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Introduction and objectives. Antiproliferative drug-
coated stents are a possible solution for post-angioplasty
coronary restenosis. Here we analyze their efficacy, ef-
fectiveness and safety, and estimate the economic impact
of their use in Spain.

Material and method. Systematic review (meta-analy-
sis) of the scientific evidence available up to January
2004, and analysis of hospital costs within a 1-year time
horizon.

Results. We identified 12 published studies (5 clinical
series and 7 RCTs) comparing coated stents (sirolimus
or paclitaxel) with conventional stents in patient with de
novo single lesions <30 mm in 2.5-3.5 mm vessels. In
nearly all cases the rates of angiographic restenosis and
major adverse cardiac events were lower in the coated
stent group after 6-12 months. Meta-analysis showed a
69% decrease in revascularization rate (RR=0.31;
95%CI, 0.19-0.51). For every 1000 patients with de novo
lesions, the use of a coated stent involved an additional
average cost of € 818718. The estimated neutral price of
a new stent was € 1448 at a market price per unit of 
€ 2000. 

Conclusions. At 12-month follow-up, sirolimus- or pa-
clitaxel-eluting stents were effective and safe in patients
with de novo lesions and low or medium risk of resteno-
sis. At current market prices, the widespread use of the-
se stents would involve an increase in health care ex-
penditure for the different sensitivity scenarios we
evaluated. More studies are needed to specify the type
of patients and lesions likely to obtain the greatest clini-
cal benefit.
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Stents recubiertos de fármacos antiproliferativos:
revisión sistemática del beneficio y estimación del
impacto presupuestario

Introducción y objetivos. Los stents recubiertos de
fármacos antiproliferativos son una posible solución a la
reestenosis coronaria postangioplastia. Se analiza su efi-
cacia, efectividad y seguridad, y se valora el impacto pre-
supuestario de su uso en España.

Material y método. Revisión sistemática (metaanálisis)
de la evidencia científica hasta enero de 2004 y análisis
de costes desde la perspectiva del hospital y con un hori-
zonte temporal de 1 año.

Resultados. Se identificaron 12 estudios publicados; 5
fueron series clínicas y 7, ensayos controlados y aleatori-
zados que comparaban el stent recubierto (sirolimus o
paclitaxel) con el convencional en pacientes con lesión
única de novo menor de 30 mm en vasos de 2,5-3,5 mm.
En casi todos, a los 6-12 meses, la reestenosis angiográ-
fica y la tasa de eventos cardíacos mayores fueron me-
nores en el grupo con stent recubierto. El metaanálisis
mostró una reducción de la tasa de revascularización del
69% (riesgo relativo = 0,31; intervalo de confianza del
95%, 0,19-0,51). Por cada 1.000 pacientes con lesión de
novo, la utilización del stent recubierto supone un gasto
adicional medio de 818.718 €. Su precio neutral estima-
do fue de 1.448 €, considerando 2.000 € como precio
unitario de comercialización.

Conclusiones. El stent con sirolimus y paclitaxel es
eficaz y seguro en pacientes con lesiones de novo y ries-
go de reestenosis bajo o medio a los 12 meses de segui-
miento. Su uso generalizado, a precio de mercado, su-
pondría un incremento del gasto sanitario para los
distintos escenarios de sensibilidad evaluados. Se re-
quieren más estudios para precisar el tipo de pacientes y
las lesiones con mayor beneficio clínico.

Palabras clave: Reestenosis coronaria. Angioplastia.
Stents. Sistemas de liberación de fármacos. Metaanáli-
sis. Revisión sistemática.
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INTRODUCTION

Percutaneous coronary interventions (PCI) are now
the most frequently used means for achieving coronary
revascularization, and are a recognized alternative to
surgery for nearly 95% of coronary lesions. Techno-
logical advances in the materials as well as improve-
ments in adjunct pharmacological products have re-
sulted in a more refined technique and reductions in
related mortality and morbidity, with current estimates
of 0.5%-1% mortality, 1%-2% acute myocardial in-
farction (AMI), and less than 0.5% urgent surgery. The
majority of Spanish catheterization laboratories have
reached these figures.1-3

The 2 main PCI-related complications are coronary
occlusion and restenosis. Occlusion has been reduced
with the use of stents, high-pressure stent implanta-
tion,4 and antiplatelet drugs (aspirin together with
ticlopidine or clopidogrel) and glycoprotein IIb/IIIa re-
ceptor inhibitors, whereas restenosis continues to be
the Achilles heel of interventional cardiology.5 The in-
cidence of in-stent restenotic lesions is estimated at
10%-40%, depending on the characteristics of the pa-
tient and the lesion.2,5

Several strategies have been proposed to decrease or
prevent this proliferative phenomenon, including new
medical treatments, atherectomy, laser procedures, in-
tracoronary brachytherapy,6 and recently antiprolifera-
tive drug-eluting stents.

The aim of this study was to assess the efficacy, ef-
fectiveness, and safety of stents coated with antiproli-
ferative drugs for the treatment of coronary stenosis,
and to perform an analysis in a hypothetical cohort of
Spanish patients to determine the economic impact of
using the new stents as compared to conventional un-
coated stents. 

MATERIALS AND METHODS

A systematic review was undertaken of the litera-
ture, with searches in MEDLINE, EMBASE, the
Science Citation Index, and The Cochrane Library up

to January 2004, and in several information sources,
including registries of clinical trials, conference pre-
sentations, and Internet directories and search engines.
The descriptors or free-text terms used (adapted to
each database) were eluted stents, eluting stents, coat-

ed stents, stents, drug implants, drug delivery systems,

rapamycin, sirolimus, paclitaxel, taxol, actinomycin,

taxane, tranilast, trapidil, dexamethasone, batimastat,

and dactinomycin.

Original studies, whether published or not and using
any design, were retrieved. The inclusion criteria were
as follows: studies on antiproliferative drug-coated
stents performed in humans; studies assessing the out-
come of treatment for coronary stenosis in terms of
major adverse coronary events (MACE), or in terms of
a combined outcome including death, AMI and the
need for revascularization (coronary bypass surgery or
PCI); and publication in English, French, Italian, or
Spanish. In addition, a manual search was done of the
literature references included in the articles retrieved. 

The following data were compiled according to a
specific protocol: type of publication, country, study
design, sample size, participant characteristics, me-
dical history, inclusion and exclusion criteria, compar-
ison groups, characteristics of the intervention, follow-
up and assessment, compliance and losses, statistical
analysis, and endpoints. When several manuscripts in-
cluded the same or a similar study population, the
most complete data and results were used. Internal va-
lidity of the published studies was assessed indepen-
dently by 2 appraisers, following the criteria proposed
by the Evidence-Based Medicine Working Group.7

The direction of the effect was considered in the be-
tween-group comparison of MACE rates and, when
the available data allowed it, categorical results were
expressed as the relative risk (RR) or the number of
persons who needed to be treated to prevent one ad-
verse outcome (NNT). 

In addition to the qualitative synthesis, a quantita-
tive synthesis (meta-analysis) of endpoints evaluated
in the same way was done in studies considered to be
comparable and/or homogeneous. We also performed
an analysis to detect the presence of statistical hetero-
geneity (Q statistic). The fixed-effects model (Mantel-
Haenszel method) as well as the random-effects model
(Dersimonian-Laird method) were both applied to cal-
culate the summary RR and the 95% confidence inter-
val (CI). The meta-analysis was conducted with the
Meta-analyst© program developed by Joseph Lau of
the Center for Health Services Research of the New
England Medical Center.

To analyze the economic impact of using the new
stents as compared to conventional stents, the market
price, and the results from the previous efficacy/effec-
tiveness review were used, and various information
sources from our setting were consulted, mainly the
Registro Español de Hemodinámica y Cardiología In-
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ABBREVIATIONS

RCT: randomized clinical trial. 
MACE: major adverse coronary events.
AMI: acute myocardial infarction.
PCI: percutaneous coronary intervention.
NNT: number needed to treat.
RR: relative risk.
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TABLE 1. Characteristics of the Published and Ongoing Randomized Controlled Clinical Trials 

With Antiproliferative Drug-Eluting Stents*

Other Characteristics/

Study Comparison Groups Type of Lesion Antiplatelet Treatment Follow-up, Months

RAVEL, 200210 Sirolimus stent (Cypher®) Single new lesion Aspirin 100 mg/day (indefinitely) Angiographic: 6 

Europe and Latin America (n=120) versus Vessel diameter: clopidogrel 75 mg/day, or ticlopidine Clinical: 12 

(19 centers) uncoated stent 2.5-3.5 mm 250 mg twice daily for 

(n=118) Lesion length: <18 mm 2 months 

EU-SIRIUS, Sirolimus stent (Cypher®) Single new lesion 26% with diabetes; 42% multivessel Angiographic and 

200311 (n=533) versus uncoated Vessel diameter: lesion ultrasound: 8  

United States stent (n=525) 2.5-3.5 mm Aspirin 325 mg/day and clopidogrel Clinical: 9  

(53 centers) Lesion length: 15-30 mm 75 mg/day for 3 months 

E-SIRIUS, 200312 Sirolimus stent (Cypher®) New lesion 23% with diabetes; 36% multivessel Angiographic: 8 

Europe (35 centers) (n=175) versus uncoated Vessel diameter: 2.5-3.0 mm lesion; cases without dilation

stent (n=177) Lesion length: 15-32 mm Aspirin 100 mg/day (indefinitely)

and clopidogrel 75 mg/day

or ticlopidine 250 mg, twice daily 

for 2 months 

C-SIRIUS32,b Sirolimus stent (Cypher®) New lesion 24% with diabetes Angiographic and 

Canada (8 centers) (n=50) versus uncoated Vessel diameter: 2.5-3 mm Aspirin 81-325 mg/day (indefinitely) ultrasound: 8 

stent (n=50) Lesion length: 15-32 mm and clopidogrel 75 mg/day for Clinical: 9 

2 months 

TAXUS I, 200316 Paclitaxel stent Single new lesion Aspirin >80 mg/day for Angiographic and

Germany (3 centers) (TAXUS NIR® Conformer) Vessel diameter: 3.0-3.5 mm 12 months and clopidogrel ultrasound: 6

slow-release Lesion length: ≤12 mm 75 mg/day for 6 months Clinical: 12 

(n=31) versus uncoated 

stent (n=30) 

TAXUS II, 200317 Paclitaxel stent Single new lesion Aspirin 75 mg/day (indefinitely) Angiographic and  

Europe, Canada, (TAXUS NIR®) with 2 Vessel diameter: 3.0-3.5 mm and clopidogrel 75 mg/day ultrasound: 6 

Singapore, Argentina, release rates: Lesion length: ≤12 mm or ticlopidine 250 mg, twice Clinical: 1, 6, and 12

New Zealand, slow (n=131) daily for 6 months 

and Australia and moderate (n=135) 

(38 centers) versus uncoated 

stent (n=270) 

TAXUS IV, 200419 Paclitaxel stent (TAXUS Single new lesion 24% with diabetes Angiographic and 

United States Express II®), slow release Vessel diameter: 2.5-3.5 mm Aspirin 325 mg/day (indefinitely) ultrasound: 9

(73 centers) (n=662) versus Lesion length: 10-28 mm and clopidogrel 75 mg/day for Clinical: 1, 4, 9 

uncoated stent 6 months and every year

(n=652) up to 5

ASPECT, 200320 Paclitaxel stent (polymer-free Single new lesion  20% with diabetes; 40%  

Korea, China, Supra G stent®) Vessel diameter: 2.5-3.5 mm multivesse lesion 

and United States with 2 doses of Lesion length ≤12 mm Aspirin and ticlopidine or clopidogrel Angiographic and

(3 centers) 3.1 µg/mm2 (n=59) for 1 month in 2 centers clinical: up to 6

and 1.3 µg/mm2 and for 6 months in the other 

(n=58) versus uncoated center. In 37 patients, cilostazol 

stent (n=59) instead of ticlopidine, 

or clopidogrel 

ELUTES33,b Stent with different doses New lesion Polymer-free paclitaxel stent Angiographic: 6 

Europe (22 centers) of paclitaxel Vessel diameter: 2.7-3.5 mm Aspirin and clopidogrel for Clinical: 12

(V-Flex Plus®): Lesion length: ≤15 mm 3 months 

0.2 µg/mm2 (n=37);

0.7 µg/mm2 (n=39);

1.4 µg/mm2 (n=39);

2.7 µg/mm2 (n=37) 

versus uncoated stent 

(n=38) 

(Continued on next page) 



tervencionista3 (Spanish Registry of Cardiac Catheteri-
zation and Interventional Cardiology) and a cost-effec-
tiveness report on sirolimus-eluting stents sponsored
by the manufacturer.8 When the available evidence
was incomplete, experts in the field were contacted.
The analysis was performed from the perspective of
hospitals in Spain with a time horizon of one year, and
the neutral price of the new stent was calculated as
that which, according to standard practice and substi-
tuting the conventional stent, would not modify the
overall estimated cost of the percutaneous coronary
procedure. 

RESULTS

Efficacy, Effectiveness, and Safety 
of the Antiproliferative Drug-Eluting Stent

Twelve published studies meeting the inclusion
criteria were identified,9-20 some of them reported in
more than 1 publication. Seven of these studies
assessed sirolimus (rapamycin)-coated stents9-15 and 5
paclitaxel-coated stents.16-20 Seven had experimental
designs (randomized, controlled clinical trials
[RCTs]).10-12,16,17,19,20  The others were prospective clini-
cal series without a control group9,13,14,18 and one series
with a historical control group,15 assessing coronary
lumen parameters (angiography and intravascular ul-
trasound) before and after the procedure and clinical
aspects (MACE) only after the procedure. Evaluation
of the methodological quality of the 12 studies identi-
fied showed that 7 of them used randomization and
blinding, 6 performed an intent-to-treat analysis, 11
had adequate follow-up and control of the loss of sub-
jects (<15%), 8 showed the between-group compara-
bility at the beginning of the study, and 7 at the end of
follow-up. 

Ongoing (unpublished) trials with various antiproli-
ferative drugs were also retrieved. In some only the

preliminary results were available, whereas others had
been halted due to the development of restenosis and
significant adverse effects (ACTION trial with ac-
tinomycin-D, BRILLIANT, and BATMAN trials with
batimastat, PRESENT I trial with tacrolimus, and
SCORE trial with QuaDS-QP2).21 These latter studies
were not included in this review.

Table 1 presents the main characteristics of the
RCTs retrieved (published or ongoing), allowing eva-
luation of their homogeneity and comparability. Re-
view of the published RCTs shows that patients treated
with sirolimus (RAVEL10 trial and SIRIUS11,12 trials)
or paclitaxel (TAXUS16,17,19 trials, ASPECT20 trial) for
new lesions less than 30 mm long in vessels 2.5-3.5
mm in diameter presented better angiographic and in-
travascular sonographic outcome (minimal lumen di-
ameter, stenosis diameter, late lumen loss and inci-
dence of restenosis) than the groups treated with
conventional stents (significant differences for most of
these parameters at 6-9 months of follow-up). The in-
cidence of MACE at 6-12 months was significantly
lower in the group treated with coated stents, mainly
because fewer revascularization procedures were re-
quired. The NNT to prevent revascularization with the
new stents was less than 15 in all cases (Table 2). The
thrombosis rate was 0%-1.1% with the drug-coated
stent and 0%-0.8% with the conventional stent, with
no statistical differences between the two stent types. 

As seen in the review of observational studies, when
coated stents were applied to treat patients with in-
stent restenosis (ISR registries from Rotterdam13 and
Brazil14 with sirolimus, and TAXUS III18 registry with
paclitaxel), follow-up results at 4-12 months were
poorer than those obtained in previous studies in pa-
tients with new lesions. The published preliminary re-
sults (30 days of follow-up) of the RESEARCH15 re-
gistry with sirolimus, involving patients with complex
lesions and acute coronary syndrome, has shown suc-
cess rates (MACE) and post-procedure complications
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TABLE 1. Characteristics of the Published and Ongoing Randomized Controlled Clinical Trials With

Antiproliferative Drug-Eluting Stents (Continued)

Other Characteristics/

Study Comparison Groups Type of Lesion Antiplatelet Treatment Follow-up, Months

DELIVER Ia Paclitaxel stent, New lesion Antiplatelet treatment  Angiographic: 8

United States sustained release Vessel diameter: 2.5-4 mm unknown

(multicenter) 3.0 µg/mm2 (Achieve®) Vessel length: ≤25 mm

(n=522) versus 

uncoated stent

(n=519)

FUTURE Ia Everolimus stent New lesion Patients with diabetes excluded Angiographic and

Germany (Champion) (n=27) Vessel diameter: 2.5-4 mm Antiplatelet treatment sonographic: 6

(1 center) versus uncoated Vessel length: 14-18 mm unknown Clinical: 1, 6,

stent (n=15) and 12

*RCT indicates randomized, controlled trial; HT, hypertension; AMI, acute myocardial infarction. aOngoing or unpublished studies.bC-SIRIUS and ELUTES were pu-
blished during the peer review of this manuscript. 
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TABLE 2. Rate of Restenosis and Major Cardiac Events in Published, Unpublished, and Ongoing Studies

Design and Comparison Restenosis,d Death, AMI,
Revascularization

MACE,

Study Follow-up Groups % % % % RRa NNTa %

FIM23,24 Clinical series Sirolimus 3.3 0 3.3 TLR: 3.3 – – 10 

24 months (140 µg/cm2) TVR: 3.3 

RAVEL10 RCT Sirolimus is: 0 versus 1.7 versus 1.7 3.3 versus 4.2 TLR: 0 versus 22.9 ≈0 ≈0 5.8 versus 28.8 

6/12 months (140 µg/cm2) 26.6 (NS) (NS) (P<.001) (P<.001) 

versus control (P<.001) 

EU-SIRIUS11 RCT 8/9 months Sirolimus is: 8.9 versus 0.9 versus 0.6 2.8 versus 3.2 TLR: 4.1 versus 16.6 0.25 8 7.1 versus 18.9 

(United States) (140 µg/cm2) 36.3 (NS) (NS) (P<.001) (P<.001) 

versus control (P<.001) 

E-SIRIUS12 RCT 8/9 months Sirolimus i: 3.9 versus 1.1 versus 0.6 5.6 versus 2.3 TLR: 4 versus 20.9 0.19 5.9 8 versus 22.6 

(Europe) (140 µg/cm2) 42.3 (NS) (NS) (P<.001) (P<.001) 

versus control (P<.001) 

C-SIRIUS RCT 8/9 months Sirolimus is: 2.3 versus 0 versus 0 2 versus 4 TLR: 4 versus 18 0.22 7.1 4 versus 18 

(Canada)32,e (140 mg/cm2) 52.3 NA (NS) (P<.001) (P<.05) 

versus control (P<.001) 

BIFURCATION34,e RCT 6 months Sirolimus is: 28 versus 1.6 versus 0 1.6 versus 4.5 TLR: 9.5 versus 4.5 2.11 NA 19 versus 13.6 

(140 mg/cm2) a 18.7 (NS) (NS) (NS) (NS) 

versus control (NS) 

(angioplasty) 

ISR Registry Clinical series Sirolimus i: 6.7 12.5 6.25 0 – – 18.7 

(Rotterdam)13 4/9 months is: 13.3

ISR Registry (Brazil)14 Clinical series Sirolimus i: 4 0 0 0 – – 4 

4/12 months 

RESEARCH15 Registry Clinical series Sirolimus versus NA 3 versus 3 3 versus 1 TLR+TVR: 0.37 58.8 6.1 versus 6.6 

With controls historical controls (P=1) (NS) 1 versus 2.7 (NS) 

1 month (NS) 

TAXUS I16 RCT Paclitaxel 0 versus 10 0 versus 0 0 versus 0 TVR: 3 versus 10 0.3 14.3 3 versus 10 

6/12 months (1 mg/mm2) (NS) NA NA (NS) (NS) 

slow-release  

versus control

TAXUS II17 RCT Paclitaxel is: 2.3 versus 0 versus 0 versus 2.4 versus 1.5 TLR + TVR: 0.39 9.4 10.9 versus 9.9 

6/12 months (1 mg/mm2) 4.7 versus 0.8 versus 5.31 10.1 versus 6.9 versus 21.7 

slow/moderate 19 (NS) (NS) versus 17.5 (P<.05) 

release (P<.001) (NS and P<.001) 

versus control

TAXUS III18 Clinical series Paclitaxel 16 0 3.6 TLR: 21.4% – – 29 

6/12 months (1 mg/mm2) TVR: 0 

(Continued on next page) 
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TABLE 2. Rate of Restenosis and Major Cardiac Events in Published, Unpublished and Ongoing Studies (Continued)

Design and Comparison Restenosis,d Death, AMI,
Revascularization

MACE,

Study Follow-up Groups % % % % RRa NNTa %

TAXUS IV19 RCT, 9 months Paclitaxel is: 7.9 versus 1.4 versus 1.1 3.5 versus 3.7 TLR: 3 versus 11.3 0.27 12.1 8.5 versus 15 

(1 µg/mm2) 26.6 (NS) (NS) (P<.001) (P<.001) 

slow-release (P<.0001) TVR: 4.7 versus 12 0.39 13.7 

versus control (P<.001) 

ASPECT20 RCT, 6 months Paclitaxel 4/12 versus 0/1.7 versus 0 3.4/1.7 versus 1.7 TLR: 3.4/3.4 versus 1 NA 10/7 versus 5 

3.1/1.3 µg/mm2 27 (NS) (NS) 3.4 (P<.05)c

versus control (P<.001) (NS) 

ELUTES33,e RCT Paclitaxel 

6/12 months 2.7/1.4/0.7/0.2 3.2/13.5/ 2.7/0/0/0 2.7/0/2.6/0 versus TLR: 0.32 9.4 13.5/10.2/ 

µg/mm2 versus 14.3/20.6 versus 0 2.6 5.4/10.2/5.1/5.4 7.6/5.4 versus 

control versus 20.6 NA NA versus 15.8 15.8 

(P=.05) (NS) (NS) 

DELIVER I35,36,b RCT, 9 months Paclitaxel 3 µg/mm2 16.7 versus 1 versus 1 1 versus 1.2 TVR: 11.7 versus 14.8 0.79 32.3 10.3 versus 

versus control 22.4 NA (NS) (NS) 13.3 

(NS) (NS) 

DELIVER II35,b Clinical series Paclitaxel 3 µg/mm2 – 2.3 4.9 TLR: 8.5 – – 15.7 

6 months TVR: 1.1 

PRESENT II37,38,b Clinical series Tacrolimus 32 – – TLR: 31.8 – – 36.4 

6 months 230 µg/mm2 TVR: 4.5 

EVIDENT37,b Clinical series Tacrolimus 27 9.1 9.1 TLR: 27.3 – – 36.4 

6 months 352 µg/mm2

FUTURE I35,b RCT Everolimus i: 0 versus 3.8 versus 0 0 versus 0 TLR: 3.8 versus 8.3 0.46 22.2 7.7 versus 8.3 

6 months 600 µg/mm2 9.1 (NS) NA (NS) (NS) 

versus control (NS) 

*RCT indicates randomized controlled clinical trial; AMI, acute myocardial infarction; TLR, target lesion revascularization; TVR, target vessel revascularization; MACE, major adverse coronary events (combination of mortality,
AMI and revascularization of the treated vessel or lesion); RR, relative risk; NNT, number (of persons) needed to treat; NA, not applicable—comparison groups showed the same revascularization rate or this was not assessed;
NS, non-significant.
aWhen there was more than one intervention group, the RR and NNT were calculated with the revascularization outcome from the most favorable group. 
bUnpublished or ongoing study. 
cIn the MACE rate, this study also included subacute thrombosis occurring in some patients in the intervention groups treated with cilostazol (note: there were different antiplatelet treatments among the patients included in
the study). 
dRestenosis (I indicates in-stent; p, peri-stent; is, in-segment).
eThese studies were published during the peer review process of this manuscript and the results were updated during the peer review. 
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similar to those of a historical cohort that received
conventional stents. The FIM (First-in-Man) clinical
series compared two different sirolimus-releasing for-
mulations, with somewhat more favorable outcome at
2 years of follow-up for the group with the slow-re-
lease formulation.9,22-24

Several ongoing trials (ARTS II, BIFURCATION,
DELIVER II, TAXUS V-VII, among others) have
applied sirolimus-eluting or paclitaxel-eluting stents
in more complex lesions and for in-stent restenosis,
and some have studied other antiproliferative drugs,
such as the PRESENT and EVIDENT trials with ta-
crolimus, and the FUTURE I-II trials with ever-
olimus.

Figure 1 shows all the studies identified (published
or unpublished), the direction of the effect found for
MACEs according to the study design (experimental

or not, number of participating centers and sample
size), and the risk for developing restenosis among the
patients included, defined by type of lesion (location,
vessels affected and length). More than half the studies
with a higher capability for demonstrating causal evi-
dence (RCTs) are now ongoing and the majority in-
clude patients with a lower risk for restenosis (new le-
sions and shorter lesions).

Meta-analysis of the RCTs was only done for revas-
cularization rates (target lesion revascularization [TLR]
or, when this data was not available, target vessel revas-
cularization [TVR]), since it was the only clinical out-
come among the MACEs that demonstrated significant
differences between the comparison groups. Thirty-
seven patients from the ASPECT trial who received a
different antiplatelet treatment than patients in the re-
maining studies and who presented adverse effects
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Fig. 1. Studies identified (published and ongoing) according to the level causal evidence and the patients’ risk of restenosis.
+ indicates positive effect, i.e., statistically significant clinical benefit (reduction in the rate of major adverse coronary events) with use of drug-elu-
ting stent as compared to conventional stent; =, no effect, i.e., no significant differences between groups; –, negative effect, i.e., statistically signifi-
cant risk with use of drug-eluting stent as compared to conventional stent; ?, results still not available; N/A, not applicable, i.e., no randomized con-
trol group was used. 
*Ongoing study. The C-SIRIUS, BIFURCATION (in which the control group was angioplasty) and ELUTES studies were published during the peer
review of this manuscript.
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Fig. 2. Association between the
revascularization rate and treat-
ment with antiproliferative drug-
eluting stent: meta-analysis with
random-effect model (Dersimo-
nian-Laird method). Pat. indica-
tes patients; RR, relative risk with
the random-effects model; CI,
confidence interval. The C-SI-
RIUS and ELUTES studies were
published during the peer review
of this manuscript.



were excluded from the meta-analysis. The results of
the meta-analysis (Figure 2) indicate that the need for
revascularization may be reduced by 69% (RR=0.31;
95% CI, 0.19-0.51). After studying possible causes of
clinical heterogeneity, statistical heterogeneity was de-
tected and a random-effects model was applied (P<.1;
Q test). The analysis of subsets according to specific
characteristics, such as the type of antiproliferative
drug, type of lesion, duration of follow-up, type of
revascularization assessed (TLR and/or TVR), or
whether the study had been published or not, only
demonstrated a somewhat more favorable outcome for
sirolimus stents (RR=0.21; 95% CI, 0.13-0.34) than for
paclitaxel stents (RR=0.43; 95% CI, 0.24-0.76). In ad-
dition, paclitaxel-eluting stents presented more variable
outcome in the studies analyzed and their benefit in
complex lesions was less conclusive.

To verify the robustness or stability of the final mea-
sure obtained, we performed a sensitivity analysis in
order to determine the influence of each of the studies
on the overall estimation of effect; there were no subs-
tantial changes in the results.

Cost Analysis

The aim of the cost analysis was to determine the
economic implications of treating a cohort of patients
with coronary stenosis (equal to the total number of
patients treated during 2002 in Spain)3 by initial im-
plantation of either a conventional stent or an antipro-
liferative drug-eluting stent. Table 3 shows the total
cost at one year for 29 640 patients assuming average
effects (not extreme rates of restenosis and revascula-
rization) and according to the scientific evidence re-
viewed and the available cost data. Although use of the
new stent leads to reductions in stenosis after the first
procedure and consequently, the need for revascular-
ization, their generalized use at current prices would
imply an overall increase in funding. For every 1000
new patients, generalized use of coated stents instead
of conventional stents would involve an additional cost
of €818 718, that is, €819 per patient.

The neutral price of the new stent, that is, the value
required for the new stent to avoid increasing the over-
all cost estimate of the conventional stent would be
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TABLE 3. Analysis of Costs at One Year and Calculation of Neutral Cost (in Euros) Assuming Average Effect

Rates 

Intervention With Conventional Stent Intervention With Coated Stent

Parameter Interventions Costs Interventions Costs

New interventiona 29 640 184 034 760b 29 640 213 674 760c

Additional stentsd 14 302 14 302 000 14 302 28 604 000

Revascularization with conventional balloone,f 2668 13 895 528 711 3 705 474

Revascularization with cutting balloon 

or other devicesg,h 889 4 809 683 237 1 282 582

Revascularization with conventional stenti 445 2 760 521 119 736 139

Revascularization with bypassj 445 5 364 099 119 1 430 426

Total annual costs 225 166 591 249 433 381

Sensitivity analysis 216 223 314-251 996 423 242 278 760-263 742 625

Neutral cost of coated stent 1448

Sensitivity analysis 1407-1733

aAccording to the Registro Español de Hemodinámica y Cardiología Intervencionista for 20023, 34 723 interventional coronary procedures were performed, among
which 31 871 involved stent implantation. Based on the fact that 93% of the lesions treated were new according to the registry, we can assume that approximately
29 640 procedures with stents were performed in new lesions.
bCost of the intervention with a conventional stent, €6209 (angiography, procedure, and stent) and cost of conventional stent alone, €1000 (source: CORDIS8).
cCost of intervention with coated stent (Cypher®) 7209 € (angiography, procedure and stent) and cost of coated stent alone (Cypher©) €2000 (source: CORDIS8).
dSubtracting the number of stents implanted (47 249) from the number of procedures with stents (31 871) we can determine the number of additional stents im-
planted (15 378), among which 93% will have been placed in new lesions (14 302), according to the Registro Español de Hemodinámica y Cardiología Intervencio-
nista for 2002.3

eThe revascularization rate (clinical restenosis) would be approximately 15%39 with the conventional stent and 4% with the coated stent according to the studies re-
viewed (randomized controlled clinical trials); overall use of percutaneous transluminal coronary angioplasty (PTCA) for revascularization of stenosis is estimated
at approximately 60% (according to information provided by expert cardiologists).
fCost of the intervention (PTCA) with a conventional balloon, €5209 (angiography and procedure); this cost was calculated by subtracting the cost of the stent
from the cost of the intervention with a conventional stent (according to the CORDIS8 study data).
gThe use of other devices (particularly the cutting balloon) for revascularization of restenosis is estimated to be approximately 20% (according to information pro-
vided by expert cardiologists).
hCost of the intervention with other devices, €5409 (angiography, procedure and device); this cost was calculated by subtracting the cost of the stent from the cost
of the intervention with a conventional stent (according to the CORDIS8 study data) and adding the additional cost of a cutting balloon (approximately 30% more
expensive than a normal balloon, that is, around €200 more, according to information provided by expert cardiologists).
iThe use of a conventional stent for revascularization of restenosis is estimated to be approximately 10% (according to information provided by expert cardiolo-
gists).
JThe use of bypass graft for revascularization of restenosis is estimated to be 10% (according to information provided by expert cardiologists). The cost of the by-
pass is estimated at €12 065 (angiography and procedure) (source: CORDIS8).



€1448, which is €552 less than the cost of the
sirolimus-eluting stent used in the calculation (€2000
in 2004, approximately twice that of the conventional
stent). Since the market price of the conventional stent
may vary, the following formula was used to deter-
mine the neutral price of the coated stent based on the
price of the conventional stent:

Neutral price of the coated stent =(1935.201+[price
of conventional stent×4427])/4394 

Assuming effect rates that minimize and maximize
the total annual costs (sensitivity analysis according to
the restenosis avoided), use of the new stent would im-
ply an additional cost of €879 and €396 per patient,
respectively. Estimated neutral cost for these 2 scenar-
ios would range from €1407 to €1733, respectively.

DISCUSSION

Antiproliferative drug-eluting stents have generat-
ed high interest and expectations in the field of inter-
ventional cardiology. Nonetheless, published studies
with the most robust design (RCTs) investigating the
efficacy, effectiveness and safety of sirolimus or pa-
clitaxel-coated stents have been limited to a highly
selected population, with a low or moderate risk for
restenosis.

Meta-analysis of the RCTs identified (published or
unpublished) showed that the need for revasculariza-
tion could be reduced by 49% to 81% when drug-elut-
ing stents are used to treat new lesions and relatively
non-complex lesions. Evidence from studies other
than RCTs and ongoing studies in more complex le-
sions and/or in patients at a higher risk for restenosis is
less promising in terms of absolute frequency. The re-
sults are generally better, however, than when conven-
tional stents are used, and the decrease in relative risk
seems to be similar in magnitude.

The concept or definition of restenosis and the pre-
occupation with the study of the coronary lumen have
been points of conflict among interventional cardiolo-
gists for many years.25,26 The problems derived from
performing follow-up angiographies and from interob-
server and intraobserver variability, in addition to the
poor angiographic and clinical correlation, have led to
the use of clinical results (MACE) as indicators of
restenosis. When a combination of different variables
is used, a smaller sample size is needed to obtain sig-
nificant differences between the groups compared;
however, along with the increased precision obtained,
this approach may generate confusion as to the true ef-
fect.27 In general, the studies reviewed showed signifi-
cant differences in only one of the outcome variables:
the need for revascularization. Although clinically re-
levant, the need for revascularization is still an inter-
mediate outcome (not an endpoint) depending primari-

ly on medical criteria, and it does not incorporate the
impact on the patient’s perception of health in a stan-
dardized manner.

With regard to adverse events, a higher frequency of
incomplete apposition has been reported in the group re-
ceiving drug-coated stents. However, 12-month follow-
up showed no increase in late thrombosis or MACEs in
these patients.8,29 In addition, coated stents (Cypher®

stents) have been related with more frequent develop-
ment of subacute thrombosis and hypersensitivity reac-
tions. In November 2003 the U.S. Food and Drug
Administration (www.fda.gov/cdrh/safety/cypher.html)
ratified the safety and efficacy of these devices when
used under the conditions approved in April 2003: pre-
cise selection of stent size, appropriate selection of the
patients (patients with new lesions ≤30 mm long occur-
ring in 2.5- to 3.5-mm vessels), proper use of antiplatelet
treatment (at least 3 months postimplantation) and use of
adequate techniques for stent expansion.  

Long-term outcome with the new stents is unknown.
The longest follow-up period in a published clinical
series is two years,24 and no new clinical events were
observed. The resolution of other questions is still
pending, for instance, whether or not the drug perma-
nently inhibits neointimal growth or simply delays its
formation, knowledge of the effect and safety of the
polymers used, determination of the best antiprolifera-
tive agent and the role of the locally released drug
dose, establishment of the efficacy of the new stents in
different lesions than those studied up to now and in
more unfavorable anatomic configurations, and finally,
identification of patient subgroups in whom outcome
with the new stents could be more relevant and cost-
effective. Analyses in subsets of patients at a higher
risk for restenosis (patients with diabetes, lesion in a
narrow vessel and lesion located in the anterior des-
cending artery) performed in one of the studies re-
viewed11 show higher clinical efficacy in these groups.
These results should be confirmed in studies specifi-
cally designed for this purpose.30

At the market price, the generalized use of coated
stents instead of conventional stents with a one-year
time horizon would imply higher overall expenditure
in all cases from the hospital’s perspective. In this sce-
nario, variations in stent price would change their eco-
nomic impact. When viewed relative to the total cost
per patient, the added expenditure does not seem so
important, since revascularization surgery itself costs
more than €6000 per intervention. Nonetheless, we
still do not know how these stents will be used in
actual practice. We assumed similar practice in the 2
cohorts of patients. However, it is possible that the in-
dications for the new stents will be extended and their
use generalized, as has occurred with other advances
in medical technology.1

This study is not devoid of limitations. There can
be selection bias in systematic reviews, as a result of
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inappropriate literature searching or of the so-called
publication bias (studies in which results are negative
tend to have a lower probability of being published
than those with positive results),31 and this would
lead to overestimation of the observed effect. Our in-
clusion of unpublished studies and searches in seve-
ral information sources has probably reduced this
possibility. Published studies that had been halted be-
cause of the development of adverse events with use
of the new stents were not included. These studies,
conducted with other antiproliferative drugs, had
been halted, manufacture of the stents discontinued
and related research stopped; thus, they are not likely
to have influenced the effectiveness and safety results
of the drug-eluting stents assessed. Another limita-
tion is the fact that the cost analysis is simplified and
approximate; it is not a study of cost-effectiveness. It
was assumed that the other possible outcomes of an-
gioplasty with stent implantation (success, AMI,
death, and adverse effects) would be similar with ei-
ther conventional or drug-coated stents, and that the
use of standard balloons, conventional stents, bypass
grafts or other devices (cutting balloons, atherecto-
my, etc) would also be similar when the need for
revascularization was produced. The estimated per-
centage of revascularization procedures used can
vary between hospitals and may change in the future
with the increasing use of drug-eluting stents, but for
the moment those presented are closest to current
practice. Moreover, we applied the data on the cost-
effectiveness of the sirolimus-eluting stent from a
prior study8 that consulted the Soikos database on
health care costs (2002). This not a free-access infor-
mation source and does not clearly identify the basis
for all the values provided. In addition it is unknown
whether other direct costs (e.g. hours of nursing care,
number of medical visits, postprocedure rehabilita-
tion, etc) were taken into account. 

CONCLUSIONS

The results of this study indicate that in comparison
with conventional stents, treatment for coronary artery
stenosis with sirolimus- or paclitaxel-eluting stents can
lower the need for revascularization due to clinical
restenosis up to 69% in single, new lesions under 30
mm in length, in vessels 2.5-3.5 mm in diameter at 12
months’ of follow up. No other clinical benefits were
demonstrated.

From the perspective of the hospital and within a
time horizon of one year, generalized use of drug-coat-
ed stents at market prices would imply higher overall
expenditure in all cases.

Although there are several reasons for optimism
with the development of antiproliferative drug-eluting
stents, more randomized controlled studies are needed
to determine the type of patients and lesions likely to

obtain the greatest benefits, thereby contributing to
more cost-effective use of this technology.
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