
Markov model

A Markov process was used to model the cost and clini-
cal outcomes after percutaneous coronary intervention
(PCI) with stenting in 6-month intervals. Fig. 1 is a dia-
gram of the Markov model “tree.” A Markov model simu-
lates, on the basis of observed probabilities of transition be-
tween discrete clinical states, what would occur over a
lifetime in a cohort of patients with the selected treatment.
Patients may progress through the following 5 health states
after an initial PCI: 1) alive with no clinical restenosis (i.e.,
event-free), 2) clinical restenosis as determined by the need
for a subsequent coronary artery bypass graft (CABG),
3) clinical restenosis as determined by the need for repeat
PCI, 4) repeat catheterization with no subsequent revascu-
larization procedure (defined as no PCI or CABG in the
ensuing 3 months) and 5) death.

Meta-analysis

RAVEL1 (RAndomized study with the sirolimus-eluting
VELocity balloon-expandable stent) included 238 patients
with unstable and stable angina. SIRIUS2 (study of the
SIRolImUS-eluting stent) had broader inclusion and exclu-
sion criteria and enrolled 1510 patients in the 3 arms.
Given that we were interested in the effectiveness of
sirolimus-eluting stents, our analysis focused on the reduc-
tion in the risk of “clinical restenosis” as determined from
repeat procedures undertaken because of symptomatic
presentation as opposed to procedures undertaken because
of asymptomatic restenosis detected angiographically.

Because all studies included angiography in the proto-
col, we concluded from the published results that 17 repeat
procedures in patients who had received a conventional
stent (14.4% restenosis rate) and no repeat procedures in

CMAJ • FEB. 1, 2005; 172 (3) Online-1

© 2005  Canadian Medical Association or its licensors

e-Appendix: Methodologic details

Fig. 1: Markov model “tree.” PCI = percutaneous coronary intervention, CABG = coronary artery bypass grafting.
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those who had received a sirolimus-eluting stent were due
to clinical restenosis in RAVEL1 and that 87 repeat proce-
dures in patients who had received a conventional stent
(16.6% restenosis rate) and 21 in those who had received a
sirolimus-eluting stent (3.9% restenosis rate) were due to
clinical restenosis in SIRIUS.2 C-SIRIUS,3 the Canadian
arm of SIRIUS, reported 9 clinically driven procedures in
the conventional stent group (18% restenosis rate) and 3 in
the sirolimus-eluting stent group (6% restenosis rate). Sim-
ilarly, E-SIRIUS,4 the European arm, reported 40 clinically
driven procedures in the conventional stent group (22.6%
restenosis rate) and 7 in the sirolimus-eluting stent group
(4% restenosis rate).

Data from the 4 trials were pooled with the use of a
DerSimonian–Laird random-effects model5 (Fig. 2) after
testing for heterogeneity between the trials with the χ2 sta-
tistic (p = 0.38).

Scenario and sensitivity analyses

To examine the impact of the various assumptions re-
quired to run the Markov model, we undertook various
scenario and sensitivity analyses. The results were de-
scribed as “sensitive” if the cost per quality-adjusted life-
year (QALY) changed substantially when the estimates
were varied within plausible ranges.

The 30-day mortality rates associated with second pro-
cedures were varied by ±50% to account for possibly differ-
ent rates in other centres or countries.6–8

To account for practice variations in the preference for use
of PCI or CABG to treat clinical restenosis, we varied the
probability of receiving CABG, as opposed to PCI, by ±25%.

We also assessed the effect of varying the baseline esti-
mate of the rate of clinical restenosis seen with conven-
tional stents to reflect the restenosis rates reported in the

individual trials and in other clinical settings.1–4 In addition,
we varied the clinical restenosis rate by up to 100% to sim-
ulate the higher repeat-procedure rate that may be seen
among patients with more complex coronary artery le-
sions.9 To simulate one of the possible variations in practice
patterns, we considered a scenario in which all patients un-
dergoing a second PCI received a sirolimus-eluting stent.

The extent to which the occurrence of repeat catheteri-
zation with no subsequent revascularization procedure
would be reduced by the use of sirolimus-eluting stents is
uncertain. In the baseline analysis, we assumed that only
49.5% of such catheterizations were potentially prevent-
able, and we applied a relative risk of 0.23 for sirolimus-
eluting stents. We used 2 scenarios: 1) sirolimus-eluting
stents would not prevent such catheterizations (relative risk
1.0); and 2) all such catheterizations were potentially pre-
ventable with the use of sirolimus-eluting stents.

In the base case, a health-related quality-of-life
(HRQOL) decrement was applied for the first year after
the initial PCI. To assess how this assumption affected the
results, we evaluated scenarios in which the HRQOL
decrement was sustained (i.e., patients with a second proce-
dure maintained the lower HRQOL score for their entire
lifetime) or no HRQOL decrement was associated with a
procedure. The latter is equivalent to an analysis consider-
ing life-years gained instead of QALYs.

We also determined the cost per QALY of sirolimus-
eluting stents in patients with different clinical indications
for PCI, such as stable or unstable angina, acute myocardial
infarction and emergent acute myocardial infarction, by
varying the clinical event and the 30-day mortality rates af-
ter second procedures that were observed among patients
with these indications for the index PCI. We also evaluated
the impact of varying the cost of sirolimus-eluting stents by
25% or 50%.
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Fig. 2: Meta-analysis of randomized controlled clinical trials comparing uncoated (conventional)
stents and sirolimus-eluting stents. RAVEL = RAndomized study with the sirolimus-eluting VELocity
balloon-expandable stent,1 SIRIUS = study of the SIRolImUS-eluting stent,2 E = European arm of SIR-
IUS,4 C = Canadian arm of SIRIUS,3 CI = confidence interval.
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Finally, recognizing that our source data for this eco-
nomic evaluation were obtained from a Canadian cardiac
registry, we completed supplementary analyses in which
specific assumptions were modified to reflect the US health
care situation. Consistent with reports comparing the cost
of health care in Canada and in the United States,10 we in-
creased health care costs by 50%. Restenosis rates were
increased to reflect published US estimates and the appar-
ently lower threshold for reintervening with a repeat revas-
cularization procedure after an initial PCI.11 CABG and
PCI 30-day mortality rates were varied to reflect published
US estimates.12,13
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