascular smooth
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muscle cells, leukocytes) in the atherosclerotic vasculature

[10]. Atherosclerosis is associated with or secondary to

endothelial dysfunction that is characterized by reduced

vascular nitric oxide bioavailability leading to enhanced

platelet aggregation and adhesion. Recent studies suggest

that activated human platelets of diabetic [9] and hyper-

cholesterolemic patients [7] in turn can cause endothelial

dysfunction via release of reactive oxygen species such as

superoxide anions due to the activation of superoxide pro-

ducing enzymes in platelets and/or the vasculature such as

the NAD(P)H oxidase, cyclooxygenase, xanthine oxidase, or

an uncoupled nitric oxide synthase or indirectly via activa-

tion of leukocytes. We have previously demonstrated that a

loading dose of clopidogrel improves endothelial function in

patients with stable CAD and have found that this effect is

dose dependent [17]. The aim of the present study was to

determine whether these beneficial effects of clopidogrel

therapy on endothelial function are long lasting in patients

with CAD or whether they are subject to tolerance. We also

sought to gain insight into the mechanism of platelet-

induced endothelial dysfunction by measurement of platelet

superoxide production and markers of inflammation.

Methods

Patients

The ‘‘Effect of Clopidogrel vs. ASA and Clopidogrel or

ASA alone on Brachial Flow Mediated Vasodilation in

Patients with Coronary Artery Disease’’ (CASSANDRA)

study was conducted as a prospective, randomized, double-

blind, three-armed, single-center study. The study included

patients who were previously treated at our institution for

CAD. The main inclusion criteria were the angiographical

documentation of CAD and the absence of unstable angina

pectoris within the previous 4 weeks. The most relevant

exclusion criteria were a cerebrovascular accident or

peripheral artery revascularisation within 12 weeks prior to

the study, clopidogrel or ticlopidine treatment within

28 days prior to the study, planned coronary or peripheral

stent implantation within the following 6 weeks, renal

failure (serum creatinine [2.0 mg/dl or known nephrotic

syndrome), chronic inflammatory bowel disease with

malabsorption in the small intestine, gastric ulcer or history

of upper or lower gastrointestinal bleeding, hematological

disease (hemoglobin \12 g/dl, WBC \4,000/ll, thrombo-

cytes\100,000/ll), left ventricular ejection fraction\40%,

uncontrolled hypertension, and an onset of ACE-inhibitor,

AT1-RB, calcium channel antagonist, statin therapy within

14 days prior to study inclusion. Written informed consent

was obtained. The study protocol was approved by the

independent ethics committee of the chamber of physicians

of Rhineland-Palatinate, Mainz, Germany. Investigations

were undertaken in accordance with the Declaration of

Helsinki. The study is registered as a controlled trial with

the ISRCTN34097747.

Study protocol

Patients were screened by revision of the hospital charts. The

stable character of CAD was verified by documentation of a

negative bicycle stress test at the time of inclusion. ASA

treatment was stopped for 7 days prior to randomization.

After informed consent patients fulfilling all inclusion cri-

teria and none of the exclusion criteria were randomized to

take either ASA 100 mg q.d., combined ASA 100 mg and

clopidogrel 75 mg q.d., or clopidogrel 75 mg q.d. for

28 days. All patients took 2 tablets/day, one looking iden-

tical to ASA and the other one looking identical to clopi-

dogrel, in order to ensure blindness to the treatment.

Depending on the treatment arm, the second tablet in the

clopidogrel or ASA treatment arm consisted of matching

placebos. The study course consisted of three visits: visit 1

included the screening procedure, visit 2 after 7 days

included measurements of flow-mediated dilation (FMD),

nitroglycerin-mediated dilation (NMD) and blood sampling

for platelet function, platelet superoxide measurements and

determination of inflammatory markers. Visit 3 was held

after 35 days to repeat vascular function and laboratory tests

after 4 weeks of therapy. Resting systolic, diastolic and

mean arterial blood pressures were measured in the supine

position after 10 min rest using a non-invasive blood pres-

sure monitor (DINAMAP 100, Critikon).

Assessment of vascular function

Endothelium-dependent FMD of the brachial artery was

non-invasively examined by 2-dimensional high-resolution

ultrasonic imaging, as described previously [16]. Briefly,

2-dimensional images of the right brachial artery and

pulsed-Doppler flow velocity signals were obtained before

and 60 s after generation of reactive hyperemia by a 5-min

period of upper arm occlusion. The nitroglycerin-mediated,

endothelium-independent dilation (NMD) was measured

before and 4 min after sublingual administration of nitro-

glycerin (0.8 mg). All images were digitally recorded in

DICOM format for later analysis. Brachial artery imaging

and pulsed-Doppler velocity profile analysis were per-

formed as described previously. FMD was calculated as the

percentage change in brachial artery diameter in response

to hyperemia. The relative increase in blood flow during

reactive hyperemia was expressed as the percentage

increase in flow from baseline. Image acquisition and

analysis were performed in a blinded manner. Room tem-

perature was held constant at 21–23�C.
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Analysis of platelet aggregation

Platelet aggregation was evaluated by light transmission

aggregometry in platelet-rich plasma (PRP). Briefly, PRP

was prepared by centrifugation of citrated venous blood at

220 g for 20 min at room temperature. PRP was carefully

transferred to a fresh tube avoiding the transfer of red and

white blood cells. Aggregation of platelets in PRP was

induced by stimulation with ADP [diluted in platelet-poor

plasma (PPP) yielding a final concentration of 20 lM]. The

platelet aggregatory response to stimulation was monitored

in a Chrono-Log Series 560 aggregometer (Probe&Go,

Endingen, Germany) under continuous stirring at 37�C for

5 min. Platelet aggregation was expressed as the maximum

percentage change in light transmittance from baseline,

with PPP used as a reference for 100% aggregation.

Analysis of platelet superoxide production

Platelet superoxide production was measured in washed

platelets that were prepared as described previously [17].

Results are expressed in nmol/108 platelets min.

Blood analyses

A venous blood sample was obtained after overnight fast,

centrifuged at 2,000g for 10 min at 4�C and stored at

-80�C until further analysis. Plasma cholesterol, HDL,

triglycerides, fasting glucose and uric acid were measured

using an automated analyzer. LDL-cholesterol was calcu-

lated by the Friedewald formula. Concentrations of plasma

C-reactive protein (CRP) were measured by a high-sensi-

tive immunoturbidimetric method (Tina-quant CRP, Roche

Diagnostics). The pro-inflammatory and pro-atheroscle-

rotic chemokine monocyte chemoattractant protein-1

(MCP-1) and the platelet-derived chemokine regulated

on activation, normal T cell expressed and secreted

(RANTES) were determined by ELISA (R&D Diagnostics,

Wiesbaden, Germany).

Statistical analysis

The prospectively determined primary endpoint of the

study was the absolute change of FMD before and after

treatment. The estimation of the group size in order to

detect a significant difference of 2% FMD based upon the

assumption of a standard deviation of 4%, an a-error of 5%

and a statistical power of 80% revealed 40 patients per

group. Normality of distribution was tested by the Kol-

mogorov–Smirnov test. Variables were compared before

and after treatment within groups by paired student’s t test

or by Wilcoxon signed rank test when normality test failed.

Comparisons between groups were performed by one-way

analysis of variance or Kruskal–Wallis One-way analysis

of variance on ranks when normality test failed. Baseline

data of the three study groups were compared using the

unpaired Student’s t test or chi-square test as appropriate.

Correlation between ADP-responses and changes in FMD

were examined by calculation of the Pearson correlation

coefficient. Analysis was performed in the intention-to-treat

population. Data were analyzed by SPSS 17.0, SPSS Inc. All

data are presented as mean ± SD or median (interquartile

range). P values of \0.05 were considered significant.

Results

Study patients

A total of 120 patients were enrolled in the study. The three

groups were comparable with regard to age, sex, body mass

index, resting blood pressure, blood cholesterol levels, the

percentage of current smokers or patients with diabetes, or

concomitant statin therapy. Three patients did not complete

the study course. Therefore, 117 patients constituted the

intention-to-treat population. Demographic, clinical and

biochemical characteristics of the patients are displayed in

Table 1.

Vascular function

Arterial baseline diameter and FMD were comparable among

all groups before treatment. There was no detectable differ-

ence in the change of FMD after treatment with ASA,

ASA ? clopidogrel or clopidogrel, respectively (Fig. 1).

Brachial artery variables are displayed in Table 2. Nitro-

glycerin-induced endothelium-independent dilation of the

brachial artery remained unchanged in all groups (Table 2).

Changes in FMD were independent from changes in ADP-

induced platelet aggregation as the correlation coefficient

between change in ADP-induced platelet aggregation and

change in FMD were in the ASA group -0.02 (P = 0.91),

ASA ? clopidogrel group -0.14 (P = 0.41) and clopido-

grel group 0.2 (P = 0.21), respectively. Subdivision of the

clopidogrel groups in clopidogrel low-responder versus

responder indicating low-responder by a cut-off value of

[50% of ADP-induced platelet aggregation at the end of the

treatment did not reveal differences in the change in FMD

supporting our main result that FMD is unaffected by

long-term clopidogrel treatment [absolute change in FMD

(%)] for ASA ? clopidogrel group: responder, ?0.69 ±

2.61; low-responder, ?0.85 ± 2.85; clopidogrel group:

responder, -0.24 ± 3.15; low-responder, ?0.84 ± 2.58 (all

data in mean ± SD).
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ADP-induced platelet aggregation

ADP-induced platelet aggregation was comparable in all

groups before treatment. After treatment, ADP-induced

platelet aggregation was significantly inhibited in the

ASA ? clopidogrel and clopidogrel group, but not in the

ASA group, with significant difference in ASA ? clopi-

dogrel and clopidogrel group compared to ASA group

(Table 3). The platelet aggregation measurements indicate

effective clopidogrel treatment.

Platelet superoxide production

Basal platelet superoxide production was comparable at

baseline and remained unchanged in each of the three

treatment groups after treatment (Table 3).

Markers of inflammation

Plasma concentrations of CRP, MCP-1 and RANTES were

comparable at baseline and did not change after treatment

(Table 3).

Discussion

Traditionally, the clinical benefit of clopidogrel has been

attributed to its inhibition of platelet activation and

aggregation. However, recent research has suggested

additional pleiotropic anti-atherosclerotic roles of clopi-

dogrel such as modulation of vascular tone, improvement

of NO bioavailability as well as inhibition of inflammation

and oxidative stress. The results of our double-blind,

Table 1 Patient baseline

characteristics

Data are expressed as

mean ± SD or n (%)

BMI body mass index

ASA

(n = 38)

ASA ? Clopidogrel

(n = 39)

Clopidogrel

(n = 40)

Age (years) 63 ± 10 63 ± 8 63 ± 10

Women, n (%) 5 (13) 3 (8) 3 (8)

BMI (kg/m2) 29.2 ± 4.8 29.8 ± 4.6 28.6 ± 3.6

Hypertension, n (%) 33 (87) 37 (95) 37 (93)

Smokers, n (%) 11 (29) 4 (10) 9 (23)

Diabetes, n (%) 9 (23) 4 (10) 8 (20)

Hyperlipidemia, n (%) 27 (71) 33 (85) 31 (78)

Positive family history, n (%) 10 (26) 15 (38) 14 (35)

Systolic blood pressure (mmHg) 135 ± 17 141 ± 19 138 ± 17

Diastolic blood pressure (mmHg) 77 ± 10 78 ± 10 74 ± 9

Total cholesterol (mg/dl) 185 ± 38 176 ± 45 170 ± 39

LDL-cholesterol (mg/dl) 101 ± 34 94 ± 42 94 ± 29

HDL-cholesterol (mg/dl) 50 ± 12 50 ± 11 48 ± 10

Triglycerides (mg/dl) 177 ± 82 169 ± 87 162 ± 98

HbA1C (%) 6.0 ± 0.8 6.1 ± 0.9 5.9 ± 0.7

Uric acid (mg/dl) 6.2 ± 1.5 6.4 ± 1.4 6.3 ± 1.2

ACE-inhibitors, n (%) 19 (50) 21 (54) 28 (70)

AT1-RB, n (%) 5 (13) 4 (10) 5 (13)

ß-Blocker, n (%) 30 (79) 31 (79) 28 (70)

Statins, n (%) 28 (74) 31 (79) 31 (78)

Ca-channel blocker, n (%) 9 (24) 8 (21) 9 (23)

Fig. 1 Results of the primary study objective: Effect of treatments on

flow-mediated dilation (FMD) of the right brachial artery. Data are

presented in box-whisker plots demonstrating median, 25th and 75th

percentile, 10th and 90th percentile (error bars), and single outlying

values (black dots) of absolute changes in FMD before and after

treatment in the three treatment groups
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randomized study, however, argue against pleiotropic

effects of clopidogrel since endothelial function, inflam-

matory markers and platelet superoxide production

remained unchanged in patients with stable CAD after

4 weeks of treatment with clopidogrel in the clinically

routinely used dose of 75 mg/day.

Table 2 Ultrasonographic

brachial artery parameters

Data are expressed as

mean ± SD. P values in

columns (ASA,

ASA ? clopidogrel,

clopidogrel) indicate

comparison between pre- and

post-treatment values within

groups. P values in column ‘‘all

groups’’: value in line ‘‘pre-

treatment’’ indicates

comparison between baseline

values, value in line ‘‘P (post vs.

pre)’’ indicates comparison of

absolute changes upon

treatment between groups.

P values\0.05 were considered

significant

ASA

(n = 38)

ASA ? Clopidogrel

(n = 39)

Clopidogrel

(n = 40)

P
(all groups)

Baseline brachial artery diameter (mm)

Pre-treatment 4.96 ± 0.81 5.14 ± 0.89 4.89 ± 0.68 0.51

Post-treatment 4.95 ± 0.77 5.15 ± 0.85 4.92 ± 0.61

P (post vs. pre) 0.87 0.92 0.67 0.99

Reactive hyperemia (% increase)

Pre-treatment 623 ± 265 726 ± 361 634 ± 282 0.28

Post-treatment 657 ± 280 688 ± 291 658 ± 262

P (post vs. pre) 0.51 0.52 0.51 0.54

Flow-mediated dilation (%)

Pre-treatment 7.8 ± 4.2 6.7 ± 3.6 7.9 ± 3.8 0.29

Post-treatment 8.7 ± 4.3 7.2 ± 3.0 8.1 ± 3.7

P (post vs. pre) 0.15 0.3 0.64 0.7

Nitroglycerin-induced dilation (%)

Pre-treatment 14.4 ± 5.9 13.0 ± 5.5 15.1 ± 5.7 0.3

Post-treatment 14.5 ± 6.5 13.1 ± 5.4 13.9 ± 5.0

P (post vs. pre) 0.87 0.78 0.07 0.22

Table 3 Treatment effects on platelet aggregation, platelet superoxide production and markers of inflammation

ASA ASA ? clopidogrel Clopidogrel P

20 lM ADP-induced platelet aggregation (%) n = 36 n = 37 n = 38 All groups

Pre-treatment 85 (77–94) 85 (77–95) 84 (75–100) 0.89

Post-treatment 84 (74–88) 50 (37–65) 55 (33–65)

P (post vs. pre) 0.21 \0.001 \0.001 \0.05 vs. ASA

Platelet superoxide production

(nmol/108 platelets min)

n = 36 n = 37 n = 38

Pre-treatment 3.1 (1.3–7.0) 3.1 (1.3–8.0) 3.0 (1.6–5.6) 0.99

Post-treatment 4.8 (1.6–10.5) 2.5 (1.2–4.7) 2.2 (1.4–5.7)

P (post vs. pre) 0.16 0.54 0.38 0.14

C-reactive protein (mg/l) n = 37 n = 37 n = 37

Pre-treatment 1.7 (0.8–2.7) 1.6 (0.9–3.8) 1.7 (0.6–4.1) 0.97

Post-treatment 1.6 (0.8–2.6) 1.5 (1.0–2.6) 1.6 (0.6–4.2)

P (post vs. pre) 0.58 0.99 0.86 0.9

MCP-1 (pg/ml) n = 33 n = 35 n = 33

Pre-treatment 229 (206–284) 235 (213–271) 248 (202–283) 0.85

Post-treatment 252 (199–288) 230 (199–275) 245 (205–297)

P (post vs. pre) 0.13 0.88 0.3 0.44

RANTES (ng/ml) n = 35 n = 39 n = 35

Pre-treatment 15.2 (10–22) 15.6 (10–24) 13.2 (11–20) 0.77

Post-treatment 13.0 (10–18) 17.7 (12–26) 16.4 (12–24)

P (post vs. pre) 0.41 0.06 0.24 0.14

Data are expressed as median (25th–75th percentile). P values in columns (ASA, ASA ? clopidogrel, clopidogrel) indicate comparison between

pre- and post-treatment values within groups. P values in column ‘‘all groups’’: value in line ‘‘pre-treatment’’ indicates comparison between

baseline values, value in line ‘‘P (post vs. pre)’’ indicates comparison of absolute changes upon treatment between groups. P values\0.05 were

considered significant
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A growing body of literature has suggested that anti-

platelet therapies improve endothelial function in athero-

sclerosis. Improvement of endothelial function has been

shown for the cyclooxygenase antagonist ASA [5], glyco-

protein IIb/IIIa receptor antagonists tirofiban and eptifiba-

tide [3, 16] and the P2Y12 ADP-receptor antagonist

clopidogrel [4, 17]. The proposed underlying mechanisms

are likely multifactorial and include, but are not limited to,

the decrease in platelet NO consumption [20], inhibition

of platelet–leukocyte–endothelium cross talk, inhibition of

platelet-derived reactive oxygen species production or

direct drug effects on the endothelium. In our previous

study we were able to demonstrate that oral administration

of a single loading dose of clopidogrel (300 and 600 mg,

respectively) leads to dose-dependent improvement of

endothelial function in patients with stable CAD [17].

Surprisingly, this effect did not correlate with the platelet

inhibitory effect of clopidogrel pointing towards effects

independent of the ADP-receptor inhibition being respon-

sible for the improvement in endothelial function. We had

speculated that clopidogrel either directly or indirectly via

its active metabolite may affect vascular proteins and

functions other than the platelet ADP P2Y12 receptor. This

speculation was based on recent findings from animal and

in vitro studies that have identified platelet-independent

effects of thienopyridines and thienopyrimidinones on the

vasculature itself. Studies by Jakubowski et al. [6] identi-

fied direct stimulation of NO-dependent coronary vasodi-

lation by clopidogrel independent of its antiplatelet action

in the isolated guinea pig heart. If direct effects of clopi-

dogrel or an active metabolite may have caused the effect

on endothelial function in our previous study, the negative

result with regards to the effect on endothelial function in

the present study may be explained by the lower dose of

clopidogrel used or by compensatory or tolerance mecha-

nisms that may have taken effect within the treatment

period of 4 weeks. Direct effects may include interaction

with P2Y12 ADP-receptors on vascular cells that are

expressed in endothelial and vascular smooth muscle cells

of various vascular beds [12, 19]. The results of our study

could not confirm the results of the only study published to

date that investigated the effects of long-term clopidogrel

treatment on endothelial function in patients with stable

CAD [4]. While the study population was very similar,

Heitzer et al. investigated patients on ASA treatment,

conducted the study openly and measured endothelial

function of arterioles via plethysmography and not of large

conductance arteries.

Recently, McVeigh and coworkers have demonstrated

an increase in platelet superoxide production in hyper-

tensive diabetic patients [2] and patients with decompen-

sated heart failure due to uncoupling of platelet nitric

oxide synthase. However, in the present study, platelet

superoxide production was unaffected by clopidogrel

treatment rendering antioxidative effects unlikely. Impor-

tantly and supportive for the validity of our results, we can

exclude ineffective treatment with clopidogrel because

the ADP-induced platelet aggregation was significantly

reduced in the clopidogrel treatment groups. Our study

design allowed us to test the effects of ASA 100 mg/day

on endothelial function in patients with stable CAD as

well. Previous studies have demonstrated an improvement

in endothelial function upon application of ASA in

patients with atherosclerosis [5]. Importantly, the dose of

ASA used in the study of Husein et al. to improve endo-

thelial function was 1 g and therefore ASA was used in an

antirheumatic dose, therefore not comparable with the low

dose of ASA used in the present study. Another study by

Williams et al. [20] in healthy volunteers demonstrated

that platelet NO consumption was markedly reduced in

response to 75 mg/day ASA treatment and that this effect

directly correlated with the inhibition of COX, but the

authors did not check whether this maneuver may have

beneficial effects on endothelial function in the investi-

gated subjects. The results of our present study, however,

suggest that a dose of 100 mg ASA/day that is routinely

applied in clinical setting is not sufficient to improve

endothelial function in patients with established CAD.

Expanding evidence supports the existence of a close

relationship between platelets, endothelium, leukocytes,

atherosclerosis and atherothrombosis. Platelet activation

leads to the release of pro-inflammatory mediators that ini-

tiate the cross talk between platelets, leukocytes and cells of

the vascular wall. Accordingly, we have studied the effect of

long-term clopidogrel treatment on CRP, MCP-1 and

RANTES plasma concentrations. While CRP is a more

general indicator of inflammation, MCP-1 is a key mediator

of monocyte trafficking made by multiple cell types

including endothelial cells, smooth muscle cells and mac-

rophages, and RANTES is a pro-inflammatory mediator

predominantly released by platelets. In contrast to the

accumulated evidence of anti-inflammatory effects of

clopidogrel [14], we could not detect anti-inflammatory

properties of clopidogrel at least with our dose of 75 mg/day.

However, the evidence of anti-inflammatory properties of

clopidogrel mainly derives from preclinical studies or

studies in patients with acute exacerbation of atherosclerosis

such as acute coronary syndrome or acute stroke and after

percutaneous coronary intervention. Anti-inflammatory

effects of clopidogrel may be detectable due to activation of

inflammatory cascades that is well described in these set-

tings. The levels of CRP in our study were quite low with

median levels between 1.6 and 1.7 mg/l, respectively.

Therefore, anti-inflammatory effects of clopidogrel may

have been masked possibly due to the stability of CAD and

the background therapy with statin and/or inhibitors of the
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renin–angiotensin system (RAS). While our results are in

contrast to the findings reported by Heitzer et al.[4], they are

in line with the results of other randomized studies with

regards to the effect of clopidogrel on hs-CRP, MCP-1 and

RANTES in patients with stable CAD [1, 13, 15].

Conclusions

Taken together, at least for the used dose of 75 mg clopi-

dogrel per day, as applied in clinical routine, for the treat-

ment period of 4 weeks and for patients with stable CAD and

moderately intense protective background therapy with

statins and RAS inhibitors, we conclude that long-term

clopidogrel in a dose of 75 mg/day is without effect on

endothelial function, inflammation and platelet superoxide

production. We can also state that low-dose ASA therapy is

not able to improve endothelial function in this patient

group. The lack of effect of clopidogrel on endothelial

function may be due to tolerance mechanisms, due to the fact

that the dose was too low or the lack of activation of the

inflammatory cascade in our patient population. These

results, of course, do not diminish the benefit of treatment in

acute coronary syndrome and after PCI, but do not support

the expansion of clinical use of clopidogrel as ‘‘anti-

inflammatory’’ or endothelium-protective drug. Even if

pleiotropic effects were dose dependent, an increase in

clopidogrel dose would not be justified due to increased risk

of bleeding. Whether newer antiplatelet drugs such as

prasugrel or ticagrelor in clinically applied doses exert

pleiotropic effects on the vasculature and inflammation

remains to be investigated.

Study limitations

We could not incorporate a placebo group since 4 weeks of

treatment of patients with CAD without an antiplatelet agent

is unethical. In previous randomized studies we have detec-

ted an increase in FMD of median 1.1% after 8 weeks [11]

and median 1.6% after 12 weeks [18] of placebo treatment as

a control group. Since the median changes in FMD were

between 0 and 1% in the present study, a placebo group for

comparison would probably have confirmed the lack of effect

on FMD or even demonstrated deterioration of FMD in the

treatment groups. For technical reasons the measurements of

arachidonic acid-induced platelet aggregation failed in a

considerable number of samples and therefore we cannot

present a proof of effectiveness of ASA treatment.
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