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Summary
Objectives: To compare the cost-effectiveness ratios of sirolimus-eluting stents (SES) with bare-metal stents (BMS) 
under two perspectives: the “supplementary medical system” (health plans and private patients) and the public 
health (SUS) system.

Methods: A decision-analytic model using three different therapeutic strategies for coronary lesions: percutaneous 
coronary intervention (PCI) with BMS; with SES; or with BMS followed by SES to treat symptomatic restenosis. Study 
endpoints were one-year event-free survival and life expectancy. Decision trees were constructed using the results of 
published registries and clinical trials.

Results: One-year restenosis-free survival was 92.7% with SES and 78.8% with BMS. Estimated life expectancy was 
very similar for all the strategies, ranging from 18.5 to 19 years. Under a nonpublic perspective, the cost difference 
in the first year between BMS and SES was R$3,816, with an incremental cost-effectiveness ratio of R$27,403 per 
event avoided in one year. Under the SUS perspective, the cost per event avoided in one year was R$47,529. In the 
sensitivity analysis, probability of restenosis, risk reduction expected with SES, the price of the stent and cost of 
treating restenosis were all important predictors. In the Monte Carlo simulation, data per years of life saved showed 
very high cost-effectiveness ratios.

Conclusion: In the Brazilian model, the cost-effectiveness ratios for SES were elevated. The use of SES was more favorable 
for patients with high risk of restenosis, as it is associated with elevated costs in restenosis management of and under 
a nonpublic perspective.
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Introduction
Compared with conventional balloon angioplasty, elective 

stent implantation results in a significantly higher success 
rate, decrease in angiographic restenosis, and reduction 
in subsequent target-lesion revascularization1-3. Coronary 
stenting has emerged as the major myocardial revascularization 
technique throughout the world, accounting for more than 90% 
of the catheter-based percutaneous interventions. The ever-
growing number of stents implanted in Brazil is documented 
by the National Registry of Cardiovascular Interventions (CENIC 
-Central Nacional de Intervenções Cardiovasculares), from only 
37% during the 1999/2000 biennium4, with a 2.44-fold increase 
from 1996 to 20045. Data from the Health Ministry’s Unified 
Health System (DATASUS) show that approximately 33,040 
stents were implanted from September 2004 to August 2005 
(2294, on average, per month).

However, in-stent restenosis remains the main limitation 
of this form of percutaneous intervention. Restenosis is a 

progressive process, resulting in additional morbidity and 
costs, particularly due to the need for repeat target-lesion 
revascularization. A number of clinical trials conducted over 
the last years have shown a significant reduction in hyperplastic 
response following drug-eluting stent (DES) implantation6-8. 
The use of DES, as compared with BMS, significantly reduces 
the rate of target-vessel revascularization, with no effect on 
all-cause mortality or myocardial infarction9-11.

Nonetheless, this greater effectiveness of drug-eluting stents 
is associated with higher therapeutic costs. Economic analyses 
performed in the United States show that the use of sirolimus-
eluting stents results in an incremental cost-effectiveness 
ratio of approximately US$1,650 per event avoided in one 
year and US$27,500 per quality-adjusted life years (QALY)12. 
Yet, cost-effectiveness studies conducted in other countries 
reported widely varying figures, ranging from Can$58,721/
QALYs in Canada to €73,282/QALYs in Switzerland13,14. As 
Brazilian economic structure and delivery of health services 
are very different from other countries, these data cannot not 
be extrapolated to our reality, and studies based on national 
practice, both in the public and private sectors, are needed. 
Therefore, this study provides a cost-effectiveness analysis 
of sirolimus(rapamycin)-eluting stenting in different clinical 
settings in Brazil.
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Fig. 1 - Decision analytic model, considering three PCI strategies, plus baseline and postprocedural course.
BMS - bare-metal stent; cabg - coronary artery bypass graft; CAD - coronary; PCI - percutaneous coronary intervention; SES - sirolimus-eluting stent.

Methods
Description of the economic evaluation - A decision-

analytic model was constructed to compare both the costs 
and effectiveness of three therapeutic strategies for patients 
with symptomatic coronary artery disease. (a) percutaneous 
coronary intervention (PCI) with bare-metal stent; (b) PCI with 
sirolimus-eluting stents (c), and PCI with BMS followed by SES 
for symptomatic restenosis.

Population model - The study population was designed for 
cohorts of patients with symptomatic, single-vessel disease that 
could undergo any of the three strategies. It was assumed that 
the cohort would be composed of subjects whose characteristics 
were similar to those described in clinical trials, that is, mean 
lesion length of 14 mm, vessels ranging from 2.5 to 3.5 mm in 
diameter, and a representative number of diabetics 6,7. Although 
the initial model does not stratify the study population in these 
risk groups, the impact of these demographic variables on 
the incidence of restenosis, effectiveness, and global costs is 
evaluated in the sensitivity analyses.

Study endpoints - Study endpoints were the following: 
one-year event-free survival, expressed in percentages; and 
life expectancy, expressed in years of life. These endpoints 
were selected for the cost-effectiveness analysis because 
they provide both a readily quantifiable aspect of the benefit 
afforded by percutaneous coronary interventions and 
thorough cost analysis. The endpoint “quality-adjusted life 
years (QALYs)” could not be included, since no quality of life 
studies in patients with angina or symptoms of ischemic heart 
disease were found on the Brazilian population.

Description of the clinical decision model - The clinical 
decision tree was divided into two models: the short-term 
version and the Markov model. Figure 1 shows the early 
therapeutic decisions, as well as immediate and short-term 

(6 months) endpoints for each strategy. Figure 2 shows 
the simulation for the cohort that survived the procedure, 
including those who remained free of events for six months or 
experienced restenosis and underwent repeat revascularization. 
The second part is a Markov Model (transitional states) for the 
whole life after percutaneous or surgical revascularization. 
Noncardiac mortality per age group was established identically 
for all strategies, and survival tables for the Brazilian population 
in 2001 were estimated (www. Ibge/diretoria de pesquisas/). 
This structural model was described in other economic analysis 
with similar purposes15.

Model assumptions -  To prepare this model, strategies that 
attempt to reproduce the current practice were considered. In 
the bare-metal stent strategy, the following alternatives were 
offered for restenosis: percutaneous balloon angioplasty or 
coronary artery bypass graft (CABG) surgery. In this scenario, 
stent implantation for restenosis was considered only in cases 
of balloon dissection or poor outcome (estimated at 11%). 
In the event of restenosis in patients who received SES as 
initial treatment, the alternatives were similar, but if another 
stent was to be implanted, the same type of stent would be 
used. If the percutaneous intervention failed, either initially 
or after restenosis (failure to cross the lesion, failure to dilate 
the lesion, or occlusion), the patient was referred for CABG. 
Patients with subacute stent thrombosis would progress to 
fatal myocardial infarction or be referred for percutaneous 
intervention. In this study, CABG was considered only after PCI 
failed. During the first six months, patients might experience 
symptomatic or asymptomatic restenosis (recurrent stenosis 
>50% in luminal diameter). Only symptomatic cases were 
considered for target-vessel revascularization. Patients with 
recurrent symptoms of restenosis could undergo at most 
three percutaneous intervention attempts before being 
referred for CABG. Patients who remained asymptomatic 
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after the first six months were regarded as free of procedure-
related events and entered the Markov model of the natural 
history of ischemic heart disease following revascularization. 
An average of 3-6 months of exposure to clopidogrel was 
considered. In the context of this analysis, the possibility of 
late thrombosis with SES was not taken into account. Patients 
who entered the Markov model after revascularization could 
progress to four health states during their lifetime: death, 
stable after PCI, stable after CABG, or experience angina. 
Angina patients were immediately referred for PCI. In the 
Markov Model, all future costs and health benefits were 
discounted 3% per year. 

Effectiveness analysis - The results of the main clinical 
endpoint and probabilities needed in the decision analytic 
model are listed in Tables 1 and 2. Estimates were derived 
from the literature, by means of a systematic review of the 
randomized clinical trials published up to 2003 involving 
bare-metal stents and data from multinational registries of PCI 
(SIRIUS, C-SIRIUS, E-SIRIUS, Cypher-restenose6-9,11. 

Index procedure cost - Index procedure cost was calculated 
assuming two different perspectives for the study. For the 
perspective of the nonpublic payer, information was collected 
on the mean hospitalization cost for PCI with bare-metal 
and sirolimus-eluting stenting in eight different Brazilian 
hospitals (Table 2). Values obtained were general and based 
on information provided by reference institutions. In this 

Fig. 2 - Markov model, post-PCI course in the stable phase of ischemic heart disease.

model, baseline estimate was derived from financial analysis 
reports of similar cases in a private hospital, that is to say, the 
actual amount charged by the health care service provider 
to the health plan/patient (Table 3). Cost variations found 
in other institutions were used in the sensitivity analyses. 
Under the perspective of the public payer, mean costs of 
interventions were obtained considering the public health 
system in Brazilian hospitals affiliated with SUS, using as 
reference the amounts reimbursed by similar admissions. For 
percutaneous interventions, a review was carried out of 436 
procedures performed during 2002, 159 CABG surgery, 58 
acute myocardial infarction, and 262 admissions for acute 
coronary insufficiency. For the strategy of using SES, the market 
price of the stent was added to the procedural cost, since it is 
not listed in the SUS reimbursement table (Table 3).

Medical fees were not considered in the baseline analyses, 
assuming they were similar for the different strategies, 
regardless of the stent used. However, as this information 
was also not included for restenosis procedures, there 
might be a bias in the comparison. In this respect, other 
sensitivity analyses were conducted by adding a fixed amount 
(R$400 to R$1,200) per procedure according to the AMB 
(Brazilian Medical Society) medical fee schedule. Under the 
SUS perspective, they are included in the total cost of the 
procedure. Likewise, the additional cost of the anti-platelet 
agent clopidogrel during three to six month post-procedure 
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Table 1 - Baseline estimates of the decision analytic model: procedural phase for bare-metal stent (BMS) and sirolimus-eluting stent (SES)

Variables BMS Range SES Range Ref:

Procedure-related mortality    0.007 0.002-0.02 0.007 0.002-0.02 11,16

Probability of failure to dilate or cross the lesion 0.025 0.015-0.05 0.025 0.025 17

Probability of emergency surgery 0.01 0.006-0.014 0.01 0.01 11,16

Probability of subacute thrombosis 0.0036 0.05-0.30 0.0036 0.05-0.30 17

Probability of fatal AMI in subacute thrombosis 0.087 0.05-0.10 0.087 0.05-0.10 17

Angiographic restenosis rate

- De novo lesion 0.30 0.10-0.50 0.06* 0.02-0.15 11,18

Restenosis (multiple) 0.54 (1.85) (1.5 – 2.1) 0.06 0.02-0.15 19

Probability of symptoms with angiographic restenosis 
(target-vessel revascularization) 0.60 0.10-0.80 0.60 0.10-0.80 11,18

Probability of PCI for restenosis 0.88 0.50-1 0.88 0.50-0.74 20,21

Probability of CABG for restenosis 0.12 0-1 0.12 0-1 20,21

Angiographic success 0.97 0.97 16

*Relative risk reduction of 80%, compared with the expected restenosis rate with bare-metal stent; PCI - percutaneous coronary intervention; CABG 
- Coronary artery bypass graft (CABG) surgery. 

Table 2 - Estimates for the model: Stable phase of ischemic heart disease

Variables Baseline Range Ref.:

Mortality after emergency CABG 0.05 0.02-0.10 22

Mortality after elective CABG 0.03 0.05-0.05 22, 23

Annual cardiac mortality after CABG 0.01 0.01-0.05 23, 24

Annual cardiac mortality after PCI 0,02 0.01-0.05 23, 24, 25 

Annual probability of post-PCI events 0,22 0.09-0.30 24, 25

Non-fatal AMI after PCI 0,05 0.04-0.06 23, 24, 25

Late PCI after PCI 0,13 0,10-0.20 23, 24, 25, 26

Late CABG after PCI 0,04 0.02-0.08 23, 24, 25

Annual probability of post-CABG events 0,09

Non-fatal AMI after CABG 0,03 0.02-0.07 23, 24

Late PCI after CABG 0,03 0.02-0.04 23, 24

Late CABG after CABG 0,03 0.01-0.06 23, 24, 26

PCI - percutaneous coronary intervention; CABG - coronary artery bypass graft (CABG) surgery; AMI - acute myocardial infarction.

was not considered a direct cost under the payer perspective, 
but was included in the sensitivity analyses.

Cost of stable ischemic heart disease management - The 
costs of treating stable ischemic heart disease were estimated 
based on a cohort of patients with ischemic heart disease who 
have been under follow-up for four years in a specialized 
cardiac outpatient clinic. This cohort provided information on 
mean medical fees, invasive and non-invasive diagnostic tests, 
other laboratory tests, and current medication prescribed for 
secondary prevention and management of symptomatic patients 
22. In estimating the annual cost of ischemic heart disease 
management, two scenarios were considered, namely: values 

of the SUS and Brazilian Medical Association reimbursement 
tables (sensitivity analyses). All costs included took into account 
the mean values in 2003, in Brazilian reals (R$)

Data analysis - For each strategy, the expected cost was 
calculated and clinical endpoints were described (one-year 
free-event survival and life expectancy in years of age). 
Strategies were ranked in increasing order of cost, and 
those less beneficial and more expensive were excluded by 
dominance. For the more beneficial and more expensive 
strategies, the incremental cost-effectiveness ratio was 
calculated and compared with that immediately less expensive. 
For all variables included in the model, sensitivity analyses of 

412



Original Article

Polanczyk et al
Cost-effectiveness of sirolimus-eluting stents in Brazil 

Arq Bras Cardiol 2007; 88(4) : 409-418

Table 3 - Estimates for the model: Procedural and outpatient costs

Variables SUS Health plans/private patients

BMS SES BMS SES

Index procedure R$4,210.00 11,762.00 R$10,195.00 R$15,889.00

(stent, mean cost) R$2,707.00 10,320.00 R$4,527.00 R$10,320.00

Restenosis management

PTCA + stent* R$1,738.00 R$3,930.00

PTCA + sirolimus-eluting stent** R$2,577.00 R$4,567.00

PCI w/ sirolimus-eluting stent*** R$10,787.00 R$15,247.00

CABG

Elective R$5,967.00 R$21,826.00

Emergency R$8,950.50 R$26,214.00

Index acute myocardial infarction R$5,155.00 R$11,812.00

Annual after PCI or stable CABG, without events R$1,383.00 R$1,465.00

Cardiac catheterization R$539.00 R$1,276.00

Mean PCI cost/ balloon PTCA R$4,210.00 / R$1,442 R$10,195.00 / R$3,432

Death from CAD R$2,577.00 R$5,906.00

Restenosis management: * with balloon angioplasty + 11% bare-metal stent; * balloon angioplasty + 11% bare-metal stent; *** sirolimus-eluting stent.

one and two entries were performed, within ranges available 
in the literature or those clinically plausible. To estimate the 
impact of the different strategies on life expectancy more 
accurately, a Monte Carlo simulation was performed with 
10,000 random trials. The model and analyses were performed 
using the DATA program developed by Treeage software Inc. 
(version 4.8, 2003).

Results
Effectiveness - One-year restenosis-free survival was 92.7% 

with the sirolimus-eluting stent strategy, 78.8% with the bare-
metal stent strategy, and 78.8% with the sirolimus-eluting 
stent followed by bare-metal stent strategy for restenosis. 
The absolute difference between the first two strategies was 
14%, similar to that of the SIRUS trial and aggregate analyses 
11. No significant difference was found between the last two 
strategies, because the benefit of sirolimus-eluting stent was 
offered only after the restenosis endpoint was reached.

Based on the above mentioned assumptions, the analytic 
model predicted that, for 50-year old symptomatic patients 
with coronary lesion and indication for revascularization, life 
expectancy is very similar in all strategies assessed - between 
18.5 and 19 years of age. This is indeed lower than the 25 
years expected for the Brazilian population in general in 2001 
(www.ibge.com.br). 

Costs - Under the perspective of non-public institutions, 
the cost for treating index coronary lesion in the first year was 
R$14,024 using bare-metal stent, R$15,128 using bare-metal 
stent followed by sirolimus-eluting stent for restenosis, and 
R$17,840 using sirolimus-eluting stent. The cost difference 
between bare-metal and sirolimus-eluting stenting was 

R$3,816 (Figure 3). Estimated lifetime cost was R$86,218 (or 
R$4,668 per year) for bare-metal stent; R$85,803 (or R$4,617 
per year) for sirolimus-eluting stent; and R$80,913 (or R$4,377 
per year) for bare-metal stent followed by sirolimus-eluting 
stent for estenosis.

Under the perspective of public institutions (SUS), the cost 
for treating index coronary lesion during the first year was 
R$5,788 using bare-metal stent, R$7,102 using bare-metal 
stent followed by sirolimus-eluting stent for restenosis, and 
R$12,708 using sirolimus-eluting stent. The cost difference 
between using bare-metal stent and sirolimus-eluting stent 
was R$6,619. Estimated lifetime cost was R$47.643,00 (or 
R$2,570 per year) for bare-metal stent; R$53,565 (or R$2,877 
per year) for sirolimus-eluting stent; and R$47,604 (or R$2,566 
per year) for bare-metal stent followed by sirolimus-eluting 
stent for restenosis.

Cost-effectiveness - Under the perspective of non-public 
institutions, one-year event-free survival was higher with 
sirolimus-eluting stent, but at a higher cost, resulting in an 
incremental cost-effectiveness ratio of R$27,403 per event 
avoided in one year (Table 4). The strategy of using sirolimus-
eluting stent only for restenosis was associated with a higher 
cumulative cost than that of bare-metal stent, but yielding the 
same clinical benefit, so that, in this short-term endpoint, it 
was considered dominated.

Under the perspective of public institutions, one-year 
event-free survival was higher with sirolimus-eluting stent, 
but at a higher total cost, resulting in an incremental cost-
effectiveness ratio of R$47,529 per event avoided in one 
year. The strategy of using sirolimus-eluting stent only for 
conventional restenosis was also considered dominated in 
this scenario.
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Table 4 - Cost-effectiveness ratio of the strategies, under the perspective of health plans and private patients and the SUS

Strategies One-year 
effectiveness

Difference in 
effectiveness Cost, R$ Cost 

difference R$
Incremental cost-
effectiveness ratio

Perspective of health plans and private patients 

Bare-metal stent 78.8 - 14,024

Bare-metal stent followed by sirolimus-
eluting stent for restenosis 78.8 0.01 15,128 1104 Dominated

Sirolimus-eluting stent 92.7 13.8 17,840 3816 27,403

SUS perspective

Bare-metal stent 78.8 - 5.788

Bare-metal stent followed by sirolimus-
eluting stent for restenosis 78.8 0.01 7102 1314 Dominated

Sirolimus-eluting stent 92.7 13.8 12,708 6619 47,529

C/E - custo-efetividade; SUS - Sistema Único de Saúde.

Sensitivity analysis - Some variables had significant impact 
on the results. From the clinical standpoint, the probability 
of symptoms in the presence of angiographic restenosis, the 
estimated probability of baseline restenosis with bare-metal 
stent, and the expected risk reduction with sirolimus-eluting 
stent all affected the estimates. The more likely the symptoms, 
the more favorable the use of sirolimus-eluting stent. For 
example, raising this probability rate of symptoms caused 
by angiographic restenosis from 60% to 88%, event-free 
survival with bare-metal stent would fall from 78% to 71%, 
and with sirolimus-eluting stent, from 93% to 90%, resulting 
in an incremental cost-effectiveness ratio for sirolimus-eluting 
stent of R$6,744 per avoided event, under the perspective 
of non-public institutions. The inclusion of medical fees did 
not change these findings. The cost-effectiveness ratio for 
sirolimus-eluting stent compared with bare-metal stent fell 
from R$27,403 to R$26,860, assuming an amount of R$400 
for this variable under the perspective of health plans.

Under the SUS perspective, the model also proved to be 
robust in most variables and assumptions considered. The 
variables which most influenced the results were the following: 
probability of symptoms in the presence of angiographic 
restenosis, estimated probability of baseline restenosis with 
bare-metal stent, and expected risk reduction with sirolimus-
eluting stent. With regard to costs, again, the cost of both 
sirolimus-eluting stent and restenosis management determined 
our findings. 

Under the perspective of non-public institutions, the 
baseline probability of restenosis with bare-metal stent is a 
determinant of the effectiveness and cost of both strategies. 
Assuming a 20% lower expected clinical restenosis, the cost-
effectiveness of sirolimus-eluting stent becomes much more 
unfavorable, more than R$50,000 per one-year event-free 
survival. On the other hand, when expected restenosis is 
higher than 40%, the cost-effectiveness ratio is less than 
R$15,000 per one-year event-free survival (Figure 4). This 
trend was maintained in the analysis under the perspective of 
public institutions of the Unified Health System (Figure 4).

Some economic determinants also influenced our results, 

changing rates of strategies. Among them, the cost of index 
procedure, basically that of sirolimus-eluting and bare-metal 
stents, as well as its rate and the cost of restenosis management 
affected the resulting data. Under the perspective of non-public 
institutions, if the sirolimus-eluting stent cost less than R$6,600, 
its use would be a dominant strategy from both clinical and 
economic standpoints, as compared with bare-metal stent. 
Within the range of R$6,600 to R$8,000, it would result in an 
additional cost of less than R$10,000 per avoided event, and 
from R$8,000 to R$9,400, between R$10,000 and R$20,000 
(Figure 4). Varying another parameter concomitantly, if the 
probability of baseline restenosis was greater than 40%, these 
figures for sirolimus-eluting stent would be R$7,500, R$9,300, 
and R$11,100 for the abovementioned intervals, respectively. 
Figure 4 shows that the same trends were found under the 
perspective of SUS institutions, albeit with higher figures.

The cost of restenosis also influenced the obtained ratios. 
With an increase in this cost, similarly for both strategies, the 
drug-eluting stent strategy becomes more attractive. Under the 
perspective of private patients and health plans, if restenosis 
management is less than R$10,000, the use of sirolimus-eluting 
stent has an additional cost greater than R$20,000 per avoided 
restenosis; if it is between R$10,000 and R$19,000, the 
incremental cost-effectiveness ratio for the sirolimus-eluting 
stent ranges between R$10,000 and R$ 20,000 per avoided 
event; and if it is more than R$19,000, the cost for avoided 
event is less than R$10,000. 

Strategy cost-effectiveness per year of life saved - Under 
the perspective of health plans and private patients, life 
expectancy was greatest with the PCI strategy with sirolimus-
eluting stent, followed by bare-metal plus sirolimus-eluting 
stent for restenosis and bare-metal stent. Overall cost was 
highest for the first strategy and lowest for that of sirolimus-
eluting stent only in cases of restenosis. The comparison 
of using sirolimus-eluting stent for restenosis and as initial 
treatment resulted in an incremental cost-effectiveness ratio 
of R$49,464 per year of life saved.

Under the perspective of the Unified Health System, 
the results were similar, with greater cost-effectivenss 
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ratios, resulting in an incremental cost-effectiveness ratio of 
R$356,354 per year of life saved. 

It should be emphasized that, although the estimates 
show an elevated incremental cost-effectiveness ratio with 
sirolimus-eluting stent and dominated for bare-metal stent, 
the Monte Carlo analysis with 10,000 simulations suggests 
that the strategies are very similar, with figures ranging from 
R$0 to R$10,000 per year of life saved. In more than 75% 
of the simulations, cost-effectiveness ratios were lower than 
these, for both scenarios.

Discussion
Technologies in the health care field are expanding rapidly, 

at unprecedented speed. In addition, in some specialities, such 
as cardiology, randomized clinical trials are being conducted 
virtually concomitantly with the commercialization of the 
products. This was seen in the mid-90s with bare-metal stents 
and, now, with drug-eluting stents. A study commissioned by 
the U.S Food and Drug Administration, before drug-eluting 
stents were released for use, indicated that, after one year, 
this stent would account for 77% of all devices used in 
percutaneous interventions. These data, albeit interesting, 
since they stimulate cardiologists’ adherence to the advances 
achieved in the field, raise concern regarding the institutions 
financial health. Therefore, it is imperative that the clinical 
benefits of new technologies, as well as their costs, be 
quantified. Also important is whether there is an increment 
of both and a reasonable cost-benefit ratio. 

In this study, the cost-effectiveness of three different strategies 
comparing the use of bare-metal stent and sirolimus-eluting 
stent was assessed using a decision analytic model applicable 
to the practice of interventional cardiology in Brazil. The initial 
higher cost of the sirolimus-eluting stent is partially offset over 
the first year. Comparing bare-metal and sirolimus-eluting stents, 
cost difference in one year was R$3,816 under the perspective 
of health plans and R$6,920 under the perspective of SUS, 
with one-year cost-effectiveness ratios per avoided event of 

Fig. 3 - Health care costs in one year in the Brazilian model for health plans/private patients and the SUS (in R$ [reals] in 2003).

$15.889

$10.195
$11.762

$4.210

$1.951

$3.829 $946

$1.578

0

5000

10000

15000

20000

SES BMS SES BMS

Initial procedure 1-y follow up

+ R$ 3,816 +R$ 6,920

R$27,403 for health plans and R$47,643 for the SUS. The 
additional costs deemed acceptable for a given clinical benefit 
derived from an intervention are yet to be established in 
Brazil. United States and Canada’s health care systems use the 
reference of US$50,000 per quality-adjusted life years saved 
and, more recently, US$10,000 per major event avoided12,15 
using a reasonable amount of health resources. Based on 
these international references, the cost-effectiveness ratios 
of sirolimus-eluting stent could be considered economically 
attractive for health plans and private patients alike. 

The strategy of using sirolimus-eluting stent was even 
more favorable in subgroups of patients, such as those at 
high risk of restenosis and those presenting high cost of 
restenosis management. Moreover, depending on the price 
of the sirolimus-eluting stent, the use of this intervention on 
a routine basis may be dominant or more attractive, from the 
standpoint of cost-effectiveness, for health plans. Even though 
the same trend was observed for the SUS, the amounts were 
always higher.

Thus far, several authors in other countries have evaluated 
the cost-effectiveness ratio of drug-eluting stents relative to 
bare-metal stents. In an analytic model, Cohen et al. have 
shown a cost of US$1,650 per revascularization avoided and 
US$27,500 per QALYs12. Another study conducted in the 
United States to evaluate paclitaxel-eluting stents has shown 
similar results, US$4,678 and US$47,798, respectively27. On 
the other hand, economic analyses conducted in Canada 
revealed that, overall, drug-eluting stents are not a cost-
effective technology, perhaps unless used in high-risk patients. 
Their results for different provinces varied widely, ranging 
from Can$12,000-20,000 per avoided revascularization to 
Can$438,415 – 2,221.692 per QALYs13,28-30. These figures did 
not differ significantly from other countries, such as Australia 
and Italy31.

To date, we have not found any formal economic cost-
effectiveness analysis in Brazil. In an observational study, 
Quadros et al. has estimated the cost-effectiveness of replacing 
bare-metal stent for drug-eluting stent in a cohort of patients 
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Fig. 4 - UPPER PANELS - Sensitivity analysis of angiographic restenosis probability with bare-metal stent LOWER PANELS Sensitivity analysis of the cost of sirolimus-
eluting stent The graphics on the left are based on the perspective of non-public institutions, and the graphics on the right are based on the perspective of the Unified 
Health System (SUS). 
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who underwent PCI in a Brazilian public institution. It was 
estimated that, if drug-eluting stent were used, there would 
be an increment of R$9,524 per patient, with the cost per 
event avoided being over R$190,000. These figures were far 
higher than those described in other studies, probably because 
the target-vessel revascularization rate in the cohort with large 
vessels studied was as low as 5.8%33.

Unlike these economic analyses based on analytic models, 
Kaiser et al. conducted a pragmatic randomized clinical trial 
in the context of the Swiss public health system and found 
clinical outcomes similar to those of SIRIUS and TAXUS. Under 
the perspective of the Swiss system, drug-eluting stenting 
cumulative costs increased by €905 in six months, resulting 
in a cost per procedure avoided of €18,311 and €72,283 
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Over the last year, evidence has emerged that drug-eluting 
stents are likely to cause late thrombosis, an event that could 
be associated with the discontinuation of dual antiplatelet 
therapy37. Autopsy studies of patients who died following 
drug-eluting stenting suggest that the basic mechanism of late 
thrombosis is the poor endothelialization at the implantation 
site38. Therefore, some authors recommend that the dual 
antiplatelet regime be maintained for at least one year, or 
even longer39. Additionally, a recent meta-analysis (40) has 
suggested that drug-eluting stents may be associated with 
increased noncardiac mortality as of 2 years of follow-up. As 
these data have not yet been corroborated by specific clinical 
trials, the present study evaluated the cost-effectiveness ratios 
considering the use of dual antiplatelet therapy during three 
months for drug-eluting stents. However, if long-term use of 
two antiplatelet agents is indicated, the costs calculated for 
drug-eluting stents are likely to be even higher.

Although study results suggest unfavorable cost-effectiveness 
for the routine use of drug-eluting stents, it is expected that 
technology will continue to evolve, cost will drop, and benefits 
will be optimized, as occurred with bare-metal stents a 
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