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Objectives: To determine the cost-effectiveness (CE) and cost-utility (CU) of drug-eluting
stents (DES) compared to bare metal stents (BMS) in Ontario using a large prospective
“real-world” cohort study and determine the extent to which results vary by patient risk
subgroups.
Methods: A field evaluation was conducted based on all stent procedures in the province
of Ontario between December 1, 2003, and March 31, 2005, with a minimum subject
follow-up of 1 year. Effectiveness data from the study using a propensity-score matched
cohort were combined with resource utilization and cost data and quality of life (QOL)
data from the published literature in a decision analytic modeling framework to determine
2-year cost-effectiveness (cost per revascularization avoided) and cost-utility (cost per
quality-adjusted life-year ([QALY] gained). Stochastic model parameter uncertainty was
expressed using probability distributions and analyzed using a probabilistic model.
Modeling assumptions were assessed using traditional deterministic sensitivity analysis.
Results: Significant differences in revascularization rates were found for patients with two
or more high risk factors. Despite these differences, the CE and CU of DES remained high
(e.g., $419,000 per QALY gained in the most favorable patient risk subgroup). In
sensitivity analysis, the difference in cost between DES and BMS had an impact on the
CE and CU results. For example, at a price differential of $500, the CU of DES was
$20,000/QALY for one patient subgroup and DES was dominant (i.e., less costly and more
effective) in another.
Conclusions: At current prices, the CE/CU of DES compared with BMS is high even in
patient high risk subgroups. As the relative price of DES decrease, the value for money
attractiveness of DES increases, especially for selected high risk patients.

Funding for this project was provided by a research grant from the Ontario Ministry of Health and Long Term Care (MOHLTC) and the Ontario Health
Technology Advisory Committee (OHTAC).
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Coronary artery disease (CAD) results from a build up of
atherosclerotic plaques in the coronary arteries. A major
concern with CAD is narrowing of the blood vessels which
increase the risk of death. Common treatment options for
CAD include medical management, coronary artery bypass
graft (CABG) surgery, and percutaneous coronary interven-
tion (PCI) where a balloon catheter is inflated to unblock the
narrowed artery. Although successful in unblocking arteries,
balloon angioplasty alone is associated with restenosis rates
as high as 40 percent (25). As a result, PCI procedures are
typically accompanied by the insertion and deployment of a
small stainless steel mesh tube known as a coronary artery
stent. Although representing a significant improvement over
balloon angioplasty alone, the first class of coronary artery
stents, known as bare metal stents (BMS), were associated
with restenosis rates as high as 30 percent (25;46).

Drug-eluting stents (DES) were developed as an en-
hancement to BMS to specifically address the issue of
high restenosis rates. DES are coated with polymer matrix
containing drugs that have been shown to interrupt cellu-
lar replication and reduce neo-intimal hyperplasia (11;19).
At the time of conducting the study, there were two DES
available on the Canadian market, CypherTM Sirolimus-
eluting stent (Cordis) and Taxus R© Express paclitaxel-eluting
stent (Boston Scientific). Initial studies comparing DES to
BMS suggested DES restenosis rates of 0 percent (36).
However, subsequent randomized controlled trials (RCT)
showed restenosis rates less than 10 percent for DES-treated
patients compared to 30 percent in BMS-treated patients
(23;37;50;51). Recent evidence from longer term registries
based on large cohorts suggest that DES may not be as ef-
fective compared to BMS when used in “real-world” prac-
tice, when patients are not monitored as closely using rou-
tine angiograms like under trial conditions or when they
are used in a broader range of patients (e.g., off-label use)
(4;27;32;55).

As a result, determining the cost-effectiveness (CE) or
cost-utility (CU) of DES compared to BMS is important and
is likely to vary across studies and jurisdictions for several
reasons. For example, the CE/CU of DES compared to BMS
will be influenced by modeling assumptions and geographic-
specific factors, such as the relative price of DES compared
to BMS, the absolute and relative rates of revascularization
procedures, the types of patients treated (e.g., all patients or
high risk subgroups only), the cost of revascularization pro-
cedures, waiting times for specialist consultation and subse-
quent PCI or CABG procedure, and quality of life (QOL)
issues like the extent of decreased QOL (disutility) patients
with angina symptoms experience and the extent of disutility
and length of time in recovery post PCI or CABG procedure.
A recent review of CE studies found that results have a strong

jurisdiction influence, suggesting the necessity of conducting
geographic-specific analyses (29). In light of this evidence,
the specific objective of this study was to determine the CE
and CU of DES in Ontario, Canada, using a large prospective
“real-world” cohort study and determine the extent to which
the CE and CU varies by patient risk subgroups.

METHODS

Overview of Data Collection, Model
Structure, and Economic Evaluation

In 2002, the Ontario Ministry of Health and Long Term
Care (MOHLTC) conducted a review of the evidence com-
paring DES to BMS and based on this review the Ontario
Health Technology Advisory Committee (OHTAC) con-
cluded there was insufficient evidence for the MOHLTC to
make evidence-based long-term funding decisions on DES
(33;41). Concerned with both the paucity and generalizability
of the existing evidence to the Ontario setting, the MOHLTC
and OHTAC commissioned the Programs for Assessment of
Technology in Health (PATH) Research Institute to conduct
a field evaluation to compare the “real-world” clinical and
cost-effectiveness of DES relative to BMS (15;45).

Safety, effectiveness, resource utilization, and waiting
time information for procedures from the field evaluation
was combined with cost estimates for stents, procedures,
hospitalizations, and specialist consultations and QOL in-
formation from the literature for patients with and without
angina symptoms and for recovery periods post CABG or
PCI procedure. A decision analytic model (see Figure 1 for
simple basic structure of the model) was developed to com-
bine the study data and literature-based QOL information
to allow for the estimation of 2-year cost-effectiveness and
cost-utility of DES compared to BMS. Dominance was first
assessed (i.e., if either BMS or DES was both less costly
and more effective) and if a trade-off existed between addi-
tional costs and effects, incremental cost-effectiveness was
calculated as the cost per revascularization avoided and in-
cremental cost-utility as cost per quality-adjusted-life-year
(QALY) gained. All costs are expressed in 2007 Canadian
dollars and the perspective of the analysis was the Ontario
MOHLTC (i.e., third party payer). Costs and effects in year
2 were discounted at 5 percent in the base case.

Data for Treatment Effectiveness,
Resource Utilization, and Waiting Time
Information

Data collection for the field evaluation was coordinated
through the Cardiac Care Network (CCN) of Ontario by
means of an existing CARDIACCESS patient registry
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Figure 1. General structure of the decision analytic model. For illustrative purposes, the structure shown here only presents the
index percutaneous coronary intervention (PCI) procedure, revascularization chance nodes, and the type of revascularization
procedure. The actual model includes other events (e.g., myocardial infarction and death from various causes) and additional
complexities such as the type and number of stents inserted during revascularization procedures and wait times (both of which
depend on diabetes status, vessel diameter, and lesion length) and utility valuations for time with symptoms and recovery post
PCI or coronary artery bypass graft (CABG). BMS, bare metal stent; DES, drug-eluting stent.

database (9). All patients in the province undergoing a PCI
procedure with the insertion of one or more coronary artery
stent(s) (BMS, DES) were prospectively recruited from all
12 regional interventional cardiac care centers. CCN data
were combined with record linkage information available
from the Institute of Clinical and Evaluative Sciences (ICES)
databases to determine patient specific resource utilization
and longer term safety and effectiveness data (23).

Although the CCN database is ongoing, patients for this
study were recruited between December 1, 2003 and March
31, 2005 to ensure all patients had a minimum of 1 year
of follow-up data. For the survival analysis, patients were
followed for a minimum of 1 year and up to 2 years after
procedure. Patients were excluded from the study if they had
both a BMS and DES inserted during the index procedure, if
they had undergone a PCI in the previous year to the index
procedure, if they had an invalid Ontario Health Insurance
Plan (OHIP) card number, or if they had missing important
prognostic factor information needed for the analysis (see
below). The study received Research Ethics Board (REB)
approval from Sunnybrook Health Sciences Centre, Toronto,
Ontario. Under Ontario legislation, written informed consent
was waived as participation in the CCN registry is legislated
in the province. Additional details of the study and patient
recruitment have been previously reported (55).

Analysis of Clinical Outcomes for Study
Participants

A total of 18,314 patients underwent a PCI procedure at one
of the twelve PCI centers in Ontario during the study recruit-
ment period. Of these patients, 4,861 were excluded from

the analysis due to meeting one or more of the study exclu-
sion criterion, leaving 13,353 patients potentially available
for analysis. Of these patients, a total of 8,247 received one or
more BMS and 5,106 received one or more DES during the
index PCI procedure. Characteristics of these patients have
been reported previously (55).

Due to the nonrandomized nature of patient recruitment
into the study, a propensity score matching process was used
to control for any baseline imbalances between BMS- and
DES-treated patients. Several patient, stent, and lesion char-
acteristics were considered for use in the matching process
(55). To determine which variables would be used in the
propensity score matching univariate analysis was first con-
ducted on the available explanatory variables. Variables that
were significantly associated, at the .05 level, with the main
clinical outcomes of target vessel revascularization (TVR),
myocardial infarction, or death were then included in propen-
sity score matching. Of the twenty-one variables identified as
significantly associated with one or more of the primary clini-
cal outcomes, a propensity score matched cohort was created
by matching a BMS-treated patient with a DES-treated pa-
tient (i.e., 1:1 match). A nearest neighbor matching algorithm
was used based on the patient’s diabetes status and matching
of other prognostic variables using a caliper width of less than
0.2 times the standard deviation of the propensity score (1).

Based on the logit of the propensity score algorithm,
3,751 matched pairs of patients were identified for use in
the analysis. As shown in Table 1, these patients were
well matched on patient characteristics (i.e., age, gen-
der, income quintile, co-morbidity conditions, prior cardiac
procedures, and Canadian Cardiovascular Society angina
classification) and lesion/stent characteristics (i.e., number
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Table 1. Baseline patient, lesion and stent characteristics after propensity score matching

Patient/lesion/stent characteristic DES (n = 3,751) BMS (n = 3,751)

Age in years (SD) 62.3 (11.5) 62.3 (11.7)
Gender (% male) 71.2 70.7
Income quintile (%) 1 2 3 4 5 1 2 3 4 5

19.5 20.2 20.3 21.2 18.8 19.2 19.5 21.3 21.2 18.8
Co-morbidities (%)

Myocardial infarction in year prior to PCI 40.8 42.3
Hypertension 36.7 36.6
Diabetes 32.6 32.6
Peripheral vascular disease 5.6 6.3
Congestive heart failure 5.3 5.0
Cerebrovascular disease 5.2 4.9
Chronic obstructive pulmonary disease 4.6 4.7

Prior procedures (%)
Coronary-artery bypass surgery 8.5 9.0
PCI >1 year before index PCI 5.2 5.5

CCS angina classification (%) 0 I II III IV 0 I II III IV
6.6 5.4 15.0 23.7 49.3 7.3 5.5 15.1 23.3 48.8

Number of vessels stented (SD) 1.1 (0.4) 1.1 (0.4)
Number of stents inserted (SD) 1.5 (0.8) 1.5 (0.8)
American Heart Association A B1 B2 C A B1 B2 C

lesion type (%) 8.2 28.9 37.5 25.4 7.6 29.1 38.0 25.2
Lesion length (mm) 26.6 (15.2) 26.3 (16.8)
Vessel diameter (mm) 2.8 (0.4) 2.8 (0.4)

Source: Tu et al. (55).
BMS, bare metal stent; DES, drug eluting stent; PCI, percutaneous coronary intervention; CABG, coronary artery bypass graft; SD, standard deviation;
CCS, Canadian Cardiovascular Society.

of vessels stented, number of stents inserted, American heart
Association lesion type, lesion length, and vessel diameter).

Resource Utilization, Unit Costs, and
Costing

Resource utilization information such as the type and num-
ber of stents inserted during index and follow-up revascular-
ization procedures, rates of revascularization, and the type
of revascularization procedure performed (e.g., PCI with or
without stent, CABG) were collected prospectively on all
patients. These resource utilization data were used as inputs
into the broader decision analytic model. Based on the field
evaluation data, and as shown in Table 2, it was determined
that approximately 1.5 BMS or DES were inserted, on aver-
age, into patients during PCI procedures, with this number
being slightly higher during the index PCI procedure (range,
1.10 to 2.37, depending on risk subgroup) than for follow-up
revascularizations (range, 1.34 to 1.73, depending on risk).

It was determined that the type of revascularization pro-
cedure performed was slightly different for diabetic and non-
diabetic patients, with diabetic patients more likely to have
a CABG or follow-up PCI without a stent. There was also a
difference in the rate of DES use in subsequent revascular-
ization procedures among diabetic and nondiabetic patients
initially treated with a BMS or DES. For BMS-treated pa-
tients, the rate of DES use in subsequent revascularization

procedures was 64 percent in diabetic patients and 66 per-
cent in nondiabetic patients. The rates of subsequent DES
use were higher in the DES-treated patients (i.e., 74 percent
in diabetic patients and 81 percent in nondiabetic patients).

Unit costs used in the analysis are also presented in
Table 2. We obtained average stent selling cost estimates
directly from each manufacturer and then applied market
shares to estimate Ontario weighted average BMS and DES
costs (i.e., $600 and $1,899, respectively). The stent cost
differential of nearly $1,300 was tested in a sensitivity analy-
sis (see below). Hospitalization costs (excluding stent costs)
for a PCI procedure was based on a sample of 519 detailed
costing records from one of the PCI centers participating in
the Ontario Case Costing Project (OCCP), whereas the cost
of CABG was obtained directly from the OCCP database
based on all PCI centers in the province (40). Physician fees
for PCI and CABG were derived from the Ontario Schedule
of Benefits for insured medical services (42).

Valuation of Patient Outcomes for Utility
Assessment

Quality of life estimates, as measured by total QALYs over
2 years, were derived by combining information on rates of
revascularization, waiting times for specialist consultation
and subsequent PCI or CABG procedures, decreased QOL
(i.e., disutility) patients with angina symptoms experience
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Table 2. Cost, utility and utilization model parameter values

Model parameter Base case model value for parameter

Probabilistic
model

distribution Source

Stent costs
BMS $600 n/a Manufacturer
DES $1,899 n/a Manufacturer

Revascularization costs (excluding stent costs) PCI Procedure CABG Procedure
Hospitalization costs $6,459 $17,607 Gamma OCCI
Professional fees $985 (no stent) $2,727 n/a OHIP SOB

$1,093 (with stent) —n/a—

Wait times (in days) 30
Symptom to specialist visit PCI Procedure CABG Procedure n/a Assumption
Procedure wait time for diabetic patients 12.80 11.52 Gamma Observed
Procedure wait time for non-diabetic patients 13.57 21.51 Gamma study data

Utility values
No revascularization (for baseline and full recovery) 0.86 Beta ARTS Study
Angina symptoms 0.69 Beta ARTS Study
Post PCI @ 1 month 0.84 Beta ARTS Study
Post CABG @ 1 month 0.78 Beta ARTS Study

Time to return to full health post PCI or CABG
procedure (in days) 180 Beta ARTS Study

Number of stents inserted Initial PCI Procedure Revascularization PCI
Diabetes, small vessel, long lesion 2.37 1.66 Gamma Observed
Diabetes, small vessel, short lesion 1.57 1.40 Gamma study data
Diabetes, large vessel, long lesion 1.72 1.50 Gamma
Diabetes, large vessel, short lesion 1.16 1.34 Gamma
Non-diabetes, small vessel, long lesion 2.30 1.73 Gamma
Non-diabetes, small vessel, short lesion 1.56 1.37 Gamma
Non-diabetes, large vessel, long lesion 1.63 1.46 Gamma
Non-diabetes, large vessel, short lesion 1.10 1.38 Gamma

Type of revascularization procedure (%) PCI with stent PCI without stent CABG
Diabetic patients 0.70 0.15 0.15 Dirichlet Observed
Non-diabetic patients 0.74 0.12 0.14 study data

DES use during revascularization procedure (%) BMS cohort DES cohort
Diabetic patients 0.64 0.74 Beta Observed
Non-diabetic patients 0.66 0.81 study data

BMS, bare metal stent; DES, drug eluting stent; PCI, percutaneous coronary intervention; CABG, coronary artery bypass graft; OCCI, Ontario Case
Costing Initiative; OHIP SOB, Ontario Health Insurance Plan Schedule of Benefits.
Small vessel, <3 mm; large vessel, ≥ 3 mm; short lesion, < 20 mm; long lession, ≥ 20 mm.

during waiting times, the length of time in recovery post
PCI or CABG procedure, and the decreased QOL (i.e.,
disutility) during these surgical recovery periods. Total wait
time for revascularization was the summation of the time of
onset of angina symptoms to specialist consultation and the
actual wait-time from specialist referral to revascularization
procedure. As shown in Table 2, it was assumed that the wait
time from angina symptom onset to specialist consultation
was 15 days. This waiting time estimate was tested in a
sensitivity analysis (see below). Wait times from specialist
consultation until revascularization procedure was obtained
from the CCN CARDIACCESS database for the study
patients. As shown in Table 2, these average wait times were
different for diabetic and nondiabetic patients and for PCI
versus CABG procedures.

Utility values were not collected on the study patients;
therefore, values from the literature were used. Utility values
for patients with no symptoms, patients with symptoms and
at selected time points post PCI or CABG procedure (i.e.,
1 month, 6 months) were obtained from the Arterial Revas-
cularization Therapies Study (ARTS) (52). As reported in
Table 2, utility values for patients with no symptoms
was 0.86, for patients with angina symptoms 0.69, for
PCI recovery at 1 month 0.84, and for CABG recov-
ery at 1 month 0.78. Based on the ARTS, it was as-
sumed patient’s utility values would completely return to
normal (i.e., 0.86) 6 months following either the PCI or
CABG procedure, and we assumed a straight line QOL
recovery between the measured time intervals from the
ARTS.
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Table 3. Target vessel revascularization rates, all patients and by risk subgroups

Patient group DES (%) BMS (%) Difference (%) p-value
Probabilistic model

distribution Source

All patients 7.4 10.7 3.3 <0.001 Beta Trial data
Diabetes, small vessel, long lesion 7.2 17.6 10.4 <0.001 Beta Trial data
Diabetes, small vessel, short lesion 4.7 13.0 8.3 0.002 Beta Trial data
Diabetes, large vessel, long lesion 6.1 10.5 4.4 0.03 Beta Trial data
Diabetes, large vessel, short lesion 6.2 7.6 1.4 0.42 Beta Trial data
Non-diabetes, small vessel, long lesion 8.6 12.3 3.7 0.01 Beta Trial data
Non-diabetes, small vessel, short lesion 6.8 8.0 1.2 0.40 Beta Trial data
Non-diabetes, large vessel, long lesion 5.6 7.5 1.9 0.18 Beta Trial data
Non-diabetes, large vessel, short lesion 5.3 5.9 0.6 0.61 Beta Trial data

Source: Tu et al. (55).
BMS, bare metal stent; DES, drug eluting stent.
Small vessel, <3 mm; large vessel, ≥ 3 mm; short lesion, < 20 mm; long lession, ≥ 20 mm.

Analysis of Model Parameter Uncertainty

All stochastic model input parameters were expressed using
probability distributions derived primarily from the study
participants. Modeling assumptions were varied through a
series of deterministic sensitivity analyses on the probabilis-
tic model (see below). The assumed probability distributions
used for each stochastic model input parameter are presented
in Tables 2 and 3. These probability distributions were ex-
pressed using generally accepted standards and conventions
(6). Beta distributions were assumed for probabilities in the
model, Gamma distributions were used for cost variables
and variables on the number of stents inserted, and a Dirich-
let distribution was assumed for the type of revascularization
procedure received as there were three alternative types of
procedures patients could receive (i.e., PCI with stent, PCI
without stent, CABG).

Monte Carlo simulation techniques, using 1,000 trials
for each separate run of the model, were used for the prob-
abilistic analysis. Average costs, effects, cost-effectiveness,
and cost-utility results were based on means of the simu-
lated results. Uncertainty in the results was expressed using
cost-effectiveness acceptability curves (CEACs) showing the
probability BMS or DES is cost-effective as a function of so-
cieties’ willingness-to-pay (WTP) for a unit of outcome (i.e.,
QALY gained). For graphical representation, WTP values
(thresholds) ranging from $0 to $1,000,000 are presented;
however, the results were calculated for the full range of
possible threshold values.

Sensitivity Analyses of Key Modeling
Assumptions

Key assumptions for the model that were not based on
stochastic data from the study participants (e.g., wait time
for specialist consultation, BMS to DES cost differential,
and discount rates assumed for future costs and effects) were
varied using deterministic sensitivity analysis on the under-
lying probabilistic model. Specialist consultation wait times
were varied from 5 to 25 days (15 days in base case), the

DES minus BMS cost differential was varied from $500 to
$1,000 ($1,300 in base case), and discount rates were varied
from 0 percent to 3 percent (5 percent in base case).

RESULTS

Clinical Outcomes for Study Participants

As shown in Table 3 and as reported previously, patients
treated with DES had a significantly lower 2-year TVR rate
compared to BMS-treated patients (10.7 percent versus 7.4
percent; p < .001) (55). However, these results for all patients
mask an important underlying finding in that the overall dif-
ference across all patients is driven primarily by differences
in patient risk. Significant differences in TVR rates were
found only in patient subgroups with two or more of the
three high risk factors (i.e., diabetes, small vessel, long le-
sion). The absolute difference in TVR rates ranged from 3.7
to 10.4 for these patients. Differences in TVR rates, ranging
from 0.6 to 1.9 for patient subgroups with one or fewer high
risk factors, were not significantly different between DES-
and BMS-treated patients.

Expected Costs, QALYS,
Cost-effectiveness, and Cost-utility

The 2-year expected cost and QALY results based on the
probabilistic model are presented in Table 4 for the DES and
BMS cohorts for all patients and for the eight patient risk
subgroups. Across all patients, the expected 2-year cost was
$1,734 higher for DES-treated patients, and this difference
ranged from $1,148 to $2,534, depending on the patient sub-
group. However, DES patients also experienced, on average,
0.033 fewer revascularizations (ranging from 0.006 to 0.104
as shown in Table 3) and 0.0013 additional QALYs (ranging
from 0.0001 to 0.0018, depending on the patient subgroup).

Because there was a trade-off between higher costs
and better patient outcomes for DES-treated patients, cost-
effectiveness and cost-utility ratios were calculated. Across
all patients, the cost-effectiveness of DES was $52,600 per
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Table 4. Expected 2-year costs, outcomes, cost-effectiveness and cost-utility based on probabilistic model, all patients and by
risk subgroups

Costs ($) QALYs
Cost ($)/ Revascularization

Avoided
Cost ($)/ QALY

Gained

Patient group DES BMS DES BMS DES vs BMS DES vs BMS

All patients 3,888 2,154 1.626 1.625 52,585 1,569,875
Diabetes, small vessel, long lesion 5,280 3,374 1.626 1.623 17,856 538,158
Diabetes, small vessel, short lesion 3,496 2,348 1.627 1.624 13,888 419,202
Diabetes, large vessel, long lesion 3,945 2,184 1.627 1.625 39,421 1,197,088
Diabetes, large vessel, short lesion 2,894 1,518 1.627 1.626 103.168 3,233,660
Non-diabetes, small vessel, long lesion 5,323 2,789 1.626 1.625 63,273 1,869,051
Non-diabetes, small vessel, short lesion 3,712 1,818 1,626 1.626 155,187 4,737,796
Non-diabetes, large vessel, long lesion 3,748 1,817 1.627 1.626 108,577 3,263,342
Non-diabetes, large vessel, short lesion 2,696 1,315 1.627 1.627 278,499 9,142,603

BMS, bare metal stent; DES, drug eluting stent; QALY, quality adjusted life year.
Small vessel, <3 mm; large vessel, ≥ 3 mm; short lesion, < 20 mm; long lession, ≥ 20 mm.

revascularization avoided, and this ranged from $14,000 to
$279,000 per revascularization avoided depending on the
patient subgroup. The overall cost-utility results for DES
was $1,301,000 per QALY gained, and this ranged from a
low of $347,000 to a high of $7,476,000 per QALY gained.
The most favorable cost-effectiveness and cost-utility results
were found for patients with two or more of the three high
risk factors (i.e., diabetes, small vessel, long lesion).

Parameter uncertainty based on the cost-utility simula-
tion results of stochastic model variables is shown in Figure 2
for the four diabetes subgroups and for nondiabetes with
small vessels and long lesions. The CEACs show that, after
accounting for stochastic parameter uncertainty, the prob-
ability that DES are cost-effective do not materialize in
any subgroup until after thresholds of at least $350,000 per
QALY gained are reached. The results for the other three
nondiabetes subgroups (not shown in Figure 2) are less
favorable.

Sensitivity Analyses on Key Modeling
Assumptions

The results of the deterministic sensitivity analyses on key
modeling assumptions are presented in Table 5. These results
show that the cost-utility results are fairly insensitive to al-
ternative discount rate assumptions. The cost-utility results
are more sensitive to alternative assumptions regarding wait-
ing times for specialist consultation; however, the qualitative
conclusions of the results do not change. The modeling as-
sumption with the biggest impact on the cost-utility results
was the differential in cost between DES and BMS. With a
cost difference of $750, the cost-utility results for two of the
patient subgroups fall below $200,000 per QALY gained. If
the cost differential is $500, DES even dominate BMS for
diabetics with small vessels and short lesions and the cost-

utility is $20,000 per QALY gained for diabetics with small
vessels and long lesions.

DISCUSSION

Several trial- and modeling-based CE studies have been
conducted comparing DES to BMS. Some CE studies have
concluded that DES are cost-effective or represent good
value for money, some have concluded that DES are not
cost-effective, and some have concluded that DES are
only cost-effective in selected patient subgroups (2;3;5;
7; 8; 10;13;14;16;17;20;21;24;30;31;34;35;38;39;44;47–49;
53;54;56). It would not be feasible to compare our results
to the results from each of these studies, as several factors
contribute to different study findings. Cost-effectiveness
results are influenced by relative prices of DES compared
to BMS, differences in rates of revascularization procedures
for DES compared to BMS, the types of patients treated
(e.g., all patients or high risk subgroups only), the cost of
revascularization procedures, waiting times for specialist
consultation and subsequent PCI or CABG procedures, and
assumed QOL utility values for patients without symptoms,
patients with angina symptoms, and patients undergoing
PCI or CABG surgical procedures.

Most of the underlying differences in CE results across
studies and jurisdictions can be explained by assumed or
measured differences in revascularization rates between
DES- and BMS-treated patients. Because the disutility as-
sociated with angina symptoms during waiting times for
consultation and procedures, and the disutility associated
with PCI or CABG procedures drive the expected utility es-
timates, studies that assume or measure larger absolute dif-
ferences in revascularization rates, for example in the 15 to
30 percent range, will naturally obtain more favorable cost-
utility estimates for DES. In our “real-world” field evaluation,
the largest absolute difference in revascularization rates we
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Table 5. Sensitivity Analyses on Key Modeling Assumptions ($/QALY Gained), All Patients and by Risk Subgroups

Discount rates (%)
(Base case 5%)

DES-BMS Stent Cost Differential ($)
(Base case $1,300)

Wait time to see
specialist (in days)
(Base case 15 days)

Patient group 3% 0% $1,000 $750 $500 25 5

All patients 1,560,874 1,547,374 1,140,472 781,439 422,406 1,379,905 1,912,080
Diabetes, small vessel, long lesion 534,064 527,923 344,287 182,189 20,090 472,500 656,808
Diabetes, small vessel, short lesion 415,699 410,445 253,554 115,052 Dominates1 368,007 511,753
Diabetes, large vessel, long lesion 1,189,876 1,179,060 852,050 563,556 275,062 1,050,319 1,462,824
Diabetes, large vessel, short lesion 3,216,427 3,190,588 2,420,320 1,740,270 1,060,220 2,829,213 3,971,775
Non-diabetes, small vessel, long lesion 1,858,606 1,842,940 1,370,461 953,580 536,699 1,645,352 2,270,320
Non-diabetes, small vessel, short lesion 4,713,153 4,676,206 3,580,102 2,612,131 1,644,159 4,158,345 5,785,918
Non-diabetes, large vessel, long lesion 3,246,076 3,220,184 2,444,780 1,760,363 1,075,946 2,868,044 3,975,695
Non-diabetes, large vessel, short lesion 9,075,778 9,002,629 6,957,376 5,145,312 3,333,249 7,952,579 11,287,093

1DES dominates BMS (lower expected cost and higher QALYs).
BMS, bare metal stent; DES, drug eluting stent; QALY, quality adjusted life year.
Small vessel, <3 mm; large vessel, ≥ 3 mm; short lesion, < 20 mm; long lession, ≥ 20 mm.

Figure 2. Cost-effectiveness acceptability curves, by patient risk subgroups. DES, drug-eluting stents; QALY, quality-adjusted
life-year.

observed was 10 percent for diabetics with small vessels and
long lesions. Most of the absolute differences in revascu-
larization rates we observed were under 4 percent, and it
is questionable whether some of these differences would be
considered clinically meaningful and important. However,
there are some differences in methodological assumptions
across studies that explain the differences in CE results. For
example, Shrive et al indirectly incorporated a mortality ben-

efit for DES and assumed the disutility associated with a PCI
or CABG procedure would last a whole year (53). Both of
these assumptions would obviously have a significant and
favorable impact on the CE estimate for DES.

There have been three systematic reviews of the CE liter-
ature that have tried to summarize the findings across studies
and explain any differences. Kuukasjarvi et al. conducted a
review of thirteen CE studies and found that the evidence
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was inconsistent whether DES are cost-effective or not and
concluded that a marked difference in revascularization rates
would need to be achieved to justify the higher cost of DES
(26). Hill et al. reviewed ten CE studies and concluded that
the balance of evidence indicates that DES are more cost-
effective in higher risk patients (21). And finally, Ligthart
et al. conducted an interesting analysis of nineteen CE stud-
ies by mapping author findings against study quality, source
of funding (e.g., industry), date of analysis, and location of
analysis (29). The finding was that studies that supported
widespread adoption of DES tended to be of lower quality,
industry-sponsored, and to originate from the United States.

There are several strengths and limitations of our study
worthy of mention. One of the limitations of our study is that,
because the patient population data are not based on a ran-
domized controlled trial, there may still be unmeasured and,
therefore, unmatched confounding factors that may affect our
clinical findings and therefore the CE results. Second, our re-
sults may not be generalizable to other jurisdictions that do
not have similar health insurance coverage plans as in On-
tario. For example, in Ontario dual antiplatelet therapy (e.g.,
aspirin, clopidogrel) for residents over age 65 is available at
minimum cost for a period of 1 year following stent implan-
tation for all DES patients and a minimum of 6 weeks and
up to a year for BMS patients (43;55). As there is increasing
evidence demonstrating the benefits of prolonged use of dual
antiplatelet therapy for both BMS- and DES-treated patients,
our effectiveness results may be different from that found in
other jurisdictions or from trials with different allowances
for antiplatelet therapy use (12;18;55). Third, although our
study was not designed to address differences in mortality,
we did observe a mortality benefit in favor of DES. Because
controlled trials have not found a similar mortality benefit
for DES, we did not incorporate this into the CE analysis.
Mortality difference is the subject of additional and ongoing
data collection. And finally, the utility values used in the CE
analysis were not based on the Ontario cohort of patients.
These utility values were adopted from another study, the
applicability of which to Ontario residents seems reasonable
but is uncertain.

Despite these limitations, our study has several strengths
worth highlighting. The primary strength of our study lies in
the fact that our results are based on a large “real-world”
cohort of patients. The revascularization rates we observed
are based on improved generations of both BMS and DES,
are not based on “artificial” protocol-driven revasculariza-
tion rates, and are reflective of the “real-world” use of DES
in various patient subgroups, some with multiple complex le-
sions, and not simply patients with single “de novo” lesions
as studied in some of the early RCTs. Another major strength
of our study is that the propensity score process identified a
large well-matched BMS control cohort for use in the anal-
ysis. And finally, the use of the CCN registry provided us
with an evaluable database made up of all PCI patients in the
province, thus increasing generalizability. This, combined

with the record linkage capability of the ICES administra-
tive databases, allowed us to achieve virtually 100 percent
complete follow-up on all patients in the study.

CONCLUSIONS

A field evaluation designed to compare the effectiveness and
cost-effectiveness of BMS to DES in a large “real-world”
Ontario population-based setting was conducted. The study
outcome data from a propensity-score matched cohort were
combined with resource utilization data, cost data, and QOL
data in a decision analytic model framework to assess the
2-year cost-effectiveness and cost-utility of DES compared
with BMS. It was found that DES-treated patients had a
lower rate of revascularization overall, but that this difference
was driven primarily by differences in selected patient risk
subgroups. In particular, significant differences were found
only in patient subgroups with two or more of the three
high risk factors of diabetes, small vessels, and long lesions.
Despite significant differences in revascularization rates for
selected patient subgroups, these differences did not trans-
late into substantial QOL improvement estimates, as mea-
sured by QALYs, which ranged from $347,000 to $7,476,000
per QALY gained in the base case. As a result, DES would
not be considered cost-effective according to conventionally
quoted benchmarks (28). Sensitivity analyses on modeling
assumptions revealed that only stent cost differentials had a
qualitative impact on the cost-effectiveness results and
conclusions. For cost differentials below $750, the cost-
effectiveness of DES compared to BMS became more cost-
effective for selected patient subgroups. To the extent in-
creasing competition or newer generations of DES will re-
duce the cost differential of DES relative to BMS, the cost-
effectiveness of DES will become more attractive.
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