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EXECUTIVE SUMMARY
The Issue
Approximately 5.7% of Canadians have cardiovascular disease (CVD). In 2005, 31% of deaths
in Canada were due to CVD. In 2006, the estimated total drug cost of CVD in Canada was $5.3
billion (increased by more than 200% from $1.7 billion in 1996).
Clopidogrel, which is used to prevent atherothrombotic events, is a more costly drug than other
treatment options, and the number of reimbursement requests for clopidogrel submitted to
Canadian publicly funded drug plans is increasing. The generic version of clopidogrel will be
available in 2012.
Objectives
The aim of this report is to compare clopidogrel with other antiplatelet agents for the secondary
prevention of vascular events in adults undergoing percutaneous coronary intervention (PCI).
This objective will be accomplished by addressing four research questions.
1. What is the clinical effectiveness of clopidogrel (alone or in combination with aspirin [ASA])
compared with that of other antiplatelet regimens for the secondary prevention of vascular
events (myocardial infarction [MI], stroke, or vascular death) in adult patients undergoing
PCI with or without stent (bare metal or drug eluting) insertion?
a. Is there a difference in the clinical effectiveness of dual therapy with clopidogrel and
ASA based on the ASA dose?
b. How is intolerance to ASA defined, including gastrointestinal (GI) and non-GI causes?
 What are the benefits and harms of using clopidogrel in patients with ASA
intolerance?
 In patients with ASA intolerance manifesting as GI bleeding, is there a difference in
the recurrence risk of GI bleeding between monotherapy with clopidogrel and
combination therapy with ASA and a proton pump inhibitor (PPI)?
c. What is the clinical impact (including benefit and harm) of using clopidogrel in patients
who are experiencing restenosis, but who are not candidates for re-stenting?
2. What is the optimal duration of treatment with clopidogrel for the secondary prevention of
vascular events in adult patients undergoing PCI?
a. Is the time required for reimbursement approval associated with a delay in starting
clopidogrel therapy?
 If there is a delay in clopidogrel therapy initiation, what is the impact in terms of
clinical benefit and harm?
b. Is treatment duration with clopidogrel different depending on:
 the type of intracoronary stent inserted?
 the type of MI?
c. Are there patient characteristics that indicate clopidogrel therapy should be continued
indefinitely?
d. Is there a rebound effect after withdrawal of clopidogrel therapy?
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3. What are the recommendations from North American clinical practice guidelines on the use
of clopidogrel for adult patients undergoing PCI?
4. What is the cost-effectiveness of clopidogrel (alone or in combination with ASA) compared
with other antiplatelet regimens in the secondary prevention of vascular events (MI, stroke,
or vascular death) in adult patients undergoing PCI with or without stent (bare-metal stent or
drug-eluting stent) insertion?
a) Is there a difference in the cost-effectiveness of dual therapy with clopidogrel and ASA
based on the ASA dose?
Methods
To address the objectives, a systematic review was conducted to identify clinical studies
comparing antiplatelet agents and to identify guidelines on clopidogrel. Where feasible and
appropriate, standard random effects meta-analyses and mixed treatment comparison metaanalyses were performed.
The results of a review of economic evaluations were used to inform our economic evaluation of
clopidogrel plus ASA, ASA alone, and ticlopidine plus ASA for the prevention of vascular
events in adult patients undergoing PCI.
Clinical Effectiveness
Sixteen publications reported findings from 14 randomized controlled trials (RCTs) (total of
11,317 patients). Based on the meta-analyses performed, no clinically important differences
between interventions were found in vascular death, urgent target vessel revascularization, nonfatal MI, stroke, or major bleeds. The only difference that was observed occurred in the
comparison of ASA plus ticlopidine to ASA alone for the outcome measure of all target vessel
revascularizations. A meta-analysis of composite end point data was considered to be
inappropriate, but a narrative review of findings from large RCTs suggests that the use of ASA
plus clopidogrel reduced the rates of cardiovascular events compared with ASA alone.
Moreover, the use of clopidogrel was associated with fewer blood disorders compared with
ticlopidine.
One study that enrolled 17,232 patients with PCI was included to address a research question
about ASA dose. The study suggested that there is no difference in efficacy or bleeding when
higher or lower doses of ASA were used by patients with PCI that was treated with clopidogrel.
Clinical studies (RCTs and observational studies) examining the optimal duration of clopidogrel
therapy suggest that patients with stent placement benefit from the longer-term use of
clopidogrel compared with short-term treatment. Studies indicated that the shorter time required
for a reimbursement decision in a Canadian provincial drug reimbursement program for
clopidogrel therapy is associated with better patient outcomes. One observational study implied
the possibility of a clopidogrel rebound effect. We were unable to identify any study that could
help answer research questions 1b, 1c, and 2c. Few studies examine the effectiveness of
dipyridamole or ASA extended-release dipyridamole.
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According to six evidence-based clinical practice guidelines, patients undergoing PCI are
prescribed antiplatelet therapy for the secondary prevention of cardiovascular and
cerebrovascular events. The use of ASA, clopidogrel, or ticlopidine is recommended.
Clopidogrel is prescribed for patients who are ASA allergic or intolerant. Patients undergoing
PCI with drug-eluting stent placement receive clopidogrel for at least 12 months. Those with
bare-metal stent placement receive clopidogrel for one month. The use of clopidogrel is
recommended over the use of ticlopidine for these patients. The recommendations were
supported by various levels of evidence.
Economic Review
Of the seven economic evaluations that were relevant for inclusion in the literature review, none
evaluated the cost-effectiveness of clopidogrel from the perspective of a Canadian provincial
ministry of health.
Economic Evaluation
The economic evaluation found that for a population of patients undergoing PCI at age 60, one
year of dual antiplatelet therapy with ticlopidine plus ASA, followed by lifetime ASA therapy,
dominated clopidogrel plus ASA therapy because of lower costs and better expected health
outcomes. When the costs that were associated with the use of ticlopidine plus ASA were added
to the sensitivity analysis, this option was shown to be more effective and more costly than
clopidogrel plus ASA. In the probabilistic analysis, the incremental cost-effectiveness ratio of
ticlopidine plus ASA, compared with ASA alone, was greater than $50,000 per quality-adjusted
life-year. The clinical effectiveness of ticlopidine was the most uncertain variable in the model
based on the value of information analyses.
Health Services Impact
The results of the budget impact analysis indicated that money could be saved in moving away
from the use of clopidogrel plus ASA for PCI patients. Given the safety concerns about the use
of ticlopidine, the scenarios that were considered were based on small changes in prescribing
patterns (5% to 20% of current clopidogrel plus ASA use). If the 5% to 20% reduction in
clopidogrel plus ASA use corresponded to an increase in ticlopidine plus ASA use, then the
annual net savings to a jurisdiction was predicted to be up to $140,000.
Conclusions
The estimates of relative effectiveness for clopidogrel and ticlopidine with ASA suggest that the
optimal therapeutic choice is unclear. Clopidogrel and ticlopidine are at least as effective as ASA
for the secondary prevention of vascular events, and could be more effective. Compared with
ASA, clopidogrel, and especially ticlopidine, are associated with a higher risk of major bleeds. A
review of composite end point data (such as death, MI, stroke, revascularization, and major
bleeds) suggests that the use of ASA plus clopidogrel reduced the rates of cardiovascular events
compared with ASA alone. The use of clopidogrel was associated with fewer blood disorders
compared with ticlopidine in a review of the composite end points data.
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Our economic evaluation showed that for patients undergoing PCI at age 60, one year of dual
antiplatelet therapy with ticlopidine and ASA, followed by lifetime ASA, may be a more costeffective treatment (compared with clopidogrel plus ASA, and ASA monotherapy) for the
secondary prevention of vascular events. There is hesitancy to prescribe ticlopidine to these
patients because of the potentially fatal hematological disorders that are associated with its use.
The dominance of this combination is lost when the costs of blood monitoring and occurrence of
thrombotic thrombocytopenic purpura are factored into the model. Despite the economic
attractiveness of this option, more clinical investigation of this drug is unlikely.
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1

INTRODUCTION

1.1 Background and Setting in Canada
In Canada, cardiovascular diseases (CVDs) (coronary disease, cerebrovascular disease, and
peripheral arterial disease [PAD]) causes illness, disability, and death,1 which leads to associated
high health care costs. As the population ages, the number of Canadians with CVD is likely to
increase, further increasing the health care system’s expenditures.
Cardiac disease arises from atherosclerosis, which narrows the arteries and limits oxygen supply
to the body. Atherosclerosis, which is a disease of the large- and medium-sized arteries, is caused
by the deposition of lipids and platelets, and the accumulation of inflammatory cells, such as
monocytes and macrophages, in the arterial wall. This results in the formation of atherosclerotic
plaques, which cause narrowing of the lumen and restriction of blood flow, mainly in the
coronary, cerebral, and peripheral vessels.2,3 Atherosclerosis of the coronary arteries commonly
causes myocardial infarction (MI) and angina pectoris.3 Atherosclerosis of the arteries supplying
blood to the brain is a cause of stroke and transient ischemic attack (TIA) (also known as ministroke, a focal neurological deficit of presumed vascular origin lasting less than 24 hours).3 In the
peripheral circulation, atherosclerosis causes intermittent claudication and gangrene, and can
jeopardize limb viability.3 Atherosclerosis often starts in late adolescence or early adulthood, and
clinical manifestations typically occur years later.4,5 The pathogenesis of atherosclerosis is
complex.
Platelets play a role in atherosclerosis, which may result in acute occlusion from a ruptured
plaque and distal embolization.6,7 Therefore, platelet inhibition occurs in the primary and
secondary prevention of vascular events.
It is believed that antiplatelet therapy prevents the occurrence of ischemic events through the
inhibition of platelet thrombus formation, particularly during the rupture of an atherosclerotic
plaque, and protects distal tissues through the inhibition of embolization.5,8 Antiplatelet agents
include acetylsalicylic acid (ASA, [aspirin]), dipyridamole (Persantine), ticlopidine (Ticlid), and
clopidogrel (Plavix). In addition, a combination of fixed-dose ASA and extended-release
dipyridamole (ASA-ERDP, [Aggrenox]) is available for the secondary prevention of stroke.
Clopidogrel is used for the secondary prevention of atherothrombotic events (MI, stroke, and
vascular death) in patients with atherosclerosis that is documented by stroke, MI, or established
peripheral artery disease (PAD).9
Ticlopidine use has been associated with a reduced number of cardiovascular events in patients
with stroke or TIA, a decreased risk of subacute stent thrombosis occurring 24 hours to 30 days
post-stent placement in patients undergoing coronary stenting, and benefits in patients with
unstable angina (UA), PAD, and coronary artery bypass graft (CABG).10 The use of ticlopidine
is not recommended in current clinical practice for the secondary prevention of cardiovascular
events, because of its adverse effects on the blood.11
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ASA 81 mg or 325 mg, based on its platelet aggregation inhibitory properties, is used to reduce
the risk of vascular mortality in patients with a suspected acute MI, reduce the risk of a first nonfatal MI in individuals deemed by a physician to be at a sufficient risk of such an event, reduce
the risk of morbidity and death in patients with UA and in those with previous MI, reduce the
risk of TIA, secondary prevention of atherothrombotic cerebral infarction, and reduce the
adhesive properties of the platelets in patients after carotid endarterectomy to prevent a
recurrence of TIA.12 The use of ASA is recommended in patients undergoing CABG to reduce
post-operative MI, stroke, renal failure, and bowel infarction.13
Dipyridamole is used to prevent post-operative thromboembolic complications that are
associated with prosthetic heart valves.14 Aggrenox, which is a fixed-dose combination product
of ASA and dipyridamole, is used to prevent stroke in patients who have had a stroke or a TIA.15
In the past three decades, the management of coronary artery disease (CAD) has progressed with
the development of percutaneous coronary interventions (PCIs), including percutaneous coronary
transluminal angioplasty (PTCA), and bare-metal stent (BMS) and drug-eluting stent (DES)
placement.16 Stents were developed to maintain vessel lumen diameter by acting as a scaffold
and preventing collapse after angioplasty in some patients. Although the use of BMS statistically
significantly decreased the restenosis rates and target lesion revascularization, initial trials
reported acute and subacute stent thrombosis rates of 16% to 24%, and corresponding intensive
anticoagulation therapy was associated with higher bleeding incidence and more hospital stays.
The DES was developed with the intention of eliminating restenosis. Compared with BMS, the
performance of a DES was superior in reducing restenosis and reintervention in the target vessel
at six months to 12 months and longer follow-up. Some clinical studies suggested an increased
incidence of stent thrombosis with the use of DES, and related MI and death.16-20
Dual clopidogrel and ASA therapy is the most common approach that is prescribed by many
physicians to prevent stent thrombosis in patients with PCI.16

1.2 Overview of Technology
It is believed that antiplatelet therapy prevents the occurrence of ischemic events through the
inhibition of platelet thrombus formation and protects distal tissues through the inhibition of
embolization.5,8 The antiplatelet agents have different mechanisms of action. They target one or
more of the pathways that mediate thrombus formation.21
Clopidogrel and ticlopidine are thienopyridines that bind specifically to the P2Y12 receptor.22
They selectively inhibit the binding of adenosine diphosphate (ADP) to its receptor and
subsequent ADP-mediated activation of the glycoprotein IIb-IIIa complex, thereby inhibiting
platelet aggregation.21,23 The use of ASA inhibits platelet aggregation by deactivating the
enzyme cyclooxygenase I. This blocks the formation of thromboxane A2, which is largely
responsible for the aggregating properties of platelets, and other platelet aggregation
contributors.21 Dipyridamole potentiates the aggregation inhibition effects of adenosine and
prostaglandin E1.14 It inhibits platelet aggregation that is induced by ADP or collagen.24
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Clopidogrel was approved for use in Canada in August 1995.25 Notices of compliance were
granted in April 1995 for ticlopidine,26 March 1995 for dipyridamole,27 and February 2000 for
ASA-ERDP28 (25 mg ASA and 200 mg dipyridamole). The drug prices appear in Table 1.
Table 1: Drug Prices
Product

DIN

Price per Pill ($)

Source

ASA (81 mg)
ASA (325 mg)
Clopidogrel (75 mg Plavix)
Dipyridamole (100 mg Persantine)
Ticlopidine
ASA-ERDP (25 mg ASA-200 mg
dipyridamole [Aggrenox])

02237726
00040851
02238682
00452106
02243587
02242119

0.1297
0.0585
2.5775
0.6237
0.5464
0.8230

BC PharmaCare Program*
Ontario formulary29
Ontario formulary29
BC PharmaCare Program*
Ontario formulary29
Ontario formulary29

ASA = acetylsalicylic acid, BC = British Columbia, DIN = drug identification number, ERDP = extended-release dipyridamole.
*Drug cost data were provided by BC PharmaCare Program, Victoria. We looked first to the Ontario formulary. For drugs not listed
there we then looked to BC PharmaCare.

The formulary status of the antiplatelet drugs appears in Table 2. The utilization and expenditure
patterns appear in Tables 3 and 4.
Table 2: Formulary Status of Antiplatelet Drugs by Provincial Drug Plan
Description

Alta.

BC

FNIHB

Man.

NB

Nfld.
and
Lab.
R*

NS

Ont.

PEI

Que

Sask.

Clopidogrel
75 mg
ASA 325 mg
ASA 81 mg
Ticlopidine
250 mg
Dipyridamole
25 mg
Dipyridamole
50 mg
Dipyridamole
75 mg
ASA-ERDP

L, R*†

R*

R* ‡

L*, B*†

R*

R*

L*

R*

E*

R*

B

B
B
L*, B*†

B
B
B

B

B

B

B

B

B

R*

L*

B
B
R*

B

R*

B

R*§

B
B
B

B

B

B

B

B

B

B

B

B

B

B

B

B

B

B

B

B

B

R*

B

B

B

B

B

B

B

B

B

R*

R*

B

R*

R*

R*

E*

R*

R*

L*

Source: National Prescription Drug Utilization Information System (NPDUIS) Database, Canadian Institute for Health Information,
30
Ottawa, ON, Canada (for all drug plans except Quebec); Régie de l'assurance maladie du Québec, list of medications, schedule 1.
ASA = acetylsalicylic acid; Alta. = Alberta; B = benefit (drugs that are considered to be part of a regular benefit); BC = British
Columbia; E = exception medication; ERDP = extended-release dipyridamole; FNIHB = First Nations and Inuit Health Branch;
L = limited (limited benefits through regular [automated] adjudication processes against plan- or program-specific criteria); Man. =
Manitoba; NB = New Brunswick; Nfld. and Lab. = Newfoundland and Labrador; NS = Nova Scotia; Ont. = Ontario; PEI = Prince
Edward Island; Que = Quebec; R = restricted (restricted benefits through formal request for coverage to be completed by prescriber
for patient-specific review against plan- or program-specific set of criteria); Sask. = Saskatchewan.
*Restricted, limited, and exceptional medication criteria are described in Appendix 1.
‡Listed as "B" until April 1, 2007.
†Coverage level depends on plans (See Appendix 2 for drug plans that cover each drug in each jurisdiction).
§Listed as “B” until May 3, 2004 for permanent residents of licensed long-term care facilities, recipients of British Columbia Benefits,
and children in the At Home Program.
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Table 3: Total Beneficiaries, Expenditures, and Prescriptions or Claims for Drug Classes (all indications) by Jurisdiction, 2007-2008*
Man.

Alta.

NB

FNIHB

PEI

VAC†

BC

NS

Sask.

Clopidogrel
Total beneficiaries

15,048

14,804

4,756

5,075

548

6,895

33,581

5,187

8,355

Total claim‡

80,536

67,486

27,762

56,332

4,304

79,183

167,656

30,157

59,813

Total expenditure

$6,912,282

$10,029,851

$3,429,029

$3,866,768

$322,402

$4,618,534

$12,925,923

$3,669,443

$4,869,543

Expenditure/claim

$85.80

$148.60

$123.5

$68.60

$74.90

$58.30

$77.10

$121.70

$81.40

ASA 81 mg
Total beneficiaries

3,480

---

434

36,672

490

7,804

---

---

---

Total claim‡

65,160

---

794

252,665

4,090

84,821

---

---

---

Total expenditure

$55,604

---

$7,310

$1,812,795

$29,209

$670,122

---

---

---

Expenditure/claim

$0.90

---

$9.20

$7.20

$7.10

$7.90

---

---

---

ASA 325 mg
Total beneficiaries

329

---

3,313

8,916

170

---

4,009

6,022

4,286

Total claim‡

4,274

---

17,114

59,109

1,396

---

16,377

29,732

18,141

Total expenditure

$1,603

---

$109,240

$328,654

$8,822

---

$528,017

$276,784

$128,980

Expenditure/claim

$0.40

---

$6.40

$5.60

$6.30

---

$32.20

$9.30

$7.10

Ticlopidine
Total beneficiaries

177

278

106

101

23

27

475

179

82

Total claim‡

821

1,394

590

1,396

215

198

3,668

1,079

721

Total expenditure

$44,469

$89,323

$40,987

$33,722

$7,697

$8,034

$151,197

$71,144

$26,405

Expenditure/claim

$54.20

$64.10

$69.50

$24.20

$35.80

$40.60

$41.20

$65.90

$36.60

Dipyridamole
Total beneficiaries

99

218

42

20

12

8

426

69

¶

Total claim‡

394

894

226

137

66

64

2,947

361

¶

Total expenditure

$13,220

$39,567

$7,702

$6,230

$2,947

$2,155

$88,272

$16,189

¶

Expenditure/claim

$33.60

$44.30

$34.10

$45.50

$44.60

$33.70

$30.0

$44.80

¶

ASA-ERDP
Total beneficiaries

391

2,141

109

347

---

836

---

166

380

1,509

10929

654

3638

---

10,201

---

873

3,136

§

Total claim‡
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Table 3: Total Beneficiaries, Expenditures, and Prescriptions or Claims for Drug Classes (all indications) by Jurisdiction, 2007-2008*
Man.

Alta.

NB

FNIHB

PEI

VAC†

BC

NS

Sask.

Total expenditure

$95,414

$886,620

$51,351

$121,159

---

$190,017

---

$69,681

$168,699

Expenditure/claim

$63.20

$81.10

$78.50

$33.30

---

$18.60

---

$79.80

$53.80

Source: Drug utilization data provided by Veterans Affairs Canada (for VAC); drug utilization data provided by First Nations and Inuit Health Branch (FNIHB) Program, Health Canada,
Ottawa, ON (for FNIHB); drug utilization data provided by BC PharmaCare Program, Victoria, BC (for BC); National Prescription Drug Utilization Information System (NPDUIS),
Database, Canadian Institute for Health Information, Ottawa, ON, Canada (for other jurisdictions).
Alta. = Alberta; ASA = acetylsalicylic acid; BC = British Columbia; ERDP = extended-release dipyridamole; FNIHB = First Nations and Inuit Health Branch; Man. = Manitoba; NA or --= not applicable; NB = New Brunswick; NS = Nova Scotia; PEI = Prince Edward Island; Sask. = Saskatchewan; VAC = Veterans Affairs Canada.
* We approached all jurisdictions (except Quebec) to obtain utilization data and received data from Manitoba, Alberta, New Brunswick, First Nations and Inuit Health Branch, Prince
Edward Island, Veterans Affairs Canada, British Columbia, Nova Scotia, and Saskatchewan. Response was voluntary.
†
Utilization for ASA was reported together; therefore, use of ASA for Veterans Affairs Canada represents total use of ASA of any dose.
‡Total claims refer to total number of insurance claims made to each drug plan during specified fiscal year.
§25 mg, 50 mg, or 75 mg.
¶Suppressed because of confidentiality concerns.

Table 4: Antiplatelet Drug Use in Canada for PCI and Other Indications (2007-2008)
Therapy
Total

Clopidogrel
ASA‡
Clopidogrel + ASA‡
Ticlopidine
Dipyridamole
ERDP + ASA
Total

197,959
2,016,969
735,811
16,400
5,460
67,020
3,039,619

Estimated Number (%) of Drug Recommendations
Made by Canadian Office-Based Physicians
*
%
For PCI
%†
For Others

6.5
66.4
24.2
0.5
0.2
2.2
100.0

0
173,570
154,120
0
0
0
327,690

0
8.61
20.95
0
0
0
NA

197,959
1,843,399
581,691
16,400
5,460
67,020
2,711,929

%†

100
91.39
79.05
100
100
100
NA

Source: IMS Health Canada, Canadian Disease and Therapeutic Index (CDTI) (This information may not be reproduced in any way without written consent from IMS Health
Incorporated).
ASA = acetylsalicylic acid; ERDP = extended-release dipyridamole; NA = not applicable; PCI = percutaneous coronary intervention.
‡325 mg (prescription or over-the-counter use).
*% of total antiplatelet use (for example, clopidogrel was recommended for 6.5% of the total number of recommended antiplatelet use).
†% of total use of its class (for example, of total clopidogrel only use, 0% (of 6.5%) is for PCI population and 100% (of 6.5%) is for any other population).
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THE ISSUE

Approximately 5.7% of Canadians have CVD.31 In 2005, 31% of deaths in Canada were due to
CVD (20% due to stroke, 24% due to heart attack, and 54% due to ischemic heart disease).32 In
2006, the estimated total drug cost of CVD in Canada was $5.3 billion (increased by more than
200% from $1.7 billion in 1996).33 The per capita health cost of CVDs varies between provinces
and territories. These variations may result from differences in physician practices, coding
practices, or labour costs across Canada.
CVDs have an economic impact in Canada.31 The effective secondary prevention of vascular
events such as stroke, MI, or vascular death among patients who are at high risk as a result of
previous clinical manifestations of atherosclerotic arterial disease is one strategy to reduce the
economic impact.34
The rate of PCI has increased annually in Canada.35 Clopidogrel, which is used to prevent
atherothrombotic events, is an expensive drug relative to other treatments, and the number of
reimbursement requests for clopidogrel submitted to Canadian publicly funded drug plans is
increasing. Given limited health care resources, an assessment of the clinical effectiveness and
cost-effectiveness of clopidogrel is needed to inform policy-makers about the sustainability of
current reimbursement policies.

3

OBJECTIVES

The aim of this report is to compare clopidogrel and other antiplatelet agents for the secondary
prevention of vascular events in adults undergoing PCI. This includes assessing the optimal
duration and timing of clopidogrel treatment. This objective will be accomplished by addressing
four research questions.
1.

What is the clinical effectiveness of clopidogrel (alone or in combination with ASA)
compared with other antiplatelet regimens (ASA, ticlopidine, dipyridamole, combination
of fixed-dose ASA, and ASA-ERDP) for the secondary prevention of vascular events (MI,
stroke, or vascular death) in adult patients undergoing PCI with or without stent (bare
metal or drug eluting) insertion?
a. Is there a difference in the clinical effectiveness of dual therapy with clopidogrel and
ASA based on the ASA dose?
b. How is intolerance to ASA defined, including gastrointestinal (GI) and non-GI causes?

What are the benefits and harms of using clopidogrel in patients with ASA
intolerance?

In patients with ASA intolerance manifesting as GI bleeding, is there a difference
in the recurrence risk of GI bleeding between monotherapy with clopidogrel and
combination therapy with ASA and a proton pump inhibitor (PPI)?
c. What is the clinical impact (including benefit and harm) of using clopidogrel in
patients who are experiencing restenosis, but who are not candidates for re-stenting?

2.

What is the optimal duration of treatment with clopidogrel for the secondary prevention of
vascular events in adult patients undergoing PCI?
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a. Is the time required for reimbursement approval associated with a delay in starting
clopidogrel therapy?

If there is a delay in clopidogrel therapy initiation, what is the impact in terms of
clinical benefit and harm?
b. Is treatment duration with clopidogrel different depending on:

the type of intracoronary stent inserted (BMS versus DES)?

the type of MI (non-ST-elevation myocardial infarction [NSTEMI] versus
ST-elevation myocardial infarction [STEMI])?
c. Are there patient characteristics that indicate clopidogrel therapy should be continued
indefinitely?
d. Is there a rebound effect upon withdrawal of clopidogrel therapy?
3.

What are the recommendations from North American clinical practice guidelines on the
use of clopidogrel for adult patients undergoing PCI?

4.

What is the cost-effectiveness of clopidogrel (alone or in combination with ASA)
compared with other antiplatelet regimens (ASA, ticlopidine, dipyridamole, ASA-ERDP)
in the secondary prevention of vascular events (MI, stroke, or vascular death) in adult
patients undergoing PCI with or without stent (BMS or DES) insertion?
a. Is there a difference in the cost-effectiveness of dual therapy with clopidogrel and ASA
based on the ASA dose?

4

CLINICAL REVIEW

4.1 Methods
A protocol for the review was written before the research was started.
4.1.1 Literature Search Strategy
Peer-reviewed literature searches were conducted for the clinical review. All search strategies
were developed by an Information Specialist with input from the project team.
The following bibliographic databases were searched through the Ovid interface: MEDLINE,
MEDLINE Daily Update, MEDLINE In-Process & Other Non-Indexed Citations, EMBASE,
The Cochrane Library, BIOSIS Previews, and CINAHL. A parallel search was run in the ECRI
Institute. The search strategy comprised controlled vocabulary, such as the National Library of
Medicine’s MeSH (Medical Subject Headings) and keywords. The main search concepts were
clopidogrel and the four comparator medications, and the search logic incorporated all
comparisons between these drugs. Appendix 3 shows the detailed search strategy.
Methodological filters were applied to limit the retrieval to randomized controlled trials (RCTs),
systematic reviews, and clinical practice guidelines. The clopidogrel component of the search
included the retrieval of observational studies and harms data. The search was not restricted by
date or language. OVID AutoAlerts were set-up to send monthly updates with new literature.
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Grey literature (literature that is not commercially published) was identified by searching the
websites of health technology assessment and related agencies, professional associations, and
other specialized databases. Appendix 3 lists these websites. A final supplemental Internet search
using Google Advanced Search was conducted. These searches were supplemented by
handsearching the bibliographies of key papers and through contacts with appropriate experts.
Manufacturers were requested to provide relevant information.
4.1.2 Selection Criteria
The studies to be included for this review were required to meet several criteria.
Study design
Population
Intervention
Comparator
Outcome

RCT
Adult patients (older than 18 years) undergoing PCI
Clopidogrel (with or without concurrent use of ASA)
ASA, ticlopidine, dipyridamole, or any combination, or ASA-ERDP
MI, stroke, revascularization, vascular death (at more than 3-month follow-up),
death, composite end points, bleeding, serious adverse events, other adverse
events, or quality of life (QoL)

ASA = acetylsalicylic acid; ERDP = extended-release dipyridamole; MI = myocardial infarction; PCI = percutaneous corononary
intervention; QoL = quality of life; RCT = randomized controlled trial.

To address question 1, a study was included if it satisfied all the selection criteria. In addition,
any study comparing two or more of the drugs listed as interventions or comparators was
included for mixed treatment comparisons (MTC) analysis.
To assess harm and to address research question 2, observational studies were to be considered if
data were unavailable from RCTs. Observational studies with a treatment duration longer than
one year and more than 1,000 patients were to be considered (based on the assumption that large
studies of sufficient duration are likely to provide robust data on harms, including the studies
with latency between the start of treatment and the occurrence of harms). If the relevant data
were unavailable from these studies, then studies with a shorter duration and smaller studies
focusing on adverse events or on aspects of research question 2 were considered. Studies on
primary prevention or comparisons of loading dose of clopidogrel were not considered in this
review. Studies reporting on outcomes in the perioperative stage were not excluded.
To address questions 1a, 1b, 1c, 2a, 2b, 2c, and 2d, appropriate studies (RCTs or observational
studies when RCTs were unavailable) were selected. Separate targeted searches were not
conducted. The relevant studies were identified through a review of studies that were found in
other searches.
To address question 3, appropriate evidence-based North American clinical practice guidelines
that make recommendations on clopidogrel for patients who have had PCI were selected.
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4.1.3 Selection Method
Two of the three reviewers (SC, SB, and MC) independently selected the studies for inclusion.
The differences in decisions between reviewers were resolved by discussion until consensus was
reached. For studies with multiple publications, we ensured that no double-counting occurred
during data extraction and analysis.
4.1.4 Data Extraction Strategy
Two reviewers (SB, MC) independently extracted data, or one reviewer extracted data and the
second reviewer checked the data. A third reviewer (SC) verified the data. A structured data
extraction form (Appendix 4) was used. Data were compared, and differences between reviewers
were resolved by discussion until consensus was reached.
4.1.5 Strategy for Validity Assessment
The validity of the included RCTs and comparative observational studies was evaluated based on
Jadad et al.’s36 and Hailey et al.’s37 scales (Appendix 5). A score of 11.5 to 15 is defined as “high
quality,” a score of 9.5 to 11 as “good quality,” and a score of 7.5 to 9 as “fair quality.” The
scores were used in sensitivity analyses where appropriate.
4.1.6 Data Analysis Methods
a)

Evaluation of study homogeneity

Before the quantitative pooling of the results, the homogeneity of the clinical and methodological
characteristics of included studies was evaluated. The characteristics included aspects of study
design, inclusion and exclusion criteria, baseline demographics (age, gender, and disease),
intervention characteristics, and clinical outcomes. A qualitative review of findings was planned
if the heterogeneity among included studies was large enough to make the pooling of data
inappropriate. The extent of heterogeneity was determined by project team members who
reviewed the evidence tables. Studies that were of potential concern were sent to the research
team, and the importance of these differences was discussed with clinical experts. The
appropriateness of meta-analysis was based on the consensus that was derived.
b)

Evidence synthesis

The comparison of the effects of the interventions would ideally be based on an assessment of
head-to-head RCTs providing evidence on clinical effectiveness and safety. Without such data,
efforts to determine the relative estimates of effectiveness between all active comparators using
other means are worthwhile to determine relative clinical effectiveness and to construct
economic models. As a result, the statistical methods for MTC meta-analysis that are described
by Lu and Ades38 were used. The MTCs meta-analysis is used when a collection of studies
addressing a hypothesis includes trials that compare subsets of interventions, and there is interest
in comparing treatments that have not been and may not ever be compared, or there is a desire to
use indirect comparisons to strengthen inferential power.39 The appropriate use of MTC hinges
on the assumption that patient populations and other study characteristics (including design and
control group therapy) are similar. For this reason, the studies were evaluated, based on a review
of the evidence tables, to identify any important differences and sources of heterogeneity to
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avoid. When the assumptions are appropriately considered,40 Song et al.41 and Vandermeer et
al.42 found that similar conclusions are derived from indirect comparisons compared with
syntheses of direct comparisons.
Winbugs software43 was used for all MTC meta-analyses. The posterior densities for all
unknown parameters were estimated using Markov Chain Monte Carlo methods.44 The prior
distributions for the overall effects and study-specific effect estimates were assigned vague
normal prior distributions centered at zero with large variances so that the collected data would
drive the calculation of pooled estimates. Model diagnostics including trace plots,
autocorrelation plots, and the Brooks-Gelman-Rubin statistics were assessed to ensure
convergence. Three chains were fit to evaluate convergence. Each chain used 50,000 or more
iterations, with a burn-in of 50,000 or more iterations. The measures of effect were estimated
according to the Winbugs routine developed by the Evidence Synthesis Group of the Universities
of Bristol and Leicester (the code, which is available from the website,45 appears in Appendix
14). Pairwise odds ratios (ORs) were estimated and converted to relative risk (RRs) ratios using
the median event rate across included trials based on the reference group (ASA therapy) as a
baseline probability, p0, according to RR = OR/[(1-p0)+(p0*OR)]. The median estimates were
reported with corresponding 95% credible intervals (CrIs). The standard random effects metaanalyses of RRs using head-to-head trials computed using Review Manger 5.0 software
(Cochrane Collaboration) were calculated with corresponding 95% confidence intervals (CIs)
and are reported with all MTC estimates to facilitate comparison and consideration of
inconsistency.
In the MTC estimates, a 95% CrI for an RR comparing two interventions that excluded the value
of one indicated that there is a less than 5% probability of there being no difference in effect
between treatments. The MTC approach to meta-analysis also enables the exploration of which
treatment could have the most beneficial clinical response. This is achieved by calculating the
proportion of total iterations from an analysis in which an intervention had the greatest relative
effect, and the average rank of each therapy across iterations.
Where necessary and clinically acceptable, intervention groups in treatment networks were
collapsed to simplify the structure of the network. This included the combination of ASA plus
placebo and ASA alone. Based on the limitations of data availability from included trials, MTC
analysis was done for the outcomes of vascular death, target vessel revascularization (TVR),
urgent TVR, stroke, non-fatal MI, and major bleeds. Based on the limitations of data reporting in
trials on the outcomes, MTC analysis was done only for ASA, clopidogrel plus ASA, and
ticlopidine plus ASA. Dipyridamole and ASA-ERDP were not included in a MTC analysis
because studies with relevant data were unavailable. Findings on the outcomes for other
interventions were summarized qualitatively.
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4.2 Results
4.2.1 Quantity of Research Available
From 6,356 citations that were identified in the original literature search (Figure 1), 6,204
(mostly biochemical studies, reviews, editorials, and commentaries) were excluded based on the
screening of abstracts. One hundred and fifty-two potentially relevant reports were retrieved in
full text. An additional four potentially relevant reports were retrieved from alerts and
handsearching bibliographies. At the second screening, 137 reports were excluded (Figure 1 and
Appendix 6), and 16 were selected to address question 1. These 16 reports46-61 described 14
RCTs. One RCT was included to answer question 1a.62 One RCT that provided information for
question 1 was used to answer question 2.46 Two RCTs63,64 and four observational studies19,65-67
were selected to address questions 2, 2a, 2b, and 2d. The four observational studies were
identified in an additional search for observational studies.
4.2.2 Study Characteristics
a)

Study design, follow up, and interventions

The characteristics of the 14 RCTs comparing treatments with antiplatelet agents (clopidogrel,
ticlopidine, dipyridamole, ASA, and combinations) in patients undergoing PCI appear in
Appendix 7. Eleven RCTs were parallel group, two-armed trials;46-57,61 and three were parallel
group, three-armed trials.58-60 Treatment lasted two weeks in two RCTs,51,57 one month in six
RCTs,50,52-54,56,58,59 six months in three RCTs,55,60,61 three to 12 months in one RCT,47 four to
seven months in one RCT,48,49 and 12 months in one RCT.46 The duration of patient follow-up
was one month in seven RCTs,50-52,54,56,58,59 approximately six months in four RCTs,48,49,55,60,61
one year in two RCTs,46,47 and 27 months to 28 months in one RCT.53
Table 5 shows the interventions that were evaluated in each RCT. Placebo arms and inactive
control groups were not considered. Therefore, two of three arms in two trials59,60 were used for
the analyses. In another three-armed trial,58 there were two arms of clopidogrel with or without a
loading dose. Only the arm with a loading dose was used in the analyses. All other trials had two
arms. No trials compared clopidogrel (or clopidogrel plus ASA) with dipyridamole (or
dipyridamole plus ASA), or clopidogrel plus ASA with ticlopidine. Because of a lack of RCTs
providing a comparison of more than two treatments simultaneously, the use of MTC methods
was considered to be appropriate in deriving the measures of relative clinical effectiveness.
Of the 14 RCTs, six46,47,57-60 had industry sponsorship, one55 received grants (not from industry),
and seven48-54,56,61 did not report sponsorship. The number of patients in the RCTs ranged
between 68 and 2,658. The total number of patients across all trials was 11,317. Seven50-54,56,57,61
were single-centre trials, six46-49,58-60 were multicentre trials, and one55 did not report the number
of participating centres.
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Figure 1: Selected Reports
6,356 citations identified from
electronic search and screened

6,204 citations excluded

152 potentially relevant reports
retrieved for scrutiny
(full text, if available)

4 potentially relevant
reports retrieved from
other sources

156 potentially relevant reports
137 reports excluded:
 study design not relevant (15)
 multiple publications of same trial, no
additional data (22)
 no relevant data (18)
 comparators inappropriate (7)
 population inappropriate (69)
 letter, commentary, erratum (6)

16 reports describing 14 RCTs to address
question 1; 1 RCT to address question 1a

2 RCTs (1 also addressed question 1)
to address question 2; 1 RCT to
address question 2b

RCT = randomized controlled trial.
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b)

Patient population

The inclusion and exclusion criteria for the RCTs (Appendix 8) were similar across all trials. The
characteristics of the patients who were included in the RCTs appear in Appendix 9. Patients’
baseline demographic characteristics were similar. The patients’ mean age ranged from 52 years
to 69 years. The percentage of males was higher than that of females in all RCTs. PTCA without
stent placement was performed in two trials;48,49,60 intracoronary stents were placed in 10
trials;50-59,61 and the remaining trials did not specify the procedure.46,47
c)

Study validity

The validity of the studies was assessed using a method based on Jadad et al.’s scale36 and Hailey
et al.’s scale.37 They were generally scored as being of high or good quality. Of the 16 reports
that were used to answer research question 1, 11 were of high quality, four were of good quality,
and one was of fair quality. The included studies adequately described the patient selection
criteria and specified the interventions. Information about follow-up, dropouts, and compliance
was not reported in some studies. The quality of most studies was compromised by incomplete or
unclear outcomes reporting. Most of the double-blinded RCTs did not describe the methods of
blinding. Details about the quality assessment of studies appear in Appendix 10.

Table 5: Interventions Evaluated in Included Trials (marked with ×)
Trial

C+
ASA

T+
ASA

×
×

×

Di Pasquale et al.
Hall et al.50

×

×
×

Juergens et al.51
Leon et al.59
Machraoui et al.52
Mueller et al.,53
Müller et al.54
Parodi et al.55
PCI-CURE47
Piamsomboon et al.56
Taniuchi et al.57
Bourassa et al.,48
Schwartz et al.49
White et al.60
Column Totals

×

CLASSICS58
CREDO46
61

×
×
×
×
×

T+P

T

P+
ASA

D+
ASA

ASA

1,021
2,116

×
×

×
×
×
×

×
×

×
×
×
×

10
studies

×
1
study

1
study

2
studies

×
2
studies

428
226
307
1,653
243
700
133
2,658
68
1,016
376

×

9
studies

Total Number
of Patients

2
studies

372
11,317
patients

ASA = acetylsalicylic acid; C = clopidogrel; CLASSICS = Clopidogrel Aspirin Stent International Cooperative Study; CREDO =
Clopidogrel for the Reduction of Events During Observation; D = dipyridamole; P = placebo; PCI-CURE = Percutaneous Coronary
Intervention — Clopidogrel in Unstable Angina to Prevent Recurrent Events; T = ticlopidine.
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d)

Outcomes reported and outcome definitions

Table 6 shows the outcomes that were reported in the included studies. For each clinical
measure, only trials with available data were included in the analysis. Appendix 11 shows the
outcome definitions that were used by authors in each included trial. The categorization of
bleeding outcomes varied across studies. Any variations in outcome definitions are noted in the
summaries of clinical findings.
Table 6: Outcomes Reported by Included Trials (marked with x; y denotes outcomes used in
MTC meta-analysis)
Trial

Death
All
Vas*

Stroke
All

All

MI
NonFatal

Revascularization
Any
Urgent
TVR
TVR

Bleeding
Major†

x

CLASSICS
58

CREDO46
Di Pasquale
et al.61
Hall et al.50
Juergens et
al.51
Leon et
al.59
Machraoui
et al.52
Mueller et
al.53
Müller et
al.54
Parodi et
al.55
PCICURE47
Piamsombo
on et al.56
Taniuchi et
al.57
Bourassa et
al.48
White et
al.60

CEP

x
x

Y

x

y
y

y

x

x
y

y
y

x

y

y

x

x

x

x

y
x

x

y
Y
Y

y

x

x

y

y
y

y

y

x

y

x

y

y

x

x

x
y

x
x

y

AE
TCP
NTP

x
y

y

y

y

y

y

y

y

y

x

x
x

y

x

y

x

y
y

x

x
X

x

AE = adverse event; CEP = composite end point; CLASSICS = Clopidogrel Aspirin Stent International Cooperative Study;
CREDO = Clopidogrel for the Reduction of Events During Observation; MI = myocardial infarction; MTC = mixed treatment
comparison; NTP = neutropenia; PCI-CURE = Percutaneous Coronary Intervention — Clopidogrel in Unstable Angina to Prevent
Recurrent Events; TCP = thrombocytopenia; TVR = target vessel revascularization; vas = vascular.
*For “vascular death,” studies marked with “y” not used in MTC because of short duration of follow-up.
†
Major bleeds included life-threatening bleeds, bleeding episodes that need transfusion, and hemorrhage.
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4.2.3 Data Analyses and Synthesis
a)

Question 1

What is the clinical effectiveness of clopidogrel (alone or in combination with ASA) compared
with other antiplatelet regimens (ASA, ticlopidine, dipyridamole, combination of fixed-dose
ASA, and ASA-ERDP) for the secondary prevention of vascular events (MI, stroke, or vascular
death) in adult patients undergoing PCI with or without stent (bare metal or drug eluting)
insertion?
Vascular Death
Three RCTs47,53,61 provided data on the observed frequency of vascular death. Table 5 shows the
interventions that were compared. Table 7 shows the estimates that were calculated from the
synthesis of evidence using MTC meta-analysis, and estimates that were calculated using
standard random effects meta-analysis to provide a basis for comparison. Appendix 12 Figure A1
shows the network of studies that was used for analysis. Appendix 13 Table A1 shows the data
that were extracted from the trials. One study61 comparing ASA plus clopidogrel and ASA plus
ticlopidine observed zero events in both treatment arms. No differences in point estimates of
effect that were obtained using the different methods were observed in analyses where head-tohead trial data were available. Because of the availability of minimal data and the use of vague
prior distributions for MTC analysis, there were differences in CrIs and CIs. In the comparison
of ticlopidine plus ASA with clopidogrel plus ASA, the standard random effects meta-analysis
found a statistically significant difference between the two groups and favoured ticlopidine plus
ASA (one trial with zero events in both arms could not be included in this analysis). Based on
the MTC meta-analysis, no estimated RRs and associated 95% CrIs were found between any pair
of interventions that excluded the possibility of a null difference.
Table 7: Results, Vascular Death (> 3 months follow-up)
Intervention

MTC RR Estimate
(95% CrI)
Reference group: ASA

Direct RR
Estimate (95% CI)

Number of Events/Number
of Patients (%) per Group

Clopidogrel + ASA

1.06 (0.08 to 10.3)

1.05 (0.65 to 1.72)

Ticlopidine + ASA

0.31 (0.01 to 9.25)

No data

ASA 31/1,345 (2.3%)
versus
ASA + clopidogrel 32/1,313 (2.4%)
No data

Reference Group: ASA + Clopidogrel

Ticlopidine + ASA

0.29 (0.02 to 3.63)

0.32* (0.15 to
0.69)

ASA + clopidogrel 29/569 (5.1%)
versus
ASA + ticlopidine 9/559 (1.6%)

ASA = acetylsalicylic acid; CI = confidence interval; CrI = credible interval; MTC = mixed treatment comparison RR = relative risk.
*Excludes data from one trial with 0 events in both arms.

Target Vessel Revascularization
Nine RCTs46,47,50,51,54,55,57,59,61 provided data on the observed frequency of TVR (four reported
TVR of any form,50,57,59,61 four reported TVR of an urgent form,47,51,54,55 and one study reported
both46). Table 5 shows the interventions that were compared among these trials. Table 8 shows
estimates that were based on the combination of evidence using MTC meta-analysis and
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estimates based on the standard random effects meta-analysis to provide a basis for comparison.
Appendix 12 Figure A2 shows the network of studies that was used for the analysis of any form
of TVR (urgent or otherwise). Appendix 13 Table A2 shows the data that were extracted from
the trials. Tables and figures from a sensitivity analysis of the five trials show data on urgent
TVR only. There was variation of point estimates in the comparisons of clopidogrel plus ASA
and ticlopidine plus ASA with ASA alone. The directions of effect and clinical interpretations
were similar, and ASA plus ticlopidine was identified as having a protective effect compared
with ASA in the direct and indirect analyses. The comparison of ASA plus clopidogrel to ASA
plus ticlopidine failed to exclude the possibility of a null difference between treatments,
regardless of the method of data synthesis. When the data from studies reporting urgent TVR
(Table 9) were re-analyzed, the point estimates and direction of effect were similar when
clopidogrel plus ASA was compared with ASA alone. The comparison of ticlopidine plus ASA
with ASA alone was inconclusive. The comparison of ticlopidine plus ASA with clopidogrel
plus ASA for urgent TVR was also inconclusive.
Table 8: Results, All TVRs
Intervention

MTC RR Estimate
(95% CrI)
Reference group: ASA

Direct RR
Estimate (95% CI)

Number of Events/Number
of Patients (%) per Group

Clopidogrel +
ASA

0.72 (0.29 to 1.42)

0.87 (0.63 to 1.22)

Ticlopidine +
ASA

0.44 (0.14 to 0.93)

0.20 (0.07 to 0.58)

ASA 182/2,408 (7.6%)
versus
ASA + clopidogrel 164/2,366 (6.9%)
ASA 21/660 (3.2%)
versus
ASA + ticlopidine 4/669 (0.6%)

Reference Group: ASA + Clopidogrel

Ticlopidine +
ASA

0.62 (0.26 to 1.15)

0.87 (0.63 to 1.19)

ASA + clopidogrel 69/1,283 (5.4%)
versus
ASA + ticlopidine 59/1,301 (4.5%)

ASA = acetylsalicylic acid; CI = confidence interval; CrI = credible interval; MTC = mixed treatment comparison; RR = relative risk;
TVR = target vessel revascularization.

Table 9: Results, Urgent TVRs
Intervention

MTC RR Estimate
(95% CrI)
Reference group: ASA

Direct RR
Estimate (95% CI)

Number of Events/Number of
Patients (%) per Group

Clopidogrel +
ASA

0.77 (0.22 to 2.69)

0.77 (0.53 to 1.12)

Ticlopidine +
ASA

0.23 (0.02 to 1.84)

No data

ASA 61/2,408 (2.5%)
versus
ASA + clopidogrel 46/2,366 (1.9%)
No data

Reference Group: ASA + Clopidogrel

Ticlopidine +
ASA

0.30 (0.04 to 1.64)

0.34 (0.09 to 1.25)

ASA + clopidogrel 9/575 (1.6%)
versus
ASA + ticlopidine 3/565 (0.5%)

ASA = acetylsalicylic acid; CI = confidence interval; CrI = credible interval; MTC = mixed treatment comparison; RR = relative risk;
TVR = target vessel revascularization.
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Stroke
Three RCTs46,54,55 provided data on the observed frequency of stroke. Table 5 shows the
interventions that were compared. Table 10 shows estimates that were derived from the
combination of evidence using MTC meta-analysis and the estimates available from a head-tohead trial to provide a basis for comparison. Appendix 12 Figure A4 shows the network of
studies that was used for analysis. Appendix 13 Table A4 shows the data that were extracted
from the trials. Two of the included trials54,55 compared ASA plus clopidogrel to ASA plus
ticlopidine. The trials reported zero events in both treatment arms. Thus, a pooled RR for this
comparison based on a standard meta-analysis of direct evidence could not be estimated. In
addition, no trials comparing ASA with ASA plus ticlopidine reported stroke occurrence. Only
one trial comparing ASA and ASA plus clopidogrel provided data for comparison with MTC
estimates. The magnitude and direction of effect were similar across methods for the comparison
where head-to-head data were available. Because of the availability of minimal data and the use
of vague prior distributions for MTC analysis, CrIs were wide. Based on MTC meta-analysis, no
estimated RRs and associated 95% CrIs were found between any pair of interventions that
excluded a null difference. The estimates of effect and corresponding intervals of estimation
suggest that the evidence is unclear and that no intervention is superior.

Table 10: Results, Stroke
Intervention

MTC RR Estimate
(95% CrI)
Reference group: ASA

Direct RR Estimate
(95% CI)

Number of Events/Number of
Patients (%) per Group

ASA 12/1,063 (1.1%)
versus
ASA + clopidogrel 9/1,053 0.9%)
No data

Clopidogrel +
ASA

0.75 (0.06 to 8.72)

0.76 (0.32 to 1.79)

Ticlopidine +
ASA

0.77 (0.01 to 43.2)

No data

Reference Group: ASA + Clopidogrel

Ticlopidine +
ASA

1.02 (0.02 to 35.7)

Not estimable*

ASA + clopidogrel 0/421 (0)
versus
ASA + ticlopidine 0/412 (0)

ASA = acetylsalicylic acid; CI = confidence interval; CrI = credible interval; MTC = mixed treatment comparison RR = relative risk.
*Two studies reported data, zero events in both groups for both studies.

Non-fatal MI
Five RCTs47,51,53,56,59 provided data on the observed frequency of non-fatal MI. Table 5 shows the
interventions that were compared among these trials. Table 11 shows estimates that were derived
from the combination of evidence using MTC meta-analysis and estimates that were derived using
a standard random effects meta-analysis to provide a basis for comparison. Appendix 12 Figure A5
shows the network of studies that was used for analysis. Appendix 13 Table A6 shows the data that
were extracted from the trials. The directions and magnitudes of treatment effect estimates were
similar for all pairwise comparisons, though in two instances the standard approach to analysis
excluded the possibility of a null difference between groups, and the MTC approach did not. Based
on the MTC meta-analysis, no estimated RRs and associated 95% CrIs were found between any
pair of interventions that excluded a null difference. The pairwise estimates derived from the MTC
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meta-analysis suggest that the evidence is unclear and that no intervention is optimal. The results
from standard meta-analysis suggest that ASA plus clopidogrel and ASA plus ticlopidine were
associated with fewer non-fatal MIs compared with ASA alone.
Table 11: Results, Non-fatal MI
Intervention

MTC RR Estimate
(95% CrI)
Reference group: ASA

Direct RR
Estimate (95% CI)

Number of Events/Number of
Patients (%) per Group

Clopidogrel +
ASA

0.36 (0.06 to 1.34)

0.44 (0.26 to 0.73)

Ticlopidine +
ASA

0.28 (0.06 to 1.41)

0.20 (0.06 to 0.70)

ASA 47/1,345 (3.5%)
versus
ASA + clopidogrel 20/1,313 (1.5%)
ASA 15/557 (2.7%)
versus
ASA + ticlopidine 3/546 (0.5%)

Reference Group: ASA + Clopidogrel

Ticlopidine +
ASA

0.79 (0.26 to 3.48)

0.81 (0.42 to 1.56)

ASA + clopidogrel 19/546 (3.5%)
versus
ASA + ticlopidine 15/529 (2.8%)

ASA = acetylsalicylic acid; CI = confidence interval; CrI = credible interval; MI = myocardial infarction; MTC = mixed treatment
comparison; RR = relative risk.

Major Bleeds
Eight RCTs46,47,51,54-56,59,61 provided data on the observed frequency of major bleeds. Table 5
shows the interventions that were compared. Table 12 shows the estimates that were derived
from the combination of evidence using MTC meta-analysis and estimates that were derived
using standard random effects meta-analysis to provide a basis for comparison. Appendix 12
Figure A6 shows the network of studies that was used for analysis. Appendix 13 Table A6 shows
the data that were extracted from the trials. In the comparison of ASA plus ticlopidine with ASA,
the standard approach to meta-analysis excluded the possibility of a null difference and showed a
larger estimate of effect. The MTC estimate was inconclusive. The point estimates comparing
clopidogrel plus ASA with ticlopidine plus ASA were in opposing directions, though both were
associated with inconclusive clinical interpretations. Based on MTC meta-analysis, no estimated
RRs and associated 95% CrIs were found between any pair of interventions that excluded a null
difference. The estimates of pairwise RRs suggest that the evidence is unclear and that no
intervention is optimal.

18

Clopidogrel Compared with Other Antiplatelet Agents for Secondary Prevention of Vascular Events
in Adults Undergoing Percutaneous Coronary Intervention: Clinical and Cost-Effectiveness Analyses

Table 12: Results, Major Bleeds
Intervention

MTC RR Estimate
(95% CrI)
Reference group: ASA

Direct RR
Estimate (95% CI)

Number of Events/Number of
Patients (%) per Group

Clopidogrel +
ASA

1.42 (0.69 to 3.82)

1.26 (0.98 to 1.62)

Ticlopidine +
ASA

1.96 (0.58 to 4.62)

3.06 (1.51 to 6.2)

ASA 104/2,408 (4.3%)
versus
ASA + clopidogrel 129/2,366 (5.5%)
ASA 10/557 (1.8%)
versus
ASA + ticlopidine 30/546 (5.5%)

Reference Group: ASA + Clopidogrel

Ticlopidine +
ASA

1.36 (0.39 to 2.95)

0.83 (0.31 to 2.23)

ASA + clopidogrel 9/826 (1.1%)
versus
ASA + ticlopidine 7/810 (0.9%)

ASA = acetylsalicylic acid; CI = confidence interval; CrI = credible interval; MTC = mixed treatment comparison RR = relative risk.

Composite End points
Five trials reported data on composite end points.46,47,53,57,58 The components of reported
composite end points differed in each trial. Some measured a combination of major bleeding,
neutropenia, thrombocytopenia, and discontinuation of drug from adverse events; some
measured a combination of cardiovascular death and non-fatal MI; and some measured a
combination of death, MI, revascularization, and thrombosis. Therefore, these data were not
synthesized using MTC methods or a standard random effects meta-analysis, and a narrative
review of findings was pursued.
In the Clopidogrel for the Reduction of Events During Observation (CREDO) trial,46 patients had
symptomatic CAD with evidence of ischemia and were being referred to receive PCI. They were
randomized to receive ASA plus clopidogrel or ASA plus placebo for 12 months after the
procedure. A composite end point consisting of death, MI, and stroke at one-year follow-up was
evaluated in the intent-to-treat population. The results showed that fewer patients in the ASA
plus clopidogrel group experienced one or more events that were included in the composite end
point compared with those who received ASA (RR 0.74, 95% confidence interval [CI] 0.57 to
0.95). A second composite end point of death and MI was evaluated, and the results were similar.
Fewer patients in the dual therapy group experienced death and MI at one year compared with
those who received ASA (RR 0.76, 95% CI 0.58 to 1.00).
The Clopidogrel in Unstable Angina to Prevent Recurrent Events (CURE) study enrolled 12,562
patients with non-ST-elevation acute coronary syndome (ACS), who were randomized to receive
treatment with ASA plus clopidogrel or ASA plus placebo.68 The Percutaneous Coronary
Intervention — Clopidogrel in Unstable Angina to Prevent Recurrent Events (PCI-CURE) trial
included a group of patients who underwent PCI in the CURE study (2,658 patients or 21% of
the 12,562 patients).47 Patients were treated for three to 12 months. The patients’ baseline
characteristics, such as age and previous medical history, were comparative in both groups. A
composite end point of cardiovascular death and MI was assessed one year after PCI. The
analysis showed that fewer events occurred in the intervention group compared with the ASA
group (RR 0.75, 95% CI 0.57 to 0.99). When a composite end point of cardiovascular death, MI,
and any revascularization one year after PCI was evaluated, similar results were reported.
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Patients in the intervention groups experienced fewer events than those in the ASA group (RR
0.84, 95% CI 0.72 to 0.98).
The Clopidogrel Aspirin Stent International Cooperative Study (CLASSICS) trial58 compared
ASA plus clopidogrel (with or without a loading dose of clopidogrel) with ASA plus ticlopidine
in patients with successful stent placements. Patients were treated with the study drugs for 28
days. A composite end point of major peripheral or bleeding complications, neutropenia,
thrombocytopenia, and early discontinuation of a study drug because of a non-cardiac adverse
event, was assessed after 28 days of follow-up. Patients in the groups receiving ASA plus
clopidogrel experienced fewer events compared with those in the ASA plus ticlopidine group
(4.6% and 9.1%, RR reduction 50%, 95% CI 0.31 to 0.81). Patients receiving a loading dose of
clopidogrel 300 mg had a lower risk of events compared with those without a loading dose (2.9%
and 6.3%, P = 0.043).
Mueller et al.53 evaluated the relative effectiveness of ASA plus clopidogrel and ASA plus
ticlopidine in patients with successful stent placements. The treatment lasted four weeks. A
composite end point of cardiac death and non-fatal MI was compared after 28 months follow-up.
The results favoured ASA plus ticlopidine, because more patients in the ASA plus clopidogrel
group experienced the events compared with those in the ASA plus ticlopidine group (RR 2.05,
95% CI 1.21 to 3.46).
Taniuchi et al. compared the clinical effects of two weeks treatment with ASA plus clopidogrel
or ASA plus ticlopidine in patients with successful stent placements.57 Major adverse cardiac
events (MACEs) were assessed in this study, but not defined in the article. The comparison of
the rate of MACE at 30-day follow-up between groups yielded inconclusive results, but favoured
ASA plus clopidogrel (RR 0.84, 95% CI 0.46 to 1.51).
Thrombocytopenia
Four studies compared the rates of thrombocytopenia between treatment with ASA plus
clopidogrel and ASA plus ticlopidine.54,55,57,58 Thrombocytopenia was defined as a platelet count
of less than 100 × 109/L. Few cases of thrombocytopenia were reported in the included studies.
There was no statistically significant difference between the two groups when the data were
pooled using random effects meta-analysis, but more cases of thrombocytopenia were observed
in the ASA plus clopidogrel group (RR 1.28, 95% CI 0.40 to 4.06). This outcome was also
examined in a comparison of ASA plus ticlopidine and ticlopidine alone in Leon et al.’s RCT.59
The rate of thrombocytopenia was not different between the comparison groups (RR 3.06, 95%
CI 0.32 to 29.33).
Neutropenia
Three studies compared the rates of neutropenia between treatment with ASA plus clopidogrel
and ASA plus ticlopidine.55,57,58 Neutropenia was defined as a neutrophil count of less than
1.5 × 109/L. Few cases of neutropenia were reported in the included studies. There was no
difference found between the two groups when the data were pooled using random effects metaanalysis, but more cases of neutropenia were found in the ASA plus ticlopidine group (RR 0.26,
95% CI 0.03 to 2.35). This outcome was also examined in a comparison of ASA plus ticlopidine
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and ticlopidine alone in Hall et al.’s RCT.50 The rate of neutropenia was not different between
the comparison groups (RR 2.52, 95% CI 0.10 to 61.11).
Adverse Events
Besides bleeding, other adverse events such as diarrhea, nausea, vomiting, dizziness, headache,
and skin rash were reported (Appendix 15 Tables A7 to A12). Various types of adverse events
were reported by different investigators. Most of the reported adverse events for clopidogrel
were GI tract discomfort and skin rash. Some investigators also reported sparse data on drug
allergy, leukopenia, and headache or dizziness.
In summary, six clinically important outcomes (vascular death, TVR, urgent TVR, stroke, nonfatal MI, and major bleeds) were evaluated using MTC meta-analysis to assess the relative
benefits of ASA, ASA plus clopidogrel, and ASA plus ticlopidine in patients undergoing PCI.
Figure 2 shows the estimated effects of clopidogrel and ticlopidine relative to the ASA reference
group across all outcomes in the MTC analysis. The results suggest that the optimal therapeutic
choice is unclear. Outcome data that were inappropriate for synthesis were reported separately.
Composite end point data from two large RCTs46,47 show that patients receiving clopidogrel plus
ASA experienced fewer cardiovascular events compared with those receiving ASA alone.
Compared with ticlopidine, the use of clopidogrel was associated with fewer blood disorders.58
For many of the outcomes that were considered in this clinical review, the rate of occurrence in
all intervention groups was low.
b)

Question 1a: Is there a difference in the clinical effectiveness of dual therapy with
clopidogrel and ASA based on the ASA dose?

An unpublished 2 × 2 randomized factorial trial studied the optimal doses of clopidogrel and
ASA in ACS patients who were scheduled to undergo PCI no later than 72 hours after
randomization.62 This multicentre study was sponsored by a pharmaceutical company. The study
was rated as being of fair quality (score of 8.5), with primary limitations being that is was a
PowerPoint presentation and not a full publication and it lacked the details about the methods of
data collection and analysis. Approximately 70% of the population (17,232/25,087) underwent
PCI. Patients who were assigned to the high-dose clopidogrel group received a 600 mg loading
dose on day one and then 150 mg once daily for the next seven days, followed by 75 mg once
daily until day 30. Patients in the standard clopidogrel arm received a 300 mg loading dose on
day 1, followed by 75 mg once daily until day 30. Patients were also assigned in an open-label
manner to receive 300 mg to 325 mg of ASA once daily or 75 mg to 100 mg ASA once daily.
Patient and trial characteristics appear in Appendices 7 and 9. At 30-day follow-up, there were
no statistically significant differences between the high-dose ASA group and the low-dose ASA
group among post-PCI patients (Table 13). The study concluded that there was no difference in
efficacy or bleeding between different doses of ASA in the study population.
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Figure 2: RRs Compared with ASA (reference) for Clinical Outcomes
of Interest in MTC Analysis

ASA = acetylsalicylic acid; CrI = credible interval; MI = myocardial infarction; MTC = mixed treatment comparison; RR = relative risk;
TVR = target vessel revascularization.

Table 13: Higher versus Lower Dose of ASA in Patients Undergoing PCI62

CV death, MI, stroke (%)
Stent thrombosis (%)
TIMI major bleed

ASA 75
mg/day to
100 mg/day

ASA 300 mg/day
to 325 mg/day

Hazard
Ratio

P Value

4.2
2.1
1.03

4.1
1.9
0.97

0.98
0.91
0.94

0.76
0.37
0.71

ASA = acetylsalicylic acid; CV = cardiovascular; MI = myocardial infarction; PCI = percutaneous coronary intervention; TIMI =
thrombosis in myocardial infarction.

c)
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Question 1b: How is intolerance to ASA defined, including gastrointestinal (GI)
and no GI causes?

What are the benefits and harms of using clopidogrel in patients with ASA intolerance?
In patients with ASA intolerance manifesting as GI bleeding, is there a difference in the
recurrence risk of GI bleeding between monotherapy with clopidogrel compared to
combination therapy with ASA and a proton pump inhibitor (PPI)?
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No standard definition of ASA intolerance was identified in the included studies. The severe
adverse events include rhinosinusitis, conjunctivitis or asthma, anaphylaxis, hypersensitivity
pneumonitis, or urticaria or angioedema.69 Some authors list the signs and symptoms of
intolerance to ASA, which include dyspepsia and allergic rhinitis, and more serious adverse
effects such as gastric hemorrhage or perforation, bronchospasm, and the exacerbation of
asthma.70 Because all these events have been reported, they could all be considered in defining
ASA intolerance.
We were unable to locate any study investigating clopidogrel treatment in patients with ASA
intolerance and undergoing PCI. One RCT compared clopidogrel with ASA plus esomeprazole
for the prevention of recurrent bleeding from ulcers in patients who took ASA to prevent
vascular diseases and presented with ulcer bleeding.71 One hundred and fifty-nine patients
received ASA 80 mg/day plus esomeprazole 20 mg twice daily, and 161 patients received
clopidogrel 75 mg/day plus placebo. The treatment lasted 12 months. The patients were
randomized after their ulcer had healed, which was confirmed using endoscopy. The median
follow-up was 12 months. Patients’ baseline characteristics were comparable in age, gender,
ulcer size, and previous H. pylori infection; 54.7% of the patients in the clopidogrel group had
coronary heart disease and 49.1% of those in the ASA plus PPI group had coronary heart disease.
The primary end point of this RCT was recurrent ulcer bleeding, and the secondary end point
was lower GI bleeding. The cumulative incidence of recurrent ulcer bleeding was greater in the
clopidogrel group compared with the ASA plus PPI group (absolute difference 7.9%, 95% CI
3.4% to 12.4%). The cumulative incidence of lower GI bleeding was 4.6% in both groups. The
study concluded that ASA plus esomeprazole performs better than clopidogrel in the prevention
of recurrent ulcer bleeding in patients with a history of ASA-induced ulcer bleeding whose ulcers
had healed before they received treatment during the study.
The 80 mg/day dose of ASA may be lower than that previously used by these patients. This may
have an impact on generalizability. The trial was not focused on patients undergoing PCI, which
means the results may not apply to our study population.
d)

Question 1c: What is the clinical impact (including benefit and harm) of using
clopidogrel in patients who are experiencing restenosis, but are not candidates
for re-stenting?

We were unable to locate any study investigating clopidogrel treatment for patients with
restenosis, but who are not candidates for re-stenting.
e)

Question 2: What is the optimal duration of treatment with clopidogrel for the
secondary prevention of vascular events in adult patients undergoing PCI?

The duration of treatment with clopidogrel for the secondary prevention of vascular events in the
study population was examined in two RCTs.46,63
The trial and patient characteristics of the Randomized Argentine Clopidogrel Stent trial63 appear
in Appendices 7 and 9. This study was considered to be of high quality (a score of 12) (Appendix
10). The trial recruited 1,004 patients who had successful PCI with BMS. Patients were
randomized to receive ASA plus clopidogrel for 30 days or 180 days. The primary outcome was a
composite end point of death from any cause, stroke, or MI at six-month follow-up. The secondary
outcome was a composite end point of death, stroke, MI, or TVR at six months. The two groups
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were comparable in age, gender, history, risk factors, and incidence of diabetes. Six months after
the procedure, the rate of death, MI, or stroke in the 180-day treatment group was reported as being
statistically significantly lower than that in the 30-day treatment group (1.74% and 4.99%, P =
0.010). Fewer patients in the 180-day treatment group experienced death, MI, stroke, or TVR. The
result did not reach a level of statistical significance (5.4% and 8.7%, P = 0.054). No differences
were found between the two groups in the frequency of MI, stroke, and TVR when they were
analyzed separately.
The open-label trial has limitations. It may introduce physician and patient biases. The trial used a
higher event rate to calculate the sample size before recruiting patients. Therefore, the differences
that existed between the two groups may have resulted from a type I error. In addition, the trial
evaluated the drug’s effects on patients with BMS placement, so its effects on DES were unclear.
Overall, the results of this trial suggest that patients with BMS placement benefit from longer-term
use (six months) of clopidogrel compared with those who receive short-term (one-month)
treatment.
In the CREDO trial,46 2,116 patients with CAD who were referred for PCI were randomized to
receive 300 mg clopidogrel before PCI and clopidogrel for one year after PCI; or matching placebo
before PCI and clopidogrel from day one to 28 after PCI, then matching placebo until one year
post-procedure. All patients received ASA during the treatment. This trial compared the effects of
long-term clopidogrel therapy on the PCI population with those of short-term clopidogrel therapy.
A composite end point of death, MI, and stroke at one-year follow-up was reported. The stent type
was unspecified. The study was of high quality (a score of 14) (Appendix 10). At one year followup, long-term clopidogrel therapy was associated with fewer deaths, MIs, or strokes compared with
one-month therapy (RR reduction 26.9%, 95% CI 3.9% to 44.4%). The authors reported that there
were no statistically significant differences between long-term and short-term clopidogrel therapy
in the components of the composite end point (death, MI, and stroke) and revascularization. At one
year, the incidence of major bleeding was 8.8% in the clopidogrel group compared with 6.7% in
the placebo group, P = 0.07. This study indicates that longer-term clopidogrel therapy reduces
adverse cardiac events and has a safety profile comparable to that of short-term therapy. Because
one group received a loading dose of clopidogrel before PCI, and the other group did not, whether
the loading dose or prolonged treatment with clopidogrel produced the benefits was unclear. The
results are interpreted with caution.
In a retrospective observational study, Brar et al. provided information about the long-term
outcomes in a cohort of diabetic patients who underwent stent implantation using BMS or DES.19
Data on 671 patients were available (450 patients underwent DES implantation, and 221
underwent BMS implantation). The study population was divided into three groups according to
the duration of clopidogrel use (less than six months, six months to nine months, and more than
nine months) to examine the effects of treatment duration on a composite of all-cause death and
non-fatal MI. The mean duration of clopidogrel use was 9.7 months. The DES groups received
longer treatment with clopidogrel than the BMS groups (10.1 months compared with 9.0 months).
Survival analyses were conducted to determine whether there were differences in the primary
outcome (a composite end point of all-cause death and non-fatal MI) among the three treatment
durations. The less than six-month group had the highest event rate (16.5%). The rates were 9.4%
and 3.2% in the six-month to nine-month group and more than nine-month group respectively. The
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differences were described as being significantly different (P <0.001). The all-cause death rate was
10.0% in the less than six-month group, 4.3% in the six-month to nine-month group, and 0.5% in
the more than nine-month group. The differences were reported as statistically significant (P
<0.001). This study suggests that more events occurred within the first six months after PCI in
patients with diabetes compared with six months later. It implies that a longer duration of
clopidogrel therapy is associated with a lower incidence of death or MI in patients after PCI with
stents. The patients who were included in this study had diabetes and were covered by a medical
insurance plan, which might have altered the risk factors for death and non-fatal MI, and long-term
prognosis. The results may not be generalizable to other populations.
f)


Question 2a: Is the time required for reimbursement approval associated with a
delay in starting clopidogrel therapy?

If there is a delay in clopidogrel therapy initiation, what is the impact in terms of clinical
benefit and harm?

Jackevicius et al. conducted a population-based, retrospective, time-series analysis to investigate
how the change in a pharmacy benefits program from a prior-authorization (PA) policy to a less
restrictive, limited-use policy on access to clopidogrel affected patient outcomes.65 The study
included 6,161 patients 65 years of age or older with acute MI who underwent PCI with stenting
in Ontario. The primary outcome was the rate of a composite end point of death, recurrent acute
MI, PCI, and coronary-artery bypass grafting at one year. The secondary outcome was major
bleeding. Compared to the PA period, in the limited-use period, the rate of clopidogrel use within
30 days after hospital discharge increased, the median time to the first dispensing of a
clopidogrel prescription decreased, and the one-year composite cardiovascular outcome
decreased. There was no statistically significant change in the rate of bleeding in the two groups
(data not provided). The large sample size of this study enabled sufficient power to detect a
clinically meaningful difference between the comparison groups, but the results may not be
generalizable to a younger population because the study only examined the effect of policy
change in a senior population. The authors concluded that the removal of a PA program resulted
in more timely access to clopidogrel for coronary stenting and improved cardiovascular
outcomes.
Table 14: Comparisons between Reimbursement Policies in Jackevicius et al.’s65 Trial
Outcome

Rate of C use < 30 days after hospital discharge (%)
Median time to first dispensing of C (days)
Rate of composite CV outcome at 1-year (%)
Rate of acute MI at 1-year (%)
Rate of death at 1-year (%)
Rate of PCI at 1-year (%)
Rate of CABG at 1-year (%)

PA period

35
9
15
5
5
7
2

LU period

88
0
11
3
4
5
1

P Value

< 0.001
< 0.001
< 0.001
< 0.001
0.42
< 0.001
< 0.001

C = clopidogrel; CABG = coronary artery bypass graft; CV = cardiovascular; LU = limited use; MI = myocardial infarction; PA = prior
authorization; PCI = percutaneous coronary intervention.

In a retrospective population-based cohort study, Sheehy et al. evaluated the impact of delaying
the start of clopidogrel therapy on patients who underwent PCI with stent implantation.66 The
delay occurred when physicians completed and faxed an authorization form to the provincial
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drug plan for approval of the reimbursement for the clopidogrel therapy. The comparisons were
made between group 1 with clopidogrel and no delay (10,918 patients), group 2 with clopidogrel
and delay longer than one day (1,180 patients), and group 3 with no clopidogrel therapy (1,565
patients). All-cause mortality was examined across the three groups. This study was rated to be
of good quality (a score of 11) (Appendix 10). The baseline characteristics of the groups were
comparable in age, gender, concurrent medication, comorbidity, and duration of therapy. The
crude mortality rates at one year were 2.9%, 4.5%, and 6.9% for patients in the no delay group,
in the delay group, and in the no clopidogrel group respectively. The authors reported these
differences to be statistically significant (P <0.001). In a multivariable analysis, the adjusted
hazard ratio was 1.35 (95% CI 1.01 to 1.80) when comparing delay with no delay, and it was
1.70 (95% CI 1.35 to 2.15) when comparing no clopidogrel with no delay. This study indicates
that delay or no clopidogrel therapy is associated with an increasing all-cause mortality rate after
PCI with stenting. There are limitations in this study. The data were extracted from an
administrative database in which some risk factors and the type of stent were not noted. Also, the
study design could result in potential biases that may improve survival among patients with
clopidogrel therapy, because only patients who survived would be able to fill prescriptions.
Clinically relevant outcomes other than mortality were not measured in the study.
g)



Question 2b: Is treatment duration with clopidogrel different depending on:
the type of intracoronary stent inserted (BMS compared with DES)?
the type of MI (NSTEMI compared with STEMI)?

The Diabetes Drug Eluting Sirolimus Stent Experience in Restenosis Trial (DESSERT study)
compared the clinical and angiographic outcomes between sirolimus-eluting stents (SES), a type
of DES, and BMS in diabetic patients with de novo coronary stenosis.64 The trial characteristics
and patients’ characteristics appear in Appendices 7 and 9. This study was rated to be of good
quality (a score of 11) (Appendix 10). Eligible patients were randomized to be in the SES group
or the BMS group. Patients in the SES group were treated with ASA and clopidogrel for six
months. Clopidogrel treatment in the BMS group lasted two months. MACEs were evaluated at
30 days, nine months, and 12 months after the stent placement. MACEs were defined as death,
MI, emergent bypass surgery, or repeated target lesion revascularization. One hundred and fifty
patients were recruited. The study was stopped early when an interim analysis found better than
expected results that were associated with the use of SES, which exceeded a level of statistical
significance that was chosen before the research was started. The baseline patients’
characteristics were comparable in most coronary risk factors, cardiac history, symptoms, and
disease status. At 30 days after the procedure, the authors reported that there were no statistically
significant differences in total MACEs between the two groups (12% for SES and 13.9% for
BMS, P = 0.733). From 30 days to 12 months follow-up, fewer MACEs were reported for
patients in the SES group with six-month treatment using clopidogrel, compared with those in
the BMS group with two-month clopidogrel treatment (22.1% and 40%, P = 0.023). This mainly
resulted from the lower rates of target lesion revascularization in the former group (5.9% and
30%, P <0.001). The rate of target vessel revascularization was reported to be statistically
significantly lower in the SES group than that in the BMS group (7.4% and 30%, P <0.001). The
findings suggest that SES is safe and effective in reducing MACEs compared with BMS in
diabetic patients with coronary stenoses. The treatment durations of clopidogrel differed in the
SES and BMS groups, and because the patients in the two groups also used different types of
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stents, it is difficult to assess the individual effects of different treatment durations of
clopidogrel.
We were unable to identify any study investigating the treatment duration of clopidogrel based
on the type of MI.
h)

Question 2c: Are there patient characteristics that indicate clopidogrel therapy
should be continued indefinitely?

We were unable to identify any study investigating the patient characteristics that indicate an
indefinite use of clopidogrel therapy.
i)

Question 2d: Is there a rebound effect upon withdrawal of clopidogrel therapy?

Ho et al. conducted a retrospective cohort study using administrative data to examine the rates of
adverse events after stopping clopidogrel treatment in patients with ACS.67 The study described
1,569 patients who received PCI with stenting. Approximately two-thirds of these patients
received a BMS and one third received a DES. The clinical outcome measures were a composite
end point rate of all-cause mortality and acute MI after clopidogrel therapy discontinuation. In
this cohort, the mean duration of clopidogrel therapy was 278 ± 169 (mean ± standard deviation)
days. Three intervals were assessed (zero to 90 days, 91 to 180 days, and 181 to 270 days after
stopping treatment with clopidogrel). The composite end point occurred in 7.9% of the patients
during the follow-up period, with most of the events occurring in the first 90 days after the
cessation of treatment (58.9% occurred zero to 90 days after clopidogrel discontinuation, 23.4%
occurred 91 to 180 days after clopidogrel discontinuation, and 6.5% occurred 181 to 270 days
after clopidogrel discontinuation). The differences between the three groups were described as
being statistically significant (P <0.001). After adjusting for the total duration of clopidogrel
therapy in a multivariate analysis, the initial 90 days after clopidogrel discontinuation was
associated with more adverse events compared with the 91 to 180 days after clopidogrel
discontinuation (adjusted incidence rate ratio 1.82, 95% CI 1.17 to 2.83). In this study, a
clustering of adverse events was seen in the first 90 days after discontinuation of clopidogrel
therapy in patients with ACS and treated with PCI. This reflects the possibility of a clopidogrel
rebound effect, which refers to the tendency of clopidogrel, when discontinued, to cause a return
of the symptoms being treated. This study had design and other limitations (the results were
unavailable for BMS or DES alone and other outcome measures were not evaluated). More
studies are needed to confirm the clopidogrel rebound effect.
4.2.4 Guidelines Review
a)

Question 3: What are the recommendations from North American clinical practice
guidelines on the use of clopidogrel for adult patients undergoing PCI?

Two reviewers (LM and SB) independently screened citations and selected guidelines on the use
of clopidogrel for the prevention of cardiovascular and cerebrovascular events in patients with
PCI. Relevant guidelines were reviewed independently and discrepancies were resolved by
discussion until a consensus was reached. Only the most recent or comprehensive of duplicate
reports were incorporated into the synthesis of evidence. Two reviewers (LM and ET) extracted
data and assessed the guidelines for quality using the Appraisal of Guidelines Research and
Evaluation (AGREE) instrument.
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Summary of Findings
Six guidelines met the inclusion criteria.72-77 One guideline that was found during the literature
search for RCTs and systematic reviews focused on the secondary prevention of cardiovascular
and cerebrovascular events in PCI patients.72 Five guidelines that were found during the
guidelines and grey literature searches focused on various populations.73-77 Two guidelines were
Canadian76,77 and the remainder were formulated by guideline groups in the United States.72-75
These guidelines were supported by various levels of evidence. The guidelines are summarized
in Appendix 16 and the quality assessment appears in Appendix 17.
Guidelines for Secondary Prevention of Cardiovascular and Cerebrovascular Events in
Patients with PCI
In 2009, the American College of Cardiology, American Heart Association, and the Society for
Cardiovascular Angiography and Intervention published practice guidelines to help health care
providers manage specific diseases and conditions.72 A loading dose of thienopyridine is
recommended for STEMI patients for whom PCI is planned. Regimens are one of the following:
at least 300 mg to 600 mg of clopidogrel given as early as possible before or when primary or
non-primary PCI is performed;72 or for STEMI patients undergoing non-primary PCI, the
following are recommended: if the patient has received fibrinolytic therapy and has been given
clopidogrel, clopidogrel is continued as the thienopyridine of choice; if the patient has received
fibrinolytic therapy without a thienopyridine, a loading dose of 300 mg to 600 mg of clopidogrel
is given as the thienopyridine of choice; if the patient did not receive fibrinolytic therapy, a
loading dose of 300 mg to 600 mg of clopidogrel is given promptly and no later than one hour
after the PCI.72 The duration of thienopyridine therapy in patients receiving a stent (BMS or
DES) during PCI for ACS is at least 12 months of clopidogrel 75 mg given daily. If the risk of
morbidity due to bleeding outweighs the anticipated benefit of thienopyridine therapy, earlier
discontinuation is considered. Clopidogrel therapy may be continued beyond 15 months in
patients undergoing DES placement.72
The American College of Chest Physicians published evidence-based guidelines on
antithrombotic therapy for non-ST-elevation (NSTE) ACS in 2008.73 For NSTE ACS patients
who undergo PCI, treatment with clopidogrel and an intravenous glycoprotein IIb-IIIa inhibitor
is recommended.73 A loading dose of 600 mg clopidogrel is given at least two hours before
planned PCI, followed by 75 mg daily. If ticlopidine is given, a loading dose of 500 mg is given
at least six hours before planned PCI.73 PCI patients who cannot tolerate ASA are given a
loading dose of 600 mg clopidogrel or 500 mg ticlopidine at least 24 hours before the planned
PCI.73
The Veterans Health Administration (VHA) published recommendations on treatment with
clopidogrel to help practitioners standardize and improve the quality of patient care and to
promote cost-effective drug prescribing.74 Patients receiving coronary stents need dual
antiplatelet therapy with ASA and clopidogrel to maintain artery patency.74 Clopidogrel
treatment is started at the time of the procedure and continued for 12 months.74 The American
Heart Association guidelines state that the minimal duration of clopidogrel therapy may be
guided by stent type: one month for bare metal, three months for sirolimus, and six months for
paclitaxel.74 Drug eluting stents may increase the risk of late stent thrombosis in some
populations, suggesting that a longer duration of dual therapy may be needed.74 The duration of
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clopidogrel treatment has not been established, so providers weigh the benefit of prolonged
clopidogrel therapy against the risk of bleeding for individual patients.74 Data from metaanalyses and registries suggest uninterrupted dual antiplatelet therapy throughout the poststenting period. Elective procedures that require interruption of therapy are delayed until the
minimum treatment duration based on the stent type.74
According to the VHA guidelines, patients with ACS or UA, in whom no revascularization is
planned, receive clopidogrel in addition to ASA as soon as possible for at least one month and up
to 12 months.74 Clopidogrel will be discontinued after 12 months unless there are clinical reasons
to maintain therapy for longer.74
STEMI patients less than 75 years of age who are receiving fibrinolytics are given a 300 mg
loading dose of clopidogrel, followed by 75 mg of clopidogrel daily until discharge or longer if
undergoing angiography or coronary intervention.74 Patients of any age with STEMI are given
75 mg of clopidogrel daily until discharge or up to four weeks or longer if undergoing
angiography or coronary intervention.74 For STEMI patients who do not undergo PCI,
continuation of 75 mg of clopidogrel daily is considered for up to a year.74
The VHA guidelines suggest that there is insufficient evidence to start the use of clopidogrel in
patients with stable CAD. It is recommended that clopidogrel not be added to ASA therapy for
stable or asymptomatic atherosclerosis and/or in patients with multiple cardiovascular risks,
unless there are other criteria (such as post–PCI-CABG patients, STEMI patients, and NSTEMIUA patients) that have been met.74 Clopidogrel is used by patients who are allergic to ASA.
Patients with a history of GI complications take a PPI with ASA therapy before switching to
clopidogrel.74
Patients taking clopidogrel for ACS discontinue use three to five days before elective CABG and
resume therapy as soon as they can tolerate it, for up to 12 months.74 Patients undergoing
saphenous vein bypass graft who are allergic to ASA receive a loading dose of 300 mg
clopidogrel six hours after the operation, followed by 75 mg clopidogrel daily.74 Clopidogrel
may be continued for one to three months post-CABG.74
In 2008, the American College of Chest Physicians released evidence-based clinical practice
guidelines on antithrombotic therapy for CAD.75 These guidelines focus on the use of antiplatelet
agents in patients undergoing PCI. For the long-term treatment of patients after PCI, ASA 75 mg
to 100 mg daily is given. For patients undergoing PCI with BMS placement, the guidelines
recommend at least four weeks of treatment with 75 mg to 100 mg of ASA plus clopidogrel over
ASA alone.75 It is recommended that patients undergoing PCI with DES take 75 mg to 100 mg
ASA with 75 mg clopidogrel for at least 12 months.75 Beyond one year, continued treatment with
ASA plus clopidogrel is given indefinitely if there is no bleeding or other tolerability issue. It is
recommended that patients undergoing stent placement with a concomitant indication for vitamin
K antagonists receive triple antithrombotic therapy.75 Clopidogrel or ticlopidine is recommended
over cilostazol for patients after stent placement.75 Clopidogrel is recommended over
ticlopidine.75
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In 2004, The Thrombosis Interest Group of Canada released guidance to help clinicians manage
thromboembolic disease.76,77 All patients with NSTE ACS are advised to take a 300 mg loading
dose of clopidogrel, followed by 75 mg clopidogrel daily in addition to ASA for at least nine to
12 months.76 This combination may also be useful in stable coronary patients at high risk.
Antiplatelet therapy is strongly recommended for all patients with ACS with or without STsegment elevation; chronic stable angina; or documented coronary disease, after angioplasty or
CABG; post-TIA; and completed stroke, following endarterectomy or any PVD.76
The Thrombosis Interest Group of Canada also recommend that STEMI patients undergo longterm therapy with 75 mg to 162 mg of ASA.77 Clopidogrel is considered for patients who are
allergic to or intolerant of ASA.77 Patients with BMS receive 162 mg to 325 mg ASA daily for at
least a month, followed by 75 mg to 162 mg ASA daily indefinitely.77 Clopidogrel 75 mg per
day is prescribed for a minimum of a month and ideally up to a year.77 For patients with DES,
162 mg to 325 mg of ASA is prescribed daily for at least three months for sirolimus-eluting
stents and six months for paclitaxel-eluting stents, then continued indefinitely at 75 mg to 162
mg per day.77 Clopidogrel 75 mg per day is prescribed for at least 12 months to all post-PCI
patients receiving DES.77 Consideration should be given to the indefinite use of ASA and
clopidogrel for DES. The discontinuation of clopidogrel occurs after discussion with an
interventional cardiologist.77
Assessment of Quality of Guidelines
The Appraisal of Guidelines Research and Evaluation (AGREE) instrument was used to grade
the quality of the guidelines (Appendix 17).
In 2009, The American College of Cardiology, American Heart Association, and the Society of
Cardiovascular Angiography and Interventions published clinical practice guidelines.72 The
guidelines were based on a review of clinical trials that were reported since the last update. The
evidence was rated and recommendations were formulated after a consensus of expert opinion.
Potential barriers to implementing the guideline were not discussed, and no review criteria were
provided for audit or monitoring.
In 2008, The American College of Chest Physicians published evidence-based guidelines on
antithrombotic therapy for NSTE ACS.73 The guidance is based on a systematic review and
grading of the evidence, but there is potential bias in how evidence was selected. The methods of
study selection were not reported. Potential organization barriers, cost implications, and criteria
for monitoring or audit were not addressed.
In 2007, the VHA published recommendations on clopidogrel for various indications after a
literature review and grading of the evidence.74 There is potential for bias in the selection of
evidence and in the formulation of guidelines because the methods for selection were not
provided. No tools to support the application of the guideline were reported. Organizational
barriers, cost implications, and criteria for monitoring were not addressed.
In 2008, The American College of Chest Physicians published guidance on antithrombotic
therapy for CAD.75 The guidelines were based on a literature review and grading of evidence.
There is potential for bias in the selection of evidence because the methods of study selection
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were not reported. No tools were provided to support application of the guideline. Potential
organization barriers and criteria for monitoring and/or audit were not addressed. Strategies for
incorporating resource allocation and the additional cost of clopidogrel were considered in
formulating the recommendation for patients with symptomatic CAD.
In 2004, The Thrombosis Interest Group of Canada issued guidance to help clinicians manage
thromboembolic disease.76,77 There is potential for bias in the selection of evidence and in the
formulation of recommendations because no methods were presented. The means of updating
were not reported, and there is little information about the studies that were used to support the
recommendations. It is difficult to identify patient groups and whether the indication is for
primary or secondary prevention. No tools were provided to support the application of the
guideline. Potential organizational barriers, cost implications, and criteria for monitoring and/or
audit were not addressed.

5

ECONOMIC ANALYSIS

5.1 Review of Economic Studies: Methods
A protocol for the review was written before the research was started and followed throughout
the process.
5.1.1 Literature searches
Peer-reviewed literature searches were conducted. All search strategies were developed by an
Information Specialist with input from the project team.
The following bibliographic databases were searched through the Ovid interface: MEDLINE,
MEDLINE Daily Update, MEDLINE In-Process & Other Non-Indexed Citations, EMBASE,
The Cochrane Library, BIOSIS Previews, and CINAHL. Parallel searches were run in the Health
Economic Evaluations Database (HEED) and the ECRI Institute database. The search strategy
comprised controlled vocabulary, such as the National Library of Medicine’s MeSH (Medical
Subject Headings) and keywords. The main search concepts were clopidogrel and the four
comparator medications (ASA, ticlopidine, dipyridamole, or ASA-ERDP combination), and the
search logic incorporated all comparisons between these drugs. Appendix 3 shows the detailed
search strategy.
A methodological filter was applied to limit the retrieval to economic studies. The search was not
restricted by date or language. OVID AutoAlerts were set-up to send monthly updates with new
literature. Monthly updates were performed on HEED.
Grey literature (literature that is not commercially published) was identified by searching the
websites of health technology assessment and related agencies, professional associations, and
other specialized databases (Appendix 3). A final supplemental search using Google Advanced
Search was conducted, using the terms clopidogrel and Plavix.
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These electronic searches were supplemented by handsearching the bibliographies of key papers,
and through contacts with appropriate experts.
5.1.2 Selection criteria
An economic evaluation was included for review if it satisfied all of the following criteria:
Population
Intervention
Comparator
Outcomes

Study Design

Publication

Adult patients undergoing PCI
Clopidogrel (with or without concurrent use of ASA)
ASA, ticlopidine, dipyridamole, or ASA-ERDP
Indicator of trade-off between incremental costs and incremental
consequences (for example cost per quality-adjusted life year (QALY),
cost per life-year gained (LYG), cost per event avoided).
Full economic evaluation (study providing summary measure of trade-off
between costs and consequences); selection limited to English language
articles; abstracts not included.
Articles published in 2004 or later.

ASA = acetylsalicylic acid; ERDP = extended-release dipyridamole; LYG = life-year gained; PCI = percutaneous coronary
intervention; QALY = quality-adjusted life-year.

5.1.3 Selection method
Two reviewers (AB and KA) applied the selection criteria to the title and abstract (if available)
of the literature to identify its relevance. For articles that were rated as confirmed or undecided,
we obtained full-text hard copies. Two reviewers (AB and KA) then applied the selection criteria
to the full-text articles. If a study satisfied all the inclusion and exclusion criteria, it was included
for review.
5.1.4 Data extraction strategy
One reviewer (ER) used a data extraction sheet (Appendix 18) to extract data from each included
study. Data that were extracted from included economic studies were checked by a second
reviewer (AB).
5.1.5 Strategy for validity assessment
Two reviewers (ER and KA) used a checklist that was developed for the British Medical Journal
(BMJ) to assess the quality of the included economic evaluations.78 This checklist is appropriate
for full economic evaluations (evaluations that present the costs and consequences of health
interventions and a summary measure of the trade-off between the two).
5.1.6 Data analysis methods
Because the studies varied in design, data collection, and analysis, no effort was made to pool the
results quantitatively. Instead, each study was summarized and a qualitative comparison was
undertaken. The qualitative comparison highlighted the impact of clopidogrel compared with that
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of other antiplatelet agents for the secondary prevention of vascular events in adults undergoing
PCI, considering health outcomes, costs, and the incremental cost per QALY.

5.2 Review of Economic Studies: Results
During the economic literature search, we identified 1,928 potentially relevant articles. Of these,
70 were obtained as full-text hard copies (Figure 3 and Appendix 19). After applying the
inclusion criteria, seven articles were included for review.
Table 15 shows the characteristics of the included studies. Table 16 shows the characteristics of
the trials on which they are based. Table 17 presents the methods of the economic evaluations
that were included in the review. Table 18 shows the key results. Appendix 20 presents the
results of the quality assessment using the BMJ checklist.
Figure 3: Selected Reports

1,928 citations identified from electronic
search and screened

1,858 citations excluded

70 potentially relevant reports retrieved for
scrutiny (full text, if available)

63 reports excluded:
 different patient group (21)
 commentary or editorial (14)
 poster or abstract (12)
 foreign language (6)
 not a full economic evaluation (3)
 review article (3)
 different intervention (2)
 guidance document (1)
 erratum (1)

7 reports selected for inclusion
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Table 15: Characteristics of Economic Evaluations Included in the Review
Author

Location

Industry
Sponsorship

Study
Perspective

Clinical Data
Source

Study Design

US

Societal

CREDO46

Costeffectiveness
analysis

Sweden:
societal. France
and Germany:
payer.
Societal

PCI-CURE,47
CREDO,46
PCICLARITY81
CREDO46

Cost-utility
analysis

US

Yes (Sanofisynthelabo and
Bristol-Myers
Squibb)
Yes (Sanofiaventis and
Bristol-Myers
Squibb)
None disclosed

Heeg et
al.83

The
Netherlands

Yes (Sanofiaventis)

Health care
provider

PCI-CURE,47
CREDO46

Lindgren
et al.84

Sweden

Societal

PCI-CURE47

Mahoney
et al.85

US

Societal

PCI-CURE47

Ringborg
et al.86

Sweden

Yes (funded in
part by Sanofisynthelabo)
Yes (Sanofisynthelabo and
Bristol-Myers
Squibb)
Yes (Sanofiaventis)

Societal

CREDO46

Beinart et
al.79

Berg et
al.80

Sweden,
Germany,
France

Cowper et
al.82

Costeffectiveness
analysis
Costeffectiveness
analysis, costutility analysis
Costeffectiveness
analysis
Costeffectiveness
analysis
Costeffectiveness
analysis, costutility analysis

CREDO = Clopidogrel for the Reduction of Events During Observation; PCI-CURE = Percutaneous Coronary Intervention —
Clopidogrel in Unstable Angina to Prevent Recurrent Events; PCI-CLARITY = Percutaneous Coronary Intervention — Clopidogrel as
Adjunctive Reperfusion Therapy; US = United States.

Four of the seven studies were published in 2005. Berg’s80 study, Heeg’s83 study, and
Mahoney’s85 study were more current. Most of the studies were industry sponsored; only
Cowper’s82 study was not sponsored by industry.
5.2.1 Perspectives
Three studies were done from the American societal perspective (2000-2001 US dollars), two
from the Swedish societal perspective (2004 Euros or 2004 Swedish crowns), and one from the
Dutch health care perspective (2004 Euros). One study considered costs and outcomes from the
Swedish (societal), German (payer), and French (payer) perspectives (2006 Euros).
5.2.2 Intervention and Comparators
The clinical effectiveness data for the economic evaluations that were included in this review
came from PCI-CURE,47 CREDO,46 and PCI-Clopidogrel as Adjunctive Reperfusion Therapy
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(CLARITY).81 All the trials used a combination of clopidogrel plus ASA as the intervention and
placebo plus ASA as the comparator. All patients in all trials received clopidogrel in the weeks
immediately after PCI. The intervention and comparator regimens appear in Table 16.
Table 16: Characteristics of Trials on Which Economic Evaluations
Included in Review Are Based
Trial

PCI-CURE47

Number
of
Patients
2,658

CREDO46

PCICLARITY81

Population

Primary
Outcome

Patients
with nonSTelevation
acute
coronary
syndrome
undergoing
PCI.

Composite of
cardiovascular
death, MI, or
urgent target
vessel
revascularization
within 30 days of
PCI.

2,116

Patients
with
coronary
artery
disease
undergoing
planned or
probable
PCI.

At 1 year:
composite of
death, MI, and
stroke (intent-totreat population).
At 28 days:
composite of
death, MI, or
urgent target
vessel
revascularization
(per protocol
population).

1,863

Patients
with recent
ST-segment
elevation
MI
undergoing
PCI.

Composite of
cardiovascular
death, recurrent
MI, or stroke from
PCI to 30 days
after
randomization.

Intervention

Comparator

Loading dose:
Loading dose:
300 mg clopidogrel. placebo.
Pre-treatment with
Pre-treatment with
ASA and
ASA and placebo
clopidogrel 75 mg
75 mg daily for
daily for median
median 10 days
10 days before PCI.
before PCI.
All patients treated with open-label
thienopyridine (clopidogrel or ticlopidine)
with ASA for 2 to 4 weeks.
ASA and
ASA and placebo
clopidogrel 75 mg
daily until end of
daily until end of
follow-up (3 to
follow-up (3 to
12 months after
12 months after
randomization).
randomization).
Loading dose
Loading dose
(300 mg clopidogrel (placebo + 325 mg
+ 325 mg ASA) 3 to ASA) 3 to 24 hours
24 hours before PCI. before PCI.
All patients treated with clopidogrel (75 mg
per day) + ASA (325 mg per day) for days
1 to 28.
Clopidogrel 75 mg
Placebo daily until
daily until end of
end of study period
study period (day 29 (day 29 to 1 year).
to 1 year). ASA at
ASA at
investigator’s
investigator’s
discretion.
discretion.
Loading dose: 300
Loading dose:
mg clopidogrel.
placebo.
Pre-treatment with
Pre-treatment with
clopidogrel
placebo for 2 to
75 mg/day for 2 to
8 days before
8 days before
angiography.
angiography.
Open-label clopidogrel recommended for
patients who underwent coronary artery
stenting.

CREDO = Clopidogrel for the Reduction of Events During Observation; CLARITY = Clopidogrel as Adjunctive Reperfusion Therapy;
CURE = Clopidogrel in Unstable Angina to Prevent Recurrent Events; MI = myocardial infarction; PCI = percutaneous coronary
intervention.
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5.2.3 Baseline Disease
The baseline event rates were taken from various sources. The Framingham Heart Study and the
Saskatchewan Health database were used in two American studies to estimate life
expectancy.79,85 The third American study obtained the baseline rates of MI, death, and
revascularization from the Duke Information System for Cardiovascular Care.82 The baseline
data in the Swedish studies were taken from various databases. Berg et al.80 obtained baseline
event rates during the first month from the Swedish Hospital Discharge and Cause of Death
registers and used regression methods to model forecasts. Lindgren et al.84 used the Swedish
national registry as a data source. Ringborg et al.86 used data from the Centre for Epidemiology
at the Swedish National Board of Health and Welfare.
5.2.4 Treatment Effectiveness
The effectiveness data were taken from PCI-CURE47 in four economic evaluations,80,83-85
CREDO46 in five economic evaluations,79,80,82,83,86 and PCI-CLARITY81 in one economic
evaluation.80
5.2.5 Costs
In six of seven studies, the stated perspective was societal, but non-health care costs were included in
only three studies,80,84,86 two of which included them only in the sensitivity analysis.84,86 The other
three economic evaluations79,82,85 can be referred to as being conducted from the health care
perspective.
Heeg et al.’s83 study was performed from the perspective of the Dutch health care provider. Health
care costs that were associated with each health state were obtained from published sources. Data on
non-health care costs (travel, informal care, productivity losses) were unavailable and not included.
The authors suggested that any cost savings would likely be minor, given the patients’ age, and
would favour clopidogrel therapy. There was concern that the cost data was dated. Therefore, the
authors performed sensitivity analyses using broad ranges for unit costs.
Beinart’s and Mahoney’s79,85 economic evaluations based the cost data on resource use in CREDO46
and PCI-CURE47 respectively. The trials captured the direct medical care costs of hospitalization and
drugs, but not the direct costs that were associated with outpatient visits and testing or the indirect
costs attributable to lost productivity. In both studies, the costs were estimated for each diagnosesrelated group based on three methods: average Medicare reimbursement rates, average private payer
rates, and a blended estimate of the two fee schedules. Cowper82 used unit costs based on Medicare
reimbursement rates for diagnoses-related group categories. Non-health care costs were excluded
from the analysis because of a lack of available data.
Berg80 considered multiple perspectives: the Swedish analysis was done from the societal perspective
(using direct and indirect costs), and the German and French analyses from the payer perspective
(using direct costs only). The other two Swedish studies (Ringborg86 and Lindgren84) included cost
of life-years gained in the sensitivity analysis only, to facilitate comparison with other studies.
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5.2.6 Utilities
Utility values, where reported,80,83,84,86 were based on the literature.
In Swedish studies, Berg80 and Ringborg86 used utility values from Burstrom et al.’s87 study,
which was designed to investigate the feasibility of obtaining mean quality of life (QoL) weights
by mapping survey data to the EuroQol-5D (EQ-5D) self-administered questionnaire. In this
study, the authors valued health-related quality of life in the general Swedish population. The
data were obtained from the 1996-1997 Survey of Living Conditions (ULF), a cross-sectional
study based on personal interviews with 11,698 people aged 16 to 84 years. The survey
responses were mapped to the EQ-5D self-classifier. The UK TTO Index, a social tariff that
generates one index value, was used to obtain mean QoL weights from the modified EQ-5D
dimensions. The utility value reductions that were reported by Burstrom were −0.1156 for
ischemic heart disease and −0.2743 for stroke, after controlling for age and sex.87
Ringborg86 questioned the applicability of these estimates to post-PCI patients and used life-year
gained as the measure of effectiveness. Berg80 used an additional utility reduction of 0.03 for
revascularization. This value was obtained from a cross-sectional survey of hospitalized patients
at coronary care units in Sweden, which was published only as an abstract.88
Heeg83 included a cost-utility analysis. Whereas the Swedish studies applied utility reductions to
age-stratified utility values, Heeg et al.83 reported one utility value per event (0.91 for post-MI
and 0.66 for post-stroke).
The utility values after multiple events were assumed to be equal to the product of the utilities
after single events [0.91 (post-MI) * 0.66 (post-stroke) = 0.60 post-MI + stroke].
In a sensitivity analysis, Lindgren et al.84 applied a utility reduction for the post-MI state,
assuming that patients who suffer a MI have utility reduced by 0.1 each year. This value was
taken from Johannesson’s89 study.
None of the studies were able to apply a utility loss for bleeding because of a lack of data.
Berg’s80 study was the only one to address this issue. They stated that given the short-term nature
of bleeding events, the impact on the overall results would likely be minimal.
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Table 17: Data Sources and Methods of Economic Evaluations Included in Review
Author

Cost-Utility Data
Source(s)

Baseline Event
Rate Data
Source(s)

Effectiveness
Data Source(s)

Form of
Analysis

Time
Horizon

Beinart
et al.79

Health care costs
calculated by
applying unit costs
to resource use
reported during
CREDO.46 Costs
estimated for each
DRG based on
average Medicare
reimbursement rates,
average MEDSTAT
reimbursement rates,
and blended cost
estimates of 2 fee
schedules.
In Sweden, direct
and indirect costs
during first year after
MI or stroke taken
from retrospective
study,90 second-year
costs derived from
Swedish modelling
study.91 In
Germany, direct
cost of MI came
from resource use
study92 and direct
cost of stroke from
population-based
registry study.93 In
France, direct cost
of MI taken from
modelling study94
and direct cost of
stroke from
prospective study.95
Utilities taken from
cross-sectional study
in Sweden.87

Framingham Heart
Study and
Saskatchewan
databases.

In-trial
(CREDO46)
estimates of
event rates
(death, MI, and
stroke).

Trialbased

First-year
costs,
lifetime
effectiveness

Baseline event
rates during first
month taken from
Swedish Hospital
Discharge and
Cause of Death
Registers, after 30
days; risks
calculated using
logistic regression
analysis, after 13
months; risks
modelled using
Weibull
regression; risks in
untreated
population taken
from observations
from 1995-2001
(before results
from CURE);
bleeding risks in
untreated
population
calculated as
weighted mean
from placebo arms
of 3 clinical trials
(PCI-CURE,47
CREDO,46 PCICLARITY81).

Relative risk of
combined end
point of MI, CV
death, and major
bleeding from
pre-treatment and
long-term
treatment with
clopidogrel based
on meta-analysis
of PCI-CURE,47
CREDO,46 and
PCI-CLARITY81

Combined
decision
tree
Markov
model

Lifetime

Berg et
al.80
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Table 17: Data Sources and Methods of Economic Evaluations Included in Review
Author

Cost-Utility Data
Source(s)

Baseline Event
Rate Data
Source(s)

Effectiveness
Data Source(s)

Form of
Analysis

Time
Horizon

Cowper
et al.82

Hospitalization costs
based on average
Medicare
reimbursement,
incremental cost of
bleeds taken from
literature.96
Physician fees taken
from Medicare fee
schedules, cost of
clopidogrel based on
average wholesale
price + monthly
dispensing fee, costs
adjusted to
US$2,000 using
average annual
Producer Price Index
for general medical
and surgical
hospitals.
Costs taken from de
Boer et al.,97 Niessen
et al.,98 and Serruys
et al.99 Costs
converted to 2004
values using
appropriate price
indices and rounded
to units of €250;
drug costs derived
from Dutch
Pharmacopoeia;
utility values from
published sources100-

Baseline rates of
MI, death,
revascularization
after PCI (given 1
month of
clopidogrel)
obtained from
DISCC through
annual mail and
telephone followup of patients,
supplemented by
searches of Duke
claims data and
National Death
Index, rates of
major bleeding
based on
CREDO.46

Relative risks of
prolonged
clopidogrel on
rates of MI,
major bleeding,
repeat
revascularization,
and death during
1- to 12-month
follow-up based
on CREDO46
per-protocol
data.

Decision
model

Lifetime

Several sources
consulted to
estimate
epidemiological
parameters
(Central Bureau of
Statistics,105
Hollander et al.,106
Koek et al.107)

First-year event
probabilities (MI,
death from MI,
stroke, death
from stroke,
cardiovascular
death, and other
death) taken
from PCICURE47 and
CREDO.46
Weibull survival
modelling
provided
individual event
probabilities
during first and
second 6 months.
Outcomes taken
from Swedish
national registry,
RIKS-HIA.

Markov
model

Lifetime
(50 years)

Markov
model

Lifetime

Heeg et
al.83

104

Lindgren
et al.84

First-year costs taken
from retrospective
study,90 costs during
subsequent years
assumed to be the
same as those in
model developed by

RIKS-HIA
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Table 17: Data Sources and Methods of Economic Evaluations Included in Review
Author

Cost-Utility Data
Source(s)

Mahoney
et al.85

Ringborg
et al.86

Johannesson.89
Utility reduction
taken from previous
economic
evaluation.89
Hospitalizations for
all PCI-CURE47
patients assigned a
DRG based on
information reported
on case report forms,
costs associated with
each DRG estimated
using 3 approaches:
average Medicare
reimbursement rates,
average private
payer rates
(MEDSTAT), and
blended cost
estimates of 2 fee
schedules.
First-year costs
derived from
retrospective study,90
costs during
subsequent years
assumed to be same
as those in model
developed by
Johannesson.89
Utility values from
published source.87

Baseline Event
Rate Data
Source(s)

Effectiveness
Data Source(s)

Form of
Analysis

Time
Horizon

Saskatchewan
Health database
used to estimate
life expectancy
after non-fatal
stroke or MI,
piecewise
parametric
regression used to
estimate hazard of
death over time
according to
pattern of events,
Framingham Heart
Study used in
sensitivity
analysis.
Epidemiological
data provided by
Centre for
Epidemiology at
the Swedish
National Board of
Health and
Welfare.

Outcomes from
PCI-CURE.47

Trialbased

First-year
costs,
lifetime
effectiveness

Event rates based
on those seen in
CREDO.46

Markov
model

Lifetime

CREDO = Clopidogrel for the Reduction of Events During Observation; CV = cardiovascular; DISCC = Duke Information System for
Cardiovascular Care; DRG = diagnosis-related group; PCI-CLARITY = Percutaneous Coronary Intervention — Clopidogrel as
Adjunctive Reperfusion Therapy; PCI-CURE = Percutaneous Coronary Intervention — Clopidogrel in Unstable Angina to Prevent
Recurrent Events; RIKS-HIA = Register of Information and Knowledge about Swedish Heart Intensive Care Admissions.
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5.2.7 Modelling frameworks
Five of the seven studies used decision modelling techniques in the economic evaluations.80,8284,86
Beinart’s79 and Mahoney’s85 studies were trial-based and do not have modelling
frameworks. Cowper et al.82 used a decision tree model. Berg et al.80 used a combination
decision tree Markov model.
Among the Markov models,80,83,84,86 the most commonly reported states include post-PCI (free of
events), stroke, MI (cardiovascular death), and death.80,83,86 Lindgren et al.84 did not include
stroke in their model. Ringborg et al.86 noted that stroke was the most costly model event. The
models had cycle lengths of six months83 or one year.84,86 The cycle length that was used in
Berg’s80 model was difficult to determine. The time horizon in all the studies was the lifetime of
the patient. None of the studies considered the continuation of clopidogrel therapy beyond a year.
5.2.8 Analysis methods
A discount of 3% was applied on costs and effects beyond the first year in six of seven studies.
Heeg83 et al. used 4% per year. Deterministic sensitivity analyses were included in all the
economic evaluations that were included in the review. Subgroup analyses, based on patient risk,
were performed by Cowper82 and Lindgren.84 Heeg83 and Berg80 presented probabilistic
multivariate sensitivity analyses. Lindgren,84 Ringborg,86 Berg,80 and Heeg83 included costeffectiveness acceptability curves.
5.2.9 Validity
A quality assessment of the included economic evaluations was conducted (Appendix 20). Based
on the 35-point checklist, every study was deemed to be of sufficient quality in most of the
checklist items (the range for the number of items in which the studies were of sufficient quality
is 32 to 35). The checklist item that was least likely to be of sufficient quality was “Quantities of
resources reported separately from unit costs” (86% failure). Other areas where the quality of
reporting could have been improved include, stating the economic importance of the research
question and clarifying the true intervention, comparators, and durations of treatment.
The BMJ Guidelines are used to see whether components of the economic evaluation are
reported. They do not, for the most part, evaluate whether this is done clearly or accurately. For
example, all seven economic evaluations scored a “yes” for “Viewpoint(s) of analysis clearly
stated and justified,” despite the fact that three of the analyses were not conducted from the
stated viewpoint. Furthermore, the guidelines do not question whether a study was funded by
industry (six of the seven that were included in this review were funded by industry). Industry
sponsorship does not imply reporting bias, but there is a potential for biases.
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Table 18: Results of Economic Evaluations Included in Review
Author

Currency,
Year

Estimate of Cost-Effectiveness

Conclusions

Beinart
et al.79

US
dollars,
2001

Berg
2008 et
al.80

Euros,
2006

For clopidogrel loading dose + 28 day clopidogrel
+ ASA + 11 months clopidogrel (with discretionary
ASA) versus ASA loading dose + 28 day
clopidogrel + ASA + 11 months placebo (with
discretionary ASA) US$2,929 to US$4,353 per
LYG.
For pre-treatment and long-term clopidogrel +
ASA versus pre-treatment and long-term ASA: In
Sweden, €6,282 per QALY gained (direct costs); In
Germany, €7,871 per QALY gained; In France,
€5,226 per QALY gained.

Cowper
et al.82

US
dollars,
2000

For clopidogrel loading dose + 28 day clopidogrel
+ ASA + 11 months clopidogrel (with discretionary
ASA) versus ASA loading dose + 28 day
clopidogrel + ASA + 11 months placebo (with
discretionary ASA): US$34,336 per MI avoided,
US$15,696 per LYG.

Heeg et
al.83

Euros,
2004

For clopidogrel loading dose and pre-treatment +
2 to 4 weeks thienopyridine + ASA + clopidogrel +
ASA until end of follow-up versus placebo loading
dose and ASA pre-treatment + 2 to 4 weeks
thienopyridine + ASA + ASA + placebo until end of
follow-up (PCI-CURE47), incremental cost savings
€11,190, 0.03 LYG, 0.07 QALYs gained.
Clopidogrel dominant.
For clopidogrel loading dose + 28 day clopidogrel
+ ASA + 11 months clopidogrel (with discretionary
ASA) versus ASA loading dose + 28 day
clopidogrel + ASA + 11 months placebo (with
discretionary ASA) (CREDO46), incremental cost
savings €497, 0.10 LYG, 0.14 QALYs gained.
Clopidogrel dominant.

Loading strategy
followed by 1 year of
antiplatelet therapy with
clopidogrel is costeffective for patients
undergoing PCI.
Cost-effectiveness
ratios for combined pretreatment and long-term
treatment with
clopidogrel fall within
commonly accepted
standards for costeffectiveness.
Continuous clopidogrel
therapy after PCI
beyond 1 month and to
at least 1 year is
economically attractive,
relative to accepted
treatments. Value of
prolonged therapy
varies with patient
characteristics and is
greatest for patients at
high risk of MI.
Loading dose of
clopidogrel before PCI,
followed by long-term
therapy (9 to 12
months) is dominant
(cost saving and more
effective).
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Table 18: Results of Economic Evaluations Included in Review
Author

Currency,
Year

Estimate of Cost-Effectiveness

Conclusions

Lindgren
et al.84

Euros,
2004

Treatment with
clopidogrel plus ASA
seems cost-effective for
patients with unstable
CAD undergoing PCI in
Sweden.

Mahoney
et al.85

US
dollars,
2001

For clopidogrel loading dose and pre-treatment +
2 to 4 weeks thienopyridine + ASA + clopidogrel +
ASA until end of follow-up versus placebo loading
dose and ASA pre-treatment + 2 to 4 weeks
thienopyridine + ASA + ASA + placebo until end of
follow-up €10,993 per LYG (direct costs only),
€8,127 per LYG (direct and indirect costs).
For clopidogrel loading dose and pre-treatment +
2 to 4 weeks thienopyridine + ASA + clopidogrel +
ASA until end of follow-up versus placebo loading
dose and ASA pre-treatment + 2 to 4 weeks
thienopyridine + ASA + ASA + placebo until end of
follow-up US$2,856 to US$4,775 per LYG.

Ringborg
et al.86

Swedish
crowns,
2004

For clopidogrel loading dose + 28 day clopidogrel
+ ASA + 11 months clopidogrel (with discretionary
ASA) versus ASA loading dose + 28 day
clopidogrel + ASA + 11 months placebo (with
discretionary ASA) SEK 3,022 per LYG (total
costs), SEK 7,492 per LYG (direct costs), SEK
3,301 per QALY gained.

Early and sustained
clopidogrel therapy for
up to 1 year in patients
with ACS who undergo
PCI is highly costeffective compared with
strategy of no pretreatment and shortterm therapy for only 4
weeks after PCI
treatment.
Antiplatelet treatment
with clopidogrel and
ASA for 12 months
after PCI seems to be
cost-effective compared
to 28 days of treatment
with clopidogrel and
long-term ASA after
PCI.

ACS = acute coronary syndrome; ASA = acetylsalicylic acid; CAD = coronary artery disease; CREDO = Clopidogrel for the
Reduction of Events During Observation; CURE = Clopidogrel in Unstable Angina to Prevent Recurrent Events; LYG = life-years
gained; PCI = percutaneous coronary intervention; QALY = quality-adjusted life-year.

5.2.10 Results and conclusions
The cost per life-year gained was the primary outcome in six of seven studies. Only Berg80
reported costs per QALY gained as the primary outcome measure. Heeg83 and Ringborg86
reported costs per QALY as a secondary outcome.
All the studies concluded that pre-treatment and long-term treatment with clopidogrel plus ASA
is cost-effective in patients undergoing PCI, compared with short-term treatment with
clopidogrel plus ASA, followed by placebo plus ASA. One83 study found the long-term
clopidogrel strategy to be dominant (cost-saving and more effective). No studies that were
included in the review could comment on the cost-effectiveness of clopidogrel plus ASA relative
to that of ticlopidine plus ASA.
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5.3 Primary Economic Evaluation: Methods
Our review of reported economic evaluations highlighted the potential limitations of studies that
assessed the cost-effectiveness of antiplatelet agents for the secondary prevention of vascular
events in PCI patients. Because no studies compared all the interventions in a Canadian setting,
we undertook a primary economic evaluation.
The research question was: What is the cost-effectiveness of clopidogrel compared to other
antiplatelet regimens for the secondary prevention of vascular events in adult patients undergoing
PCI with or without stent insertion?
5.3.1 Type of economic evaluation
The research question was answered using a cost-utility analysis. The outcomes were measured
in QALYs to incorporate differences in life expectancy and health-related quality of life, and to
facilitate reimbursement decisions.
5.3.2 Target population
The target population in this economic evaluation was adult patients who have undergone PCI.
5.3.3 Comparator and interventions
The comparator and interventions were clopidogrel plus ASA, ticlopidine plus ASA, and ASA
alone.
5.3.4 Perspective
The perspective was that of a provincial ministry of health. CADTH’s stakeholders were
interested in clopidogrel and other antiplatelet agents as a growing source of health care
expenditure, if use increases. Only the direct medical costs relevant to a provincial health care
provider were considered. The direct costs accruing to the patient (travel costs) and the indirect
costs accruing to society (lost production) were not included.
5.3.5 Time horizon
A hypothetical cohort of patients with a mean age of 60 years undergoing PCI was followed to
the age of 100 years. The 40 years were effectively a lifetime time horizon.
5.3.6 Modelling
a)

Model design

A model for cost-utility analysis was created using Microsoft Office Excel 2003.
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Short-term events
All patients entered the model in the post-PCI state. During the first year after the procedure,
patients could have:
 had no further events for one year and stayed in the post-PCI state
 had an MI in the following year and entered the MI year one state
 had a stroke in the following year and entered the stroke year one state
 died
Long-term events
A Markov model was built to model the disease process after the first 12 months. In each cycle,
from years two to 40, patients could have:
 had no further events and stayed in the post-PCI state
 had an MI and entered the MI state
 recovered from an MI without having another cardiovascular incident and entered the postMI state
 stayed in the post-MI state
 had a stroke and entered the stroke state
 recovered from a stroke without having another and entered the post-stoke state
 stayed in the post stroke state
 died and entered the death state.
Figure 4 shows that patients can move from the MI state to the stroke state or from the post-MI
state to the stroke state, but not the reverse, because the costs that are associated with stroke and
post-stroke are greater than those for MI and post-MI (Table 25).
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Figure 4: Secondary Prevention of Vascular Events in PCI Patients

PostMI

MI

PostPCI

Death

PostStroke

Stroke

MI = myocardial infarction; PCI = percutaneous coronary intervention.

Baseline Probabilities
The baseline probabilities during the first 12 months were taken from the largest trial for which
outcome data were available (Table 19). The probabilities of MI and death during the first 12
months came from PCI-CURE.47 This trial did not capture cerebrovascular events, so the rate of
stroke was taken from CREDO46 (the second largest trial).
During the first year, patients could also have experienced a major bleed or required TVR. These
events were not substates in the model. Although they did not affect disease progression, specific
costs were associated with each event.
Table 19: Probability of Outcomes within a Year After Index PCI (%)
Outcome

MI (non-fatal)
Stroke (non-fatal)
Death
Revascularization
Major bleed

Number of Events

47
12
31
38
33

Trial (Sample size)
47

PCI-CURE (1,345)
CREDO46 (1,063)
PCI-CURE47 (1,345)
PCI-CURE47 (1,345)
PCI-CURE47 (1,345)

Probability

0.035
0.011
0.023
0.028
0.025

CREDO = Clopidogrel for the Reduction of Events During Observation; Percutaneous Coronary Intervention — CURE = Clopidogrel
in Unstable Angina to Prevent Recurrent Events; MI = myocardial infarction; PCI = percutaneous coronary intervention.
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Effectiveness
The effectiveness data were based on the meta-analyses that were done for this health technology
assessment. The long-term effects were extrapolated using the Markov model that was populated
with data from Canadian and Swedish sources. The transition probabilities are based on the
patient’s age and on his or her age at the time of PCI.
The effectiveness inputs that were used in the primary economic evaluation were derived from
the MTC meta-analyses that were done during the clinical review. Table 20 shows the
effectiveness inputs.
Table 20: Relative Risks of Relevant Outcomes (MTC meta-analysis results)
Outcome

MI (non-fatal)
Stroke (non-fatal)
Death
Revascularization
Major bleed

MTC Relative Risk (credible interval)
clopidogrel + ASA
ticlopidine + ASA

ASA

0.36 (0.06 to 1.34)
0.75 (0.06 to 8.72)
0.91 (0.21 to 3.66)
0.72 (0.29 to 1.42)
1.42 (0.69 to 3.82)

1.00
1.00
1.00
1.00
1.00

0.28 (0.06 to 1.41)
0.75 (0.06 to 8.72)
0.27 (0.02 to 3.14)
0.44 (0.14 to 0.93)
1.96 (0.58 to 4.62)

Source of relative risks was MTC meta-analyses undertaken for this report.
ASA = acetylsalicylic acid; MI = myocardial infarction; MTC = mixed treatment comparison.

Transition probabilities after the first year
The long-term transition probabilities that were needed for the model were related to the
probability of strokes, MIs, and death after the first year. The probability of these events, which
was a function of history of events, age, and age at the time of PCI, was not influenced by the
treatment that was administered in the initial months after PCI. The treatment influenced
progression through the impact on event rates during the first year.
The transition probabilities for year two and beyond were derived from Ringborg’s study.86 The
authors extracted data from the Swedish national inpatient register for a sample of patients who
had undergone PCI.86 The demographic characteristics of the register population were similar to
those of the North American CREDO46 population in age, sex, and stroke or MI history. Thus,
these risks were assumed to be generalizable to the Canadian population.
The yearly risks of MI, stroke, and mortality were estimated using parametric Weibull survival
regression. The baseline hazard is:
H0(t) = λγtγ-1
where γ is the shape parameter and the scale parameter(λ)=exp(β0).
The age at PCI (covariate z) was controlled for in these regressions using:
H(t1) = λ * t1p * exp(b*z)
H(t0) = λ * t0p * exp(b*z)
The transition probabilities during the first year after an event were estimated using logistic
regression. The transition probabilities during the following years were estimated through
exponential survival regression. Patient age was included as a risk factor in the regressions. The
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parameter estimates that were used in the calculation of transition probabilities were taken from
the literature86 (Tables 21 to 23).
Table 21: Parameter Estimates of Weibull Survivor Functions for
Calculation of Transition Probabilities86
Age at PCI (years)

Post-PCI MI, years 2 and beyond
Post-PCI stroke, years 2 and beyond
Post-PCI mortality, years 2 and beyond

0.033
0.073
0.072

Constant

P

−8.829
−11.226
−10.392

2.337
2.321
2.185

MI = myocardial infarction; PCI = percutaneous intervention.

Table 22: Parameter Estimates of Logistic Regressions for
Calculation of Transition Probabilities86
Age (years)

Post-PCI, post-MI mortality; year 1
Post-PCI, post-stroke mortality; year 1

0.060
0.057

Constant

−6.427
−5.899

MI = myocardial infarction; PCI = percutaneous intervention.

Table 23: Parameter Estimates of Exponential Survivor Functions for
Calculation of Transition Probabilities86
Age (years)

Post-PCI, post-MI mortality; years 2 and beyond
Post-PCI, post-stroke mortality; years 2 and beyond

0.043
0.073

Constant

−6.050
−8.103

MI = myocardial infarction; PCI = percutaneous intervention.

5.3.7 Costs
The costs of drug therapy, the costs to the health care system of being in a particular health state,
and the cost of adverse effects of TVR and bleeding were incorporated in the model. A cost
estimate of being in each health state, which was needed in the Markov model, was sought from
published literature. All costs are presented in 2009 Canadian dollars. The costs from other years
were adjusted using the Canadian Consumer Price Index inflation calculator, which is available
from the Bank of Canada.108
a)

Treatment costs

The annual drug costs of therapy include a $7.00 dispensing fee that is incurred four times a year
and an 8% mark-up.109,110 The drug prices were obtained from the Ontario Drug Benefit
Formulary Comparative Drug Index.29 The drug dosages were based on our review of clinical
trials and practice guidelines, and on consultation with the clinical co-authors of this report. The
treatment costs were used for the first year only. Beyond the first year, the cost of ASA was used
for all living patients in the model.
b)

Health state costs

The typical post-PCI follow-up strategy was assumed to be two cardiology consultations at
$132.50 per session.111 The health state costs of MI, post-MI, stroke, and post-stroke came from
an Ontario population cohort study that was conducted from 1995 to 2005.112,113 For this
analysis, we obtained data on the costs of MI and stroke from the non-diabetes study cohort,
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which consisted of all patients over the age of 34 years in Ontario. The costs were recorded for
the index year of the comparison and for four years after the event.112 The post-MI and poststroke costs that were used in our study are weighted averages for years two to five.
c)

Costs of adverse effects

The cost of bleeding complications came from a Canadian study investigating the costeffectiveness of self-managed anticoagulation therapy.114 The cost of revascularization came
from a large, prospective, real-world cohort study of all stent procedures in Ontario between
December 1, 2003, and March 31, 2005.115 No cost was used for neutropenia in the base-case
analysis because “In most, but not all cases, the neutropenia resolves with cessation of drug
administration”.10 The costs of neutropenia and the costs of blood cell monitoring in patients
who were treated using ticlopidine are considered as sensitivity analyses.
Table 24: Annual Costs (C$ 2009)
Health States

Annual Costs (± SE) ($)

Post PCI*
Non-fatal stroke initial year
Non-fatal stroke subsequent years
Non-fatal MI initial year
Non-fatal MI subsequent years
Major bleed
Revascularization
Death

265 ± 33.80111
20,860.22 ± 178.90112
4,343.69 ± 109.90112
10,843.76 ± 159.21112
3,117.54 ± 225.90112
6,691.39 ± 851.84114
9,451.00 ± 1205.48115
0

Drug Therapies

Annual Costs† ($)

ASA (325 mg/day)
Clopidogrel + ASA (300 mg loading dose, 75 mg + 325 mg/day)
Ticlopidine + ASA (2 × 250 mg + 325 mg/day)

51.0629
1,105.4229
509.8429

ASA = acetylsalicylic acid; MI = myocardial infarction; PCI = percutaneous intervention; SE = standard error.
*Assumed cost of two visits with a cardiologist.
†
Includes 8% mark-up and $7.00 dispensing fee incurred four times per year for each drug.

The costs in Table 24 were used with the probabilities that were developed in the model to derive
series of discounted costs by age for patients on lifetime ASA treatment comparator and for the
interventions.
5.3.8 Valuing outcomes
Utility values were needed for each health state in the model (post-PCI, MI, post-MI, stroke,
post-stroke, and death). Death, by convention, had a utility value of zero. The utility values for
the other health states were taken from Sullivan’s national catalog of preference-based scores for
chronic conditions in the US.116,117 Sullivan’s catalog117 contains preference-based scores for
chronic and associated sociodemographic conditions that were obtained through the Medical
Expenditure Panel Survey (MEPS). The MEPS is a representative survey of the US civilian, noninstitutionalized population.118
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As part of the MEPS, 38,678 respondents completed the EQ-5D self-administered questionnaire
(SAQ). The EQ-5D is used to measure five dimensions of health status (mobility, self-care, usual
activities, pain or discomfort, and anxiety or depression). Each attribute has three levels (no
problem, some problems, and major problems), resulting in 243 (35) health states. A
multiattribute value function was used to map the preferences for these health states. The
preference values for the EQ-5D lie on the scale −0.11 to 1.00 (perfect health). A utility value of
0 is assigned to the health state “dead.” Negative scores reflect health states that society values as
being worse than dead.
The utility value for coronary heart disease (0.725) was the baseline utility value for patients
entering into the model post-PCI. The utility values appear in Table 25.
Table 25: Utility Values (± SE)
Coronary heart disease
MI
Post-MI
Stroke
Post-stroke

0.725 ± 0.0002117
0.704 ± 0.0010117
0.725 ± 0.0002117
0.655 ± 0.0009117
0.694 ± 0.0002117

MI = myocardial infarction; SE = standard error.

5.3.9 Discount
The discount for costs and outcomes in the base-case scenario was 5%, with sensitivity analyses
at 3% and 0%, as suggested in the CADTH guidelines for economic evaluations.119
5.3.10 Variability and uncertainty
a)

One-way sensitivity analyses

One-way sensitivity analyses were undertaken to assess the robustness of the results to changing
assumptions in the model about discount rate, treatment duration, disutility of major bleeds, and
exclusion of the non-vascular death outcome.
b)

Probabilistic sensitivity analyses

A probabilistic sensitivity analysis was conducted on the base-case scenario using Monte Carlo
simulation (MCS).119 Because the relationship between input parameters and outcomes can be
non-linear, the expected values of outcomes that were obtained from MCS can differ from those
in a deterministic analysis.120 For the MCS, standard probability distributions were specified for
the health state costs (gamma for all except when the coefficient of variation was so small that
normal distributions were appropriate), the health state utility values (lognormal), the
probabilities in the first year (beta), subsequent (normal) health outcomes with lifetime ASA
treatment, and the RRs of events with ticlopidine plus ASA and clopidogrel plus ASA relative to
ASA alone (normal). The estimates of the costs and QALYs of each treatment option were
obtained by re-running the model with 5,000 replications, using values randomly selected from
the probability distributions of the stochastic variables.
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c)

Cost-effectiveness acceptability curves

d)

Value of information analysis

Cost-effectiveness acceptability curves (CEACs) were derived for the base case.121 In a CEAC,
the probability that a therapy is the optimal treatment (the proportion of simulations in which the
net monetary benefit [NMB] of a therapy is positive in comparison to all other therapies) is
depicted for each potential value of the threshold value for a QALY ($20,000 to $100,000).
A value of information analysis was conducted to provide decision-makers with an estimate of
the value of additional research. This estimated value is based on the extent to which more
research would reduce the uncertainty in the parameter estimates that are used to populate the
economic model, and thus provide a more robust understanding of the decision.122
5.3.11 Equity
We assumed that a QALY gained is of equivalent value regardless of the characteristics of the
patient (age, gender, income).

5.4 Primary Economic Evaluation: Results
5.4.1 Analysis and results
The base-case analysis assumed treatment duration of one year post-PCI, followed by ASA
treatment in the remaining years. It also assumed that the patients’ mean starting age was 60
years and that the discount for costs and outcomes was 5%. The base-case analysis was
conducted using a deterministic analysis with point estimates for each parameter. An estimate of
the cost-effectiveness of treatment is presented in incremental cost per QALY gained, which is
the ratio of the mean incremental costs and mean incremental QALYs.123 In Tables 27 to 45, the
treatment options are listed in order of increasing cost, with dominated treatments coming last.
Table 26 shows the outcomes for the base case in natural units (life-years) and costs before
discounting and the application of utility weights. The lifetime ASA treatment option had the
lowest undiscounted costs, and ticlopidine plus ASA had the highest undiscounted life-years.
Table 26: Base-Case Costs and Life-Years (undiscounted)
Treatment option

ASA
Clopidogrel + ASA
Ticlopidine + ASA

Cost ($)

41,980.51
42,164.32
42,182.70

Life Years

16.2531
16.2994
16.5316

ASA = acetylsalicylic acid.

Table 27 shows the outcomes for the base-case in costs and QALYs after applying a discount of
5%. It shows the base-case incremental cost-effectiveness ratio (ICER) and the NMB.
Incremental cost, incremental QALYs and NMB are all calculated relative to ASA. NMB is
calculated for each treatment option relative to ASA at a $50,000 threshold value for a QALY
gained: $50,000 × (QALYi − QALYASA) − (Costi − CostASA).
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Table 27: Base-Case ICER and NMB Results
Treatment

Cost ($)

QALYs

Incremental
Cost vs ASA
($)

Incremental
QALYs
versus ASA

ICER
(sequential) ($)

NMB
(relative to
ASA) ($)

ASA

22,038.63

8.0718

Reference case

Reference case

Ticlopidine
+ ASA
Clopidogrel
+ ASA

22,111.82

8.2116

Reference
case
73.19

0.1398

523.44

Reference
case
6,917.88

22,368.82

8.0991

330.19

0.0273

Dominated by
ticlopidine +
ASA

1,037.09

ASA = acetylsalicylic acid; ICER = incremental cost-effectiveness ratio; NMB = net monetary benefit; QALY = quality-adjusted lifeyear.

The results of the base-case analysis indicate that prescribing ticlopidine in addition to ASA (at
an additional cost of $523.44 per patient over the cost of the reference case) would provide the
patient with an additional QALY. Clopidogrel plus ASA is the most expensive of the three
treatment options. It provides better health outcomes than ASA monotherapy, but it is dominated
by the cheaper and more effective ticlopidine plus ASA option.
5.4.2 Results of variability analysis
a)

Variability in Age

Tables 28 to 30 show the results of subgroup analyses varying the age at PCI from 65 years to 85
years. With increasing age at PCI, the NMB of dual antiplatelet therapy (whether with
clopidogrel or ticlopidine) tends to decrease. Clopidogrel plus ASA therapy remains dominated
by ticlopidine plus ASA therapy in all age groups.
Table 28: Subgroup Results for Starting Age 65 Years
Treatment

Cost ($)

QALYs

Incremental
Cost versus
ASA ($)

Incremental
QALYs
versus ASA

ICER
(sequential)
($)

NMB
(relative to
ASA) ($)

ASA

20,674.93

7.3193

20,788.90

7.4464

Reference
case
0.1271

Reference case

Ticlopidine
+ ASA
Clopidogrel
+ ASA

Reference
case
113.97

Reference
case
6,241.43

21,059.19

7.3453

384.27

0.0260

Dominated
by ticlopidine
+ ASA

896.67

915.61

ASA = acetylsalicylic acid; ICER = incremental cost-effectiveness ratio; NMB = net monetary benefit; QALY = quality-adjusted lifeyear.
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Table 29: Subgroup Results for Starting Age 75 Years
Treatment

Cost ($)

QALYs

Incremental
Cost versus
ASA ($)

Incremental
QALYs
versus ASA

ICER
(sequential) ($)

NMB
(relative to
ASA) ($)

ASA

17,583.71

5.9101

17,773.16

6.0147

Reference
case
0.1045

Reference case

Ticlopidine
+ ASA
Clopidogrel
+ ASA

Reference
case
189.45

Reference
case
5,038.07

18,075.40

5.9347

491.69

0.0246

Dominated
by ticlopidine
+ ASA

1812.07

736.16

ASA = acetylsalicylic acid; ICER = incremental cost-effectiveness ratio; NMB = net monetary benefit; QALY = quality-adjusted lifeyear.

Table 30: Subgroup Results for Starting Age 85 Years
Treatment

Cost ($)

QALYs

Incremental
Cost versus
ASA ($)

Incremental
QALYs
versus ASA
($)

ICER
(sequential) ($)

NMB
(relative to
ASA) ($)

ASA

14,488.29

4.7132

14,747.42

4.7996

Reference
case
0.0864

Reference case

Ticlopidine
+ ASA
Clopidogrel
+ ASA

Reference
case
259.13

Reference
case
4,061.87

15,082.07

4.7374

593.78

0.0242

Dominated by
ticlopidine +
ASA

2,998.55

616.74

ASA = acetylsalicylic acid; ICER = incremental cost-effectiveness ratio; NMB = net monetary benefit; QALY = quality-adjusted lifeyear.

b)

Variability in Gender

The ideal gender subanalysis would have included separate baseline probabilities, RRs with
treatment, and utility values among male and female patients. Most of the literature that was used
to populate the economic model, however, did not differentiate between males and females. As a
result, the only values for which we could obtain separate estimates for males and females were
the utility values.118 Table 31 shows that when the male coefficient is applied to the utility values
in the model, ticlopidine becomes less attractive (ICER of $526.12 compared with $523.44 in the
base-case analysis).
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Table 31: Subgroup Results for Males
Treatment

Cost ($)

QALYs

Incremental
Cost versus
ASA ($)

Incremental
QALYs
versus ASA

ICER
(sequential) ($)

NMB
(relative to
ASA) ($)

ASA

22,038.63

8.0302

22,111.92

8.1693

Reference
case
0.1391

Reference case

Ticlopidine
+ ASA
Clopidogrel
+ ASA

Reference
case
73.19

Reference
case
6,882.24

22,368.82

8.0575

330.19

0.0272

Dominated
by ticlopidine
+ ASA

526.12

1,030.40

ASA = acetylsalicylic acid; ICER = incremental cost-effectiveness ratio; NMB = net monetary benefit; QALY = quality-adjusted lifeyear.

5.4.3 Results of uncertainty analysis
a)

Cost of Ticlopidine

Ticlopidine hydrochloride can cause life-threatening adverse reactions, including neutropenia and
thrombotic thrombocytopenic purpura (TTP). To detect neutropenia, “it is recommended that
blood counts be checked every two weeks for at least the first three months of therapy.”10 The
onset of TTP is difficult to predict, despite the monitoring of platelet counts.124 The risk of disease
is less than 1 in 1000, and the mortality is between 24% to 50%.124,125
Tables 32 and 33 show the results of the sensitivity analysis on the cost of ticlopidine. In both
analyses, we added the cost of a limited physician consultation and complete blood count biweekly
during the first three months of treatment with ticlopidine. Table 32 shows a conservative 1 in
1,000 risk of developing TTP, with 100% fatality. Table 33 shows findings from an analysis that
used a more realistic risk of TTP (1/2,000) and a 33.33% death rate, for a 1/6,000 mortality rate.
When the increased costs of ticlopidine are included in the analysis, ticlopidine plus ASA no
longer dominates clopidogrel plus ASA, but it remains a cost-effective treatment option.
Table 32: Sensitivity Analysis Including Cost of Blood Testing and Increased
Risk of Death (1/1,000) with Ticlopidine
Treatment

Cost ($)

QALYs

Incremental
Cost versus
ASA ($)

Increment
al QALYs
versus
ASA

ICER
(sequential) ($)

NMB
(relative to
ASA) ($)

ASA

22,038.63

8.0718

22,492.27

8.2041

Reference
case
0.1323

Reference case

Ticlopidine
+ ASA
Clopidogrel
+ ASA

Reference
case
453.64

Reference
case
6,160.22

22,368.82

8.0991

443.75

0.0273

Extended
dominance by
ASA &
ticlopidine +
ASA

3429.44

1,037.09

ASA = acetylsalicylic acid; ICER = incremental cost-effectiveness ratio; NMB = net monetary benefit; QALY = quality-adjusted lifeyear.
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Table 33: Sensitivity Analysis Including Cost of Blood Testing and Increased Risk of Death
(1/6,000) with Ticlopidine
Treatment

Cost ($)

QALYs

Incremental
Cost versus
ASA ($)

Incremental
QALYs
versus ASA

ICER
(sequential)
($)

NMB
(relative to
ASA) ($)

ASA

22,038.63

8.0718

22,509.11

8.2104

Reference
case
0.1386

Reference case

Ticlopidine
+ ASA
Clopidogrel
+ ASA

Reference
case
470.47

Reference
case
6,457.60

22,368.82

8.0991

330.19

0.0273

Extended
dominance by
ASA and
ticlopidine +
ASA

3,395.41

1,037.09

ASA = acetylsalicylic acid; ICER = incremental cost-effectiveness ratio; NMB = net monetary benefit; QALY = quality-adjusted lifeyear.

Cost of Death
In our base-case analysis, we considered the cost of death to be $0. In this sensitivity analysis,
we attribute a cost of $8,716.38 to each death in the model (Table 34). This cost was calculated
by averaging the cost of fatal MI ($8,556)113 and fatal stroke ($8,051)113 and converting this
estimate to 2009 Canadian dollars. When this cost is attributed to each new death, ASA
monotherapy becomes the most costly of the three treatment strategies.
Table 34: Sensitivity Analysis Including Cost of Death ($8,716.38)
Treatment

Cost ($)

QALYs

Incremental
Cost versus
ASA ($)

Incremental
QALYs
versus ASA

ICER
(sequential)
($)

NMB
(relative to
ASA) ($)

Ticlopidine
+ ASA
Clopidogrel
+ ASA
ASA

26,498.10

8.2116

−423.56

0.1398

Reference case

6,457.60

26,820.09

8.0991

−101.57

0.0273

−1,176.45

1,037.09

26,921.66

8.0718

Reference
case

Reference
case

Dominated by
ticlopidine +
ASA and
clopidogrel +
ASA

Reference
case

ASA = acetylsalicylic acid; ICER = incremental cost-effectiveness ratio; NMB = net monetary benefit; QALY = quality-adjusted lifeyear.

Discount Rate
Tables 35 and 36 show the results of the sensitivity analysis on the discount rate. As the discount
rate was decreased, the cost of ticlopidine plus ASA relative to the other treatment options
increased. This is at least partially due to the fact that patients on ticlopidine plus ASA have
better health outcomes. With a 5% discount, as in the base case, costs that are incurred 10 years
in the future are worth 75% of the current value, and those 40 years away are worth 15% of
current value. When we value future costs at current value (Table 36), ticlopidine plus ASA
becomes the most costly treatment option.
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Because the discount rate is applied to costs and outcomes, a decreased discount rate also
produces better health outcomes, because of the increased value placed on future QALYs. The
difference in outcomes (between ASA and clopidogrel plus ASA or between ASA and
ticlopidine plus ASA) increases with the incremental costs when smaller discount rates are
applied to the analysis. With no discount rate, clopidogrel plus ASA is less costly than
ticlopidine plus ASA.
Table 35: 3% Discount Sensitivity Analysis Results
Treatment

Cost ($)

QALYs

Incremental
Cost versus
ASA ($)

Incremental
QALYs
versus ASA

ICER
(sequential) ($)

NMB
(relative
to ASA)
($)

ASA

27,941.51

9.2015

28,045.98

9.3612

Reference
case
0.1596

Reference case

Ticlopidine
+ ASA
Clopidogrel
+ ASA

Reference
case
104.47

Reference
case
7,877.36

28,222.28

9.2316

280.76

0.0301

Dominated by
ticlopidine + ASA

654.41

1,222.73

ASA = acetylsalicylic acid; ICER = incremental cost-effectiveness ratio; NMB = net monetary benefit; QALY = quality-adjusted lifeyear.

Table 36: 0% Discount Sensitivity Analysis Results
Treatment

Cost ($)

QALYs

Incremental
Cost versus
ASA ($)

Incremental
QALYs
versus ASA

ICER
(sequential) ($)

NMB
(relative to
ASA) ($)

ASA

41,980.51

11.6332

42,164.32

11.6681

Reference
case
0.03485

Reference case

Clopidogrel
+ ASA
Ticlopidine
+ ASA

Reference
case
183.81

5,274.15

Reference
case
1,558.77

42,182.70

11.8343

202.19

0.2010

110.59

9,850.58

ASA = acetylsalicylic acid; ICER = incremental cost-effectiveness ratio; NMB = net monetary benefit; QALY = quality-adjusted lifeyear.

Utility values
Table 37 shows the results of the sensitivity analysis on the disutility of major bleeds. In the base
case, major bleeds were analyzed in costs, but not in utilities, because of data limitations. The
sensitivity analysis adds the extreme assumption of a utility value of 0 for a major bleed. The risk
of major bleeds is highest with ticlopidine plus ASA, so this group is most affected by the zero
utility for major bleeds. The ICER climbs from the base-case value of $523.44 to $596.26.
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Table 37: Sensitivity Analysis Including Disutility of Major Bleed
Treatment

Cost ($)

QALYs

Incremental
Cost versus
ASA ($)

Incremental
QALYs
versus ASA

ICER
(sequential) ($)

NMB
(relative to
ASA) ($)

ASA

22,038.63

8.0540

22,111.82

8.1768

Reference
case
0.1227

Reference case

Ticlopidine
+ ASA
Clopidogrel
+ ASA

Reference
case
73.19

Reference
case
6,064.05

22,368.82

8.0739

330.19

0.0199

Dominated by
ticlopidine +
ASA

596.26

663.54

ASA = acetylsalicylic acid; ICER = incremental cost-effectiveness ratio; NMB = net monetary benefit; QALY = quality-adjusted lifeyear.

Relative Risks
Table 38 shows the results of the sensitivity analysis assuming no difference in the RR of stroke
outcome. Ticlopidine plus ASA and clopidogrel plus ASA had a RR reduction of 25% over ASA
monotherapy. The removal of this advantage makes them both less attractive than in the basecase analysis. Table 39 shows the results of the sensitivity analysis assuming no difference in the
RR of death. Ticlopidine plus ASA and clopidogrel plus ASA had RR reductions over ASA
monotherapy. The removal of this clinical advantage reduces the QALYs that are gained with
dual antiplatelet therapy (ticlopidine plus ASA or clopidogrel plus ASA). The costs are
decreased as a function of decreased life-years. Ticlopidine plus ASA dominates both treatment
options.
Table 38: Sensitivity Analysis Excluding RR of Stroke
Treatment

Cost ($)

QALYs

ASA

22,038.63

8.0718

Ticlopidine
+ ASA
Clopidogre
l + ASA

22,239.85
22,496.85

Incremental
Cost versus
ASA ($)

Incremental
QALYs
versus ASA

ICER
(sequential) ($)

NMB
(relative to
ASA) ($)

Reference
case
0.1377

Reference case

8.2094

Reference
case
201.21

Reference
case
6,681.49

8.0967

458.21

0.0252

Dominated by
ticlopidine +
ASA

1,461.71

800.71

ASA = acetylsalicylic acid; ICER = incremental cost-effectiveness ratio; NMB = net monetary benefit; QALY = quality-adjusted lifeyear; RR = relative risk.
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Table 39: Sensitivity Analysis Excluding RR of Death
Treatment

Cost($)

QALYs

Incremental
Cost versus
ASA ($)

Incremental
QALYs
versus ASA

ICER
(sequential)

NMB
(relative to
ASA) ($)

Ticlopidine
+ ASA
ASA

21,771.74

8.0847

−266.89

0.0129

Reference case

911.26

22,038.63

8.0718

Reference
case

Reference
case

Reference
case

Clopidogrel
+ ASA

22,326.90

8.0835

288.26

0.0117

Dominated by
ticlopidine +
ASA
Dominated by
ticlopidine +
ASA

296.55

ASA = acetylsalicylic acid; ICER = incremental cost-effectiveness ratio; NMB = net monetary benefit; QALY = quality-adjusted lifeyear; RR = relative risk.

Cost of clopidogrel
Table 40 shows the results of the sensitivity analysis assuming a loss of patent for clopidogrel
and a subsequent price drop of 50%. If a loss of patent for clopidogrel produces a price reduction
of 50%, clopidogrel plus ASA would be the least costly antiplatelet regimen and would dominate
treatment with ASA alone. The ICER of ticlopidine plus ASA, compared with half-priced
clopidogrel plus ASA, was $2,209.80.
Table 40: Sensitivity Analysis — 50% Price Reduction for Clopidogrel
Treatment

Cost ($)

QALYs

Incremental
Cost versus
ASA ($)

Incremental
QALYs
versus ASA

ICER
(sequential) ($)

NMB
(relative to
ASA) ($)

Clopidogrel
+ ASA
Ticlopidine
+ ASA
ASA

21,863.27

8.0991

−175.36

0.0273

Reference case

1,542.64

22,111.82

8.2116

73.19

0.1398

2,209.80

6,917.88

22,038.63

8.0718

Reference
case

Reference case

Dominated by
clopidogrel +
ASA

Reference
case

ASA = acetylsalicylic acid; ICER = incremental cost-effectiveness ratio; NMB = net monetary benefit; QALY = quality-adjusted lifeyear.

Treatment Duration
Tables 41 to 43 show the results of the sensitivity analysis on treatment duration for the
interventions (three months, six months, and two years). The ASA comparator treatment is
assumed to be lifetime, as in the base-case and other analyses. Treatment with the interventions
is assumed to be followed by ASA treatment until the end of life. In all three scenarios, ASA had
the lowest cost of the treatment options, and ticlopidine had the highest number of QALYs
gained. The cost-effectiveness of ticlopidine plus ASA increases with increasing treatment
duration. The cost-effectiveness of clopidogrel plus ASA decreases, as shown by the negative
NMB in the analysis of two-year treatment duration.
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Table 41: Sensitivity Analysis — 3-Month Treatment Duration
Treatment

Cost ($)

QALYs

Incremental
Cost versus
ASA ($)

Incremental
QALYs
versus ASA

ICER
(sequential) ($)

NMB
(relative to
ASA) ($)

ASA

22,038.63

8.0718

22,056.93

8.1067

Reference
case
0.0350

Reference case

Ticlopidine
+ ASA
Clopidogrel
+ ASA

Reference
case
18.30

Reference
case
1,729.47

22,121.18

8.0786

82.55

0.0068

Dominated by
ticlopidine + ASA

523.44

259.27

ASA = acetylsalicylic acid; ICER = incremental cost-effectiveness ratio; NMB = net monetary benefit; QALY = quality-adjusted lifeyear.

Table 42: Sensitivity Analysis — 6-Month Treatment Duration
Treatment

Cost ($)

QALYs

Incremental
Cost versus
ASA ($)

Incremental
QALYs
versus ASA

ICER
(sequential) ($)

NMB
(relative to
ASA) ($)

ASA

22,038.63

8.0718

22,075.23

8.1417

Reference
case
0.0699

Reference case

Ticlopidine
+ ASA
Clopidogrel
+ ASA

Reference
case
6.59

Reference
case
3,458.94

22,203.73

8.0855

165.09

0.0137

Dominated by
ticlopidine +
ASA

523.44

518.55

ASA = acetylsalicylic acid; ICER = incremental cost-effectiveness ratio; NMB = net monetary benefit; QALY = quality-adjusted lifeyear.

Table 43: Sensitivity Analysis — 2-Year Treatment Duration
Cost ($)

QALYs

Incremental
Cost versus
ASA ($)

Incremental
QALYs
versus ASA

ICER
(sequential) ($)

NMB
(relative to
ASA) ($)

ASA

22,038.63

8.0718

22,691.17

8.2294

Reference
case
0.1576

Reference case

Ticlopidine
+ ASA
Clopidogrel
+ ASA

Reference
case
652.54

Reference
case
7,227.06

23,736.78

8.1017

1,698.15

0.0299

Dominated by
ticlopidine +
ASA

4,140.68

204.52

ASA = acetylsalicylic acid; ICER = incremental cost-effectiveness ratio; NMB = net monetary benefit; QALY = quality-adjusted lifeyear.

5.4.4 Results of probabilistic analysis
Table 44 compares the outcomes of the deterministic base-case analysis with those of the
probabilistic analysis. Treatment options are listed in order of increasing costs for the
deterministic analysis. Clopidogrel plus ASA and ticlopidine plus ASA were more costly and
less effective in the probabilistic analysis than in the deterministic analysis because of the
uncertainty in the effectiveness data that were used to populate the model.
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Table 44: Base-Case Outcomes: Deterministic versus Probabilistic Results
Treatment

Deterministic Results
Life years
QALYs
Cost ($)

ASA
Ticlopidine + ASA
Clopidogrel + ASA

11.2309
11.4235
11.2671

8.0718
8.2116
8.0991

22,038.63
22,111.82
22,368.82

Probabilistic Results
Life years
QALYs
Cost ($)

10.6030
10.7240
10.5812

7.6207
7.7062
7.6034

21,551.60
26,040.85
24,293.95

ASA = acetylsalicylic acid; QALY = quality-adjusted life-year.

Table 45 shows the ICER and NMB results for the probabilistic analysis. The pattern of positive
incremental costs and negative incremental QALYs gives the result that ASA dominates
treatment with clopidogrel and ASA. Ticlopidine plus ASA shows more favourable effects than
ASA alone, at a cost of $52,544.03 per QALY. Both dual antiplatelet treatment options have
negative NMBs relative to ASA.
Table 45: Base-Case ICER and NMB Results for Probabilistic Analysis
Treatment

Cost ($)

QALYs

Incremental
Cost versus
ASA ($)

Incremental
QALYs
versus ASA

ICER
(sequential)
($)

NMB
(relative to
ASA) ($)

ASA

21,551.60

7.6207

Ticlopidine +
ASA
Clopidogrel +
ASA

26,040.85

7.7062

Reference
case
4,489.25

Reference
case
0.0864

Reference
case
52,544.03

Reference
case
−218.27

24,293.95

7.6034

2,742.36

−0.0174

Dominated
by ASA

−3,611.27

ASA = acetylsalicylic acid; ICER = incremental cost-effectiveness ratio; NMB = net monetary benefit; QALY = quality-adjusted lifeyear.

Cost-effectiveness acceptability curve
The CEAC (Figure 5) shows the probability that each treatment option is optimal for threshold
values between $20,000 and $100,000. (Based on previous funding decisions, it is unlikely that a
treatment option will be accepted based on an ICER greater than $100,000.) Ticlopidine plus
ASA was associated with the highest probability (range 63.62% to 68.78%) of being the optimal
treatment at all threshold values between $20,000 and $100,000.
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Figure 5: Cost-Effectiveness Acceptability Curve
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5.4.5 Results of value of information analysis
Uncertainty is inherent in health care decisions.122 Decision uncertainty can be characterized
using a Bayesian approach.122 Decision-makers may choose to maximize expected health by
reimbursing the treatment option that has the highest expected net benefits, or they may choose
to reduce the uncertainty by acquiring more evidence.122 These choices are often mutually
exclusive, because manufacturers have little incentive to provide more evidence after approval is
granted. As a result, the estimates of decision uncertainty can be interpreted as the potential
value of information forgone.
Given the uncertainty in the probabilistic analysis of this report, more research would be of value
for decision-makers. Each parameter estimate that is used to populate the model is known, with
uncertainty, to fall within a range of plausible values.122 In the probabilistic sensitivity analysis,
each parameter was varied simultaneously according to its assigned distribution, and model
outputs were recorded. Assuming a $50,000 threshold value of a QALY, the expected value of
perfect information (EVPI) for the overall model is $6,091 per patient. Figure 6 shows the per
patient EVPI for the threshold value of a QALY that is used in decision-making.
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Figure 6: Expected Value of Perfect Information, per Patient
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To calculate the population EVPI, the per-patient estimate is multiplied by the number of
decisions that are expected to be based on this additional information. More than 40,000 PCIs
were performed in Canada in 2007-2008 (age-standardized incidence of 162 per 100,000). Thus,
it would be worth more than $250 million per year to reduce all uncertainty in the model. This
information could be applied to reimbursement decisions until the patent on clopidogrel runs out
(expected in 2012), corresponding to a $502 million value of perfect information.
The expected value of perfect partial information (EVPPI) was greater for study data than for
clinical probabilities, costs, or utilities, suggesting that most of the uncertainty in the model was
related to the relative effectiveness of the antiplatelet therapies (Table 46). A closer evaluation of
the RR parameters found that more research into the event risks of ticlopidine therapy,
specifically the risk of death, would bring the greatest value to the analysis ($1,873 per patient).
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Table 46: Expected Value of Perfect Information / Expected Value
of Perfect Partial Information
$ Per person

$ Per Population/Year

$ Per Population, Until 2012

6,091
0
0
4
0
3
4,812
7
0
0
7
0
0
3,610
0
232
1,911
0
0

251,000,000
0
0
164,964
0
123,723
198,000,000
288,687
0
0
288,687
0
0
149,000,000
0
9.6,000,000
79,000,000
0
0

502,000,000
0
0
329,928
0
246,446
396,000,000
577,374
0
0
577,374
0
0
298,000,000
0
19.1,000,000
158,000,000
0
0

All
Costs
Utilities
Clinical probabilities
First year
Years 2+
Study data
clopidogrel
MI
Stroke
Death
Revascularization
Major bleed
ticlopidine
MI
Stroke
Death
Revascularization
Major bleed
MI = myocardial infarction.

6

HEALTH SERVICES IMPACT

6.1 Population Impact
a)

Historical Trends

Over the past decade, general revascularization rates in Canada increased from 187 per 100,000
to 235 per 100,000.126 Total cardiac revascularization rates peaked in 2005-2006 at 259 per
100,000 population, age 20 years and older (Table 47).127 This is likely an underestimate of the
true number of PCIs performed because the Canadian Institute for Health Information (CIHI)
data lack information on day procedures in some jurisdictions.126 Furthermore, a patient who
received more than one PCI during the same hospitalization would have been counted once.
The number of PCIs in Canada increased by two-thirds between 1998-1999 and 2007-2008
(from 96 per 100,000 to 162 per 100,000), and the number of CABGs declined 18% (from 91 per
100,000 to 75 per 100,000), according to the Health Indicators 2009 report.127 CABGs are now
reserved for more complex cases.
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Table 47: Rates of Cardiac Revascularization Procedures, Canada*
Age-Standardized Rate per 100,000 Population
CABG
PCI
Cardiac Revascularization

Year

1998-1999
1999-2000
2000-2001
2001-2002
2002-2003
2003-2004
2004-2005
2005-2006
2006-2007
2007-2008

91
93
93
93
91
90
86
84
77
75

96
108
122
135
142
156
168
177
175
162

187
201
214
228
232
246
253
259
251
235

128

Source: Health Indicators 2009.
CABG = coronary artery bypass graft; PCI = percutaneous coronary intervention.
*Calculated by dividing total number of discharges for PCI patients age 20 years and older by total mid-year population age 20 years
and older and multiplying this by 100,000.

b)

Provincial Variations

PCI makes up more than two-thirds of all revascularization procedures performed in all
provinces except Newfoundland and Labrador, Prince Edward Island, and Manitoba. While some
procedural variation may be due to the potential difference in the distribution of type and
severity of disease, this variation also indicates provincial differences in service availability,
practice patterns, and funding.126 Table 48 shows the provincial age-standardized rates of cardiac
revascularization in Canada for the 2007-2008 fiscal year. The lowest rate of PCI occurs in
Nunavut (109 per 100,000 adults), and the highest rate occurs in New Brunswick, where the rate
is 198 per 100,000 adults. The CIs of the estimates for the Northern Territories are wide,
indicating uncertainty about these rates.
c)

Variation in procedural rates across groups based on age and sex

A variation in procedural rates has been reported across groups based on age and sex. The
variation in PCI rates between men and women appears in Table 49. Even though the rate of
hospitalized heart attacks in males is twice that of females, the revascularization rates for males
are approximately three times higher than those for females.127 There also seems to be variation
in PCI rates by age. A survey of Canadian cardiac catheterization facilities found that from 19971998 to 2000-2001, PCI rates were highest in the 65- to 74-year old age group and lowest in the
20- to 34-year old age group.126

64

Clopidogrel Compared with Other Antiplatelet Agents for Secondary Prevention of Vascular Events
in Adults Undergoing Percutaneous Coronary Intervention: Clinical and Cost-Effectiveness Analyses

Table 48: Rates of Cardiac Revascularization Procedures, Canada
Age-Standardized Rate per 100,000 Population (2007-2008)
PCI (95% CI)
CABG
Total Cardiac
Percentage PCI
(95% CI)
Revascularization
over Total Cardiac
(95% CI)
Revascularization

Province

Nfld. and Lab.
PEI
NS
NB
Ont.
Man.
Sask.
Alta.
BC
Yukon
NWT
Nunavut
Canada (without
Que. data)

142 (132 to 153)
139 (118 to 159)
163 (155 to 172)
198 (188 to 208)
157 (155 to 159)
131 (124 to 138)
195 (186 to 205)
166 (161 to 171)
168 (164 to 172)
151 (101 to 202)
193 (130 to 255)
109 (48 to 171)
162 (160 to 163)

105 (96 to 114)
73 (59 to 114)
73 (68 to 79)
76 (69 to 82)
78 (77 to 80)
85 (79 to 91)
93 (87 to 100)
58 (55 to 61)
65 (63 to 68)
62 (26 to 99)
88 (43 to 132)
54 (19 to 152)
75 (74 to 76)

247 (233 to 261)
212 (187 to 237)
236 (226 to 246)
273 (261 to 285)
234 (231 to 237)
215 (206 to 224)
286 (275 to 298)
224 (218 to 230)
232 (227 to 237)
214 (151 to 276)
280 (204 to 357)
163 (80 to 246)
235 (233 to 237)

57.49%
65.57%
69.07%
72.53%
67.09%
60.93%
68.18%
74.11%
72.41%
70.56%
68.93%
66.87%
68.94%

127

Source: Health Indicators 2009. pages 116-121.
Alta. = Alberta; BC = British Columbia; CABG = coronary artery bypass graft; CI = confidence interval; Man. = Manitoba;
NB = New Brunswick; Nfld. and Lab. = Newfoundland and Labrador; NS = Nova Scotia; NWT = Northwest Territories;
Ont. = Ontario; PCI = percutaneous coronary intervention; PEI = Prince Edward Island; Que. = Quebec; Sask. = Saskatchewan.

Table 49: Rates of Cardiac Revascularization Procedures, Canada129
2003
Male

Female

Both
sexes

145.8

197.2

96.5

120.8
142.9
182.9
200.0
148.2
126.3
157.5
179.6
171.8
214.3
192.3
100.8
167.4

183.3
209.3
280.1
306.8
225.6
182.1
231.7
273.7
261.8
310.1
273.1
154.9
254.0

65.7
81.3
95.4
104.7
76.9
74.1
87.5
89.7
87.3
98.2
100.5
NA
87.6

Province

Both
Sexes

Nfld. and
Lab.
PEI
NS
NB
Que.
Ont.
Man.
Sask.
Alta.
BC
Yukon
NWT
Nunavut
Canada

2005
Male

Female

Both
Sexes

2007
Male

Female

135.6

206.8

67.8

142

206

82

137.4
179.4
236.3
NA
174.5
135.6
202.5
183.2
185.6
203.4
156.8
85.8
177.9*

202.6
271.0
346.3
NA
264.5
210.4
298.7
283.2
282.9
294.1
238.3
147.0
266.6*

76.4
95.2
134.2
NA
91.5
65.6
112.9
88.0
93.5
100
67.7
NA
93.7*

139
163
198
NA
157
131
195
166
168
151
193
109
NA

203
245
300
NA
235
194
286
256
256
241
275
131
NA

77
88
104
NA
85
71
111
80
84
56
94
NA
NA

Alta. = Alberta; BC = British Columbia; Man. = Manitoba; NA = not applicable or available; NB = New Brunswick; Nfld. and Lab. =
Newfoundland and Labrador; NS = Nova Scotia; NWT = Northwest Territories; Ont. = Ontario; PEI = Prince Edward Island; Que. =
Quebec; Sask. = Saskatchewan.
* Includes only those provinces and territories for which comparable data were available.
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d)

Antiplatelet drug use for PCI

The antiplatelet drug use for PCI was estimated using data from the Canadian Disease and
Therapeutic Index. The index, which is based on a sample of information from 652 physicians in
office-based medical practice, covers 15 specialty groups. Physicians are asked to record, by
diagnosis, the drug therapy that is recommended to each patient. Because PCI is a procedure that
is associated with the diagnosis of ACS, when calculating the estimated number of
recommendations for antiplatelet drugs, we assumed that two-thirds of ACS patients would
undergo a PCI during their index admission (JLC, unpublished observation, 2009 May). We also
assumed that neither clopidogrel nor ticlopidine would be given as monotherapy.
Table 50 and Figure 7 show the estimated number of antiplatelet drug recommendations for PCI.
The market is split between ASA alone and clopidogrel plus ASA, with ASA alone accounting
for more than half of the antiplatelet drug recommendations made by Canadian office-based
physicians for PCI. The last time that ticlopidine was reported to be a recommended therapy for
ACS was in 2003-2004 when it made up 0.31% of the market share among antiplatelet drugs for
PCI.
Table 50: Estimated Number (%) of Antiplatelet Drug Recommendations Made by Canadian
Office-Based Physicians for PCI (2002-2003 to 2007-2008)
Drug

ASA alone
Clopidogrel + ASA
Ticlopidine + ASA
Total

2002-2003

2003-2004

2004-2005

2005-2006

2006-2007

2007-2008

401,410
(85.79)
63,127
(13.49)
3,360
(0.72)
467,897

239,690
(69.86)
102,347
(29.83)
1,060
(0.31)
343,097

207,373
(58.90)
146,487
(41.40)
0 (0.0)

170,080
(57.60)
127,690
(42.88)
0 (0.0)

127,763
(42.58)
172,270
(57.42)
0 (0.0)

173,570
(52.97)
154,120
(47.03)
0 (0.0)

353,860

297,770

300,033

327,690

Source: IMS Health Inc., Canadian Disease and Therapeutic Index (CDTI) (This information may not be reproduced in any way
without written consent from IMS Health Incorporated).
ASA = acetylsalicylic acid; PCI = percutaneous coronary intervention.
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Figure 7: Estimated Market Share (%) of Antiplatelet Drugs for PCI, by Year
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6.2 Budget Impact
The budget impact analyses were conducted to estimate the expenditures, in each participating
jurisdiction, on antiplatelet drugs that were used by patients undergoing PCI, assuming
alternative prescribing patterns (or scenarios). In the baseline scenario, it was assumed that the
number of future claims for each treatment stayed constant at an average level of the five to six
fiscal years from 2002-2003 to 2007-2008. The results of the economic analyses showed that
ticlopidine plus ASA was a cost-effective treatment strategy. Alternative scenarios were based
on a reduction in the number of recommendations for clopidogrel plus ASA, with a subsequent
increase in ticlopidine plus ASA or ASA monotherapy. The perspective of the analyses was that
of the jurisdictional drug plan. Only net expenditures to the drug plan (drug cost + mark-up +
dispensing fees − beneficiary co-payment) were considered.
6.2.1 Methods
a)

Average expenditure per claim

Participating jurisdictions provided estimates of the total expenditure on and number of claims
for each antiplatelet drug class (Tables A13 to A21). The average expenditures per drug had been
calculated by dividing total drug expenditures during five to six fiscal years by the total number
of claims during the same period in each jurisdiction (regardless of indication)130 (Table 51).
b)

Baseline prescriptions (and expenditures)

The proportion of each drug that is used for PCI over the total use of each antiplatelet drug was
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estimated using IMS data. We assumed that two-thirds of ACS patients would undergo PCI
during the index admission. We used these proportions and total jurisdictional drug use to
calculate the number of prescriptions specific to patients undergoing PCI. We assumed that
ticlopidine and clopidogrel would only be prescribed with ASA and that 46% of ASA prescribed
would be prescribed as monotherapy (as indicated in the analysis of IMS data). Estimated drug
expenditures were obtained by multiplying the number of prescriptions in each therapy (for PCI)
by the average expenditures per claim (Table 51). The estimated total expenditures on PCI in
each drug plan were estimated by adding the estimated expenditures on each therapeutic option.
c)

Budget impact analysis

The baseline cost estimates were compared with alternative scenarios in which the number of
claims for clopidogrel plus ASA was reduced by 5%, 10%, or 20%, and the number of claims
taken from clopidogrel plus ASA was added to ASA monotherapy and ticlopidine according to
one of the following scenarios:
Scenario 1: all additional claims for ticlopidine plus ASA.
Scenario 2: according to the usage patterns.
Scenario 3: all additional claims for ASA monotherapy.
The total expenditure in each alternative scenario was calculated by multiplying the average cost
per claim in the baseline scenario by the total projected number of claims for each therapeutic
option. The budgetary impact was calculated by subtracting the total expenditures that were
estimated in an alternative scenario from those in the base-case scenario. Sensitivity analyses
were used to evaluate the effect of changing ASA coverage patterns (over the counter or
prescription) in addition to the alternative scenarios.
6.2.2 Results
Nine drug plans provided utilization data on antiplatelet drugs. Appendix 21 shows the total
number of prescriptions and expenditures that were reported. The average number of claims for
each drug therapy was calculated based on this information and was considered as the base-case
utilization. Each drug can be prescribed for other diagnoses. The proportion of each drug class
that is used for PCI compared with total use of the drug class was estimated using IMS data for
fiscal years 2002-2003 to 2007-2008 (Table 50). These results were used to estimate the
proportion of ASA prescribed for PCI as monotherapy (46%).
a)

Average expenditure per claim

The average costs per claim appear in Table 51. These costs are not specific to PCI. Important
variation was observed between jurisdictions. The average expenditure per clopidogrel claim
ranged from $64.38 (Veterans Affairs Canada) to $144.07 (Alberta). The average expenditures
on ASA ranged from $0.46 (Manitoba) to $22.54 (British Columbia) and on ticlopidine from
$31.47 (Non-Insured Health Benefits) to $67.02 (New Brunswick).
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Table 51: Average Expenditure per Claim (over five fiscal years starting 2003-2004)130*
Clopidogrel
ASA 325 mg
Ticlopidine

Sask.

NS

BC†

VAC‡

PEI

FNIHB

NB

Alta.

Man.

$72.14
$6.32
$34.35

$114.74
$8.44
$63.72

$88.05
$22.54
$55.38

$64.38
$8.57
$52.38

$73.14
$2.78
$36.75

$71.80
$4.86
$31.47

$121.49
$6.25
$67.02

$144.07
NR
$64.32

$93.03
$0.46
$58.52

Alta. = Alberta; ASA = acetylsalicylic acid; BC = British Columbia; FNIHB = First Nations and Inuit Health Branch; MB = Manitoba;
NB = New Brunswick; NR = not reimbursed; NS = Nova Scotia; PEI = Prince Edward Island; VAC = Veterans Affairs Canada.
*Calculated as sum of expenditures over 4 (or 5) fiscal years divided by sum of claims over same fiscal years.
†
For BC, based on average of 2002-2003 to 2007-2008 fiscal years.
‡
Utilization for ASA 81 mg and 325 mg reported together.

b)

Baseline prescriptions (and expenditures)

The costs in Table 51 and the estimated number of recommendations for antiplatelet drugs in
PCI patients were used to provide the baseline jurisdictional expenditures (Table 52). Our
calculations suggest that 137,670 prescriptions for PCI are related to formulary patients in
specific jurisdictions per year. Many of the patients undergoing PCI may not be covered by a
jurisdictional plan. The population analysis, based on CIHI data, indicates that more than 40,000
PCIs are performed in Canada annually. Prescriptions are generally filled for three months at a
time, with many patients taking antiplatelet therapy for years after PCI. As a result, the budget
impact analysis (BIA) estimate of 137,670 prescriptions claimed through participating
jurisdictional drug plans is realistic, given the population impact assessment estimate of 40,000
PCIs nationally per year. The baseline expenditure on antiplatelet therapies for PCI ranges from
$43,642 (Prince Edward Island) to $1.8 million (British Columbia) (Table 52).
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Table 52: Baseline Prescriptions for (and expenditures on) Antiplatelet Agents for PCI
Province

ASA
325 mg Rx
Alone

ASA
325 mg OTC
Alone

ASA 325 mg Rx +
Clopidogrel

ASA 325 mg OTC
+ Clopidogrel

ASA
325 mg
Rx + Ticlopidine

ASA
325 mg OTC
+ Ticlopidine

Man.

466 ($214)

8,797 ($0)

541 ($50,546)

10,215 ($950,282)

3 ($171)

55 ($3,205)

Alta.

0 ($0)

7,681 ($0)

0 ($0)

8,872 ($1,278,145)

0 ($0)

95 ($6,141)

BC

1,541 ($34,743)

15,617 ($0)

1,780 ($196,903)

18,040 ($1,588,448)

19 ($1,475)

192 ($10,620)

NB

1,295 ($8,094)

1,987 ($0)

1,496 ($191,085)

2,296 ($278,912)

16 ($1,161)

24 ($1,629)

PEI

128 ($356)

380 ($0)

146 ($11,103)

433 ($31,677)

3 ($135)

10 ($371)

Sask.

1,748 ($11,045)

4,646 ($0)

2,027 ($159,055)

5,389 ($388,729)

13 ($545)

36 ($1,225)

VAC

4,307 ($36,898)

4,914 ($0)

5,016 ($365,912)

5,723 ($368,430)

12 ($761)

14 ($747)

FNIHB

5,078 ($24,655)

1,152 ($0)

5,861 ($449,253)

1,330 ($95,476)

67 ($2,451)

15 ($482)

NS

2,682 ($22,621)

1,098 ($0)

3,072 ($378,367)

1,258 ($144,355)

59 ($4,252)

24 ($1,538)

Total

20,076
($1,004,418)
16,648
($1,284,285)
37,190
($1,832,188)
7,114
($480,881)
1,101
($43,642)
1,3859
($560,599)
19,986
($772,748)
13,503
($572,317)
8,193
($551,133)

Alta. = Alberta; ASA = acetylsalicylic acid; BC = British Columbia; FNIHB = First Nations and Inuit Health Branch; Man. = Manitoba; NB = New Brunswick; NS = Nova Scotia; OTC =
over the counter; PCI = percutaneous coronary intervention; PEI = Prince Edward Island; Rx = prescription; Sask. = Saskatchewan; VAC = Veterans Affairs Canada.
* Data for Ontario, Quebec, Newfoundland and Labrador, Yukon, Nunavut, and Northwest Territories are not included.

70

Clopidogrel Compared with Other Antiplatelet Agents for Secondary Prevention of Vascular Events
in Adults Undergoing Percutaneous Coronary Intervention: Clinical and Cost-Effectiveness Analyses

6.2.3 Budget impact analysis
In scenario 1, we assumed a 5% to 20% reduction in clopidogrel plus ASA use and a
corresponding increase in ticlopidine plus ASA. This resulted in annual net savings of up to
$140,000 for an individual drug plan. In scenario 2, we assumed a 5% to 20% reduction in
clopidogrel plus ASA use, with a corresponding increase in ASA monotherapy and ticlopidine
plus ASA use (based on utilization patterns). This resulted in annual net savings of up to
$346,000 for an individual drug plan. Because ticlopidine plus ASA use is minimal, the results of
scenario 3, increase in ASA monotherapy, were similar to those of scenario 2, increase in ASA
monotherapy and ticlopidine plus ASA, based on utilization patterns (Table 53).
6.2.4 Sensitivity analyses
The outcomes of the three scenarios that are considered in the primary BIA depend on whether
ASA use is mainly over the counter (no cost to the jurisdictional health plan) or by prescription.
For the base-case analysis, we assumed no change in the ratio of over the counter to prescription
ASA use. In sensitivity analyses, we considered the extreme cases (ASA covered 100% by the
health plans [Table 54] and ASA entirely patient purchased [Table 55]). If all ASA was to be
entirely supplied at the expense of the health plan, many jurisdictions would find that the total
antiplatelet budget for PCI would increase, despite a trend away from using clopidogrel plus
ASA. Manitoba would have the greatest savings: $65,000 in scenario 1 and $190,000 in
scenarios 2 and 3. If ASA is entirely patient funded (unavailable at the drug plan’s expense), the
scenarios could result in savings of up to approximately $420,000 in individual jurisdictions.
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Table 53: Budget Impact Analysis

Base Case
Man.

$1,004,418

Alta.

$1,284,285

BC

$1,832,188

NB

$480,881

PEI

$43,642

Sask.

$560,599

VAC

$772,748

FNIHB

$572,317

NS

$551,133

5%
$985,861
($18,557)
$1,248,911
($35,375)
$1,799,808
($32,381)
$470,555
($10,326)
$42,588
($1,054)
$546,588
($14,011)
$766,306
($6,442)
$557,819
($14,498)
$540,088
($11,045)

Projected Budget Impact of Reduction in Clopidogrel + ASA Use and
Corresponding Percentage Increase in Other Antiplatelet Therapies for PCI
Scenario 1
Scenario 2
Scenario 3
10%
20%
5%
10%
20%
5%
10%

$967,304
($37,114)
$1,213,536
($70,749)
$1.767, 427
($64,761)
$460,229
($20,652)
$41,534
($2,109)
$532,577
($28,022)
$759,864
($12,884)
$543,320
($28,996)
$529,042
($22,091)

$930,189
($74,229)
$1,142,787
($141,498)
$1,702,666
($129,522)
$439,576
($41,304)
$39,425
($4,217)
$504,556
($56,043)
$746,980
($25,768)
$514,324
($57,993)
$506,952
($44,181)

$954,584
($49,834)
$1,220,728
($63,557)
$1,745,593
($86,595)
$458,002
($22,879)
$41,551
($2,091)
$533,947
($26,652)
$738,26
($34,487)
$546,652
($25,665)
$526,589
($24,544)

$904,749
($99,669)
$1,157,171
($127,114)
$1,658,998
($173,190)
$435,123
($45,758)
$39,460
($4,182)
$507,296
($53,303)
$703,774
($68,974)
$520,986
($51,330)
$502,045
($49,088)

$805,081
($199,337)
$1,030,058
($254,228)
$1,485,808
($346,380)
$389,366
($91,515)
$35,278
($8,364)
$453,992
($106,607)
$634,799
($137,949)
$469,656
($102,661)
$452,957
($98,176)

$954,389
($50,029)
$1,220,378
($63,907)
$1,744,928
($87,261)
$457,849
($23,032)
$41,524
($2,119)
$533,850
($26,749)
$738,179
($34,569)
$546,503
($25,814)
$526,292
($24,840)

$904,360
($100,058)
$1,156,471
($127,814)
$1,657,667
($174,522)
$434,816
($46,065)
$39,405
($4,237)
$507,102
($53,497)
$703,611
($69,137)
$520,690
($51,627)
$501,452
($49,681)

20%
$804,302
($200,116)
$1,028,656
($255,629)
$1,483,145
($349,043)
$388,751
($92,129)
$35,168
($8,475)
$453,604
($106,995)
$634,474
($138,274)
$469,062
($103,255)
$451,771
($99,362)

Alta. = Alberta; ASA = acetylsalicylic acid; BC = British Columbia; FNIHB = First Nations and Inuit Health Branch; Man. = Manitoba; NB = New Brunswick; NS = Nova Scotia; PCI =
percutaneous coronary intervention; PEI = Prince Edward Island; Sask. = Saskatchewan; VAC = Veterans Affairs Canada.
Notes:
Numbers in parentheses are net savings compared with the base-case scenario (in Canadian dollars).
Scenario 1: Total number of clopidogrel + ASA claims reduced added to base-case number of ticlopidine + ASA claims.
Scenario 2: Total number of clopidogrel + ASA claims reduced added to base-case number of ticlopidine + ASA claims and ASA monotherapy claims in same proportion as in base case.
Scenario 3: Total number of clopidogrel + ASA claims reduced added to base-case number of ASA monotherapy claims.
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Table 54: Sensitivity Analysis, ASA covered 100%

Base case

Man.

$1,004,418

BC

$1,832,188

NB

$480,881

PEI

$43,642

Sask.

$560,599

VAC

$772,748

FNIHB

$572,317

NS

$551,133

5%
$994,627
($9,790)
$2,562,822
(-$730,633)
$497,478
(-$16,597)
$44,875
(-$1,233)
$610,222
(-$49,622)
$857,547
(-$84,798)
$569,944
($2,373)
$560,169
(-$9,036)

Projected Budget Impact of Reduction in Clopidogrel + ASA Use and
Corresponding Percentage Increase in Other Antiplatelet Therapies for PCI
Scenario 1
Scenario 2
Scenario 3
10%
20%
5%
10%
20%
5%
10%

$976,070
($28,348)
$2,530,441
(-$698,253)
$487,152
(-$6,271)
$43,821
(-$179)
$596,211
(-$35,612)
$851,105
(-$78,357)
$555,445
($16,872)
$549,124
($2,009)

$938,956
($65,462)
$2,465,680
(-$633,491)
$466,500
($14,381)
$41,712
($1,930)
$568,189
(-$7,590)
$838,221
(-$65,473)
$526,449
($45,868)
$527,033
($24,100)

$963,350
($41,068)
$2,508,607
(-$676,419)
$484,925
(-$4,044)
$43,838
(-$196)
$597,581
(-$36,982)
$829,501
(-$56,753)
$558,777
($13,540)
$546,670
($4,463)

$913,516
($90,902)
$2,422,012
(-$589,824)
$462,046
($18,834)
$41,747
($1,895)
$570,929
(-$10,330)
$795,014
(-$22,266)
$533,111
($39,206)
$522,127
($29,006)

$813,848
($190,570)
$2,248,822
(-$416,634)
$416,289
($64,592)
$37,565
($6,077)
$517,626
($42,974)
$726,040
($46,709)
$481,781
($90,536)
$473,039
($78,094)

$963,156
($41,262)
$2,507,941
(-$675,753)
$484,772
(-$3,891)
$43,811
(-$168)
$597,484
(-$36,885)
$829,420
(-$56,672)
$558,628
($13,689)
$546,374
($4,759)

$913,127
($91,291)
$2,420,681
(-$588,492)
$461,739
($19,142)
$41,692
($1,950)
$570,735
(-$10,136)
$794,851
(-$22,103)
$532,815
($39,502)
$521,533
($29,600)

20%
$813,069
($191,349)
$2,246,159
(-$413,971)
$415,675
($65,206)
$37,455
($6,188)
$517,238
($43,362)
$725,714
($47,034)
$481,187
($91,130)
$471,852
($79,281)

ASA = acetylsalicylic acid; BC = British Columbia; FNIHB = First Nations and Inuit Health Branch; Man. = Manitoba; NB = New Brunswick; NS = Nova Scotia; PCI = percutaneous coronary intervention;
PEI = Prince Edward Island; Sask. = Saskatchewan; VAC = Veterans Affairs Canada.
Notes:
Alberta is omitted from this analysis because ASA is unavailable by prescription in that jurisdiction. Numbers in parentheses are net savings compared with base-case scenario (in
Canadian dollars).
Scenario 1: Total number of clopidogrel + ASA claims reduced added to base-case number of ticlopidine + ASA claims.
Scenario 2: Total number of clopidogrel + ASA claims reduced added to base-case number of ticlopidine + ASA claims and ASA monotherapy claims in same proportion as in base case.
Scenario 3: Total number of clopidogrel + ASA claims reduced added to base-case number of ASA monotherapy claims.
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Table 55: Sensitivity Analysis, ASA covered 0%
Projected Budget Impact of Reduction in Clopidogrel + ASA Use and
Corresponding Percentage Increase in Other Antiplatelet Therapies for PCI
Base case
Man.

$1,004,418

Alta.

$1,284,285

BC

$1,832,188

NB

$480,881

PEI

$43,642

Sask.

$560,599

VAC

$772,748

FNIHB

$572,317

NS

$551,133

5%

Scenario 1
10%

20%

5%

Scenario 2
10%

20%

5%

Scenario 3
10%

20%

$985,397
($19,021)
$1,248,911
($35,375)
$1,724,504
($107,685)
$453,012
($27,869)
$41,816
($1,827)
$522,649
($37,951)
$686,331
($86,417)
$504,380
($67,937)
$491,057
($60,076)

$966,840
($37,578)
$1,213,536
($70,749)
$1,692,123
($140,065)
$442,686
($38,195)
$40,761
($2,881)
$508,638
($51,961)
$679,889
($92,859)
$489,882
($82,435)
$480,012
($71,121)

$929,725
($74,693)
$1,142,787
($141,498)
$1,627,362
($204,826)
$422,034
($58,847)
$38,653
($4,989)
$480,616
($79,983)
$667,005
($105,743)
$460,885
($111,432)
$457,921
($93,212)

$954,120
($50,298)
$1,220,728
($63,557)
$1,670,290
($161,899)
$440,459
($40,421)
$40,779
($2,863)
$510,008
($50,591)
$658,285
($114,463)
$493,213
($79,104)
$477,559
($73,574)

$904,285
($100,133)
$1,157,171
($127,114)
$1,583,694
($248,494)
$417,581
($63,300)
$38,688
($4,954)
$483,356
($77,243)
$623,798
($148,950)
$467,548
($104,769)
$453,015
($98,118)

$804,617
($199,801)
$1,030,058
($254,228)
$1,410,504
($421,684)
$371,823
($109,058)
$34,506
($9,137)
$430,053
($130,547)
$554,824
($217,924)
$416,217
($156,100)
$403,927
($147,206)

$953,925
($50,493)
$1,220,378
($63,907)
$1,669,624
($162,565)
$440,306
($40,575)
$40,751
($2,891)
$509,911
($50,688)
$658,204
($114,544)
$493,065
($79,252)
$477,262
($73,871)

$903,896
($100,522)
$1,156,471
($127,814)
$1,582,363
($249,826)
$417,273
($63,607)
$38,633
($5,010)
$483,162
($77,4370
$623,635
($149,113)
$467,251
($105,066)
$452,422
($98,711)

$803,838
($200,580)
$1,028,656
($255,629)
$1,407,841
($424,347)
$371,209
($109,672)
$34,395
($9,247)
$429,665
($130,935)
$554,498
($218,250)
$415,624
($156,693)
$402,741
($148,392)

Alta. = Alberta; ASA = acetylsalicylic acid; BC = British Columbia; FNIHB = First Nations and Inuit Health Branch; Man. = Manitoba; NB = New Brunswick; NS = Nova Scotia; PCI = percutaneous
coronary intervention; PEI = Prince Edward Island; Sask. = Saskatchewan; VAC = Veterans Affairs Canada.
Notes:
Numbers in parentheses are net savings compared with the base-case scenario (in Canadian dollars).
Scenario 1: Total number of clopidogrel + ASA claims reduced added to base-case number of ticlopidine + ASA claims.
Scenario 2: Total number of clopidogrel + ASA claims reduced added to base-case number of ticlopidine + ASA claims and ASA monotherapy claims in same proportion as in base case.
Scenario 3: Total number of clopidogrel + ASA claims reduced added to base-case number of ASA monotherapy claims.
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6.3 Planning, Implementation, Utilization, and Legal or
Regulatory Considerations
The patent for clopidogrel expires in 201225 when generic versions may become available, and
the use of generic versions would likely affect the use of clopidogrel.

6.4 Ethical Considerations
6.4.1 Efficiency versus equity
Total drug spending in Canada in 2008 was an estimated $29.8 billion or $897 per resident,
according to the CIHI.131 This represents 17.4% of total health expenditures, almost double the
amount spent on drugs in 1985 (9.5%), and it represents an estimated annual growth of 8.3%.
Drug costs have become the second largest driver, after hospital costs, of overall health care
expenditures in Canada. There has been a more rapid increase in spending on prescription drugs
than on non-prescription drugs (9.0% and 4.6% respectively). Thus, prescription drugs accounted
for approximately 84% of total drug spending in 2008.131 The rate of prescriptions for
cardiovascular medications has increased. Between 1996 and 2006, the costs of cardiovascular
medications increased 200%.132 Cardiovascular drug spending in Canada exceeded an estimated
$5 billion in 2006.132
Publicly funded drug programs sought to control expenditures using various means, including
restrictions on patient eligibility, cost-sharing, and the implementation of strategies limiting
access to certain medications.131 Interprovincial variation in publicly funded prescription drug
programs means that variation also occurs in the listing and reimbursement policies of individual
programs for specific drugs. Thus, access to clopidogrel has differed across provinces with
differences in the coverage criteria set by the provincial drug plans on timing of initiation and
duration of clopidogrel treatment.
Many provinces made clopidogrel subject to special authorization. This process, which
originated as a way of constraining uncontrolled expenditure in exceptional circumstances,
restricts reimbursement for select medications conditional on pre-approval of patients based on
explicit criteria.133 Because special authorization cannot always be obtained quickly, it can be
associated with negative health outcomes, especially when the drug is for urgent or immediate
use. This has been shown in several studies examining the clinical impact of delayed access to
clopidogrel among patients in three provinces.65,66,134 All three studies focused on the delay in
starting clopidogrel therapy after PCI with stenting.
Whatever the differences across provincial drug plans on the timing of coverage (and initiation
of therapy) for clopidogrel, there has been a greater lack of consensus on the appropriate duration
of coverage. Although variable interpretation of the randomized controlled data that provide the
evidence base for clopidogrel’s use might be the basis for the differences in coverage duration,
fiscal motivations cannot be discounted. The clinical impact of the variable duration of coverage
is uncertain because appropriate studies have not been done and may be challenging or even
unfeasible to undertake. Given the negative outcomes that are documented after delayed access
to clopidogrel and the reports of late stent thrombosis among patients managed with less than 12
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months of dual antiplatelet therapy after stent implantation,20,135 it is difficult to imagine that
discrepancies in treatment duration would not result in different clinical outcomes. The updated
guidelines of the American College of Cardiology and the American Heart Association
recommend an extended duration of clopidogrel (or other thienopyridine) use with ASA for at
least a year beyond PCI, regardless of the type of stent.136
Processes that purposefully restrict access to medication need to be monitored, especially for
drugs that statistically significantly reduce mortality or other adverse clinical outcomes.
Differences in patient eligibility for and cost-sharing of medication across provincial drug
programs result in measurable inequities and differential financial burden.137 Strategies that limit
access to particular drugs can exaggerate variation in coverage and can result in harm.
Collectively, such reimbursement policies and practices raise ethical concerns that deserve to be
addressed.

6.5 Psychosocial Considerations
Psychosocial concerns about clopidogrel use are intangible and unproved, but can be
hypothesized. The access discrepancies can generate psychosocial concerns and upset. Practising
physicians know that it can be difficult to feel that treatment decisions are being partly
determined by system factors. When patients are aware of such impediments, psychological
upset could be the expected result. In the case of expensive treatment, such as clopidogrel, the
inability to secure public drug coverage may result in some patients’ inability to start or persist
with the prescribed treatment because they cannot afford it.

7

DISCUSSION

7.1 Summary of Results
Among 14 RCTs that compared the effects of clopidogrel, ticlopidine, dipyridamole, and ASA,
11 were two-armed trials and three had more than two arms; one of the three trials was a placebo
or control arm and was not considered. Six clinically important outcomes were evaluated using
MTC meta-analysis to assess the relative benefits of ASA alone, clopidogrel plus ASA, and
ticlopidine plus ASA in adults undergoing PCI with or without a stent. Two other outcomes
(composite end points and thrombocytopenia) that were inappropriate for data pooling were
reported separately. The rate of occurrence of most outcomes was low in all intervention groups.
In MTC meta-analyses, the estimates of effects relative to the reference group (ASA alone)
across outcomes suggest that the optimal therapeutic choice is unclear. The only difference was
in the comparison of ASA plus ticlopidine to ASA alone for the outcome measure of all TVRs.
Ticlopidine tended to have better performance than clopidogrel in reducing cardiovascular
events, such as vascular death, TVR, and non-fatal MI. None of the CrIs that were associated
with the estimates of between-group differences excluded the possibility of a null difference.
More cases of major bleeds and neutropenia occurred in the treatment with ticlopidine plus ASA
group than in the clopidogrel plus ASA group. The CrIs that were associated with these point
estimates suggested there was insufficient evidence to confirm a difference. A qualitative review
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of the composite end point data from large RCTs suggests that the use of ASA plus clopidogrel
statistically significantly reduced the rates of cardiovascular events compared with ASA alone.
Moreover, the use of clopidogrel plus ASA was associated with fewer blood disorders compared
with ticlopidine plus ASA. There are no statistically significant differences between clopidogrel
plus ASA, ticlopidine plus ASA, or ASA alone in adverse events other than blood disorders.
In March 2010, a study evaluated the long-term effect of dual therapy of clopidogrel plus ASA in
patients with DES placements.138 Data from two concurrent open-label RCTs (the REAL-LATE
trial and the ZEST-LATE trial) were merged in this study. The selection criteria of the two RCTs
were similar. The eligible patients had undergone implantation of DES at least 12 months before
enrolment and had not had a major adverse cardiovascular event such as MI, stroke or repeat
revascularization, or major bleeding, since the DES placement. The REAL-LATE trial enrolled a
broader population of patients without limiting the clinical or lesion characteristics compared
with the ZEST-LATE trial. Patients in both trials were randomized to receive clopidogrel 75
mg/day plus ASA 100 mg/day to 200 mg/day or ASA alone. The primary end point of this study
was a composite of MI or vascular death. Among the 2,701 patients who were enrolled in the
two RCTs, 1,357 were assigned to receive the dual therapy and 1,344 were assigned to receive
monotherapy with ASA. The baseline patient characteristics were similar between the two
treatment groups. The median duration of follow-up was 19.2 months. At two years after
randomization, there were no statistically significant differences between the two groups in the
composite of MI or vascular death (cumulative risk of 1.8% in the dual therapy group compared
with 1.2% in the ASA alone group; hazard ratio 1.65, 95% CI 0.80 to 3.36, P = 0.17), individual
risks of MI, stroke, stent thrombosis, need for repeat revascularization, major bleeding, and death
from any cause. There was a non-statistically significant increase in the rates of composite of MI,
stroke, or death from any cause (hazard ratio 1.73, 95% CI 0.99 to 3.00, P = 0.05), and the
composite of MI, stroke, or vascular death (hazard ratio 1.84, 95% CI 0.99 to 3.45, P = 0.06) for
patients who were treated with dual therapy compared with those who were treated with ASA
alone. The authors concluded that there was no statistically significant benefit of reducing the
cardiovascular event rates associated with the extended use (more than 12 months) of dual
therapy of clopidogrel plus ASA in patients with DES placements compared with ASA alone.
This is consistent with our results from MTC analysis. This study had several limitations. The
use of clopidogrel or other antiplatelet agents before the study enrolment was unclear. The study
was underpowered to detect a clinically significant difference in the evaluated outcomes because
of the lower-than-expected event rate of the primary end points. The trials were open-label; and
the interval between the index procedure and trial enrolment varied among patients. The authors
suggested that larger RCTs with longer-term follow-up are needed to confirm the findings.
Fewer clinical trials examined the effectiveness and safety of dipyridamole or dipyridamole plus
ASA in patients undergoing PCI. This may be because of their restrictive use in our study
population. The three studies that compared dipyridamole plus ASA with placebo were all
published approximately 20 years ago. The uses of dipyridamole and dipyridamole plus ASA in
patients undergoing PCI are not shown in the Compendium of Pharmaceuticals and Specialties
produced by Canadian Pharmacists Association.14,15 The Food and Drug Administration has not
approved the use of these two antiplatelet drugs in stent implantation.4
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Decision-making would ideally be based on evidence that is derived from the direct comparison
of all therapies in a large RCT, but such data are often unavailable. Given a lack of more
compelling evidence, findings from a MTC meta-analysis provide an alternative source of
comparisons, on which decisions can be based. The use of a MTC meta-analysis enabled a
simultaneous comparison of interventions across a series of clinical outcomes in a model
framework using a small number of studies (14). To supplement this analysis, we presented
estimates and associated CIs that were calculated using the standard random effects approach for
meta-analysis to provide a point of reference and to enable inspection for differences compared
with estimates that were obtained using MTC meta-analysis. In our review, some differences in
uncertainty intervals between methods exist. This is likely a consequence of the availability of
few studies, limitations of analyses of rare outcomes, the need to use vague prior distributions for
MTC meta-analysis, and the increased number of parameters to estimate with this algorithm
relative to a standard random effects meta-analysis. Furthermore, in three cases among our MTC
meta-analyses, the standard approach excluded the possibility of a null difference between
treatments when the MTC result did not. This may be a consequence of the noted limitations. In
almost all cases, the point estimates were close and in the same direction of effect. None of the
included trials were planned to provide sufficient statistical power to compare the frequencies of
rare safety outcomes. Thus, individual trials did not identify the differences between
interventions. However, meta-analysis methods can be used to gain power for such analyses, as
was done in this report.
According to the six guidelines that were reviewed, patients undergoing PCI are prescribed
antiplatelet therapy for the secondary prevention of cardiovascular and cerebrovascular events.
ASA, clopidogrel, or ticlopidine are recommended. Clopidogrel is prescribed for patients who
are allergic to or intolerant of ASA. Patients undergoing PCI with DES placement receive
clopidogrel for at least 12 months and those with BMS placement receive clopidogrel for one
month. Clopidogrel is recommended over ticlopidine for these patients.
In the economic review, no Canadian studies evaluating the cost-effectiveness of clopidogrel in
adults undergoing PCI were found. All of the studies that were included in the review compared
a combination of clopidogrel plus ASA to a combination of short-term clopidogrel plus ASA
plus placebo. There were no evaluations of clopidogrel compared with treatment alternatives or
clopidogrel compared with a true (inactive) placebo.
From a cost-effective viewpoint, treatment with ticlopidine plus ASA was found to dominate
clopidogrel plus ASA treatment in all the scenarios. The costs and risks of ticlopidine treatment
are difficult to model because they are rare. When the costs of blood cell monitoring and risk of
death due to TTP were included in the sensitivity analysis, ticlopidine plus ASA lost dominance
over clopidogrel plus ASA, but kept a lower ICER compared with ASA. This analysis does not
account for the practicality or feasibility of prescribing ticlopidine plus ASA in patients
undergoing PCI. When we considered a 50% price reduction for clopidogrel, which may occur
with the loss of patent protection, treatment with clopidogrel plus ASA dominated ASA
monotherapy — although ticlopidine is likely to be more cost-effective with an ICER of
$2,209.80 compared with clopidogrel plus ASA.
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In the probabilistic analysis, treatment with clopidogrel plus ASA was dominated by ASA
treatment, and treatment with ticlopidine plus ASA had an ICER of $52,544.03 compared with
ASA monotherapy. The difference between the results of the deterministic and probabilistic
analyses indicates uncertainty about certain estimates that are used to populate the economic
model. The value of additional information was assessed using standard value of information
techniques. The results of this analysis indicate that assuming a $50,000 threshold value of a
QALY, it would be worth $6,091 per patient if we were to reduce all the uncertainty in this
model. Given the number of PCIs performed in Canada each year, this amounts to $251 million
per year for the population. Most of this value could be obtained with more study data,
specifically data on the risk of death with ticlopidine use.
The results of the BIA indicate that money could be saved in moving from the use of clopidogrel
plus ASA in PCI patients. Given the concerns about ticlopidine, the scenarios in the BIA
considered only small changes in prescribing patterns (5% to 20% of clopidogrel plus ASA use).

7.2 Strengths and Weaknesses of this Assessment
A drug class review on ASA alone, clopidogrel plus ASA or clopidogrel alone, ticlopidine plus
ASA or ticlopidine alone, and dipyridamole 200 mg plus ASA 25 mg by the Drug Effectiveness
Review Project (DERP)4 was conducted on patients with stroke, ACS, or PAD, or who
underwent PCI or CABG. Among all of the RCTs of patients with PCI or CABG, clopidogrel
demonstrated similar effectiveness relative to ticlopidine in reducing cardiovascular events
within the first six months, yet patients treated with clopidogrel had fewer adverse events.
Ticlopidine was associated with an increased number of major bleeding events compared with
ASA. These findings are comparable to ours, although our results do not reach statistical
significance. The discrepancy may be due to the different analysis methods used and different
numbers of trials that were included in the two reviews (the patients who were analyzed in the
DERP review included those undergoing PCI or CABG). In our review, only patients undergoing
PCI were considered; and a MTC meta-analysis approach was adopted. The potential reasons for
discrepancies were noted earlier.
The newer generation of antiplatelet drugs, including therapies such as prasugrel and ticagrelor,
was not included in our review. Health Canada approved the use of prasugrel in April 2010.139
Ticagrelor is unavailable in Canada.
Even though separate targeted searches were not conducted for research questions 1a to 1c and
2a to 2d, and the relevant studies were identified through other searches, our search strategies
cover all studies on the use of clopidogrel. Therefore, relevant studies are unlikely to be missed.
This review has limitations. Not all trial reports documented data on all of the outcomes. This
may introduce bias, because statistically significant results are more likely to be reported than
non-statistically significant results.140 Because not all RCTs could be included in the analyses for
all outcomes, there was reduced power. A handful of clinical trials were used in quantitative data
analysis and the event rates that were reported for some clinical outcomes (such as stroke, major
bleeds, and some adverse events) were low. The related computational issues may limit the
analyses, and the results are interpreted with caution.
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There was variation in the way that investigators reported data on bleeding outcomes and
revascularization. The definitions also varied (Appendix 11), and it was difficult to group the
data. Clinical experts helped to assess the similarities and differences in these definitions and
they provided input to categorize the data. For major bleeds, we included events reported as
major hemorrhages, life-threatening bleeds, and bleeding episodes that required transfusion. For
urgent TVR, we included emergency bypass surgery or repeat PTCA. The follow-up in the
pooled studies varied from one month to more than two years for the outcomes of vascular death,
TVR, stroke, non-fatal MI, and major bleeds. This variation is a limitation of our review.
Because of the inadequate evidence found from RCTs to answer some of the research questions,
observational studies with large sample size and longer follow-ups were considered. Many of
these observational studies were retrospective, and non-random allocation of treatment and
potential confounding by indication led to concerns about the reliability of results. This may also
occur in a large observational study.
Although our review suggests that ticlopidine is more cost-effective than clopidogrel in the
secondary prevention of cardiovascular and cerebrovascular events, many clinical trials have
reported the undesirable effects of using ticlopidine, including severe bleeding, TTP, and other
hematologic disorders.4,34,58,124 The last time ticlopidine was reported to be a recommended
therapy for ACS was in 2003-2004, when it had 0.31% of the Canadian market share among
antiplatelet drugs for PCI. Since then, ticlopidine has rarely been used in clinical practice in
Canadian patients with CAD.
In our review, the data did not conclusively show an unfavourable effect that was associated with
ticlopidine. The rates of thrombocytopenia or major bleeds may have been low in the included
RCTs, and it is difficult to draw conclusions from the analysis of small numbers of events.
Several articles identified the limitations of trying to evaluate the relative frequencies of adverse
events based on RCTs, because of the usually rare event rates and the related biased treatment
effects, wider confidence intervals, and poor statistical power.141-143 A more extensive review of
observational studies may be needed for the assessment of adverse events related to ticlopidine.
Our economic model is based on Ringborg et al.’s86 model. The six health states that were used
in the model were post-PCI, MI, post-MI, stroke, post-stroke, and death. To optimize the
usefulness and ease of interpretation of our analysis, we stated the intervention and comparator
regimens. We also tried to report the quantities of resources separately from the unit costs.
The results of our deterministic analysis indicate that using ticlopidine plus ASA is more costeffective than using clopidogrel plus ASA for the secondary prevention of vascular events in
patients undergoing PCI. The use of ticlopidine, however, carries the risk of potentially serious
blood dyscrasias. As a result, it is an uncommon treatment option. Clopidogrel entered the
Canadian antiplatelet market in 199525 and has since been the preferred antiplatelet treatment
option. It is unrealistic to expect physicians to practice in discordance with current guidelines
that recommend dual antiplatelet therapy with clopidogrel plus ASA. There may be cause for
more investigation, given that the clinically recommended therapeutic option has failed to show
cost-effectiveness compared with ticlopidine plus ASA.
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In the probabilistic analysis, clopidogrel plus ASA therapy was dominated by ASA
monotherapy, and ticlopidine plus ASA had an ICER of $52,544.03 compared with ASA alone.
The difference between the deterministic and probabilistic results is due to the uncertainty
around the efficacy estimates for these treatment regimens, compared with ASA. Although
ticlopidine plus ASA has the highest probability of being the optimal treatment at all threshold
values between $20,000 and $100,000, the clinical effectiveness of ticlopidine was one of the
most uncertain variables in the model, with an EVPPI of almost $300 million for the Canadian
population over the next two years. More clinical research would provide a more robust estimate
of the clinical efficacy of using ticlopidine plus ASA in patients undergoing PCI, but this
research may be unethical, given the associated health risks.
The budget impact analyses are complementary to the economic evaluation. Their purpose is to
predict how changes in prescribing patterns might affect total spending on PCI. The analyses
were based on average historical drug use that neither reflects actual changes or trends in
prescribing patterns, nor reflects changes in the population (potential changes in the number of
PCIs that are performed). The proportion of prescriptions for PCI was estimated based on IMS
market share data and the assumption that two-thirds of patients presenting with ACS would
undergo PCI on index admission. This assumption was based on expert opinion. IMS Health data
are based on a survey of representative Canadian office-based physicians. Because drugs that are
recorded in IMS Health data were recommended by a physician, they may not reflect the actual
quantity that is dispensed (for example, patients may not take the drugs) (Source: IMS Health
Inc., Canadian Disease and Therapeutic Index [CDTI]. This information may not be reproduced
in any way without written consent from IMS Health Incorporated). If compliance patterns differ
between PCI patients and patients taking antiplatelet agents for other reasons, or if there is
variation in compliance between PCI patients (patients are more likely to fill one prescription
over another), the estimated market shares for PCI over total indications may be biased. The use
and dosage of over-the-counter ASA is difficult to capture using IMS data. The data do not
necessarily reflect the real use of clopidogrel plus ASA because the data source is office-based
physicians and most prescriptions for clopidogrel plus ASA are started in hospital.

7.3 Generalizability of Findings
The patient selection criteria for the included trials were restrictive. As a result, it may not be
possible to generalize the results to all patients undergoing PCI who receive antiplatelet therapy.
The setting in the trials was more controlled than the settings in general practice, in that patients
who did not meet certain inclusion criteria (age, severity of disease, medical history,
comorbidities, and compliance) were excluded. Therefore, the generalizability is limited.
The economic evaluation is the first to evaluate the cost-effectiveness of clopidogrel compared
with other antiplatelet agents for the prevention of secondary vascular events in adult patients
undergoing PCI from the perspective of a Canadian provincial ministry of health. Our results are
generalizable to all jurisdictional drug plans in Canada.
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7.4 Knowledge Gaps
Direct comparisons between antiplatelet agents were unavailable for all outcomes and for all
pairs of interventions. None of the trials compared quality of life between antiplatelet agents. No
reliable data were available to examine the effect of study drugs based on various ASA doses.
No available studies assessed the effect of study drugs in patients with ASA intolerance who
underwent PCI. Also we did not find any study to assess the benefits and harms of using
clopidogrel for patients who are experiencing restenosis, but who are not candidates for restenting. Studies to determine if there are certain patient characteristics for which one antiplatelet
regimen is preferred compared with another are lacking.
The results of the EVPPI analysis that was conducted as part of the economic evaluation indicate
that more information on the clinical effectiveness of ticlopidine would be of value to decisionmakers.

8

CONCLUSIONS

The estimates of effectiveness comparing clopidogrel and ticlopidine with ASA in the MTC
analysis suggest that the optimal therapeutic choice is unclear. Clopidogrel and ticlopidine are at
least as effective as ASA for the secondary prevention of vascular events and could be more
effective. Compared with ASA, the use of clopidogrel and especially the use of ticlopidine are
associated with a higher risk of major bleeds. The composite end points data, which are
inappropriate for the MTC analysis, suggest that the use of ASA plus clopidogrel statistically
significantly reduced the rates of cardiovascular events compared with ASA alone. The use of
clopidogrel was associated with fewer blood disorders compared with ticlopidine.
Based on available information, our economic evaluation shows that for patients undergoing PCI
at age 60 years, one year of dual antiplatelet therapy with ticlopidine plus ASA, followed by
lifetime ASA, may be a more cost-effective treatment option (compared with clopidogrel plus
ASA, and ASA monotherapy) for the secondary prevention of vascular events. There is
hesitancy to prescribe ticlopidine to these patients because of concerns about potentially fatal
hematological disorders. The dominance of this combination is lost when the costs of blood
monitoring and occurrence of TTP are factored into the model. In spite of the economic
attractiveness of this option, more clinical investigation of this drug is unlikely.
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APPENDIX 1: Restricted, Limited, Exceptional Medication
Criteria
Drugs
Clopidogrel

Jurisdictions
Alberta

Criteria
(Refer to 92:00 of the Alberta Health and Wellness Drug
Benefit List for one month of coverage, following the first
intravascular stent placement, when prescribed by a Specialist in
Cardiology, Cardiac Surgery, Cardiovascular & Thoracic
Surgery, or General Surgery.)
"For the prevention of thrombosis, for one month, when
prescribed following intravascular bare metal stent placement.
Patients who have received one month of coverage via the
Limited Restricted Benefit will not be eligible for additional
coverage under this criterion." **
"For the prevention of thrombosis, for up to 12 months, when
prescribed following intravascular drug eluting stent (DES)
placement. Patients who have received one month of coverage
via the Limited Restricted Benefit may be eligible for an
additional 11 months of coverage (i.e., up to 12 months of
coverage) following the submission of a special authorization
request." **
"For the prevention of cerebrovascular (e.g. stroke, TIA) and
non-cerebrovascular ischemic events in patients who have a
contraindication to ASA. Special authorization for this criterion
may be granted for 24 months."
"For use in patients who have experienced a noncerebrovascular ischemic event while on ASA. Special
authorization for this criterion may be granted for 24 months."
"For use in patients who have experienced a cerebrovascular
ischemic event (e.g. stroke, TIA) while on dipyridamole/ASA
(Aggrenox) or for whom dipyridamole/ASA (Aggrenox) is
contraindicated. Special authorization for this criterion may be
granted for 24 months."
** Special Authorization for post-stent coverage is required
when the physician prescribing the medication is not a
designated prescriber, for treatment after repeat stents, or for
continued coverage of up to 12 months following intravascular
drug eluting stent (DES) placement.
In order to comply with the first and second criteria, information
is required regarding the date, type of stent, and stenting
procedure. In order to comply with the third criterion,
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Drugs

Jurisdictions

Criteria
information is required as to why ASA cannot be used. In order
to comply with the fourth criterion, information is required
regarding the type of ischemic event experienced while on ASA.
In order to comply with the fifth criterion, information is
required regarding the type of ischemic event experienced while
on dipyridamole/ASA (Aggrenox) and/or why
dipyridamole/ASA (Aggrenox) cannot be used.
All requests for clopidogrel bisulfate must be completed using
the Aggrenox/Plavix Special Authorization Request Form (ABC
30786).

British
Columbia

First Nations
and Inuit
Health Branch

Manitoba

1. In secondary prevention of coronary, cerebral and peripheral
vascular occlusion and embolization where a person has
experienced treatment failure or intolerance to ASA.
Approval Period: Indefinite OR
2. Documented post-stent procedure.
Approval period: 30 days OR
3. Documented post-stent procedure with Drug Eluting Stent.
Approval period: Up to 12 months OR
4. For hospital-diagnosed Acute Coronary Syndrome (unstable
angina or non-ST elevation myocardial infarction)
PLUS in combination with ASA.
Patients are not eligible for coverage if they:
 have severe Congestive Heart Failure, or
 are on oral anticoagulants, or
 have had coronary revascularization (Coronary Artery
Bypass Graft) in the past three months.
Approval period: 30 days
Practitioner Exemptions: No practitioner exemptions
Special Notes: For any cancer related condition, please contact
the British Columbia Cancer Agency at (604) 877-6098 ext.
4610.
Limited use benefit (one-year duration, prior approval required).
a) Patients with intra-coronary stent implantation following
insertion.
b) Patients with acute coronary syndrome (ACS) (unstable
angina or non-ST-segment elevation MI), in combination
with ASA.
Clopidogrel will be reimbursed for patients:
a) For secondary prevention of vascular ischemic events i.e.:
myocardial infarction or stroke
i.
Who are known to be or become intolerant to ASA or
ticlopidine, or
ii.
Who continue to have TIA or stroke symptoms or
myocardial infarction while being treated with ASA or
ticlopidine.
NOTE: ASA should be first line for the secondary prevention of
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Drugs

Jurisdictions

Criteria
vascular ischemic events such as myocardial infarction or
stroke. Before abandoning ASA, efforts should be made to
improve tolerability of ASA by reducing the dose, taking it with
food and using enteric coated ASA.
b) Post coronary stent implantation x 28 days alone or in
combination with ASA;
c) Acute coronary syndromes (ACS) alone or in combination
with ASA for a maximum of 6 months.
NOTE: Acute coronary syndromes (ACS) include unstable
angina and non ST-elevation MI.

New Brunswick

1. Secondary prevention of vascular ischemic events
(myocardial infarction, stroke) in patients with a history of
symptomatic atherosclerotic disease who have had
treatment failure or are intolerant or allergic to ASA.
2. For the prevention of thrombosis post intra-coronary stent
implantation for a period of up to 6 months for bare-metal
stents (BMS) and 12 months for drug- eluting stents (DES).
3. The duration of coverage has been extended when used for
the prevention of vascular ischemic events in patients who
have been hospitalized with non-ST elevation acute
coronary syndrome (NSTE-ACS) (i.e. unstable angina or
non-ST segment elevation myocardial infarction) in
combination with ASA for a period of three months.
Longer term combination therapy may be considered for a
period of 12 months post NSTE-ACS for patients:
• with a second acute coronary syndrome within 12 months,
or
• with complex or extensive CAD (i.e. diffuse 3 vessel CAD
not amendable to revascularization), or
• who have had a previous stroke, transient ischemic attack
or symptomatic PAD

Newfoundland
and Labrador

1. For the secondary prevention of the following vascular
ischemic events in patients with a history of symptomatic
atherosclerotic disease:
a) Ischemic stroke or transient ischemic attack (TIA) in
patients with a documented severe allergy to ASA
(manifested by anaphylactic reaction or asthma) or who
experience a recurrent thrombotic event (stroke, TIA)
while taking ASA;
b) Myocardial infarction (MI) in patients with a
documented severe allergy to ASA (manifested by
anaphylactic reaction or asthma); or
c) Peripheral artery disease (PAD) in patients who have a
documented severe allergy to ASA (manifested by
anaphylactic reaction or asthma)
2. For the prevention of thrombosis in patients post
intracoronary stent insertion for a period of up to 30 days.
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Drugs

Jurisdictions
Nova Scotia

Ontario§



Criteria
For patients with non-ST segment elevation acute coronary
syndrome (i.e., unstable angina or non-ST segment
elevation myocardial infarction), in combination with ASA,
for a period of 3 months coverage. Coverage for 12 months
is available for high risk patients:
 with second ACS within 12 months, or
 with complex or extensive coronary artery disease
(CAD) e.g., diffuse 3 vessel CAD not amenable to
revascularization, or
 who have had a previous stroke, TIA or symptomatic
PAD

For patients immediately post-hospitalization* for non-ST
segment elevation acute coronary syndrome (ACS) **;
NOTE: approval for 12 months
LU code: 375
For patients immediately pre- or post- percutaneous coronary
intervention (PCI). ***
NOTE: Approval for 12 months
* The first prescription must be written by a physician at the
hospital where the patient was hospitalized.
**ACS, as defined by the CURE study, includes hospitalized
patients with unstable angina or non-ST segment elevation
myocardial infarctions.
***Therapy may be initiated up to 10 days prior to PCI.
LU code: 376

Prince Edward
Island





For the secondary prevention of the following vascular
ischemic events in patients with a history of symptomatic
atherosclerotic disease:
 Ischemic stroke or transient ischemic attack
(TIA) in patients with a documented severe allergy
to ASA (manifested by anaphylactic reaction,
asthma, or nasal polyps) or who experience a
recurrent thrombotic event (stroke, symptoms of
TIA) while taking ASA;
 Myocardial infarction (MI) in patients with a
documented severe allergy to ASA (manifested by
anaphylactic reaction, asthma, or nasal polyps); or
 Peripheral artery disease (PAD) in patients who
have a documented severe allergy to ASA
(manifested by anaphylactic reaction, asthma, or
nasal polyps).
 Unstable angina in patients with a documented
severe allergy to ASA or experience GI
haemorrhage while on ASA.
For the prevention of thrombosis in patients post intra
coronary stent implantation for a period of up to six months
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Drugs

Jurisdictions


Criteria
(180 days) for Bare Metal Stents (BMS) and 12 months
(365 days) for Drug Eluting Stents (DES).
For use in combination with ASA in patients with non-STsegment elevation acute coronary syndrome (i.e. unstable
angina or non-ST-segment elevation myocardial infarction)
for a period of up to three months (90 days). Up to 12
months of therapy will be considered for patients with a
second event of acute coronary syndrome within 12 months,
or with complex or extensive coronary artery disease (e.g.
diffuse three vessel coronary artery disease not amendable
to revascularization or who have had a previous stroke, TIA
or symptomatic peripheral artery disease.

GI intolerance to ASA is not considered a criterion for coverage
of Clopidogrel, although severe cases (e.g. gastric ulceration or
bleeds) may be considered.

Quebec







Saskatchewan

For secondary prevention of ischemic vascular
manifestations in persons for whom a platelet inhibitor is
indicated but for whom acetylsalicylic acid is ineffective,
contraindicated or poorly tolerated;
For prevention of ischemic vascular manifestations, in
association with acetylsalicylic acid, in persons for whom
an angioplasty, with or without the installation of a
coronary artery stent, has been performed. The duration of
the authorization will be 12 months;
For treatment of acute coronary syndrome in persons:
o who are already being treated with acetylsalicylic
acid;
o who were not previously taking acetylsalicylic acid.
The maximum duration of the authorization is 12
months

(a) For treatment of patients who have experienced a transient
ischemic attack, stroke, or a myocardial infarction while on
acetylsalicylic acid.
(b) For treatment of patients who have experienced a transient
ischemic attack, stroke, or who have had a myocardial
infarction and have a clearly demonstrated allergy to
acetylsalicylic acid (manifested by asthma or nasal polyps).
(c) For treatment of patients who have experienced a transient
ischemic attack, stroke or have had a myocardial infarction
and are intolerant of acetylsalicylic acid (manifested by
gastrointestinal hemorrhage).
(d) When prescribed following intracoronary stent placement.
Coverage will be provided for a period of 1 year. In patients
intolerant or allergic to ASA coverage may be renewed.
(e) For reduction of atherothrombotic events in patients with

A-5

Drugs

Jurisdictions

Criteria
acute coronary syndrome (i.e. unstable angina or non-Qwave myocardial infarction without ST segment elevation)
concurrently with acetylsalicylic acid. Coverage will also be
considered for patients intolerant or allergic to
acetylsalicylic acid. Coverage will be provided for a period
of 1 year. In patients intolerant or allergic to ASA coverage
may be renewed.
(f) For the treatment of peripheral arterial disease in patients
intolerant/allergic to ASA.

Aggrenox
Alberta

"For use in patients who have experienced a cerebrovascular
ischemic event (e.g. stroke, TIA)."
Information is required regarding the type of ischemic event
experienced. All requests for Aggrenox must be completed
using the Aggrenox/Plavix Special Authorization Request Form
(ABC 30786).

First Nations
and Inuit
Health Branch
Manitoba
New Brunswick

Limited use benefit (prior approval required).
For secondary prevention of stroke or transient ischemic attacks
(TIAs) in patients who have failed therapy with ASA alone.

For the secondary prevention of ischemic stroke/TIA in patients
who have experienced a recurrent thrombotic event (stroke,
symptoms of TIA) while taking ASA.

Newfoundland
and Labrador
Nova Scotia

For the secondary prevention of stroke in patients who have
failed ASA
For the secondary prevention of ischemic stroke/transient
ischemic attack (TIA) in patients who have experienced a
recurrent thrombotic event (stroke, symptoms of TIA) while
taking ASA.

Ontario

For the secondary prevention of stroke.
LU code : 349
For secondary prevention of strokes in persons who have
already had a stroke or a transient ischemic attack
For treatment of patients who have had a stroke or transient
ischemic attack while on acetylsalicylic acid.

Quebec
Saskatchewan
Ticlopidine
British
Columbia

In secondary prevention of coronary, cerebral and peripheral
vascular occlusion and embolization where patient has
experienced failure or intolerance to ASA.
Approval Period: Indefinite
Practitioner Exemptions: No practitioner exemptions
Special Notes: None
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Drugs

Jurisdictions
Manitoba

Nova Scotia

Criteria
Ticlopidine will be reimbursed for patients:
a) For the secondary prevention of vascular ischemic events
i.e. myocardial infarction, or stroke
i.
Who are known to be or become intolerant to ASA, or
ii.
Who continue to have TIA or stroke symptoms or
myocardial infarction while being treated with ASA or
clopidogrel.
NOTE: ASA should be first line for the secondary prevention of
vascular ischemic events such as myocardial infarction or
stroke. Before abandoning ASA, efforts should be made to
improve tolerability of ASA by reducing the dose, taking it with
food and using enteric coated ASA.
b) Post coronary stent implantation x 28 days in combination
with ASA.
 For the secondary prevention of ischemic stroke or transient
ischemic attack (TIA) in patients with a documented severe
allergy to ASA or who experience a recurrent thrombotic
event (stroke, symptoms of TIA) while taking ASA
[Criteria Code 01]
 For the prevention of thrombosis in patients post
intracoronary stent implantation for a period of up to 30
days following insertion [Criteria Code 02]
 Other requests on a case-by-case basis.

Ontario

Ticlopidine is restricted to patients with transient cerebral
ischemia.
Ticlopidine will be reimbursed for patients:
- Who are known to be, or become, intolerant of ASA.
LU code : 219
- Where ASA is contraindicated.
LU code: 220
- Who continue to have TIA or stroke symptoms while being
treated with ASA.
LU code : 221

Prince Edward
Island





For the secondary prevention of the ischemic stroke or
transient ischemic attack (TIA) in patients with a
documented severe allergy to ASA (manifested by
anaphylactic reaction, asthma, or nasal polyps) or who
experience a recurrent thrombotic event (stroke, symptoms
of TIA) while taking ASA; or
For the prevention of thrombosis in patients post
intracoronary stent implantation for a period of up to six
months.

GI intolerance to ASA is not considered a criterion for
coverage of Ticlopidine, although severe cases (e.g. gastric
ulceration or bleeds) may be considered.
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Drugs

Jurisdictions

Criteria

Saskatchewan

a) For treatment of patients who have experienced a transient
ischemic attack, stroke, or myocardial infarction while on
acetylsalicylic acid.
b) For treatment of patients who have experienced a transient
ischemic attack, stroke or myocardial infarction and have
clearly demonstrated allergy to acetylsalicylic acid
(manifested by asthma or nasal polyps).
c) For treatment of patients who have experienced a transient
ischemic attack, stroke or a myocardial infarction and are
intolerant of acetylsalicylic acid (manifested by
gastrointestinal hemorrhage).

Saskatchewan

a) Following transluminal angioplasty, for a maximum of 6
months.
b) Following bypass surgery, for a maximum of 12 months.
c) Following prosthetic heart valve replacement, for 12
months. This is renewable on a yearly basis.

Dipyridamole

Source: National Prescription Drug Utilization Information System (NPDUIS) Database, Canadian Institute for Health Information,
Ottawa, ON, Canada (Coverage information as of March 1, 2009, except for Quebec); Régie de l'assurance maladie du Québec,
30
List of medications, schedule 1
§

Since March 1, 2009, limited use criteria for Clopidogrel has changed in Ontario. Updated information for limited use criteria is in
29
Ontario Drug Benefit Formulary/Comparative Drug Index


For patients immediately post-hospitalization for Acute Coronary Syndrome (ACS), in combination with ASA. ACS is
defined as any myocardial infarction (MI) or unstable angina (UA) [Limited Use code: 375] (LU Authorization Period:
Indefinite)



For patients immediately pre- or post-percutaneous coronary intervention (PCI).* [Limited Use code: 376] (LU
Authorization Period: Indefinite)



For patients who experience a stroke or transient ischemic attack (TIA) while taking Aggrenox (dipyridamole and ASA) or
ASA alone; or
For patients experiencing ongoing severe symptomatic peripheral vascular disease
(PVD) (i.e. with Ankle Brachial index <0.5) after a vascular event while on ASA. ASA should not be used concomitantly; or
For patients requiring ASA with documented severe allergy to ASA, such as anaphylactic reaction or bronchospasm.
Gastrointestinal events (GI), including GI bleeds, are excluded. [Limited Use code: 411] (LU Authorization Period:
Indefinite)

*Therapy may be initiated up to 10 days prior to PCI
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APPENDIX 2: Drug Plans Covered
Drugs

Jurisdiction

Coverage
level

Plans covered

ASA 325 mg
AB

Not covered

BC

B

FNIHB
MB

B
B

NB

B

NL

B

NS

B

ON

B

PE

B

SK

B

AB
BC
FNIHB
MB
NB
NL
NS
ON

Not covered
Not covered
B
B
B
not covered
not covered
not covered

PE

B

Permanent Residents of Licensed Long-Term Care
Facilities
Non-insured Health Benefits
Personal Home Care/Nursing Homes
Seniors, Individuals in Licensed Residential Facilities,
Family and Community Services, Children in the Care of
the Minister of Family and Community Services, Nursing
Home, Extra Mural Hospital
Social Services Drug Program, Low Income Drug Program
(new program as of January 31, 2007), Senior Citizens
Drug Subsidy Program
Drug Assistance for Cancer Patients, Department of
Community Services Programs, Seniors' Pharmacare
Program
Ontario Drug Benefit Program
Institutional Pharmacy/Nursing Home, Children-InCare/Financial Assistance
Universal Program

ASA 81 mg

SK
Clopidogrel 75 mg
AB

not covered
L, R*

BC

R*

FNIHB

R* b

MB

L*, B*

Non-insured Health Benefits
Personal Home Care/Nursing Homes
Nursing Home
Institutional Pharmacy/Nursing Home, Children-InCare/Financial Assistance
L (Non-Group, Seniors), R (Palliative Care)
Permanent Residents of Licensed Long-Term Care
Facilities, Recipients of British Columbia Benefits,
Children in the At Home Program, Fair PharmaCare
Non-insured Health Benefits
L (Employment and Income Assistance Program,
Pharmacare), B (Personal Home Care/Nursing Homes,
Palliative Care)
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Drugs

Jurisdiction

Coverage
level

NB

R*

NL

R*

NS

R*

ON

L*

PE

R*

SK
Ticlopidine 250 mg
AB

R*
B

BC

R* a

FNIHB

B

MB

L*, B*

NB

B

NL

B

NS

R*

ON

L*

PE

R*

SK
Dipyridamole 25 mg
AB

R*

BC

B

FNIHB

B

MB

B

B

Plans covered
Seniors, Individuals in Licensed Residential Facilities,
Family and Community Services, Children in the Care of
the Minister of Family and Community Services, Nursing
Home, Cystic Fibrosis, Organ Transplant, Nursing Home,
HIV
Social Services Drug Program, Low Income Drug Program
(new program as of January 31, 2007), Senior Citizens
Drug Subsidy Program
Department of Community Services Programs, Seniors'
Pharmacare Program
Ontario Drug Benefit Program
Institutional Pharmacy/Nursing Home, Children-InCare/Financial Assistance, Family Health Benefit Program,
Seniors Drug Cost Assistance Plan
Universal Program
Non-Group, Seniors, Palliative Care
Permanent Residents of Licensed Long-Term Care
Facilities, Recipients of British Columbia Benefits,
Children in the At Home Program, Fair PharmaCare
Non-insured Health Benefits
L (Employment and Income Assistance Program,
Pharmacare), B (Personal Home Care/Nursing Homes,
Palliative Care)
Seniors, Individuals in Licensed Residential Facilities,
Family and Community Services, Nursing Home, Extra
Mural Hospital
Social Services Drug Program, Low Income Drug Program
(new program as of January 31, 2007), Senior Citizens
Drug Subsidy Program
Department of Community Services Programs, Seniors'
Pharmacare Program
Ontario Drug Benefit Program
Institutional Pharmacy/Nursing Home, Children-InCare/Financial Assistance, Family Health Benefit Program,
Seniors Drug Cost Assistance Plan
Universal Program
Non-Group, Seniors, Palliative Care
Permanent Residents of Licensed Long-Term Care
Facilities, Recipients of British Columbia Benefits,
Children in the At Home Program, Fair PharmaCare
Non-insured Health Benefits
Employment and Income Assistance Program, Pharmacare,
Personal Home Care/Nursing Homes, Palliative Care
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Drugs

Jurisdiction

Coverage
level

NB

B

NL

B

NS

B

ON

not covered

PE

B

SK
Dipyridamole 50 mg
AB

not covered
B

BC

B

FNIHB

B

MB

B

NB

B

NL

B

NS

B

ON

not covered

PE

B

SK
Dipyridamole 75 mg
AB

R*

BC

B

FNIHB

B

MB

B

B

Plans covered
Seniors, Individuals in Licensed Residential Facilities,
Family and Community Services, Children in the Care of
the Minister of Family and Community Services, Nursing
Home, Extra Mural Hospital
Social Services Drug Program, Low Income Drug Program
(new program as of January 31, 2007), Senior Citizens
Drug Subsidy Program
Department of Community Services Programs, Seniors'
Pharmacare Program
Institutional Pharmacy/Nursing Home, Children-InCare/Financial Assistance, Family Health Benefit Program,
Seniors Drug Cost Assistance Plan
Non-Group, Seniors, Palliative Care
Permanent Residents of Licensed Long-Term Care
Facilities, Recipients of British Columbia Benefits,
Children in the At Home Program, Fair PharmaCare
Non-insured Health Benefits
Employment and Income Assistance Program, Pharmacare,
Personal Home Care/Nursing Homes, Palliative Care
Seniors, Individuals in Licensed Residential Facilities,
Family and Community Services, Children in the Care of
the Minister of Family and Community Services, Nursing
Home, Extra Mural Hospital
Social Services Drug Program, Low Income Drug Program
(new program as of January 31, 2007), Senior Citizens
Drug Subsidy Program
Department of Community Services Programs, Seniors'
Pharmacare Program
Institutional Pharmacy/Nursing Home, Children-InCare/Financial Assistance, Family Health Benefit Program,
Seniors Drug Cost Assistance Plan
Universal Program
Non-Group, Seniors, Palliative Care
Permanent Residents of Licensed Long-Term Care
Facilities, Recipients of British Columbia Benefits,
Children in the At Home Program, Fair PharmaCare
Non-insured Health Benefits
Employment and Income Assistance Program, Pharmacare,
Personal Home Care/Nursing Homes, Palliative Care
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Drugs

Jurisdiction

Coverage
level

NB

B

NL

B

NS

B

ON

not covered

PE

B

SK
Aggrenox 200 mg, 25 mg
AB
BC
FNIHB

R*
R*
not covered
R*

MB

B

NB

R*

NL

R*

NS

R*

ON
PE
SK

L*
not covered
R*

Plans covered
Seniors, Individuals in Licensed Residential Facilities,
Family and Community Services, Children in the Care of
the Minister of Family and Community Services, Nursing
Home, Extra Mural Hospital
Social Services Drug Program, Low Income Drug Program
(new program as of January 31, 2007), Senior Citizens
Drug Subsidy Program
Department of Community Services Programs, Seniors'
Pharmacare Program
Institutional Pharmacy/Nursing Home, Children-InCare/Financial Assistance, Family Health Benefit Program,
Seniors Drug Cost Assistance Plan
Universal Program
Non-Group, Seniors, Palliative Care
Non-insured Health Benefits
Employment and Income Assistance Program, Pharmacare,
Personal Home Care/Nursing Homes, Palliative Care
Seniors, Individuals in Licensed Residential Facilities,
Family and Community Services, Children in the Care of
the Minister of Family and Community Services, Nursing
Home, Cystic Fibrosis, Organ Transplant, HIV
Social Services Drug Program, Low Income Drug Program
(new program as of January 31, 2007), Senior Citizens
Drug Subsidy Program
Department of Community Services Programs, Seniors'
Pharmacare Program
Ontario Drug Benefit Program
Universal Program

Source: National Prescription Drug Utilization Information System (NPDUIS) Database, Canadian Institute for Health Information,
Ottawa, ON, Canada
Coverage information as of March 31, 2008
*Details of Restricted/limited criteria are described in Appendix 1
a

: Listed as “B” until May 03, 2004 for the following plans: Permanent Residents of Licensed Long-Term Care Facilities, Recipients
of British Columbia Benefits, Children in the At Home Program
b
: Listed as "B" until April 1, 2007
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APPENDIX 3: Literature Search Strategy
OVERVIEW
Interface:

Ovid

Databases:

BIOSIS Previews <1989 to 2008 Week 30>
CINAHL - Cumulative Index to Nursing & Allied Health Literature <1982 to July
Week 3 2008>
EBM Reviews - Cochrane Central Register of Controlled Trials <3rd Quarter
2008>
EBM Reviews - Cochrane Database of Systematic Reviews <3rd Quarter 2008>
EBM Reviews - Database of Abstracts of Reviews of Effects <3rd Quarter
2008>
EMBASE <1996 to 2008 Week 27>
Ovid Medline <1966 to November Week 4 2008>
Ovid Medline In-Process & Other Non-Indexed Citations < July 24, 2008>
Ovid Medline Daily Update < July 24, 2008>
Note: Subject headings have been customized for each database. Duplicates
between databases were removed in Ovid.

Date of
Search:

July 24, 2008

Alerts:

Monthly search updates began August 29, 2008 and ran until Nov 2010

Study Types:

Systematic reviews, meta-analyses, technology assessments, randomized
controlled trials, controlled clinical trials, multicenter studies, cohort studies,
cross-over studies, case control studies, comparative studies, epidemiologic
studies, observational studies, clinical practice guidelines, economic literature.

Limits:

None

SYNTAX GUIDE
/

At the end of a phrase, searches the phrase as a subject heading

.sh

At the end of a phrase, searches the phrase as a subject heading

MeSH

Medical Subject Heading

fs

Floating subheading

exp

Explode a subject heading

*

Before a word, indicates that the marked subject heading is a primary topic,
or, after a word, a truncation symbol (wildcard) to retrieve plurals or varying endings

#

Truncation symbol for one character

?

Truncation symbol for one or no characters only

ADJ

Requires words are adjacent to each other (in any order)

ADJ#

Adjacency within # number of words (in any order)

.ti

Title

.ab

Abstract

.hw

Heading Word, usually includes subject headings and controlled vocabulary

.pt

Publication type

.rn

CAS registry number
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Multi-database Strategy
Line
#

Search Strategy

# of Results

1

iscover.ti,ab.

8

2

(PCR 4099 or PCR-4099).ti,ab,rn.

29

3

(SC 25989C or SC 25990C).ti,ab,rn.

0

4

SR 25989.ti,ab,rn.

16

5

Clopidogrel/

12718

6

(Clopidogrel or Plavix).ti,ab,rn.

9966

7

(90055-48-4 or 113665-84-2 or 120202-73-5 or 94188-84-8).rn.

17318

8

or/1-7

20444

9

Aspirin/

127541

10

Acetylsalicylic Acid/

127541

11

(aspirin or acetylsalicylic acid or acetyl salicylic acid).ti,ab.

93053

12

50-78-2.rn.

144695

13

(11126-35-5 or 11126-37-7 or 2349-94-2 or 26914-13-6 or 98201-606).ti,ab,rn.

0

14

(empirin or Adprin or Ascriptin or Aspergum or Bufferin or Easprin or Ecotrin
or Endodan or Excedrin or Gelpirin or Genacote or Halfprin or Magnaprin or
PC-CAP or Roxiprin or Supac or Sureprin or Vanquish or Acylpyrin or
Aloxiprimum or Colfarit or Dispril or Easprin or Ecotrin or Endosprin or
Magnecyl or Micristin or Polopirin or Polopiryna or Solprin or Solupsan or
Zorprin or Acetysal).ti,ab.

378

15

or/9-14

177692

16

Ticlopidine/

12767

17

55142-85-3.rn.

13841

18

(Ticlopidin* or Ticlid).ti,ab.

6337

19

(BRN 1216802 or EINECS 259-498-5 or PCR 5332).ti,ab,rn.

0

20

or/16-19

16148

21

Dipyridamole/

22122

A-14

22

58-32-2.rn.

26818

23

(Dipyridamole or Persantine).ti,ab.

19507

24

(Dipyridamol or Dipyridamine or Dipyudamine or Stenocardil or Stimolcardio
or Cardioflux or Cardoxin or Miosen or Cleridium or Cerebrovase or
Antistenocardin or Curantil or Curantyl or Kurantil or Persantin or NovoDipiradol).ti,ab.

989

25

or/21-24

33098

26

Acetylsalicylic Acid Plus Dipyridamole/

402

27

(Aggrenox or Asasantin).ti,ab.

101

28

(TX-3301 or TX 3301).ti,ab,rn.

5

29

87653-67-6.rn.

17

30

or/26-29

477

31

or/15,20,25

205872

32

20 or 25

46731

33

15 and 32

18551

34

20 and 25

2515

35

33 or 34

18740

36

(Randomized Controlled Trial or Controlled Clinical Trial or Clinical Trial).pt.

858093

37

Randomized Controlled Trials as Topic/

61123

38

Controlled Clinical Trials as Topic/

3870

39

Clinical Trials as Topic/

174724

40

Randomized Controlled Trial/

466900

41

Randomization/

108438

42

Double-Blind Method/

250693

43

Double Blind Procedure/

69840

44

Double-blind Studies/

180526

45

Single-blind Method/

27717

46

Single Blind Procedure/

7658

47

Single-blind Studies/

22945
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48

Random Allocation/

126716

49

Placebos/

166285

50

Placebo/

120125

51

Random Assignment/

18278

52

Clinical Trials/ use nursing

44184

53

Controlled Clinical Trial/ use emez

48762

54

(random$ or sham$ or placebo$ or (singl$ adj (blind$ or dumm$ or mask$))
or (doubl$ adj (blind$ or dumm$ or mask$))).ti,ab,hw.

2063624

55

((tripl$ adj (blind$ or dumm$ or mask$)) or (trebl$ adj (blind$ or dumm$ or
mask$))).ti,ab,hw.

743

56

trial.ti.

294743

57

or/36-56

2510946

58

(MEDLINE or systematic review).tw. or meta-analysis.pt. or meta-analysis/

155007

59

exp Technology Assessment, Biomedical/ or (health technology
assessment$ or HTA or HTAs or biomedical technology assessment$ or biomedical technology assessment$).ti,ab.

15764

60

(Meta analysis or systematic review).ti,ab. use prem or review.ti. use prem

12455

61

or/58-60

179824

62

(Meta Analysis or Systematic Review or Biomedical Technology
Assessment).mp.

151480

63

(meta analy$ or metaanaly$ or met analy$ or metanaly$ or health technology
assessment$ or HTA or HTAs or biomedical technology assessment$ or biomedical technology assessment$).ti,ab.

74850

64

(meta regression$ or metaregression$ or mega regression$).ti,ab.

1989

65

((systematic$ adj (literature review$ or review$ or overview$)) or
(methodologic$ adj (literature review$ or review$ or overview$))).ti,ab.

53114

66

((quantitative adj (review$ or overview$ or synthes$)) or (research adj
(integration$ or overview$))).ti,ab.

1768

67

((integrative adj2 (review$ or overview$)) or (collaborative adj (review$ or
overview$)) or (pool$ adj analy$)).ti,ab.

7100

68

(data synthes$ or data extraction$ or data abstraction$).ti,ab.

21289

69

(handsearch$ or hand search$).ti,ab.

6723
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70

(mantel haenszel or peto or der simonian or dersimonian or fixed effect$ or
latin square$).ti,ab.

22381

71

or/62-70

208150

72

(Meta Analysis or Systematic Review).sh.

71625

73

(meta analy$ or metaanaly$ or met analy$ or metanaly$ or health technology
assessment$ or HTA or HTAs or biomedical technology assessment$ or biomedical technology assessment$).ti,ab.

74850

74

medline.tw.

80226

75

(meta regression$ or metaregression$ or mega regression$).ti,ab.

1989

76

((systematic$ adj3 (literature review$ or review$ or overview$)) or
(methodologic$ adj3 (literature review$ or review$ or overview$))).ti,ab.

60491

77

((quantitative adj3 (review$ or overview$ or synthes$)) or (research adj3
(integration$ or overview$))).ti,ab.

8506

78

((integrative adj3 (review$ or overview$)) or (collaborative adj3 (review$ or
overview$)) or (pool$ adj3 analy$)).ti,ab.

15726

79

(data synthes$ or data extraction$ or data abstraction$).ti,ab.

21289

80

(handsearch$ or hand search$).ti,ab.

6723

81

(mantel haenszel or peto or der simonian or dersimonian or fixed effect$ or
latin square$).ti,ab.

22381

82

or/72-81

249873

83

61 or 71 or 82

277867

84

exp consensus development conference/

8501

85

(guidelines or critical pathways or health planning guidelines).sh.

5976

86

(guideline or practice guideline or Consensus Development Conference or
Consensus Development Conference, NIH).pt.

23184

87

(cpg or cpgs).ti,ab.

32143

88

((critical or clinical or practice) adj (path or paths or pathway or pathways or
protocol or protocols or guideline or guidelines)).ti,ab.

38837

89

(care adj (path or paths or pathway or pathways or map or maps or plan or
plans)).ti,ab.

10916

90

(Consensus adj development).ti,ab.

1773

91

or/84-90

109888
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92

*Economics/

12270

93

*Economics, Medical/

7618

94

*Economics, Pharmaceutical/

1833

95

exp "Costs and Cost Analysis"/

311749

96

exp Health Care Costs/

152354

97

exp decision support techniques/

59853

98

economic value of life.sh.

102

99

exp models, economic/

26838

100

markov chains.sh.

5803

101

monte carlo method.sh.

18329

102

uncertainty.sh.

4448

103

quality of life.sh.

186192

104

quality-adjusted life years.sh.

5332

105

exp health economics/

219641

106

exp economic evaluation/

97760

107

exp pharmacoeconomics/

55483

108

exp economic aspect/

367055

109

quality adjusted life year/

9044

110

quality of life/

186192

111

exp "costs and cost analyses"/

164530

112

cost containment.sh.

0

113

(economic impact or economic value or pharmacoeconomics or health care
cost or economic factors or cost analysis or economic analysis or cost or
cost-effectiveness or cost effectiveness or costs or health care cost or cost
savings or cost-benefit analysis or hospital costs or medical costs or qualityof-life).sh.

356710

114

health resource allocation.sh.

3220

115

(econom$ or cost or costly or costing or costed or price or prices or pricing or
priced or discount or discounts or discounted or discounting or expenditure or 866768
expenditures or budget$ or afford$ or pharmacoeconomic or pharmaco-
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economic$).ti,ab.

116

(cost$ adj1 (util$ or effective$ or efficac$ or benefit$ or consequence$ or
analy$ or minimi$ or saving$ or breakdown or lowering or estimate$ or
variable$ or allocation or control or illness or sharing or life or lives or
affordabl$ or instrument$ or technolog$ or day$ or fee or fees or charge or
charges)).ti,ab.

187198

117

(decision adj1 (tree$ or analy$ or model$)).ti,ab.

17169

118

((value or values or valuation) adj2 (money or monetary or life or lives or
costs or cost)).ti,ab.

8643

119

(qol or qoly or qolys or hrqol or qaly or qalys or qale or qales).ti,ab.

38447

120

(sensitivity analys$s or "willingness to pay" or quality-adjusted life year$ or
quality adjusted life year$ or quality-adjusted life expectanc$ or quality
adjusted life expectanc$).ti,ab.

9966

121

(unit cost or unit-cost or unit-costs or unit costs or drug cost or drug costs or
hospital costs or health-care costs or health care cost or medical cost or
medical costs).ti,ab.

33776

122

(decision adj1 (tree$ or analy$ or model$)).ti,ab.

17169

123

or/92-122

1500342

124

(Clopidogrel or Plavix or Iscover or PCR 4099 or PCR-4099 or SR 25989 or
SC 25989C or SC 25990C or 90055-48-4 or 113665-84-2 or 120202-73-5 or
94188-84-8).ti,ab,rn,cb,sn,ot,mi,tn,nm,hw.

20519

125

(Antiplaq or Clodian or Clodrel or Nabratin or Nefazan or Pleyar or Troken or
Artevil or Iskimil or Cloflow or Clopact or Clopivas or Clopod or Noklot or
Areplex or Zyllt).ti,ab,rn,mi,tn,cb,ot,sn,hw,nm.

6

126

Comparative Study/

1580471

127

Evaluation Studies as Topic/

123404

128

evaluation studies.pt.

109248

129

Comparative Study.pt.

1532254

130

Multicenter Study.pt.

136044

131

multicenter study/

145067

132

epidemiologic studies/ or case-control studies/ or retrospective studies/ or
cohort studies/ or longitudinal studies/ or follow-up studies/ or prospective
studies/ or cross-sectional studies/

1795897

133

(Observational adj2 (study or studies or design)).ti,ab.

64319

A-19

134

(Population adj3 (study or studies)).ti,ab.

162949

135

control groups/

5116

136

((multicent$ or multi-cent$) adj2 (study or studies)).ti,ab.

72828

137

((case control* or case-control* or case comparison*) adj2 (study or studies
or design* or analysis or analyses or trial*)).ti,ab.

117205

138

(cohort adj2 (study or studies or design$ or analysis or analyses)).ti,ab.

131085

139

evaluation studies/

173119

140

((retrospective* or prospective* or cross-section* or longitudinal* or follow-up)
918811
adj2 (study or studies or design$ or analysis or analyses)).ti,ab.

141

((long term or long-term or longterm) adj2 (study or studies or design or
analysis or analyses or trial*)).ti,ab.

57176

142

or/126-141

4243557

143

(ae or po or co or si).fs.

3704754

144

safety/

78803

145

product surveillance, postmarketing/ or adverse drug reaction reporting
systems/ or clinical trials, phase iv as topic/

16076

146

(safe or safety).ti,ab.

734827

147

side effect*.ti,ab.

359451

148

((adverse or undesirable or harm* or serious or toxic) adj3 (effect* or
reaction* or event* or outcome*)).ti,ab.

552323

149

poisoning/ or exp drug toxicity/

182179

150

substance-related disorders/ or substance withdrawal syndrome/

99166

151

Abnormalities, Drug-Induced/

32167

152

Drug Monitoring/

38922

153

exp Drug Hypersensitivity/

57962

154

exp Adverse Drug Reaction/

193116

155

drug intoxication/ or drug overdose/ or toxemia/ or withdrawal syndrome/ or
toxicity/

140619

156

drug contraindication/ or drug safety/ or drug withdrawal/

173944

157

postmarketing surveillance/ or drug surveillance program/

8548
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158

Phase 4 Clinical Trial/

658

159

(toxicity or complication* or noxious or tolerability).ti,ab.

1536443

160

or/143-159

5965628

161

142 or 160

9043932

162

8 or 124 or 125

20519

163

161 and 162

13425

164

162 use coch,acp,dare,cctr,clcmr,clhta

579

165

162 use cleed

28

166

30 or 35

18895

167

166 use coch,acp,dare,cctr,clcmr,clhta

849

168

166 use cleed

30

169

162 use emez

12282

170

31 and 169

10469

171

162 use prem,mesz,nursing,biol85,b8o89

7630

172

170 or 171

18099

173

166 or 172

31091

174

123 and 173

2158

175

165 or 168 or 174

2175

176

remove duplicates from 175

1838

177

57 and 162

5506

178

83 and 162

1305

179

91 and 162

271

180

177 use emez

2829

181

177 use prem,mesz,nursing,biol85,b8o89

2216

182

31 and 180

2554

183

181 or 182

4770

184

57 and 166

5129
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185

83 and 166

1067

186

91 and 166

153

187

183 or 184

7993

188

164 or 167 or 178 or 185

2865

189

187 or 188

9268

190

179 or 186

302

191

animal/ or animals/

14556887

192

human/ or humans/

23067418

193

191 and 192

7055771

194

191 not 193

7501116

195

189 not 194

9179

196

163 not 194

13339

197

190 not 194

302

198

limit 195 to yr="1950 - 2003" [Limit not valid in: DARE, records were retained] 4375

199

limit 195 to yr="2004 - 2008" [Limit not valid in: DARE, records were retained] 4815

200

remove duplicates from 198

3008

201

remove duplicates from 199

3491

202

200 or 201

6489

203

196 not 195

8756

204

limit 203 to yr="1950 - 2004" [Limit not valid in: DARE, records were retained] 3262

205

limit 203 to yr="2005 - 2008" [Limit not valid in: DARE, records were retained] 5494

206

remove duplicates from 204

2853

207

remove duplicates from 205

4665

208

206 or 207

7518

209

195 or 196

17935

210

197 not 209

78

211

remove duplicates from 210

70
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OTHER DATABASES
Health Economic
Evaluations Database
(HEED)

Same keywords, and date limits used as per Medline search, excluding
study types and Human restrictions. Syntax adjusted for HEED database.

Grey Literature and Hand Searches
Dates for Search:

September 2008

Keywords:

Included terms for clopidogrel, aspirin, ticlopidine, dipyridamole, aggrenox

Limits:

None

NOTE: This section lists the main agencies, organizations, and websites searched, it is not a complete list. For a
complete list of sources searched, contact CADTH (http://www.cadth.ca).
Health Technology Assessment Agencies
Alberta Heritage Foundation for Medical Research (AHFMR)
http://www.ahfmr.ab.ca
Agence d’Evaluation des Technologies et des Modes d’Intervention en Santé (AETMIS). Québec
http://www.aetmis.gouv.qc.ca
Canadian Agency for Drugs and Technologies in Health (CADTH)
http://www.cadth.ca
Centre for Evaluation of Medicines. Father Sean O'Sullivan Research Centre,
St.Joseph's Healthcare,Hamilton, and McMaster University, Faculty of Health Sciences. Hamilton, Ontario
http://www.thecem.net/
Centre for Health Services and Policy Research, University of British Columbia
http://www.chspr.ubc.ca/cgi-bin/pub
Health Quality Council of Alberta (HQCA)
http://www.hqca.ca
Health Quality Council. Saskatchewan.
http://www.hqc.sk.ca/
Institute for Clinical Evaluative Sciences (ICES). Ontario
http://www.ices.on.ca/
Institute of Health Economics (IHE). Alberta
http://www.ihe.ca/
Manitoba Centre for Health Policy (MCHP)
http://www.umanitoba.ca/centres/mchp/
Ontario Ministry of Health and Long Term Care. Health Technology Analyses and Recommendations
http://www.health.gov.on.ca/english/providers/program/ohtac/tech/techlist_mn.html
The Technology Assessment Unit of the McGill University Health Centre
http://www.mcgill.ca/tau/
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Therapeutics Initiative. Evidence-Based Drug Therapy. University of British Columbia
http://www.ti.ubc.ca
Health Technology Assessment International (HTAi)
http://www.htai.org
International Network for Agencies for Health Technology Assessment (INAHTA)
http://www.inahta.org
WHO Health Evidence Network
http://www.euro.who.int/HEN
Australian Safety and Efficacy Register of New Interventional Procedures – Surgical (ASERNIP-S)
http://www.surgeons.org/Content/NavigationMenu/Research/ASERNIPS/default.htm
Centre for Clinical Effectiveness, Monash University
http://www.med.monash.edu.au/healthservices/cce/
Medicare Services Advisory Committee, Department of Health and Aging
http://www.msac.gov.au/
NPS RADAR (National Prescribing Service Ltd.)
http://www.npsradar.org.au/site.php?page=1&content=/npsradar%2Fcontent%2Farchive_alpha.html
Institute of Technology Assessment (ITA)
http://www.oeaw.ac.at/ita/index.htm
Federal Kenniscentrum voor de Gezendheidszorg
http://www.kenniscentrum.fgov.be
Danish Centre for Evaluation and Health Technology Assessment (DCEHTA). National Board of Health
http://www.dihta.dk/
DSI Danish Institute for Health Services Research and Development
http://www.dsi.dk/engelsk.html
Finnish Office for Health Care Technology and Assessment (FinOHTA). National Research and Development
Centre for Welfare and Health
http://finohta.stakes.fi/EN/index.htm
L’Agence Nationale d’Accréditation et d’Evaluation en Santé (ANAES). Ministere de la Santé, de la Famille, et des
Personnes handicappés
http://www.anaes.fr/anaes/anaesparametrage.nsf/HomePage?ReadForm
Committee for Evaluation and Diffusion of Innovative Technologies (CEDIT)
http://cedit.aphp.fr/english/index_present.html
German Institute for Medical Documentation and Information (DIMDI). Federal Ministry of Health
http://www.dimdi.de/static/de/hta/db/index.htm
College voor Zorgverzekeringen/Health Care Insurance Board (CVZ)
http://www.cvz.nl
Health Council of the Netherlands
http://www.gr.nl
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New Zealand Health Technology Assessment Clearing House for Health Outcomes and Health Technology
Assessment (NZHTA)
http://nzhta.chmeds.ac.nz/
Norwegian Centre for Health Technology Assessment (SMM)
http://www.kunnskapssenteret.no/
Agencia de Evaluación de Tecnologias Sanitarias (AETS), Instituto de Salud “Carlos III”/ Health Technology
Assessment Agency
http://www.isciii.es/htdocs/investigacion/Agencia_quees.jsp
Basque Office for Health Technology Assessment (OSTEBA). Departemento de Sanidad
http://www.osasun.ejgv.euskadi.net/r52-2536/es/
Catalan Agency for Health Technology Assessment and Research (CAHTA)
http://www.gencat.net/salut/depsan/units/aatrm/html/en/Du8/index.html
CMT - Centre for Medical Technology Assessment
http://www.cmt.liu.se/pub/jsp/polopoly.jsp?d=6199&l=en
Swedish Council on Technology Assessment in Health Care (SBU)
http://www.sbu.se/
Swiss Network for Health Technology Assessment
http://www.snhta.ch/about/index.php
European Information Network on New and Changing Health Technologies (EUROSCAN). University of
Birmingham. National Horizon Scanning Centre
http://www.euroscan.bham.ac.uk
National Horizon Scanning Centre (NHSC)
http://www.pcpoh.bham.ac.uk/publichealth/horizon
NIHR Health Technology Assessment programme, Coordinating Centre for Health Technology Assessment
(NCCHTA)
http://www.hta.ac.uk/
NHS National Institute for Clinical Excellence (NICE)
http://www.nice.org.uk
NHS Quality Improvement Scotland
http://www.nhshealthquality.org
University of York NHS Centre for Reviews and Dissemination (NHS CRD)
http://www.york.ac.uk/inst/crd
The Wessex Institute for Health Research and Development. Succinct and Timely Evaluated Evidence Review
(STEER)
http://www.wihrd.soton.ac.uk/
West Midlands Health Technology Assessment Collaboration (WMHTAC)
http://www.wmhtac.bham.ac.uk/
Agency for Healthcare Research and Quality (AHRQ)
http://www.ahrq.gov/
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Dept. of Veterans Affairs Research & Development, general publications
http://www1.va.gov/resdev/prt/pubs_individual.cfm?webpage=pubs_ta_reports.htm
VA Technology Assessment Program (VATAP)
http://www.va.gov/vatap/
ECRI
http://www.ecri.org/
Institute for Clinical Systems Improvement
http://www.icsi.org/index.asp
Blue Cross and Blue Shield Association's Technology Evaluation Center (TEC)
http://www.bcbs.com/blueresources/tec/
University HealthSystem Consortium (UHC)
http://www.uhc.edu/
Health Economic
Bases Codecs. CODECS (COnnaissances et Décision en EConomie de la Santé) Collège des Economistes de la
Santé/INSERM
http://infodoc.inserm.fr/codecs/codecs.nsf
Centre for Health Economics and Policy Analysis (CHEPA). Dept. of Clinical Epidemiology and Biostatistics.
Faculty of Health Sciences. McMaster University, Canada
http://www.chepa.org
Health Economics Research Group (HERG). Brunel University, U.K.
http://www.brunel.ac.uk/about/acad/herg
Health Economics Research Unit (HERU). University of Aberdeen
http://www.abdn.ac.uk/heru/
The Hospital for Sick Children (Toronto). PEDE Database
http://pede.bioinfo.sickkids.on.ca/pede/index.jsp
University of Connecticut. Department of Economics. RePEc database
http://ideas.repec.org
Search Engines
Google
http://www.google.ca/
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APPENDIX 4: Data Extraction Form for Clinical Review
Reviewer initials:
Reference (Ref ID, Author, Year, Source, Publication status):

Trial and patient characteristics
Study design
Sponsor
Countries (where was study
conducted)
No. of centres
Study period
Inclusion & exclusion criteria
Interventions (dose, and any
other relevant details)
No. of patients
Study duration
Withdrawals
Age
Gender
Other

Outcomes
Composite end point
Myocardial infarction (MI)
(fatal and non-fatal)
Stroke (fatal and non-fatal)
Revascularization
Vascular death
Non-vascular death
QoL
Bleeding
Other adverse events
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APPENDIX 5: Quality Assessment Form (based on Hailey
et al. scale37 and Jadad et al.36 scale with some
modifications)
Category
Study design
Large RCT* (over 50 in each arm): 5 points
Small RCT*: 3 points
Prospective: 2 points
Retrospective: 1 points

*

Score

Study performance†:
- Patient selection (methods of selection, equivalence of intervention and control
groups, drop-outs before start of intervention)
- Description/specification of the interventions (Adequate description for both
intervention and control groups)
- Specification and analysis of study (sample size, statistical methods used, clear
specification of outcome measures)
- Patient disposal (length of follow-up, drop-outs, compliance failures)
- Outcomes reported (fullness and clarity of reporting, missing results, statistical
summary, whether conclusion were consistent with data)
Total score

If RCT, full points are given if all three items (1. Randomization method is appropriate, 2. Study is double-blinded, and 3.
Blinding method is appropriate) are reported. For each item not reported 0.5 is deducted.
†
Score was 0 when relevant information was missing or was given in little detail, 1 when reasonable detail was provided but
there were some important limitations, and 2 when the information provided had no significant limitations.

---------------------------------------Quality scores and implications for decision making (from Hailey et al.37)
Category Overall
quality score*
A
11.5 - 15
B
9.5 – 11.0
C
7.5 - 9
D

5.5 - 7

E

1-5

Implications for decision making
High quality – high degree of confidence in study findings
Good quality – some uncertainty regarding the study findings
Fair to good quality – some limitations that should be considered in any
implementation of study design
Poor to fair quality – substantial limitations in the study, findings should
be used cautiously
Poor quality – unacceptable uncertainty for study findings

*Total score for study design and study performance

A-28

APPENDIX 6: Excluded Clinical Studies
Author
AGNEW et al
ALGRA
American-Canadian Co-Operative
Study Group
ANGIOLILLO et al
ANGIOLILLO et al
ATMACA et al
BARTORELLI et al
BELLAVANCE
BERTRAND-HARDY et al
BEZERRA et al

Year
1992
2007

Reason for exclusion
inappropriate population
Treatment

1985
2008
2008
2002
2007
1993
1995
2005

inappropriate population
Intervention, outcomes
Treatment
Outcomes not relevant
Treatment
inappropriate population
inappropriate population
multiple publications, no additional information

BHATT et al
BHATT et al
BHATT et al
BHATT et al
BOUSSER et al
BOUSSER et al
BOUSSER et al
BRASS
BREDDIN et al
BRENER et al
BUDAJ et al
CANNON
CAPRIE Steering Committee
CASSAR et al
CATALANO et al
CCS-2 Collaborative Group
CHAIRANGASARIT et al
CHANG et al
CHESEBRO et al
CIN et al
CLARITY
CLARITY
COLWELL et al
COLWELL et al
COMMIT Collaborative Group
CREAGER
DAVID et al
DE SCHRYVER
DIEKER et al
DIENER
DIENER
DIENER
DIENER et al

2007
2006
2004
2000
1983
1983
1982
2004
1980
2007
2002
2002
1996
2004
1985
2000
2005
2006
1986
2002
2005
2005
1986
1985
2005
1998
1999
2000
2007
2007
2001
1997
1996

multiple publications, no additional information
inappropriate population
inappropriate population
Duplicate publication
inappropriate population
inappropriate population
inappropriate population
multiple publications, no additional information
inappropriate population
inappropriate population
Outcomes not relevant
Analysis
inappropriate population
inappropriate population
Outcomes not relevant
inappropriate population
inappropriate population
inappropriate comparator
Outcomes not relevant
inappropriate population
Treatment
Treatment
inappropriate population, treatment
inappropriate population
inappropriate population
multiple publications, no additional information
inappropriate population, no relevant data
inappropriate population
Outcomes not relevant
multiple publications, no additional information
multiple publications, no additional information
inappropriate population
inappropriate population
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Author
DIENER et al
DIENER et al
DIENER et al
DIENER et al
EINHAUPL
ESPRIT Study Group
ESPS Group
FIELDS
FISHER et al
FORBES
FORBES
FOX et al
FUKUUCHI et al
GENT
GENT et al
GERSCHULTZ et al
GERSHLICK et al
GIBSON et al
GORELICK et al
GUIRAUD-CHAUMEIL et al
HALKES et al
HARBISON
HARKER et al
HART et al
HASS et al
HEALEY et al
HEISS et al
IP
ISHIKAWA et al
ITO et al
KAYACIOGLU et al
KELLY et al
KENNEDY et al
KLIMT et al
KULIK et al
LEE et al
LEWIS et al
LOWENTHAL
MAHONEY et al
MEHTA et al
MORAIS
MUKHERJEE et al
MULDER et al
NG et al
No author
No author

Year
2004
2007
2004
2004
2007
2007
1990
1983
2004
1998
1997
2004
2008
1999
1989
2003
1988
2008
2003
1982
2006
1992
1999
2008
1989
2008
1990
2003
1997
2003
2008
2006
2007
1986
2005
1990
2005
1990
2006
2000
2002
2005
1994
2004
1994
2008

Reason for exclusion
Correction
inappropriate population
inappropriate population
inappropriate population
Commentary
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APPENDIX 7: Trial Characteristics (RCT)
Study

Study
design

CLASSICS,
200058

DB RCT

Treatment
duration/
study
period
Enrolment:
MayNovember
1998

Sponsor

No. of
centres/
countries

Patient
type

Sanofi and
Bristol-Myers
Squibb

48 centres,
8 European
countries

Successful
stenting

No. of patients
(eligible,
randomized,
evaluated)
1021 enrolled, 1020
treated

Comparison

Intervention
details

Withdrawals

C+A (with
loading dose)
vs C+A vs
T+A

C(300mg)
+A(325mg)
loading dose on
day 1, then
C(75mg/d)+A(3
25mg/d) to day
28

1 (before
taking study
drugs)

Treatment:
28 days

C(75mg/d)+A(3
25mg/d) for 28
days

CREDO,
200246

DB
RCT

Treatment
duration: 12
months

Bristol-Myers
Squibb/AnofiSynthelabo

99/2 (Canada
and US)

CAD with
ischemia,
referred for
PCI

17898 screened,
2116 randomized,
2116 evaluated in
ITT population

C+A vs P+A

PCI-CURE,
200147

DB RCT

Treatment
and followup: 3 to 12
months

SanofiSynthelabo
and BristolMyers-Squibb

Same as
CURE

ACS, nonST-segment
elevation
>1mm

12,562 randomized
into CURE, 2658
underwent PCI
were included in
ITT analysis

(C+A) vs
(P+A)

Bourassa,
199048

DB RCT

Enrollment:
November
1983December

NR

2 centres in
Canada

PTCA with
stenosis of
70%
diameter or

376 randomized

(D+A) vs P

Schwartz,

A-44

T(250mg/d)+A(
325mg/d) for 28
days
All pts received
C(75mg/d)+A(3
25mg/d) from
day 1-28, and
C(75mg/d)+A(8
1-325mg/d) or
P+A(81325mg/d)
After PCI,
received open
label C+A or
T+A for 2-4
weeks, then
returned to
randomized
study drugs
A(75-325mg/d)
D(75mg)+A(330
mg) beginning
24 hours before
PTCA, then

38 (C+A)
48 (P+A)

0

NR

Study

Study
design

198849

Hall, 199650

Open label
RCT

Treatment
duration/
study
period
1986
Treatment:
4-7 months
Enrollment:
January
1994-March
1995

Sponsor

No. of
centres/
countries

Patient
type

No. of patients
(eligible,
randomized,
evaluated)

Comparison

greater

NR

Single centre

CAD
patients with
stents

Intervention
details

Withdrawals

D(225mg/d)+A(
990mg/d)
226 randomized

(T+ short term
A) vs A

P
T(250mg/d)+A(
325mg/d) for 5
days

NR

A(325mg/d)
Jeurgens,
200451

Open label
RCT

Leon, 199859

Nonblinded
RCT

Treatment: 1
month
Treatment: 2
weeks after
stenting
Enrollment:
February
1996November
1996

NR

Single centre

Cordis
(Johnson &
Johnson)

50 centres in
the US

Successful
intracoronary
stents
Single or
multi-vessel
CAD
success-fully
treated with a
balloon stent

307 randomized

(C+A) vs
(T+A)

NR

0

1653 randomized

(T+A) vs (A)
vs (A+heparin
and warfarin)

T(500mg/d)+A(
325mg/d)

NR

Success-ful
stent
implant-ation

700 randomized
and evaluated

A(325mg/d)
(A was
non-entericcoated aspirin)

Treatment: 4
weeks

Mueller,
200353

RCT

Follow-up:
30 days
outcomes
Treatment: 4
weeks

NR

NR

(C+A) vs
(T+A)

Follow-up: 2
years
(median 28
months)
Müller,
200054

Unblinded
RCT

Enrollment:
September
1998-April
1999

A(325mg/d)+
anticoagulants

First dose
immediately
after stenting

NR

C(75mg/d)+A(1
00mg/d)

NR

Single centre

Successful
primary or
provis-ional
stenting
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700 randomized

(C+A) vs
(T+A)

T(500mg/d)+A(
100mg/d)
C(75mg/d)+A(1
00mg/d)
T(500mg/d)+A(
100mg/d)

1 (treatment
group not
specified)

Study

Study
design

Machraoui,
200152

RCT

Treatment
duration/
study
period
Treatment: 4
weeks
January
1996-Jauary
1997

Sponsor

No. of
centres/
countries

Patient
type

No. of patients
(eligible,
randomized,
evaluated)

Comparison

Intervention
details

Withdrawals

NR

Single centre

Symptomatic CAD or
myocardial
ischemia

243 randomized

T vs (T+A)

T(250mg/d)

0

First STEMI
under-going
stenting

133 randomized

T(250mg/d)+A(
100mg)

Treatment: 4
weeks

Parodi,
200555

Unblinded
RCT

Follow-up: 3
months
Enrollment:
December
2003-August
2004
Treatment: 6
months

Piamsomboo
m, 200156

RCT

June 1999December
2000

Research grant
from
ARCARD
ONLUS
Foundation,
Florence, Italy

NR

NR

Single centre

Stent
implant-ation
for obstructive CAD

Treatment: 4
weeks
Follow-up: 6
months

68 randomized

(C+A) vs
(T+A)

(C+A) vs
(T+A)

C(600mg)
loading dose
then
C(75mg/d)+A(3
25mg/d)
T(500mg)
loading dose
then
T(500mg/d)+A(
325mg/d)
C(300mg)
loading dose
before stent,
then
C(75mg/d)+A(6
00mg/d) for 4
weeks, then A
reduced to
300mg/d
T(500mg/d) for
2 days before
stent and
T(500mg/d)+A(
600mg/d) for 4
weeks, then A
reduced to
300mg/d
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NR

NR

Study

Study
design

Taniuchi,
200157

Open label
RCT

Treatment
duration/
study
period
Enrollment:
September
1998November
1999
Treatment: 2
weeks

Sponsor

No. of
centres/
countries

Patient
type

Sanofi/BristolMeyers Squibb

Single centre

Range of
patients with
success-ful
intracoronary
stents

No. of patients
(eligible,
randomized,
evaluated)
1016 randomized

Comparison

Intervention
details

Withdrawals

(C+A) vs
(T+A)

A(325mg)
before procedure

NR

C(300mg)
loading dose,
then
C(300mg/d)+A(
325mg/d)

Follow-up:
30 days

White,
199160

Di Pasquale,
200561

DB RCT

DB RCT

Enrollment:
1985-1987

Enrollment:
May 2002December
2003

Drugs supplied
by Syntex
Research

NR

8 centres in
the US and
Canada

Single centre

Single or
multi-vessel
angio-plasty
for stable or
unstable
angina
With first
ACS
underwent
PCI

372 enrolled

Diabetic, MI,
stenosis
requiring
stenting

NR

(D+A) vs
(T+P) vs P

T(500mg)
loading dose,
then
T(500mg/d)+A(
325mg/d)
D(225mg/d)+
A(650mg/d)

35
withdrawals

T(500mg/d)+P
428 enrolled

(C+A) vs
(T+A)

C(75mg/d)+A(1
60mg/d)

NR

T(500mg/d)+A(
1600mg/d)

Treatment
and FU: 6
months
DESSERT,
200864

SB RCT

Treatment: 2
months after
stenting

Cordis Corp.,
Johnson &
Johnson

11 centres in
Italy

(C+A) for all
patients

C(300mg)+A(10
0mg) loading
dose
C(75mg/d)+A(1
00mg/d)
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9 lost to
follow-up

Study

Study
design

RACS,
200763

Open label
RCT

OASIS-7
trial,62
unpublished

2x2
factorial
RCT

Treatment
duration/
study
period
Enrollment:
April 2002August 2003
Treatment:
30 days or
180 days
Treatment:
30 days

Sponsor

No. of
centres/
countries

Patient
type

NR

18 centres in
Argentina

Elective or
urgent PCI
with stent

No. of patients
(eligible,
randomized,
evaluated)
1004 recruited

Comparison

Intervention
details

Withdrawals

C(30 days)+A
vs C(180
days)+A

C+A(75325mg/d)

83
withdrawals
25 lost to
follow-up

Bristol-Myers
Squibb,
Sanofi-Aventis

597 sites in
39 countries

Patients with
ACS that
required PCI

17,232 underwent
PCI

High dose C vs
low dose C,
High dose A
vs low dose A

High dose C:
600mg loading
dose on day 1,
then 150mg/day
×7, followed by
75 mg/day until
30 days.

NR

Low dose C:
300 mg loading
dose on day 1,
then 75 mg/day
× 30 days.
High dose A:
300- 325
mg/day
Low dose A: 75100 mg/day
A = acetylsalicylic acid, C = clopidogrel, CAD = coronary artery disease, CURE = the Clopidogrel in Unstable Angina to Prevent Recurrent Events study, D = dipyridamole, DA =
Aggrenox, DB = double-blind, FU = follow-up, ITT = intention to treat, MI = myocardial infarction, NR = not reported, P = placebo, RCT= randomized control study, SB = single-blind,
STEMI = ST-elevation myocardial infarction, T = ticlopidine, US = United States
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APPENDIX 8: Inclusion and Exclusion Criteria for Study
Participants
CLASSICS58

Study

Inclusion criteria

Exclusion criteria

-successful planned or unplanned
coronary stenting (1 or 2 stents) in a
single vessel with the use of nonheparin-coated stents
-<10% adjacent residual stenosis
-no angiographic evidence of
thrombus formation or dissection
within the treated vessel
-blood flow of TIMI grade 3 in each
stented segment and associated major
side branches
-preoperative CPKlevels <2× the
upper limit of normal
-eligibility to commence study drug
within six hours after stent
implantation

CREDO46

-symptomatic CAD with objective
evidence of ischemia
-referred for PCI, or thought to be at
high likelihood of requiring PCI with
or without stenting
-≥ 21 years of age

PCI-CURE47

-symptoms indicative of ACS within
24 hours
-ST-segment elevation ≤1mm on ECG
-other electrocardiographic evidence
of new ischemia or concentrations of
cardiac enzymes ≥2x upper limit of
normal

Bourassa48
Schwartz49

-at least 1 lesion with stenosis of
≥70% diameter

-stenting procedure involving ≥ stents or >1
vessel, involving the left main coronary artery
or a major bifurcation, or involving vein grafts
-primary angioplasty for ongoing documented
STEMI and/or elevated CPK-MB levels>2×
the upper limit of normal and CPK-MB levels
greater than normal
-persistent objective ischemia determined by
12-lead ECG between stenting and
randomization
-administration of oral anticoagulants, GP
IIb/IIIa receptor antagonists and other
antiplatelet agents, except for aspirin, within
one months before randomization
-administration of thrombolytics two weeks
before randomization
-need for anticoagulants, thrombolytic agents,
or GP IIb/IIIa inhibitors after the procedure
-PTCA or CABG within two months before the
procedure
-history of allergy or intolerance or
contraindication to aspirin, ticlopidine, or
clopidogrel
-contraindications to antithrombotic or
antiplatelet therapy
- >50% stenosis of the left main coronary
artery
-failed coronary intervention in the previous
two weeks
-coronary anatomy not amenable to stent
placement
-persistent ST elevation within 24 hours prior
to randomization
-planned staged interventional procedure
-administration of GP IIb/IIIa inhibitor within
seven days, clopidogrel within 10 days, or
thrombolytics within 24 hours of procedure
-contraindications to antithrombotic or
antiplatelet therapy
-patients at high risk of bleeding
-patients with New York Heart Association
Class IV heart failure
-requiring long-term oral anticoagulants
-patients who have undergone PCI or CABG in
the previous 3 months
-received GP IIb/IIIa inhibitor <3 days before
randomization
-< 21 years of age
-previous coronary angioplasty

A-49

Study

Inclusion criteria
-scheduled for angioplasty

Hall50

Jeurgens51

-CAD manifested by clinical
symptoms or objective evidence of
myocardial ischemia either on
exercise test or by nuclear
scintigraphy and angiographic
evidence of single-vessel or
multivessel coronary disease with
target lesion stenosis>70% by visual
estimate
-successfully deployed intra-coronary
stents

Leon59

-one or two target lesions with >60%
stenosis in a 3-4mm native coronary
artery, not involving the left main
coronary artery or a major coronary
bifurcation

Machraoui52

-symptomatic CAD or myocardial
ischemia and coronary artery diameter
stenosis >50%

Mueller53

-patients with successful stent
implantation
-successful primary or provisional
stent implantation

Müller54

Parodi55

-chest pain persisting >30 minutes
associated with ST-segment elevation
of at least 0.1 mV in ≥2 contiguous
electrocardiographic leads
-admission within 12 hours of
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Exclusion criteria
-hypersensitivity to aspirin, dipyridamole, or
tartazine
-non-interruptible anticoagulant or antiplatelet
therapy ≥7 days prior to entry
-nasal polyps
-documented variant angina, or duodenal ulcer
-upper GI bleeding in the past 6 months
-history of hemorrhagic disorder
-severe uncontrolled systemic illness
-history of asthma
-small vessels (<2.5mm by visual estimate)
-angiographically diffuse distal disease that
might compromise outflow after stent insertion
-allergy to aspirin
-taking ticlopidine or other non-aspirin
antiplatelet agents before the procedure
-require warfarin for other medical reasons
-cardiogenic shock
-unsuccessful stent deployment
-known allergy to aspirin, ticlopidine, or
clopidogrel
-recent treatment with clopidogrel or
ticlopidine
-need for anticoagulants after the procedure
-presence of additional stenosis within the
target vessel
-acute MI within seven days before enrollment
-known contraindications to the use of aspirin,
ticlopidine, or warfarin
-history of bleeding diathesis
-current treatment with abciximab
-planned angioplasty of another lesion within
30 days after enrollment
-pre-interventional therapy with ticlopidine or
Coumadin
-contraindication for the study medications
-failed stent placement
-not indicated
-cardiogenic shock
-mechanical ventilation
-known allergy to aspirin, ticlopidine, or
clopidogrel
-long-term treatment with ticlopidine,
clopidogrel, or warfarin
Stenting intended primarily as a bridge to
CABG
-ongoing thienopiridine therapy
-previous MI
-previous administration of fibrinolytic therapy
-participation in another study
-inability to obtain informed consent

Study
Piamsomboom56

Inclusion criteria

Exclusion criteria

symptom onset
-symptomatic CAD or documented
myocardial ischemia by treadmill
exercise test or myocardial perfusion
scan and coronary angiographic
evidence of ≥70% stenosis in diameter

-reference IRA diameter <2.5mm
-contraindication to antiplatelet agents
-left main CAD
-hemostatic disorder or systemic bleeding
-history of thrombocytopenia or neutropenia
-presence of abnormal white blood cell,
differential, or platelet count
-requirement for long term anticoagulant or
NSAIDs
-childbearing age women
-severe hepatic or renal dysfunction
-prior intolerance to aspirin, ticlopidine, or
clopidogrel
-comorbidity with expected survival of <6
months
-prior enrollment in a separate research
protocol
-CABG lesions
-chronic coronary obstructions
-transmural MI < 6 weeks prior to study entry
-patients who received other anticoagulant,
thrombolytic, or antiplatelet drugs in the month
prior to the study
-aspirin intolerance
-patients who could not wait 4 days for
angioplasty
-previous NSTEMI/STEMI
-with left bundle branch block
-history of cardiomyopathy or heart failure
-previous PCI and CABG

Taniuchi57

-successful implantation of an FDAapproved stent in a native coronary
artery or in a CABG

White60

-patients needing single- or multivessel angioplasty for either stable or
unstable angina
-objective evidence of ischemia

Di Pasquale61

Patients hospitalized with an
admission diagnosis of first episode of
ACS (included all patients with acute
or rapidly worsening symptoms
thought to be due to CAD at
hospitalization and included patients
with NSTEMI).

DESSERT64

-diabetes on insulin and/or oral
hypoglycemic agent treatment for ≥3
months
-symptoms or objective evidence of
myocardial ischemia
-1 to 3 de novo significant coronary
lesions in 1 or 2 coronary arteries
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-diabetes of recent diagnosis or treated with
diet only or drugs for ≤3 months
-<24 hour STEMI, NSTE ACS with creatine
kinase-MB 2x upper limit of normal at the time
of PCI
-unprotected left main
-bypass graft lesion
-restenotic lesions
-bifurcation lesions
-chronic total occlusions
-left ventricle ejection fraction <30%
- TIMI flow 0 to 1
-serum creatinine >3 mg/dl
-previous stent <5 mm away from the lesion to
be treated
-other lesion treated <6 months before
enrollment
-known allergy to aspirin and clopidogrel
-decreased life expectancy
-noncompliance with follow-up

RACS Trial63

Study

Inclusion criteria

Exclusion criteria

-≥18 years of age
-symptomatic CAD with objective
evidence of ischemia
-target lesion with ≥50% stenosis by
visual estimation in a native coronary
artery >2.5 mm
-undergone a successful PCI
procedure with placement of ≥ stent
without evident complications in the
previous 24 hours

OASIS-7 trial62

-ACS patients with planned early
(<24hour) invasive management with
intended PCI
-ischemic ECG change or increasing
cardiac biomarker

-allergy or contraindication to aspirin or
clopidogrel
-long-term clopidogrel therapy
-NSAIDs other than aspirin within the previous
7 days
-receipt of GP IIb/IIIa inhibitor within the
previous 7 days
-target in-stent restenosis or vein graft lesion,
stroke, or TIA within the previous 12 months
-a coagulation disorder
-refusal to receive a blood transfusion if needed
-major bleeding within previous 6 months
-life expectancy <1 year
-enrollment in another study
-need for warfarin
-revascularization procedure performed within
the previous 3 months
-premenopausal women unless they had a
negative pregnancy test within 7 days before
PCI procedure
NR

ACS = acute coronary syndrome, CABG = coronary artery bypass graft, CAD = coronary artery disease, CPK = creatine
phosphokinase, ECG = electrocardiography, GP = glycoprotein, NR = not reported, NSTEMI = non-ST elevation myocardial
infarction, PTCA = percutaneous transluminal coronary angioplasty, STEMI = ST-elevation myocardial infarction, TIMI =
Thrombolysis In Myocardial Infarction
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APPENDIX 9: Patient Characteristics of Included Studies (RCT)
Study

Treatment
arm

Treatment
arms

No. of
patients

Age
(mean±
standard
deviation)

Gender
(Male/Female)

Race

Disease
state

Additional
medication

Diabetes

Hypertension

Withdrawals
or lost to
follow up

CLASSIC58

1

345

60±10.1

266(77%)/
79(23%)

NR

PCI with
successful
stenting

Heparin
discontinued
at end of PCI

39(11.3%)

171(49.6%)

0

2

C+A with
loading
dose
C+A

335

60±10.4

35(10.4%)

173(51.6%)

0

3

T+A

340

61±9.9

41(12.1%)

165(48.5%)

0

1

C+A

1053

61.5±11.2

261(78%)/
74(22%)
255(75%)/
85(25%)
744/309

290(27.5%)

710(67.4%)

38

2

P+A

1063

61.8±11.0

766/297

270(25.4%)

740(69.6%)

48

1

C+A

1313

61.6±11.2

249(19.0%)

NR

0

2

P+A

1345

61.4±10.9

1
2

D+A
P

187
189

52.0±9.0

914(69.7%)/
399(30.3%)
940(69.9%)/
405(30.1%)
299(79.5%)/
77(20.5%)

1

123

2

T+ shortterm A
A

Characteristics
reported for all
patients
57±9

103

58±10

1

C

154

60±12

2

T

153

60±10

1

T+A

546

61±12

2

A

557

61±11

3

A+W

550

52±11

1

T

121

61.5±10.97

CREDO46

PCI-CURE47

Bourassa48
Schwartz49
Hall50

51

Jeurgens

Leon59

Machraoui52

108(88%)/
15(12%)
92(89%)/
11(11%)
110(71%)/
44(29%)
123(80%)/
30(20%)
390(71%)/
156(29%)
403(72%)/
154(28%)
387(70%)/
163(30%)
73.6%

White929(88.2%)
Other-124
White951(89.5%)
Other-112
NR

NR

NR

NR

NR

NR
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Symptomatic
CAD with
ischemia
referred/
requiring
PCI
NSTE ACS
undergoing
PCI

NR

PTCA with
stenosis of
70%
diameter or
greater
CAD
patients with
stents

None

24(6.4%)

73(19.4%)

NR

NR

20(16%)

50(40%)

NR

6(6%)

41(40%)

Successful
intracoronary
stents

GP IIb/IIIa
in some
patients

30(19%)

87(56%)

0

35(23%)

90(58%)

0

CAD
successfully
treated with
a balloon
stent

Heparin
during
stenting
procedure

99(18%)

274(50%)

NR

99(18%)

289(52%)

111(20%)

301(55%)

Symptomatic

Heparin and

63.6%

17.4%

GP IIb/IIIa

255(19.0%)

0

0

Study

Mueller53

Müller54

Parodi55

Piamsomboom
56

Taniuchi57

White60

Di Pasquale61

Treatment
arm

Treatment
arms

No. of
patients

Age
(mean±
standard
deviation)

Gender
(Male/Female)

Race

2

T+A

122

61.9±9.28

73.8%

1

C+A

355

65±11

NR

2

T+A

345

64±10

1

C+A

355

65±11

2

T+A

345

64±10

1

C+A

66

66±12

2

T+A

67

69±13

1

C+A

37

61±10

2

T+A

31

60±9

1

C+A

494

63.6

2

T+A

522

63.1

259(73%)/
96(27%)
255(74%)/
90(26%)
262(74%)/
93(26%)
254(74%)/
91(26%)
47(71%)/
19(29%)
45(67%)/
22(33%)
27(73%)/
10(27%)
26(84%)/
5(16%)
297(60.2%)/
197(29.8%)
329(61.5%)/
193(28.5%)

1

D+A

123

55.6±9.1

2

T+P

122

56.9±9.6

3

P

127

55.6±9.0

106(86.2%)/
17(13.8%)
105(86.1%)/
17(13.9%)
104(81.9%)/
23(18.1%)

White –
122(97.6)
White –
118(96.7%)
White –
122(96.1%)

1

C+A

214

61.3±11.8

146(68.2%)/
68(31.8%)

NR

NR

NR

NR

NR
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Disease
state

Additional
medication

Diabetes

Hypertension

Withdrawals
or lost to
follow up

CAD or
myocardial
ischemia
after stenting
Successful
stent
implantation

500mg IV
aspirin
during
angioplasty
NR

62.3%

19.7%

0

80(23%)

232(65%)

NR

72(21%)

229(66%)

Successful
primary or
provisional
stenting
First STEMI
undergoing
stenting

NR

80(23%)

NR

NR
NR

8(12%)

31(47%)

NR

14(21%)

31(47%)

Stenting for
CAD

NR

14

14

15

9

148(30.0%)

356(72.0%)

148(28.3%)

384(73.5%)

7(5.7%)

41(33.3%)

6(5.0%)

42(34.7%)

10(7.9%)

42(33.1%)

40(18.7%)

50(23.4)

Range of
patients with
successfulint
racoronary
stents
Single or
multi-vessel
angioplasty
for stable
(2/3 of pts)
or unstable
angina
First episode
of NSTEMI

72(21%)
abciximab

GP IIb/IIIa
inhibitors

Acetaminophen as
needed for
pain or fever

All patients
had tirofiban.

NR

NR

NR by group

NR

Study

DESSERT64

Treatment
arm

Treatment
arms

No. of
patients

Age
(mean±
standard
deviation)

Gender
(Male/Female)

2

T+A

214

60.7±10.5

150(70.1%)/
64(29.9%)

1

Sirolimuseluting
stent,
received
clopidogrel
for 6
months
Bare metal
stent,
received
clopidogrel
for 2
months
C(30 days)
+A

75

71±9

47(63%)/
28(37%)

75

69±9

37(49%)/
38(51%)

502

61±11

397(79%)/
105(21%)

2

RACS Trial63

1

2

OASIS-7
trial62

1
2
3

C(180 days)
+A

High dose C
+ high dose
A
High dose C
+ low dose
A
Low dose C
+ high dose
A

502

25,088 in
total,
while
17,232
underwent
PCI

60±11

61.4

Race

NR

NR

Disease
state

Additional
medication

Diabetes

Hypertension

undergoing
PCI

At entry,
patients
received
aspirin, GP
IIb/IIIa
inhibitors,
heparin,
statins and ßblockers
where
possible.

38(17.8%)

46(21.5%)

Diabetic
patients with
symptomatic
or objective
evidence of
myocardial
ischemia and
need stent
placement

All patients
had aspirin.
Heparin and
GP IIb/IIIa
inhibitors
were given
during PCI.

All were
diabetic
patients

58(77%)

Elective or
urgent PCI
with stent

C(300mg)
loading dose,
GP IIb/IIIa
inhibitor in
17%

77(15.3%)

67(13.4%)

NR

A-55

ACS patients
that planned
to have early
invasive
management

NR

56(75%)

407(81%)/
95(19%)

72.6%/
27.4%

Withdrawals
or lost to
follow up

GP IIb/IIIa
inhibitor in
31.8%, statin
in 87.2%, βblocker in
82.5%,
ACE/ARB in
75.7% PPI in
40%, H2

23.4%

339(67.5%)

345(68.7%)

NR

41
withdrawals
14 lost to
follow-up
42
withdrawals
11 lost to
follow-up
NR

Study

Treatment
arm

Treatment
arms

No. of
patients

Age
(mean±
standard
deviation)

Gender
(Male/Female)

Race

4

Disease
state

Additional
medication

Diabetes

Hypertension

Withdrawals
or lost to
follow up

Low dose C
blocker in
+ low dose
11.3%
A
A = acetylsalicylic acid, ACS = acute coronary syndrome, C = clopidogrel, D = dipyridamole, DA = Aggrenox, GP = glycoprotein, NR = not reported, P = placebo, T = ticlopidine
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APPENDIX 10: Quality Assessment of Studies (based on Hailey et al. scale37
and Jadad et al. scale36 with some modifications)
Study

Year

Study
*
design

RCTs
CREDO46
CLASSICS58
Di Pasquale61
Hall50
Juergens51
Leon59

2002
2000
2005
1996
2004
1998

5
5
5
5
5
5

Machraoui52
Müller54
Mueller53
Parodi55
PCI-CURE47
Piamsomboon56
Bourassa48

2001
2000
2003
2005
2001
2001
1990

5
5
5
5
5
3
5

Schwartz49
Taniuchi57
White60
DESSERT64
RACS63
OASIS-762

1988
2001
1991
2008
2007
-

5
5
5
5
5
5

Observational studies
Brar19
2008
Sheehy66
2008
Jackevicius65
2008
Ho67
2008

1
1
1
1

Study design items† to consider
for RCT only
Description of Double- Description
randomization blinded
of blinding

-0.5

-0.5

-0.5
-0.5
-0.5
-0.5
-0.5
-0.5
-0.5

-0.5

-0.5

-0.5

-0.5
-0.5
-0.5

-0.5

Study performance‡

Total score

Patient
selection

Description
specification
of the
interventions

Specification
and analysis
of study

Patient
disposal

Outcomes
reported

-0.5
-0.5
-0.5
-0.5
-0.5

2
2
2
1
2
2

2
2
2
2
2
2

2
2
1
1
2
2

2
1
1
1
1
1

1
1
1
1
1
1

14
12
11.5
10
11.5
12

-0.5
-0.5
-0.5
-0.5
-0.5
-0.5
-0.5

2
2
1
2
2
1
1

2
2
2
2
2
2
2

2
2
1
2
1
1
1

1
1
1
2
1
1
1

1
1
1
1
2
1
1

12
12
10
13
12.5
7.5
10.5

-0.5
-0.5
-0.5
-0.5
-0.5

2
1
2
1
2
1

2
2
2
2
2
1

2
2
1
2
2
0

2
1
2
1
1
1

1
1
1
1
1
1

14
10.5
12.5
11
12
8.5

1
1
1
1

2
2
2
2

2
2
2
2

1
2
2
1

1
1
2
1

8
9
10
8

*

For study design, score was 5 for large RCT (over 50 participants in each arm), 3 for small RCT, 2 for prospective, 1 for retrospective.
For RCT, for each item that is absent 0.5 is deducted.
‡
For each item in study performance, score was 0 when relevant information was missing or was given in little detail, 1 when reasonable detail was provided but there were some
important limitations, and 2 when the information provided had no significant limitations.
†
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APPENDIX 11: Definitions of Outcomes as Provided by
the Investigators
Study
CLASSICS58
CREDO46

Outcome
Neutropenia
Thrombocytopenia
Any revascularization

Definition
neutrophil count <1.5×109/L
platelet count <100×109/L
Any peripheral revascularization or PCI or CABG
performed on any coronary vessel
Any death with a clear vascular (including
hemorrhagic) or unknown cause
Mortality from any cause (cardiovascular or
nonvascular)
TIMI criteria - Intracranial bleeding or bleeding
associated with a decrease in hemoglobin of >
5g/dL (or hematocrit decrease of ≥15%)
A new focal neurologic deficit of vascular origin
lasting ≥24 hours. Further classified as intracranial
hemorrhage, ischemic infarction, or of uncertain
cause
CABG initiated within 24 hours of the index
procedure due to an inadequate or unstable result of
the index procedure, even if ongoing myocardial
ischemia was not present, repeat PCI or CABG of
the target vessel within one week of
(re)hospitalization for acute MI or UA, or repeat
PCI or CABG of the culprit vessel initiated within
24 hours of the last episode(s) of ischemia
The occurrence of bleeding or hematoma formation
at the access site that required transfusion, vascular
repair, or external compression.
bleeding complications requiring surgery or
transfusion or bleeding associated with objective
evidence of organ dysfunction
Typical chest pain at rest followed by an increase
of creatine phosphokinase (CK and CK-MB
beyond 2× the upper limit of normal and 5× the
upper limit of normal after CABG
Required transfusion
neutrophil count <1.5×109/L
platelet count <100×109/L
All deaths (including deaths that were sudden, of
unknown cause, or secondary complications of a
cardiac procedure) unless there was documented
evidence of a noncardiac cause
Major bleeding that is fatal, leads to a decrease in
hemoglobin concentration of 50g/L, if it causes
significant hypotension requiring IV inotropes or
surgical intervention, if it results in symptomatic
intracranial hemorrhage, or if it necessitates
transfusion or ≥4 units of blood.

Cardiovascular death
Death
Major bleeding
Stroke

Urgent TVR

Hall50

Vascular complications

Jeurgens51

Hemorrhage

Mueller53

MI

Müller54
Parodi55

Hemorrhagic complication
Neutropenia
Thrombocytopenia
Cardiovascular death

PCI-CURE47

Life threatening bleeding
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Study

Outcome
Major bleeding

Definition
Bleeding that was significantly disabling,
intraocular, or requiring ≥2 units of blood. This
outcome was subclassified as life-threatening
bleeding when it was fatal, led to decrease in
hemoglobin concentration of 50g/L, caused
significant hypotension requiring intravenous
inotropes or surgical intervention, resulted in
symptomatic intracranial hemorrhage, or
necessitated transfusion of ≥4 units of blood.

MI

Presence of at least two of the three following
criteria: ischemic symptoms, cardiac enzyme
concentration ≥3× the upper limit of normal if
within 48 hours of PCI, and 2× the upper limit of
normal thereafter, or new ECG changes compatible
with MI
Either a second PCI or any CABG procedure done
on a non-elective basis in the target vessel because
of recurrent myocardial ischemia
Requiring surgery or transfusion of ≥2 units of
packed red blood cells
Percutaneous or by bypass grafting
Platelet count <100×109/L
Coronary occlusion or significant coronary luminal
compromise for which adequate patency could not
be achieved by repeated balloon inflations
Bleeding which required blood transfusion
Includes intracranial bleeding according to TIMI II
trial
Any procedure-related bleeding episode that
required transfusion
A new Q-wave that lasted ≥0.04 secs in two or
more contiguous leads or a creatine kinase
concentration that was ≥2× the upper limit of
normal in the presence of an elevated concentration
of MB isoenzyme

Urgent TVR
Taniuchi57

Major bleeding

White60

TVR
Thrombocytopenia
Acute ischemic complications

Piamsomboon56
Di Pasquale61

Major bleeding
Major bleeding

Leon59

Major bleeding
MI

DESSERT64
RACS63

Major adverse cardiac events
Major bleeding

Death, MI, emergent CABG or repeated TVR
intracranial bleeding or bleeding associated with
hemoglobin decrease ≥5 g/dl

CABG = coronary artery bypass graft surgery; DESSERT = Diabetes Drug Eluting Sirolimus Stent Experience in Restenosis Trial;
RACS = Randomized Argentine Clopidogrel Stent Trial; MI = myocardial infarction, TIMI = Thrombosis iIn Myocardial Infarction,
TVR = target vessel revascularization, UA = unstable angina.

A-59

APPENDIX 12: MTC Network Diagrams
Below are network diagrams summarizing the trial information used in mixed treatment
comparisons analyses comparing ASA, Clopidogrel + ASA and Ticlopidine + ASA for the
outcomes of interest. Raw data is summarized in the following appendix. Within each figure,
solid black lines are used to denote comparisons supported by evidence from head-head trials,
and dashed lines denote comparisons without supporting trials.

Figure A1: Network of randomized trials comparing interventions of interest for vascular
death (>3-month follow up) that reported data.

A-60

Figure A2: Network of randomized trials comparing interventions of interest for TVR
that reported data

Figure A3: Network of randomized trials comparing interventions of interest for urgent
TVR that reported data
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Figure A4: Network of randomized trials comparing interventions of interest for stroke
that reported data

Figure A5: Network of randomized trials comparing interventions of interest for nonfatal MI that reported data

A-62

Figure A6: Network of randomized trials comparing interventions of interest for major
bleeds that reported data
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APPENDIX 13: Raw Data for MTC Analyses
Provided below are the data tables used for mixed treatment comparisons analysis for each of the
clinical outcomes of interest evaluated in the clinical review of this health technology
assessment. The columns t[,1], and t[,2] denote the treatments that correspond to the numbers of
clinical events and sample sizes provided in the columns r[,1], r[,2] and n[,1], n[,2], respectively.
The column na[] denotes the number of arms in each trial included for analysis. For each
outcome, for all analyses, the following numbering of treatments was used:
1 = ASA or ASA+placebo, 2 = ASA+Clopidogrel, 3 = ASA+Ticlopidine

Study
PCI-CURE47
Mueller53
Di Pasquale61

Table A1: Vascular Death
Comparators
r[,1] n[,1] r[,2]
A or A+P, C+A
31
1345
32
C+A, T+A
26
355
8
C+A, T+A
0
214
0

n[,2]
1313
345
214

t[,1]
1
2
2

T[,2]
2
3
3

na[]
2
2
2

Study
CREDO46
PCI-CURE47
Jeurgens51
Müller54
Taniuchi57

Table A2: Target Vessel Revascularization
Comparators
r[,1]
n[,1] r[,2] n[,2]
A or A+P, C+A
144
1063
139
1053
A or A+P, C+A
38
1345
25
1313
C+A, T+A
3
154
1
153
C+A, T+A
6
355
2
345
C+A, T+A
12
494
12
522

t[,1]
1
1
2
2
2

T[,2]
2
2
3
3
3

na[]
2
2
2
2
2

Di Pasquale61
Parodi55
Hall50
Leon59

C+A, T+A
C+A, T+A
A, A+T
A, A+T

2
2
1
1

3
3
3
3

2
2
2
2

A = acetylsalicylic acid; C = clopidogrel; P = placebo; T = ticlopidine

48
0
2
19

214
66
103
557

44
0
1
3

214
67
123
546

A = acetylsalicylic acid; C = clopidogrel; P = placebo; T = ticlopidine

Study
CREDO46
PCI-CURE47
Jeurgens51
Müller54
Parodi55

Table A3: Urgent Target Vessel Revascularization
Comparators
r[,1]
n[,1]
r[,2]
n[,2]
t[,1]
A or A+P, C+A
23
1063
21
1053
1
A or A+P, C+A
38
1345
25
1313
1
C+A, T+A
3
154
1
153
2
C+A, T+A
6
355
2
345
2
C+A, T+A
0
66
0
67
2

T[,2]
2
2
3
3
3

na[]
2
2
2
2
2

A = acetylsalicylic acid; C = clopidogrel; P = placebo; T = ticlopidine

Table A4: Stroke
Study

CREDO46
Müller54
Parodi55

Comparators

A or A+P, C+A
C+A, T+A
C+A, T+A

r[,1]

n[,1]

r[,2]

n[,2]

t[,1]

T[,2]

na[]

12
0
0

1063
355
66

9
0
0

1053
345
67

1
2
2

2
3
3

2
2
2

A = acetylsalicylic acid; C = clopidogrel; P = placebo; T = ticlopidine
*NOTE: 0.5 was added to zero cells for this analysis to achieve convergence
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Table A5: Non-fatal MI
PCI-CURE47
Jeurgens51
Mueller53

Study

r[,1]

n[,1]

r[,2]

n[,2]

t[,1]

t[,2]

na[]

A or A+P, C+A
C+A, T+A
C+A, T+A

Comparators

47
2
17

1345
154
355

20
2
12

1313
153
345

1
2
2

2
3
3

2
2
2

Piamsomboom56
Leon59

C+A, T+A
A, A+T

0
15

37
557

1
3

31
546

2
1

3
3

2
2

A = acetylsalicylic acid; C = clopidogrel; P = placebo; T = ticlopidine

Table A6: Major Bleeds
Study

CREDO46
PCI-CURE47
Di Pasquale61
Piamsomboom56
Jeurgens51
Müller54
Parodi55
Leon59

Comparators

A or A+P, C+A
A or A+P, C+A
C+A, T+A
C+A, T+A
C+A, T+A
C+A, T+A
C+A, T+A
A, A+T

r[,1]

n[,1]

r[,2]

n[,2]

t[,1]

t[,2]

na[]

71
33
2
2
1
2
2
10

1063
1345
214
37
154
355
66
557

93
36
2
1
0
3
1
30

1053
1313
214
31
153
345
67
546

1
1
2
2
2
2
2
1

2
2
3
3
3
3
3
3

2
2
2
2
2
2
2
2

A = acetylsalicylic acid; C = clopidogrel; P = placebo; T = ticlopidine
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APPENDIX 14: MTC Model Code: Winbugs
model{
for(i in 1:NS){
w[i,1] <-0
delta[i,t[i,1]]<-0
mu[i] ~ dnorm(0,.0001)
# vague priors for trial baselines
for (k in 1:na[i]) {
r[i,k] ~ dbin(p[i,t[i,k]],n[i,k])
# binomial likelihood
logit(p[i,t[i,k]])<-mu[i] + delta[i,t[i,k]] }
# model
for (k in 2:na[i]) {
delta[i,t[i,k]] ~ dnorm(md[i,t[i,k]],taud[i,t[i,k]])
# trial-specific LOR distributions
md[i,t[i,k]] <- d[t[i,k]] - d[t[i,1]] + sw[i,k]
# mean of LOR distributions
taud[i,t[i,k]] <- tau *2*(k-1)/k
#precision of LOR distributions
w[i,k] <- (delta[i,t[i,k]] - d[t[i,k]] + d[t[i,1]]) #adjustment, multi-arm RCTs
sw[i,k] <-sum(w[i,1:k-1])/(k-1) }
# cumulative adjustment for multi-arm trials
}

d[1]<-0
for (k in 2:NT){d[k] ~ dnorm(0,.001) }
# vague priors for basic parameters
sd~dunif(0,2)
# vague prior for random effects standard deviation
tau<-1/pow(sd,2)

p0~dbeta(alpha,beta)

# Absolute log odds(success) on Treatment A, based on a seperate model on the
# 19 trials Treatment A arms.
mA ~ dnorm(0,0.01)
# Absolute pr(success) Treatments based on T[1] and the
# MEAN Relative treatment effects
for (k in 1:NT) { logit(T[k])<- mA +d[k] }
# ranking
for (k in 1:NT) { rk[k]<-NT+1 - rank(T[],k)
best[k]<-equals(rk[k],NT)}

# pairwise ORs
for (c in 1:(NT-1))
{ for (k in (c+1):NT)
{ lor[c,k] <- d[k] - d[c]
log(or[c,k]) <- lor[c,k]
rr1[c,k] <- or[c,k]/((1-p0)+(or[c,k]*p0))
}
}
}
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APPENDIX 15: Adverse Events
Table A7: Adverse events reported for CLASSICS58
Event, n(%)

Treatment
C+A (no loading
dose)
n=335

C+A (with loading
dose)
n=345

Early discontinuation due
to noncardiac event
Skin disorder
GI disorder
Allergy
Others

P-value
T+A
n=340

7(2)

17(5.1)

28(8.2)

NR

2(0.6)
1(0.3)
0
4(1.2)

3(0.9)
8(2.4)
0
6(1.8)

9(2.6)
9(2.6)
4(1.2)
6(1.8)

NR
NR
NR
NR

A = aspirin; AE = adverse event; C = clopidogrel; GI = gastrointestinal; NR = not reported; T = ticlopidine.

Table A8: Adverse events reported for Juergens et al.51
Event, n(%)

Treatment
C+A
n=154

P-value
T+A
n=153

Drug discontinuation
GI

1(0.6)
0

5(3.3)
2(1.3)

0.121
NR

Dermatological

0

2(1.3)

NR

A = aspirin; C = clopidogrel; GI = gastrointestinal; NR = not reported; T = ticlopidine.

Table A9: Adverse events reported for Hall et al.50
Event, n(%)

Treatment
T+A
n=123

Side effects
Leukopenia
Skin rash

P-value
A
n=103

3(2.4)
1(0.8)
2(1.6)

0
0
0

0.2
0.5
0.3

A = aspirin, T = ticlopidine

Table A10: Adverse events reported for Di Pasquale et al.61
Event, n

Treatment
C+A
n=214

Side effects
GI
Dermatological
Platelet reduction

P-value
T+A
n=214

14
0
2
4

20
4
4
4

NR
NR
NR
NS

A = aspirin, C = clopidogrel, GI = gastrointestinal, NR = not reported, NS = not significant, T = ticlopidine.

Table A11: Adverse events reported for Schwartz et al.49
Event, n(%)

Treatment
D+A
n=155

GI upset
Headache
Other

54(34.8)
10(6.5)
20(12.9)

P-value
P
n=158

36(22.8)
10(6.3)
17(10.8)

A = aspirin; D = dipyridamole; GI = gastrointestinal; P = placebo.
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0.02
0.96
0.56

Table A12: Adverse events reported for White et al.60
Event, n(%)

Treatment
T
n=122

Patients with AEs
Severe AE
Patients with AEs requiring drug
discontinuation
Diarrhea
Rash
Dizziness
Headache

P-value
D+A
n=123

70(57)
18(15)
29(24)

59(48)
13(11)
7(6)

0.002
0.006
<0.001

22(18)
14(12)
5(4)
6(5)

6(5)
3(2)
10(8)
13(11)

<0.001
<0.001
0.34
0.21

A = aspirin; AE = adverse event; D = dipyridamole; T = ticlopidine
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APPENDIX 16: Guidelines for Secondary Prevention of
Cardiovascular and Cerebrovascular Events in PCI
Patients
Source

Objective

Method and
Quality Criteria

Recommendation

Implications
and Limitations

American
College of
Cardiology,
American Heart
Association,
Society for
Cardiovascular
Angiography
and Intervention,
United States,
200972

The practice
guidelines are
intended to assist
health care
providers in clinical
decision making by
describing a range
of generally
acceptable
approaches for the
diagnosis,
management, and
prevention of
specific diseases
and conditions.
These guidelines
may be used as the
basis for regulatory
or payer decisions,
but the ultimate
goal is quality of
care and serving the
patient's best
interests.

Inclusion and review
of late-breaking
clinical trials reported
since last update,
rating of level
evidence, followed
by consensus of
expert opinion

“A loading dose of
thienopyridine is
recommended for
STEMI patients for
whom PCI is planned.
Regimens should be one
of the following: a) at
least 300 to 600 mg of
clopidogrel should be
given as early as
possible before or when
primary or nonprimary
PCI is performed (Class
I, Level C); and b) for
STEMI patients
undergoing nonprimary
PCI, the following
regimens are
recommended: (i) if the
patient has received
fibrinolytic therapy and
has been given
clopidogrel, clopidogrel
should be continued as
the thienopyridine of
choice; (ii) if the patient
has received fibrinolytic
therapy without a
thienopyridine, a
loading dose of 300 to
600 mg of clopidogrel
should be given as the
thienopyridine of
choice; (iii) if the patient
did not receive
fibrinolytic therapy, a
loading dose of 300 to
600 mg of clopidogrel
should be given
promptly and no later
than one hour after the
PCI. (Class I, Level C)”

Potential barriers to
implementing
guidelines not
discussed.

Grading: Level of
evidence based on 3
levels of certainty
(precision) regarding
treatment effect
(A,B,C), and 4
classes
recommendation
based on size of
treatment effect (I,
IIa, IIb, III). Class I:
Conditions for which
there is evidence for
and/or general
agreement that a
given procedure or
treatment is
beneficial, useful,
and effective. Class
II: Conditions for
which there is
conflicting evidence
and/or a divergence
of opinion about the
usefulness/efficacy of
a procedure or
treatment. Class IIA:
weight of
evidence/opinion is
in favor of
usefulness/efficacy.
Class IIB:
usefulness/efficacy is
less well established
by evidence/opinion.
Class III: Conditions
for which there is
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“The duration of
thienopyridine therapy
should be as follows: in

No review criteria
given.
Potential bias in
selection of
evidence.

Source

American
College of Chest
Physicians,
United States,
200873

Veterans Health
Administration,
United States,
200774

Objective

This article is about
antithrombotic
therapy during
percutaneous
coronary
intervention (PCI)
and is part of the
seventh ACCP
Conference on
Antithrombotic and
Thrombolytic
Therapy: Evidence
Based Guidelines.

The following
document outlines
recommendations
for clopidogrel for

Method and
Quality Criteria

Recommendation

evidence and/or
general agreement
that a
procedure/treatment
is not useful/effective
and in some cases
may be harmful.
Level of Evidence A:
data derived from
multiple randomized
clinical trials or metaanalyses. Level of
evidence B: data
derived from a single
randomized trial or
non-randomized
studies. Level of
evidence C: only
consensus opinion of
experts, case studies,
or standard of care.
Literature review and
grading of evidence,
followed by
consensus

paitents receiving a stent
(BMS or DES) during
PCI for ACS,
clopidogrel 75 mg daily
should be given for at
least12 months (Class I,
Level B); if the risk of
morbidity because of
bleeding outweighs the
anticipated benefit
afforded by
thienopyridine therapy,
earlier discontinuation
should be considered
(Class I, Level C).
Clopidogrel therapy
may be continued
beyond 15 months in
patients undergoing
DES placement (Class
IIb, Level C).”
“For NSTE ACS
patients who undergo
PCI, treatment with both
clopidogrel and an
intravenous GP IIb/IIIa
inhibitor (Grade 1A).”

Grading: Sixcategory rating
system based on
combinations of 2
strengths of
recommendation
(1:strong, 2:weak),
and 3 levels of
methodological
quality (A: High, B:
Moderate, C: Low).

Literature review,
grading of evidence
Grading: Five-level
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“A loading dose of 600
mg of clopidogrel
should be given at least
2 hours prior to planned
PCI followed by 75 mg
daily (Grade 1B). “

Implications
and Limitations

Potential bias in
selection of
evidence.
Potential
organizational
barriers, cost
implications and
criteria for
monitoring or audit
are not addressed.

“If ticlopidine is given, a
loading dose of 500 mg
should be given at least
6 hours before planned
PCI (Grade 2C). “
“PCI patients who
cannot tolerate aspirin
should be given a
loading dose of 600 mg
of clopidogrel or 500
mg of ticlopidine at least
24 hours before planned
PCI (Grade 2C).”
“Patients who receive
coronary stents require
dual anit-platelest
therapy with aspirin and

There is potential
for bias in the
selection of
evidence and

Source

Objective

Method and
Quality Criteria

Recommendation

Implications
and Limitations

various indications
and clinical
situations. The
purpose of the
document is to
assist practitioners
in clinical decisionmaking to
standardize and
improve the quality
of patient care, and
to promote costeffective drug
prescribing.

recommendation
grading (A,B,C,D,I)
Recommendation
Grading: A: a strong
recommendation that
the intervention is
always indicated and
acceptable, B: a
recommendation that
the intervention may
be useful/effective,
C: a recommendation
that the intervention
may be considered,
D: a recommendation
that a procedure may
be considered not
useful/effective or
may be harmful, I:
insufficient evidence
to recommend for or
against-the clinician
will use their clinical
judgment

clopidogrel in order to
maintain patency of the
artery. Clopidogrel
should be initiated at the
time of the procedure, if
not before and ideally
continued for 12
months. American Heart
Association guidelines
indicate the minimal
duration of clopidogrel
therapy may be guided
by stent type [bare metal
1 month, sirolimus
(Cypher), Cordis 3
months and paclitaxel
(Taxus), Boston
Scientific 6
months].(Level A)
There is recent evidence
that DES may confer a
rare but increased risk of
late stent thrombosis in
certain patient
populations (including
left main DES, DES of
bifurcations,
overlapping DES, prior
history of late stent
thrombosis, and DES of
bypass graft), suggesting
a longer duration of dual
therapy may be needed.
The exact duration of
clopidogrel in these
situations has not been
conclusively
established; however,
when making this
determination providers
must weigh the benefit
of prolonged or
indefinite clopidogrel
therapy against the risk
for bleeding on a patient
by patient basis.(Level
C) Data emerging from
pooled meta-analyses
and registries suggest
the need for
uninterrupted dual
antiplatelet therapy
(aspirin 325 mg,
clopidogrel 75 mg/day)

formulation of
evidence as
methods are not
given. The guideline
is not supported by
tools for
application.
Potential
organizational
barriers, cost
implications and
criteria for
monitoring and/or
audit are not
addressed.
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Source

Objective

Method and
Quality Criteria

Recommendation
throughout the poststenting treatment
period. Any elective
procedures that would
require stopping or
interrupting this therapy
(dental work,
colonoscopy, etc) should
be delayed until the
minimum treatment
duration based on stent
type is completed.”
“In patients with STEMI
<75 years of age
receiving fibrinolytics,
clopidogrel should be
administered as a 300
mg loading dose
followed by 75 mg once
daily until hospital
discharge (up to 8 days)
or longer if undergoing
angiography/coronary
intervention as
described below in
recommendations post
PCI/stent.(Level A) In
patients of any age with
STEMI, regardless of
whether fibrinolytics are
used clopidogrel should
be administered at a
dose of 75 mg/day until
hospital discharge or up
to 4 weeks or longer if
undergoing
antiography/coronary
intervention.(Level A)”
“There is insufficient
evidence to recommend
initiation in those
patients with stable
CAD who do not meet
criteria in this
document. It is
recommended that
clopidogrel not be added
to aspirin therapy for
stable/asymptomatic
atherosclerosis and/or
for patients with
multiple cardiovascular
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Implications
and Limitations

Source

Objective

Method and
Quality Criteria

Recommendation

Implications
and Limitations

risks unless there are
other criteria that have
been met.(Level A)”
“Clopidogrel should be
used in patients who are
aspirin allergic
(anaphylaxic, aspirin
induced
bronchospasm).(Level
A) In patients with a
history of
gastrointestinal
complications from
aspirin (bleeding,
stomach upset) adding a
proton pump inhibitor to
aspirin therapy is
preferred over switching
to clopidogrel.(Level
B)”
“In patients receiving
clopidogrel for ACS,
discontinuation is
suggested 3-5 days prior
to elective CABG
(Level B) and restarted
as soon as patient's
clinical condition
tolerates for up to 12
months. For those
patients undergoing
saphenous vein bypass
graft and allergic to
aspirin, clopidogrel 300
mg as a loading dose 6
hours after the operation
followed by 75 mg/day
may be initiated.(Level
B) Clopidogrel may be
continued for 1 to 3
months post
CABG.(Level C)”
American
College of Chest
Physicians,
United States,
200875

This chapter is
devoted to
antithrombotic
therapy for chronic
coronary artery
disease and is part
of the
Antithrombotic and

Literature review and
grading of evidence.
Grading: Sixcategory rating
system based on
combinations of 2
strengths of
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“For long-term
treatment of patients
after PCI, aspirin at a
dose of 75 - 100 mg/day
should be given (Grade
1A). “
“For patients

There is potential
for bias in the
selection of
evidence.
The guideline is not
supported by tools
for application.

Source

Objective
Thrombolytic
Therapy: American
College of Chest
Physicians
Evidence-Based
Clinical Practice
Guidelines (8th
Edition).

Method and
Quality Criteria

Recommendation

recommendation
(1:strong, 2:weak),
and 3 levels of
methodological
quality (A: High, B:
Moderate, C: Low).
AGREE for
evaluation of
guidelines.

undergoing PCI with
BMS placement, at least
4 weeks of treatment
with 75 -100 mg of
aspirin plus clopidogrel
is recommended (Grade
1A). Patients
undergoing PCI with
DES are recommended
to take 75 -100 mg of
aspirin in combination
with 75 mg of
clopidogrel for at least
12 months (Grade 1A
for 3 to 4 months; Grade
1B for 4 to 12 months).
Beyond 1 year,
continued treatment
with aspirin plus
clopidogrel should be
given indefinitely if no
bleeding or other
tolerability issues
(Grade 2C). “

Implications
and Limitations
Potential
organizational
barriers and criteria
for monitoring
and/or audit are not
addressed.
Strategies for
incorporating
resource allocation
and economic
considerations
provided.
Additional cost of
clopidogrel was
considered in
forming the
recommendation for
symptomatic CAD.

“Patients undergoing
stent placement with a
strong concomitant
indication for VKA are
recommended triple
antithrombotic therapy
(Grade 2C).”
“Four weeks of
clopidogrel are
suggested following
BMS and one year
following DES (Grade
2C).”
“Clopidogrel (Grade
1A) or ticlopidine
(Grade 2B) is
recommended over
cilostazol for patients
following stent
placement.”

Thrombosis

To help clinicians

Method and grading
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“Clopidogrel is
recommended over
ticlopidine (Grade
1A).”75
“Clopidogrel, 300 mg

There is potential

Source
Interest Group
of Canada,
Canada, 200476

Thrombosis
Interest Group
of Canada,
Canada, 200477

Objective

Method and
Quality Criteria

keep up to date
with the
management of
thromboembolic
disease

system: not reported

To help clinicians
keep up to date
with the
management of
thromboembolic
disease

Method and grading
system: not reported
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Recommendation

Implications
and Limitations

loading, followed by 75
mg daily in addition to
ASA is recommended
for at least 9 to 12
months in all patients
presenting with NSTE
ACS. This combination
may also be useful in
stable coronary patients
at high risk. Antiplatelet
therapy is strongly
recommended for all
patients with the
following unless
contraindicated: A.
Cardiac (ACS
with/without STsegment elevation,
chronic stable angina or
documented coronary
disease, following
angioplasty or CABG),
B. Cerebrovascular (post
TIA, completed strokes,
following
endarterectomy), C. any
PVD.”

for bias in the
selection of
evidence and
formulation of
recommendations as
no methods are
presented.

“For BMS: ASA 162325 mg/day should be
prescribed for at least 1
month, then continued
indefinitely at a dose of
75-162 mg/day.
Clopidogrel 75 mg/day
should be prescribed for
a minimum of 1 month
and ideally up to 1 year.
For patients with DES:
ASA 162-325 mg/day
should be prescribed for
at least 3 months for
sirolimus-eluting stents
and 6 months for

Means of updating
are not reported and
there is little
information
provided regarding
the studies to
support the
recommendations.
It's difficult to
identify patient
groups and whether
the indication is for
primary or
secondary
prevention.
The guideline is not
supported by tools
for application.
Potential
organizational
barriers, cost
implications and
criteria for
monitoring and/or
audit are not
addressed.
There is potential
for bias in the
selection of
evidence and
formulation of
recommendations as
no methods are
presented.
Means of updating
are not reported and
there is little
information
provided regarding
the studies to
support the

Source

Objective

Method and
Quality Criteria

Recommendation
paclitaxel-eluting stents,
then continued
indefinitely at a dose of
75-162 mg/day.
Clopidogrel 75 mg/day
should be prescribed for
at least 12 months to all
post-PCI patients
receiving DES. For
DES: consideration
should be given to
indefinite use of ASA
and clopidogrel, in
discussion with
interventional
cardiologist. These
recommendations are
undergoing review and
may change as
information becomes
available.
Discontinuation of
clopidogrel in a patient
with DES should occur
only in discussion with
the interventional
cardiologist. Antiplatelet
therapy is strongly
recommended for All
patients with the
following unless
contraindicated: A.
Cardiac: ACS patients
with and without
STEMI, chronic stable
angina or documented
coronary disease,
following angioplasty or
CABG, B.
Cerebrovascular: post
TIA, completed strokes,
following carotid
endarterectomy, C.
PVD: any PVD”

Implications
and Limitations
recommendations.
It's difficult to
identify patient
groups and whether
the indication is for
primary or
secondary
prevention.
The guideline is not
supported by tools
for application.
Potential
organizational
barriers, cost
implications and
criteria for
monitoring and/or
audit are not
addressed.

ACS = acute coronary syndrome; ASA = acetylsalicylic acid; BMS = bare-metal stent; CABG = coronary artery bypass graft; CAD =
cardial artery disease; DES = drug-eluting stent; PCI = percutaneous coronary intervention; PVD = peripheral vascular disease; TIA
= transient ischemic attack; VKA = vitamin K antagonists
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APPENDIX 17: Appraisal of Guidelines for Research and Evaluation (AGREE)
Standardized Domain Scores
Guideline

Kushner et
al.(2009)72
Harrington et
al.(2008)73
Veterans Health
Administration
(2007)74
Becker et al.
(2008)75
Lam et al.
(2004)76
Roussin et al.
(2004)77

Indication

AGREE Domain Scores
Scope
and
Purpose

Stakeholder
Involvement

Rigour of
Development

Clarity and
Presentation

Applicability

Editorial
Independence

Overall
Assessment

PCI

78%

54%

69%

54%

0%

58%

Recommend

Mixed

67%

54%

62%

63%

22%

33%

Recommend

Mixed

72%

33%

45%

63%

22%

17%

Recommend

Mixed

67%

50%

69%

67%

28%

58%

Recommend

Mixed

56%

42%

26%

25%

0%

0%

Unsure

Mixed

56%

42%

26%

25%

0%

0%

Unsure
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APPENDIX 18: Economic Data Extraction Sheet
Part 1 – Characteristics of Included Economic Studies
Author/Year of publication
Title
Industry sponsorship
Study perspective
Interventions and comparators
Study design (including Markov or one episode of disease, sensitivity analysis or not and type of
analysis, costs and/or consequences discounted or not and rate used, time horizon)
Location/Country of origin
Outcomes and source

Part 2 – Results of included Economic Studies
Author/Year of publication (need to repeat this if we have two tables – Part 1 & Part 2)
Currency and year
Estimate of cost effectiveness or relative cost
Conclusions

A-78

APPENDIX 19: Full Text Economic Articles Obtained for
Review as Potentially Relevant
Author, Year

Included/Excluded

Angiolillo 2006
Badia 2005
Beard 2004
Beinart 2005

Excluded - commentary
Excluded – different patient group (ACS/PAD)
Excluded – different patient group (Stroke)
Included

Berg 2007
Berg 2007
Berg 2008

Excluded – different patient group (ACS/PAD)
Excluded - poster
Included

Berger 2008
Bruggenjurgen
2006
Cannon 2004
Chen 2006

Excluded – different patient group (MI, IS, or PAD)
Excluded – different patient group (ACS/PAD)

Chen 2006
Cowper 2005
Cowper 2005
Donato 2004
Eriksson 2005
Eriksson 2005
Fox 2005
Gaspoz 2004
Hagymasi 2004
Heeg 2006
Heeg 2007
Heeg 2007
Ho 2004
Jones 2004
Karnon 2005
Karnon 2006
Kolm 2007
Lamotte 2006
Lamotte 2007

Excluded - editorial
Excluded – different patient group (Established
coronary, cerebrovascular, or peripheral arterial
disease, or with multiple risk factors for CV events)
Excluded - abstract
Included

Qualifying condition(s)
for included articles

Coronary artery disease
(CAD), undergoing planned
or probable PCI
Inpatient admissions with
PCI as an operating
procedure

Undergoing PCI at Duke
Medical Centre (Jan. 1
1999-Dec. 31 2001)

Excluded - commentary
Excluded - poster
Excluded – commentary/letter
Excluded - commentary
Excluded - commentary
Excluded – not an economic study
Excluded – foreign language commentary
Excluded – foreign language
Included
ACS, elective PCI
Excluded – different patient group (First event could
be MI, stroke, or death)
Excluded – review article
Excluded – different patient group (TIA, Stroke, MI,
PAD)
Excluded – different patient group (Stroke, MI,
PAD)
Excluded – different patient group (ACS/PAD)
Excluded – different patient group (ACS/PAD)
Excluded – different patient group (primary
prevention)
Excluded – foreign language
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Author, Year
Lamy 2004
Latour-Perez
2004
Latour-Perez
2005
Lee 2006
Lindgren 2004
Lindgren 2005
Lindgren 2005
Mahoney 2006
Mahoney 2008
Main 2004
Marissal 2004
Marissal 2004
Matchar 2004
Matchar 2005
Meyer 2006
Morton 2005
Mukherjee 2004
Mukherjee 2005
Mukherjee 2005
NICE 2005
Pietrasik 2004
Pinol 2006
Persell 2004
Priollet 2007
Ringborg 2005
Ringleb 2005
Rothberg 2005
Schleinitz 2004
Schleinitz 2005
Shafiq 2006
Shantsila 2006
Taylor 2007
Van oijen 2007
Weintraub 2004
Weintraub 2005
Weintraub 2005
Weintraub 2008
Zhang 2006
Zhang 2006
Zhang 2006

Included/Excluded

Qualifying condition(s)
for included articles

Excluded – different patient group (ACS/PAD)
Excluded – different patient group (ACS/PAD)
Excluded - commentary
Excluded – not a full economic evaluation
Excluded – different patient group (ACS/PAD)
Included
Excluded - abstract
Included
Excluded – abstract
Excluded – different patient group (ACS/PAD)
Excluded – comparators did not include clopidogrel
Excluded - erratum
Excluded - abstract
Excluded – different patient group (IS)
Excluded – foreign language journal note
Excluded – commentary
Excluded - commentary
Excluded - commentary
Excluded - commentary
Excluded – guidance document
Excluded – foreign language
Excluded – foreign language and different patient
group (GI bleeds)
Excluded – commentary
Excluded – foreign language
Included
Excluded – review article
Excluded - commentary
Excluded – different patient group (MI, stroke,
PAD)
Excluded – different patient group (ACS/PAD)
Excluded – different interventions (heparins)
Excluded - commentary
Excluded – not a full economic evaluation
Excluded - abstract
Excluded - poster
Excluded – different patient group (ACS/PAD)
Excluded - poster
Excluded – review article
Excluded - abstract
Excluded - abstract
Excluded - abstract

PCI
PCI

PCI

ACS = acute coronary syndrome; CV = cardiovascular; IS = ischaemic stroke; MI = myocardial infarction; PAD =
peripheral arterial disease; TIA = transient ischaemic attack
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APPENDIX 20: Quality of Reporting in the Economic
Evaluations Included in the Review
Beinart

Berg

Cowper 82

Heeg

Lindgren

Mahoney 85

Ringborg

1 Research question is stated
2 Economic importance of
research question is stated
3 Viewpoint(s) of analysis
clearly stated and justified
4 Rationale for choosing
alternative programs or
interventions compared stated
5 Alternatives being
compared clearly described
6 Form of economic
evaluation used stated
7 Choice of economic
evaluation justified in relation
to questions addressed
Data collection

y
y

y
y

y
y

y
y

y
nc

y
nc

y
y

y

y

y

y

y

y

nc

y

y

y

y

y

y

y

y

y

y

y

y

y

y

y

y

y

y

y

y

y

y

y

y

y

y

y

y

8 Source(s) of effectiveness
estimates used stated
9 Details of design and results
of effectiveness study given
(if based on 1 study)
10 Details of method of
synthesis or meta-analysis of
estimates given (if based on
overview of effectiveness
studies)
11 Primary outcome
measure(s) for economic
evaluation stated
12 Methods to value health
states and other benefits stated
13 Details of subjects from
whom valuations obtained
given
14 Productivity changes (if
included) reported separately
15 Relevance of productivity
changes to study question
discussed
16 Quantities of resources
reported separately from unit
costs
17 Methods for estimation of
quantities and unit costs
described

y

y

y

y

y

y

y

y

na

nc

y

y

y

y

na

y

na

na

na

na

na

y

y

y

y

y

y

y

na

y

na

y

na

na

y

na

y

na

y

na

na

y

na

y

na

na

y

na

y

y

y

na

na

y

na

nc

y

n

n

n

n

nc

n

y

y

y

y

y

y

y

First author

79

80

83

84

86

Study design
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Berg

Cowper 82

Heeg

Lindgren

Mahoney 85

Ringborg

18 Currency and price data
y
recorded
19 Details of price
na
adjustments for inflation or
currency conversion given
20 Details of model used
y
given
21 Choice of model used and
y
key parameters on which it is
based justified
Analysis and interpretation of results
22 Time horizon of costs and
y
benefits stated
23 Discount rate(s) stated
y

y

y

y

y

y

y

y

y

y

y

na

y

y

y

y

y

y

y

y

y

y

y

y

y

y

y

y

y

y

y

y

y

y

y

y

y

24 Choice of rate(s) justified

y

y

y

y

y

y

y

25 Explanation given if costs
or benefits not discounted
26 Statistical test and
confidence intervals given for
stochastic data
27 Approach to sensitivity
analysis given
28 Choice of variables for
sensitivity analysis justified
29 Ranges over which
variables varied stated
30 Relevant alternatives
compared
31 Incremental analysis
reported
32 Major outcomes presented
in disaggregated and
aggregated forms
33 Answer to study question
given
34 Conclusions follow from
data reported
35 Conclusions accompanied
by appropriate caveats
Sum of “no” and “not
clears”

na

na

na

na

na

y

na

y

y

n

y

y

y

y

y

y

y

y

y

y

y

y

y

y

y

y

y

y

y

y

y

y

y

y

y

y

y

y

y

y

y

y

y

y

y

y

y

y

y

y

y

y

y

y

y
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APPENDIX 21: Antiplatelet Prescription and Expenditures by Jurisdictions, All
Indications
Table A13: Antiplatelet prescriptions and expenditures for Veterans Affairs
Number of prescriptions

Clopidogrel
ASA
Ticlopidine
Total

Total expenditures

2003/04
46,300

2004/05
57,899

2005/06
69,126

2006/07
75,557

2007/08
2003/04
2004/05
2005/06
2006/07
2007/08
79,183 $3,430,003 $4,024,773 $4,465,335 $4,582,874 $4,618,534

47,754

58,767

68,926

77,247

84,821

$449,593

$532,527

$597,683

$641,434

$670,122

1,172

810

498

296

198

$66,825

$41,712

$25,521

$13,700

$8,034

95,226

117,476

138,550

153,100

164,202 $3,946,421 $4,599,012 $5,088,539 $5,238,008 $5,296,690

ASA = acetylsalicylic acid
ASA: 81mg or 325mg
Source: Drug utilization data provided by the Veterans Affairs Canada, Health Canada, Ottawa, ON.

Table A14: Antiplatelet prescriptions and expenditures for Manitoba
Number of prescriptions

Clopidogrel
ASA
Ticlopidine
Total

Total expenditures

2003/04
50,896
10,420
2,054

2004/05
58,510
9,311
1,400

2005/06
67,369
7,546
1,192

2006/07
71,283
4,934
945

2007/08
2003/04
2004/05
2005/06
2006/07
2007/08
80,536 $5,006,963 $5,802,083 $6,328,636 $6,517,905 $6,912,282
4,274
$5,629
$4,024
$3,242
$2,276
$1,603
821
$125,642
$87,286
$66,939
$50,895
$44,469

63,370

69,221

76,107

77,162

85,631 $5,138,234 $5,893,393 $6,398,817 $6,571,076 $6,958,354

ASA = acetylsalicylic acid
Source: National Prescription Drug Utilization Information System (NPDUIS) Database, Canadian Institute for Health Information, Ottawa, ON, Canada
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Table A15: Antiplatelet prescriptions and expenditures for New Brunswick
Number of prescriptions

Clopidogrel
ASA
Ticlopidine
Total

Total expenditures

2003/04
17,196
23,979
1,332

2004/05
20,799
21,907
1,034

2005/06
23,789
20,207
827

2006/07
26,288
18,259
682

2007/08
2003/04
27,762 $1,981,981
17,114
$152,431
590
$87,152

2004/05
2005/06
2006/07
2007/08
$2,503,040 $2,927,490 $3,231,303 $3,429,029
$135,482
$124,279
$112,790
$109,240
$70,096
$56,117
$44,906
$40,987

42,507

43,740

44,823

45,229

45,466 $2,221,564

$2,708,618 $3,107,886 $3,388,999 $3,579,256

ASA = acetylsalicylic acid
Source: National Prescription Drug Utilization Information System (NPDUIS) Database, Canadian Institute for Health Information, Ottawa, ON, Canada

Table A16: Antiplatelet prescriptions and expenditures for FNIHB
Number of prescriptions

Clopidogrel
ASA
Ticlopidine
Total

Total expenditures

2003/04
27628
75613
2529

2004/05
37584
116618
2151

2005/06
45386
160836
1742

2006/07
52743
205043
1388

2007/08
2003/04
2004/05
2005/06
2006/07
2007/08
56332 $2,099,163 $2,696,954 $3,340,207 $3,769,127 $3,866,768
252665
$546,967
$821,176 $1,062,916 $1,364,242 $1,812,795
1396
$89,135
$69,761
$55,980
$41,141
$33,722

105,770

156,353

207,964

259,174

310,393 $2,735,265 $3,587,891 $4,459,103 $5,174,510 $5,713,285

ASA = acetylsalicylic acid
Source: Drug utilization data provided by the First Nations and Inuit Health Benefits (FNIHB) Program, Health Canada, Ottawa, ON.

Table A17: Antiplatelet prescriptions and expenditures for Prince Edward Island
Number of prescriptions

Clopidogrel
ASA
Ticlopidine
Total

Total expenditures

2003/04
n/a
n/a
n/a

2004/05
2,806
2,556
380

2005/06
3,382
2,294
334

2006/07
3,667
1,790
273

2007/08
4,304
1,396
215

2003/04
n/a
n/a
n/a

2004/05
$198,511
$1,866
$13,713

2005/06
$245,499
$3,862
$12,660

2006/07
$269,199
$7,787
$10,098

2007/08
$322,402
$8,822
$7,697

n/a

5,742

6,010

5,730

5,915

n/a

$214,090

$262,021

$287,084

$338,921

ASA = acetylsalicylic acid; n/a: Not reported
Source: National Prescription Drug Utilization Information System (NPDUIS) Database, Canadian Institute for Health Information, Ottawa, ON, Canada
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Table A18: Antiplatelet prescriptions and expenditures for Alberta
Number of prescriptions

Clopidogrel
ASA
Ticlopidine
Total

Total expenditures

2003/04
36,390
--3,042

2004/05
47,521
--2,495

2005/06
56,541
--2,000

2006/07
63,099
--1,685

2007/08
2003/04
2004/05
2005/06
2006/07
67,486 $4,898,748 $6,637,463 $8,227,679 $9,253,791
----------1,394
$197,782
$162,043
$126,721
$106,972

2007/08
$10,029,851
--$89,323

39,432

50,016

58,541

64,784

68,880 $5,096,530 $6,799,506 $8,354,400 $9,360,763

$10,119,174

ASA = acetylsalicylic acid; --- Not covered
Source: National Prescription Drug Utilization Information System (NPDUIS) Database, Canadian Institute for Health Information, Ottawa, ON, Canada

Table A19: Antiplatelet prescriptions and expenditures for Saskatchewan
Number of prescriptions

Clopidogrel
ASA
Ticlopidine
Total

Total expenditures

2003/04
29,284
36,120
1,742

2004/05
39,667
32,462
1,351

2005/06
47,074
27,627
915

2006/07
50,715
22,619
726

2007/08
2003/04
2004/05
2005/06
2006/07
59,813 $1,954,573 $2,703,989 $3,253,898 $3,561,547
18,141
$219,773
$198,039
$170,441
$148,263
721
$57,316
$46,559
$31,972
$25,146

2007/08
$4,869,543
$128,980
$26,405

67,146

73,480

75,616

74,060

78,675 $2,231,662 $2,948,587 $3,456,311 $3,734,956

$5,024,928

ASA = acetylsalicylic acid
Source: National Prescription Drug Utilization Information System (NPDUIS) Database, Canadian Institute for Health Information, Ottawa, ON, Canada

Table A20: Antiplatelet prescriptions and expenditures for Nova Scotia
Number of prescriptions

Clopidogrel
ASA
Ticlopidine
Total

Total expenditures

2003/04
21,804
55,317
2,911

2004/05
24,839
48,174
2,122

2005/06
26,969
41,635
1,762

2006/07
28,506
35,270
1,362

2007/08
2003/04
2004/05
2005/06
2006/07
30,157 $2,234,429 $2,754,792 $3,125,072 $3,393,893
29,732
$433,419
$393,378
$356,195
$312,822
1,079
$172,440
$138,643
$117,526
$88,788

2007/08
$3,669,443
$276,784
$71,144

80,032

75,135

70,366

65,138

60,968 $2,840,288 $3,286,813 $3,598,793 $3,795,503

$4,017,371

ASA = acetylsalicylic acid
Source: National Prescription Drug Utilization Information System (NPDUIS) Database, Canadian Institute for Health Information, Ottawa, ON, Canada
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Table A21: Antiplatelet prescriptions and expenditures for British Columbia
Number of prescriptions
Clopidogrel
ASA
Ticlopidine
Total

Total expenditures

2002/03
58479

2003/04
71924

2004/05
97846

2005/06
122522

2006/07
145581

2007/08
167656

2002/03
$7,460,891

2003/04
$7,544,565

2004/05
$9,675,621

2005/06
$11,119,878

2006/07
$12,050,654

2007/08
$12,925,923

34136

29165

27069

24705

23459

16377

$521,452

$533,027

$547,424

$566,467

$547,537

$528,017

8573

6137

5322

4401

3903

3668

$618,430

$395,209

$315,159

$242,451

$193,507

$151,197

101,188

107,226

130,237

151,628

172,943

187,701

$8,600,773

$8,472,801

$10,538,204

$11,928,796

$12,791,698

$13,605,137

ASA = acetylsalicylic acid
Source: Drug utilization data provided by the BC PharmaCare Program, Victoria, BC.
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