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Abstract
review

In the Ticlid or Plavix Post-Stents (TOPPS) trial, 1016 patients undergoing successful
coronary stent placement were randomized to receive aspirin and either ticlopidine or
clopidogrel. In this trial, the dosages and regimens of ticlopidine and clopidogrel resembled
more closely those used in most catheterization laboratories than did the two previous
randomized trials comparing ticlopidine and clopidogrel. The results of the TOPPS trial
support the current practice of substituting ticlopidine for clopidogrel in stent patients.
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reports

Introduction

period; TTP is fatal in 25–50% of patients, depending on
how rapidly plasmapheresis is initiated [7].
Because of the risk of neutropenia and TTP, patients must
undergo serial complete blood counts every 2 weeks
during the first several months of treatment with ticlopidine, which is expensive and inconvenient to patients. It
has also been recommended that these serial tests continue for at least 2 weeks after discontinuation of ticlopidine, because TTP can develop weeks after ticlopidine
has been discontinued [7]. Interventional cardiologists
were also eager to substitute clopidogrel for ticlopidine
owing to ticlopidine’s frequent ‘minor’ side effects, such

CAPRIE = Clopidogrel versus Aspirin in Patients at Risk of Ischaemic Events; CLASSICS = Clopidogrel Aspirin Stent International Cooperative
Study; CREDO = Clopidogrel for Reduction of Events During Extended Observation; TOPPS = Ticlid or Plavix Post-Stents; TTP = thrombocytopenic purpura.

primary research

Interventionalists around the world have largely changed
the thienopyridine they use after coronary stent placement
from ticlopidine to clopidogrel. There are several reasons
that this switch has occurred even though five welldesigned randomized trials [1–5] proved that the administration of ticlopidine, with aspirin, was superior at reducing
stent thrombosis and other adverse events after coronary
stent placement than aspirin and warfarin, or aspirin alone.
Ticlopidine causes severe neutropenia in more than 1% of
patients in the first few months of ticlopidine’s use [6].
Ticlopidine also causes thrombotic thrombocytopenic
purpura (TTP) in about 0.2% of patients during this same
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as nausea, vomiting, and diarrhea, which require discontinuation of ticlopidine in as many as 20% of patients [8].

Clopidogrel
Clopidogrel has far fewer side effects. In randomized trials
involving roughly 50,000 patients treated with clopidogrel,
clopidogrel did not cause TTP. Subsequently, 11 cases of
TTP have been identified in the more than 3 million
patients who have taken clopidogrel in post-marketing surveillance, although it is unclear whether clopidogrel actually caused the TTP in all of these cases [9]. In the only
report of clopidogrel-induced TTP by Bennett et al summarizing these cases, several patients were reported to
have developed TTP while on other drugs that cause TTP
far more commonly than clopidogrel (for example,
cyclosporine). Other patients included in that report developed recurrences of TTP without re-exposure to clopidogrel, which has never been reported for any other drug
that induces TTP. However, even if all 11 cases in that
report did develop TTP due to clopidogrel, the frequency
of clopidogrel-induced TTP would still be only 11 in about
3,000,000 patients treated. Coincidentally, this is the
same as the background frequency of TTP reported in the
general population of 3.7 per million patients [10], and
approximately 100 times less frequent than the frequency
with which ticlopidine causes TTP [7].

Clopidogrel and neutropenia
The frequency of neutropenia in patients treated with
clopidogrel is less than the 1% seen in patients treated
with ticlopidine. In the Clopidogrel versus Aspirin in
Patients at Risk of Ischaemic Events (CAPRIE) trial, the
frequency of neutropenia in patients taking clopidogrel
was the same as the background frequency in patients
taking aspirin, and was never life threatening, as it often is
when caused by ticlopidine. Therefore, serial blood counts
are not required when initiating clopidogrel [11]. In addition, clopidogrel is well tolerated. Among the 19,185
patients with vascular disease believed to be tolerant of
aspirin who enrolled in the CAPRIE trial and were randomized to receive either aspirin or clopidogrel, side effects
actually tended to be more common in patients treated
with aspirin than those treated with clopidogrel; only skin
rash occurred more frequently in patients treated with
clopidogrel than aspirin [11].

Onset of action
The rapidity of onset of action also favors clopidogrel in
place of ticlopidine. Five days are required for ticlopidine
to exert its full antiplatelet effect; because most patients
undergo stent placement immediately after diagnostic
angiography, they usually do not have an opportunity to be
pretreated with ticlopidine [6]. The administration of a
500 mg loading dose of ticlopidine is generally well tolerated and slightly reduces the time of achieving the peak
antiplatelet activity of ticlopidine; however, larger loading
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doses, which achieve platelet inhibition more rapidly,
cause nausea and vomiting and cannot be used. Because
of ticlopidine’s slow onset of action, the administration of
ticlopidine and aspirin together is no more effective than
coumadin and aspirin in the first 24 h after stent placement (when pretreatment with ticlopidine is not performed) [5,12,13]; unfortunately, this is the time interval
during which stent thrombosis is most likely to occur
[3,4,14].
In contrast, however, large loading doses of clopidogrel
are very well tolerated, and a 375 mg dose reduces the
time to achieve peak platelet inhibition of aggregation to
6 h [15–17]. Several studies suggest that the more rapid
onset of action of clopidogrel might reduce not only the
frequency of stent thrombosis in the days after stent
placement, but also the frequency of procedural myocardial infarction [12,14,18,19]. Clopidogrel is also about
30% less expensive than ticlopidine in the United States,
and results in a greater saving in many European countries. Finally, clopidogrel requires administration once
daily, whereas ticlopidine requires dosing twice daily.
Despite these advantages, the most important question
remains whether clopidogrel is as effective as ticlopidine
at preventing stent thrombosis. When clopidogrel was first
approved for use in the United States, only indirect data
suggested that it was likely to be at least as effective as
ticlopidine during coronary stent placement. The indirect
data included animal studies revealing that clopidogrel,
like ticlopidine, inhibits platelet aggregation and stent
thrombosis more effectively than aspirin, and works synergistically with aspirin [20,21]. The degree of inhibition of
platelet aggregation in humans by clopidogrel is equivalent to that seen with ticlopidine [22]. In addition, clopidogrel reduces the risk of vascular death, myocardial
infarction and stroke in vascular disease patients 10%
more than aspirin does, as does ticlopidine [23,24].
On the basis of these data, many interventional cardiologists changed from administering ticlopidine to clopidogrel after stent placement, even before randomized trials
comparing the two agents had been performed. However,
a recent report by Dr Taniuchi and colleagues of a singlecenter study from Barnes Hospital in St Louis brings to
three the number of randomized trials in which patients
undergoing coronary stent placement were randomized to
receive either ticlopidine or clopidogrel (Fig. 1) [16,25,26].

The TOPPS trial
In the Ticlid or Plavix Post-Stents (TOPPS) trial, 1016
patients undergoing successful coronary stent placement
were randomized to receive aspirin and either ticlopidine
with a 500 mg loading dose followed by 250 mg twice
daily for 14 days, or clopidogrel with a 300 mg loading
dose followed by 75 mg per day for 14 days. Patients
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received their first dose of thienopyridine within 1 h after
the procedure. This trial design more closely resembled
the practice patterns and drug regimens used in most
catheterization laboratories than those of the two previous
randomized trials comparing ticlopidine and clopidogrel.

Figure 1
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In the first such trial, the Clopidogrel Aspirin Stent International Cooperative Study (CLASSICS) trial, no loading
dose of ticlopidine was administered, biasing the study
against the ticlopidine regimen. However, ticlopidine and
clopidogrel were first administered 1–6 h after stent
placement, biasing the study against the more rapidly
acting regimen, clopidogrel with a loading dose.

power (assuming statistical significance at a P value of
0.05), a 33% reduction in the frequency of stent thrombosis with clopidogrel; it is highly unlikely such a trial will ever
be conducted. Nevertheless, stent thrombosis has tended
to be similar and infrequent in both the ticlopidine and
clopidogrel treatment arms of all three trials (Fig. 2). The
small difference in the frequency of stent thrombosis
between the clopidogrel and ticlopidine arms of some of
the trials have raised concerns by some, but these have
been small and far from statistically significant; it should
be recognized that the difference in the frequency of major
adverse events between the arms of the CLASSICS trial,
for example, differ from one another by a single case of
stent thrombosis.

Other studies

Statistical considerations

Conclusions

All three of the randomized trials comparing clopidogrel
and ticlopidine in coronary stent patients were undersized
to detect a difference in the frequency of stent thrombosis.
If the true stent thrombosis rate in patients treated with
ticlopidine were 1.53%, as in TOPPS, 7596 patients in
each group would need to be enrolled to detect with 80%

On the basis now of TOPPS, the two previously reported
randomized trials, and the seven registries comparing
clopidogrel with ticlopidine after stent placement, several
conclusions can be reached. Clopidogrel is better tolerated than ticlopidine, with far fewer life-threatening side
effects (TTP and neutropenia) and minor side effects as

primary research

In addition to TOPPS and the other two randomized trials,
seven registry experiences have been reported that compared ticlopidine and clopidogrel in stent patients (Fig. 3)
[27–32] (Berger P, presented at the Transcatheter Therapeutics Conference, Washington DC, October 1999;
Mehran R, Dangas G, presented at the Transcatheter
Therapeutics Conference, Washington DC, October
1999). Although all of these registries are limited in one
way or another, the frequency of stent thrombosis has
tended to be infrequent in both the ticlopidine and clopidogrel cohorts.

reports

The 30-day results of TOPPS (Fig. 1) reveal that the frequency of stent thrombosis, the endpoint most likely to be
influenced by the choice of thienopyridine, was 1.53% in
patients treated with ticlopidine compared with 2.02% in
the clopidogrel patients (P = 0.901). (These data differ
slightly from those in the published abstract, primarily
because of inclusion of several patients who had not yet
completed their follow-up at the time of publication of the
abstract (Dr Taniuchi, personal communication, 25 July
2000).) The frequency of cardiac death was 1.35% in
ticlopidine patients compared with 0.61% in clopidogrel
patients (P = 0.149). The cumulative frequency of major
adverse events, including cardiac death, Q-wave myocardial infarction, stent thrombosis, and need for target vessel
revascularization within 30 days was 4.60% in the ticlopidine cohort compared with 3.85% in the clopidogrel
cohort (P = 0.551). In contrast with several other trials, the
2-week regimen of ticlopidine was relatively well tolerated;
only 3.64% of patients treated with ticlopidine were
unable to tolerate the drug. However, side effects were
less frequent in clopidogrel-treated patients: only 1.62%
of clopidogrel patients were unable to tolerate clopidogrel.

Results of the Ticlid or Plavix Post-Stents (TOPPS) Trial.
MI, myocardial infarction; TVR, target vessel revascularization.
review

In the second randomized trial comparing ticlopidine and
clopidogrel, which was performed in Germany by Müller
and colleagues, no loading dose of clopidogrel was used,
as is generally done in catheterization laboratories in
which clopidogrel is used [26]. Although regimens with
loading doses have not been proved to be more efficacious than those without loading doses and are currently
being studied in the Clopidogrel for Reduction of Events
During Extended Observation (CREDO) trial (see below),
they clearly lead to a more rapid inhibition of platelet function, which is believed to be beneficial.
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Figure 2

Figure 3

The three trials in which patients receiving coronary stents were
randomized to receive one or another dosing regimen of ticlopidine or
clopidogrel. NS, not significant; MACE, major adverse cardiac events.

Data from seven registries in which the clinical outcome of patients
receiving coronary stents treated with clopidogrel was compared with
that of patients treated with ticlopidine. NS, not significant; MACE,
major adverse cardiac events.

well. In addition, the frequency of stent thrombosis when
clopidogrel is administered is very low. Whether the frequency of stent thrombosis is as low as, or even lower
than, when ticlopidine is administered has not yet been
proved beyond a doubt.

during the infusion of such agents. Platelet glycoprotein
IIb/IIIa inhibitors produce much greater inhibition of
platelet aggregation than does clopidogrel; clopidogrel
might not provide further inhibition of aggregation until the
IIb/IIIa inhibitor wears off.

However, on the basis of the randomized and registry data
and indirect data summarized above, it seems that clopidogrel is at least as efficacious as ticlopidine at preventing
stent thrombosis and other adverse ischemic events, and
has fewer side effects. If appropriately sized randomized
trials were to be performed in the future that found a slight
difference in the frequency of stent thrombosis favoring
ticlopidine, the difference would undoubtedly be less than
the more than 1% frequency of life-threatening neutropenia and TTP seen with ticlopidine administration. Therefore, when considering the risk:benefit ratio of switching
from ticlopidine to clopidogrel after stent placement, the
driving force is clearly that there is less risk with clopidogrel, rather than a greater benefit with clopidogrel.
Whether clopidogrel does provide greater benefit than
ticlopidine remains to be proved.

Another unanswered question is the most appropriate
duration of clopidogrel after stent placement. Although
stent endothelialization is not complete for 2 months or
more, stent thrombosis occurs predominantly in the first
2 weeks after stent placement [4,5,34]. Whether a longer
duration of clopidogrel will result in an improved outcome
either by reducing late stent thrombosis or by reducing
ischemic events unrelated to the treatment site is being
also examined in the CREDO trial. In CREDO, 2000
patients undergoing percutaneous revascularization with a
coronary stent or other technique will be randomized to
receive aspirin indefinitely and either clopidogrel with a
300 mg loading dose followed 75 mg/day for 1 year, or
clopidogrel 75 mg/day for 1 month followed by placebo
for 11 months.

Unanswered questions

Summary

Despite TOPPS, several important questions remain unanswered about the use of clopidogrel after stent placement.
There are data to suggest that larger doses of clopidogrel,
up to 600 mg, act more rapidly than lower loading doses,
and are well tolerated [33]. Whether the more rapid
achievement of platelet inhibition achieved by such large
loading doses will improve clinical outcome is unknown.
However, whether large loading doses of clopidogrel are
required when a platelet glycoprotein IIb/IIIa inhibitor is
used is unknown. Peak inhibition of platelet aggregation
with even a 300 mg loading dose will still be reached

The TOPPS study by Taniuchi et al [25] is in agreement
with the results of other studies, indicating that the use of
clopidogrel after stent placement is associated with an
excellent clinical outcome. This and other studies support
the substitution of ticlopidine for clopidogrel that has
already occurred around the world.

Acknowledgement
The author has served on a scientific advisory board for Bristol-Meyer
Squibb/Sanofi Pharmaceutical Companies. Sanofi manufactures both ticlopidine and clopidogrel, and co-markets clopidogrel with Bristol-Meyer
Squibb in the United States.

http://cvm.controlled-trials.com/content/1/2/083

References
1.

3.

4.

5.

8.

9.

10.

12.

13.

14.
15.

17.

18.

22.
23.
24.

25.
26.

27.

28.

29.

30.
31.

32.

33.

34.

Author’s affiliation: Division of Cardiovascular Diseases, Mayo Clinic,
Rochester, Minnesota, USA
Correspondence: Peter Berger, MD, Division of Cardiovascular
Diseases, Mayo Clinic, 200 First Street SW, Rochester, MN 55905,
USA. Tel: +1 507 255 4152; fax: +1 507 255 2550;
e-mail: berger.peter@mayo.edu

primary research

16.

21.

reports

11.

20.

review

6.
7.

19.

stenting is associated with the risk of procedure-related non-Qwave myocardial infarctions. J Am Coll Cardiol 1998, 32:1366–1370.
Steinhubl S, Balog C, Topol EJ: Pretreatment with ticlopidine prior
to stenting is associated with a substantial decrease in complications: Data from the EPISTENT trial [abstract]. Circulation 1998,
98(suppl I):I-573.
Makkar RR, Eigler NL, Kaul S, Frimerman A, Nakamura M, Shah PK,
Forrester JS, Herbert JM, Litvack F: Effects of clopidogrel, aspirin
and combined therapy in a porcine ex vivo model of high-shear
induced stent thrombosis. Eur Heart J 1998, 19:1538–1546.
Harker LA, Marzec UM, Kelly AB, Marzec UM, Kelly AB: Clopidogrel
inhibition of stent, graft, and vascular thrombogenesis with
antithrombotic enhancement by aspirin in nonhuman primates.
Circulation 1998, 98:2461–2469.
Boneu B, Destelle G: Platelet anti-aggregating activity and tolerance of clopidogrel in atherosclerotic patients. Thromb Haemost
1996, 76:939–943.
Easton JD: Net benefit of clopidogrel over aspirin for the prevention of atherothrombotic events. Cerebrovasc Dis 1998, 8(suppl 4):
46.
Antiplatelet Trialists’ Collaboration: Collaborative overview of randomised trials of antiplatelet therapy. I. Prevention of death,
myocardial infarction, and stroke by prolonged antiplatelet
therapy in various categories of patients. Antiplatelet Trialists’
Collaboration. Br Med J 1994, 308:81–106.
Taniuchi M, Kurz HI, Lasala JM: Ticlid or Plavix Post-Stents
(TOPPS). Randomization to 2 weeks of treatment [abstract].
Cathet Cardiovasc Interventions 2000, 50:128.
Müller C, Buttner HJ, Petersen J, Roskamm H. A randomized comparison of clopidogrel and aspirin versus ticlopidine and aspirin
after the placement of coronary-artery stents. Circulation 2000,
101:590–593.
Berger PB, Bell MR, Rihal CS, Ting H, Barsness G, Garratt K, Mathew
V, Bellot V, Melby S, Hammes L, Grill D, Holmes Jr DR: Clopidogrel
versus ticlopidine after intracoronary stent placement. J Am Coll
Cardiol 1999, 34:1891–1894.
Moussa I, Maida R, DeGregorio J, Chui M, Cohen N, Collins M:
Prospective experience with clopidogrel use after coronary stent
implantation in 1100 consecutive patients [abstract]. Circulation
1999, 100(suppl I):I-379.
L’Allier PL, Aronow HD, Cura FA, Bhatt DL, Albirini A, Schneider JP,
Topol EJ: Short term mortality lower with clopidogrel than ticlopidine following coronary artery stenting. J Am Coll Cardiol 2000,
35(suppl A):66A.
Mishkel GJ, Aguirre FV, Ligon RW, Rocha-Singh KJ, Lucore CL:
Clopidogrel as adjunctive antiplatelet therapy during coronary
stenting. J Am Coll Cardiol 1999, 34:1884–1890.
Plucinski DA, Scheltema K, Krusmark J, Panchyshyn N: A comparison
of clopidogrel to ticlopidine therapy for the prevention of major
adverse cardiac events at thirty days and six months following
coronary stent implantation. J Am Coll Cardiol 2000, 35(suppl A):
67A.
Calver AL, Blows LJ, Dawkins KD, Gray HH, Morgan JM, Simpson IA:
The use of clopidogrel instead of ticlopidine after intra-coronary
stent insertion: initial results in stents of ≤3 mm in diameter. Am
Heart J 2000, 140:483–491.
Leinbach ME, Peyrou V, Marzec UM, Chronos NAF, King III, SB,
Harker, LA: Single-dose clopidogrel inhibition of platelet adenosine receptor function in patients with atherosclerotic coronary
artery disease. Circulation 1999, 100(suppl I):I-681.
Berger PB, Bell MR, Grill DE, Melby S, Holmes Jr DR: Safety and efficacy of ticlopidine for only two weeks after successful intracoronary stent placement. Circulation 1999, 99:248–253.

commentary

2.

Hall P, Nakamura S, Maiello L, Itoh A, Blengino S, Martini G, Ferraro,
M, Colombo, A: A randomized comparison of combined ticlopidine
and aspirin therapy versus aspirin therapy alone after successful
intravascular ultrasound-guided stent implantation. Circulation
1996, 93:215–222.
Urban P, Macaya C, Rupprecht HJ, Kiemeneij F, Emanuelsson H,
Fontanelli A, Pieper M, Wesseling T, Sagnard, L: Randomized evaluation of anticoagulation versus antiplatelet therapy after coronary
stent implantation in high-risk patients: the multicenter aspirin
and ticlopidine trial after intracoronary stenting (MATTIS). Circulation 1998, 98:2126–2132.
Schomig A, Neumann FJ, Kastrati A, Schuhlen H, Blasini R,
Hadamitzky M, Walter H, Zitzmann-Roth EM, Richardt G, Alt E,
Schmitt C, Ulm K: A randomized comparison of antiplatelet and
anticoagulant therapy after the placement of coronary-artery
stents. New Engl J Med 1996, 334:1084–1089.
Leon MB, Baim DS, Popma JJ, Gordon PC, Cutlip DE, Ho KK, Giambartolomei A, Diver DJ, Lasorda DM, Williams DO, Pocock SJ, Kuntz RE: A
clinical trial comparing three antithrombotic-drug regimens after
coronary-artery stenting. Stent Anticoagulation Restenosis Study
Investigators. N Engl J Med 1998, 339:1665–1671.
Bertrand ME, Legrand V, Boland J, Fleck E, Bonnier J, Emmanuelson H,
Vrolix M, Missault L, Chierchia S, Casaccia M, Niccoli L, Oto A, White C,
Webb-Peploe M, Van Belle E, McFadden EP: Randomized multicenter
comparison of conventional anticoagulation versus antiplatelet
therapy in unplanned and elective coronary stenting. The full anticoagulation versus aspirin and ticlopidine (FANTASTIC) study.
Circulation 1998, 98:1597–1603.
Coukell AJ, Markham A: Clopidogrel. Drugs 1997, 54:745–750.
Steinhubl SR, Tan WA, Foody JM, Topol EJ for the EPISTENT Investigators: Incidence and clinical course of thrombotic thrombocytopenic purpura due to ticlopidine following coronary stenting. J
Am Med Ass 1999, 281:806–810.
Hass WK, Eston JD, Adams HP, Pryse-Phillips WP, Molony BA,
Anderson S, Kamm, B. for the Ticlopidine Aspirin Stroke Study Group:
A randomized trial comparing ticlopidine hydrochloride with
aspirin for the prevention of stroke in high-risk patients. N Engl J
Med 1989, 321:501–507.
Bennett CL, Connors JM, Carwile JM, Moake JL, Bell WR, Tarantolo
SR, McCarthy LJ, Sarode R, Hatfield AJ, Michalets EL, Feldman MD,
Davidson CJ, Tsai H-M: Thrombotic thrombocytopenic purpura
associated with clopidogrel. N Engl J Med 2000, 342:1773–1777.
Torok TJ, Holman RC, Chorba TL: Increasing mortality from thrombotic thrombocytopenic purpura in the United States — analysis of
national mortality data, 1968–1991. Am J Hematol 1995, 50:84–90.
CAPRIE Steering Committee: A randomised, blinded, trial of clopidogrel versus aspirin in patients at risk of ischaemic events
(CAPRIE). Lancet 1996, 348:1329–1339.
Schomig A, Kastrati A, Schuhlen H, Elezi S, Hausleiter J, Dirschiner J:
Risk factor anlysis for stent occlusion within the first month after
successful coronary stent placement. J Am Coll Cardiol 1998,
31(suppl A):99A.
Rupprecht HJ, Darius H, Borkowski U, Voigtlander T, Nowak B, Genth
S, Meyer J: Comparison of antiplatelet effects of aspirin, ticlopidine, or their combination after stent implantation. Circulation
1998, 97:1046–1052.
Wilson S, Rihal CS, Bell MR, Holmes DRJ, Berger PB: Timing of
coronary stent thrombosis in patients treated with ticlopidine and
aspirin. Am J Cardiol 1999, 83:1006–1011.
Bachmann F, Savcic M, Hauert J, Geudelin B, Kieffer G, Cariou R:
Rapid onset of inhibition of ADP-induced platelet aggregation by a
loading dose of clopidogrel [abstract]. Eur Heart J 1996, 17
(suppl):263A.
Bertrand ME, Rupprecht H-J, Urban P, Gershlick AJ: Double-blind
study of the safety of clopidogrel with and without a loading dose
incombination with aspirin compared with ticlopidine in combination with aspirin after coronary stenting. The Clopiodgrel Aspirin
Stent International Cooperative Study (CLASSICS). Circulation
2000, 102:624–629.
Wang X, Oetgen M, Maida R, Lawrence E, Peters MJ, Zucker D,
Cohen N, Moussa I, Iyer S, Kreps E, Collins M, Roubin G, Colombo A,
Moses J: The effectiveness of the combination of Plavix and
aspirin versus Ticlid and aspirin after coronary stent implantation.
J Am Coll Cardiol 1999, 33:13A.
Steinhubl SR, Lauer MS, Mukherjee DP, Moliterno DJ, Lincoff AM, Ellis
SG, Topol EJ: The duration of pretreatment with ticlopidine prior to

