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Cost Effectiveness of Drug Eluting Stents

Dimitris G. Sionis, MD

A B S T R A C T

Drug eluting stents (DES) have ushered in a new era in non-surgical coronary revas-
cularization with substantially reduced rates of restenosis, albeit at an increased ex-
pense for our health care system incurred by their higher cost compared to bare metal 
stents (BMS) and by a high demand of these devices by both physicians and patients. 
The risk of late thrombosis and other safety issues will need to be further investigated. 
The cost-effectiveness of DES depends on the features of the target population, the 
higher DES cost, any remaining safety issues and the specific treatment comparator 
(BMS, surgical or medical therapy). According to the data of economic analyses and 
clinical trials, DES will be reasonably cost-effective for a great percentage of patients 
and even cost saving for the subgroup of patients who are at high risk of clinical reste-
nosis with the conventional PCI techniques. The main limitation of wider application 
of DES in the daily interventional practice remains their high price, which if lowered 
in the future will broaden their target population in interventional cardiology.

Drug eluting stents (DES) represent one of the most innovative developments in 
interventional cardiology and the third (post balloon PTCA and metallic stent devel-
opment) blasting innovation, which determined a dramatic change in the treatment 
practice of coronary artery disease. It is widely known that the main drawback of 
non surgical treatment (percutaneous coronary intervention-PCI) of coronary artery 
disease patients with either balloon angioplasty or stent implantation is the restenosis 
of the treated lesions, that leads to recurrence of symptoms and worsening of quality 
of life. Restenosis is a typical healing process to the vessel trauma produced during 
the transluminal procedure of angioplasty and consists of elastic recoil of the dilated 
artery and neo-intimal proliferation, which is a biological response to the mechanical 
injury. The rate of post-PCI restenosis varies from less than 5% to over 50% depending 
on the different clinical and anatomical features of patients treated.

Drug eluting stents associate an anti-proliferative drug to prevent excessive neo-
intimal formation, a drug delivery system to release the active drug at a specific rate 
and a stent to carry both the drug and the drug delivery system and to act as a mechani-
cal scaffolding device. Up to date extensive investigation of DES in clinical practice 
includes the sirolimus-eluting stents (SES CYPHER™) and the paclitaxel-eluting 
stents (PES TAXUS™). Implantation of these devices, compared with bare metal 
stents (BMS), has led to a dramatic decrease of post PCI restenosis rate in the first 
pivotal clinical trials as well as the large randomized studies performed throughout 
the world [1-6], indicating that the risk of restenosis can be reduced by 49% to 81% 
when drug-eluting stents are used to treat new and relatively non-complex lesions 
included in these trials. In every day “real world” practice also, compared with an 
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historical control trial ARTS [7], DES effectiveness over BMS 
has been definitely documented according to RESEARCH 
registry data [8]. More recently data from the T-SEARCH 
registry [9] and the ARTS II study [10] which included patient 
subsets with more complex and higher restenosis-risk lesions, 
confirmed the improved results of DES over BMS and showed 
for the first time non inferiority of DES PCI to coronary artery 
bypass grafting (CABG) surgery in the treatment of patients 
with multivessel coronary artery disease. As a result, from 
the clinical point of view, introduction of effective DES al-
lowed physicians to treat patients with more complex and 
high restenosis-risk lesions, such as diabetics or patients with 
long lesions in relatively small vessels, proximal location and 
total occlusions, who were treated before with CABG. This 
circumstance translated into a great increase in the quality 
of life of these patients.

C O S T  O F  D E S

However, although clinical benefits of DES usage are in-
creasingly evident, important concerns about their cost have 
been raised in the medical community. The increased cost of 
a DES is the final result of higher research and development 
costs of the manufacturing companies, the expenditure of 
acquisition of exclusive and valuable licenses from pharma-
ceutical companies, the need of new manufacturing facilities 
for new designs and the relative low production levels [11]. 
Generally, the price of a DES is at least three-fold higher 
than the price of a conventional BMS and most authors report 
implantation of 1.5 stents per patient treated, leading to a 
significant increase of the initial total cost of the procedure. 
According to data from Lemos et al [11], the unrestricted use 
of DES in all USA patients that currently receive standard 
BMS would cost the health system about $1.5 billion each 
year. Moreover, Greenberg et al [12] estimated that uniform 
conversion of all current standard BMS procedures to DES 
would result in an initial cost increase of about $2800 per 
patient treated. Consequently, the great economical impact 
on healthcare budget, which is associated with the extensive 
use of DES remains a crucial issue, affecting worldwide so-
cioeconomic policy.

C O S T - E F F E C T I V E  I S S U E S

Issues concerning cost-effectiveness of DES include ques-
tions about the impact of DES implantation on “hard clini-
cal” end-points such as death or reinfarction, and about the 
reduction of post-PCI restenosis rate in real world practice and 
special patient subsets. Further questions relate to the impact 
of DES on need for CABG either as a primary procedure or 
during the post-PCI follow up period, the long term effective-

ness of DES in treating coronary artery disease patients and 
both short- and long-term safety of these devices.

E F F E C T  O N  M O R T A L I T Y

The main concern arises from the fact that DES use does 
not affect mortality post PCI procedures. All the available 
data show no influence of DES implantation on mortality 
rate following the procedure, when compared to the BMS. 
Indeed, the combined analysis of the TAXUS II, IV, V, VI 
clinical trials showed no difference in survival rate during 
a follow-up period of two years between patients receiving 
TAXUS™ stents or control BMS (97.7% versus 97.6% respec-
tively). Similar pooled analysis of 4 clinical trials (SIRIUS, E 
SIRIUS, C SIRIUS and RAVEL) using CYPHER™ stents 
in 1748 patients showed again no difference in mortality 
rate, during a follow-up period of 2.5 years, between patients 
who were treated with DES or control BMS (4.1% versus 
3.0% respectively). In addition, in a meta-analysis of DES 
randomized trials, Babapulle et al showed that DES use had 
no impact on mortality or myocardial infarction (MI) rate in 
comparison to BMS [6]. On the other hand, the main effect of 
DES implantation, that is the reduction of restenosis rate, is a 
secondary outcome and up to date no study has demonstrated 
a definite link between restenosis and mortality [13], except 
one report of BMS use mostly in diabetic patients [14]. Con-
sequently, despite the clear clinical benefits, concerns remain 
on whether the additional costs associated with the reduction 
or even elimination of restenosis are worth paying.

R I S K  O F  R E S T E N O S I S

It is widely acceptable that restenosis cannot be predicted. 
Multivessel stenting and diabetes are the two main patient 
related variables increasing the possibility of restenosis. Lesion 
related variables correlated with restenosis risk are the size of 
the vessel, the lesion length and consequently the stent length, 
the minimum lumen diameter pre- and post-procedure, the 
location or the type of lesion (ostial, occlusion, bifurcation) 
and the presence of multiple stents. So, it is anticipated that in 
diabetic patients with high grade long lesions in multiple small 
size (<3.0 mm) vessels, restenosis risk is the highest.

Post-PCI restenosis rate is derived mainly from the results 
of randomized clinical trials. It is well established that DES 
usage in patients with simple and low restenosis-risk lesions 
leads to an exceptionally significant decrease of restenosis rate 
when compared to BMS [1,2,4,15-17]. When used in patients 
with more complex lesions or special conditions the results 
still remain far better but nevertheless not so favourable as in 
simple lesions [3,5,18-20]. The increased, compared to BMS, 
efficacy of DES in the treatment of daily practice patients 
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with high risk and complex lesions has been confirmed by 
the recent big registries’ results [8-10], while the comparative 
efficacy of these devices to CABG will be shown when the 
results of the on-going mega trials FREEDOM and SYNTAX 
are presented.

Long term efficacy of SES in preventing restenosis of 
the dilated lesions has been established by several studies 
[21,22]. Recently, the 2-year follow-up data of RESEARCH 
showed persistent lower rate of clinically driven target vessel 
revascularization (TVR) among patients treated with SES 
in comparison with BMS (6.4% vs 14.7% respectively) [23]. 
The long-term follow-up also of the TAXUS trials showed 
persistently increased efficacy of PES in preventing new target 
lesion revascularization (TLR) procedures and total major 
adverse cardiac events (MACE) rate.

According to ARTS II study data, patients treated with 
DES PCI present during a follow-up of 1 year similar course 
with that of patients treated surgically in the ARTS study. 
Patients of ARTS II showed 1.0% mortality rate, 1.2% new 
MI rate, 7.4% re-intervention rate and total MACE rate of 
10.4%. On the other hand, patients of the ARTS study treated 
surgically presented a mortality rate of 2.7%, 3.5% new MI 
rate, 3.7% re-intervention rate and total MACE rate of 11.6%. 
These data underscore the non inferiority of DES PCI to 
CABG, with a clinical implication of leading many patients 
and physicians to select PCI with DES implantation as the 
primary treatment option of coronary artery disease instead 
of CABG. Moreover, the decreased need for re-interventions, 
due to lower rates of restenosis and TLR among patients 
treated with DES implantation, leads definitely to a lower 
need of CABG post DES PCI compared to BMS PCI.

Stent thrombosis and other safety issues. Finally, as far 
as the safety of these devices, all the available data show no 
difference in subacute or late thrombosis rate between DES 
and standard BMS, if proper antiplatelet therapy is given. 
The reported low rate of very late thrombosis, associated es-
pecially with PES, is a unique finding necessitating long-term 
combined antiplatelet therapy at least in some special cases 
[24]. The finding of increased rate of late stent malapposi-
tion among patients treated with DES in some studies has 
not been correlated with an adverse event and so it cannot 
be counted as a safety issue. The only unsolved safety issue 
is the “late catch-up” phenomenon described by Virmani et 
al [25], that represents an inexplicable increase of restenosis 
rate between 6 and 12 months or even later with some special 
type of DES. From all the above mentioned, it is clear that 
DES are effective and safe devices in reducing (compared 
to BMS) restenosis and the need for a new revascularization 
procedure rate in about 75% of patients with coronary artery 
disease treated non surgically, without affecting mortality. 
Their use is correlated with higher procedural and initial cost 
of PCI comparing to BMS.

Analyses of cost-effectiveness. Several cost-effectiveness 

analyses have been performed to access the economic bur-
den of restenosis to the health care system. They take into 
account the frequency of clinically important restenosis and 
the additional health care costs associated with its treatment, 
which vary according to the specific patients’ population char-
acteristics under investigation and to the healthcare system 
reality where they are applied. Cohen et al [26] presented in 
2004 a cost-effectiveness analysis of the SIRIUS trial, among 
patients with complex coronary stenoses who were treated with 
CYPHER™ stents or conventional BMS. Initial hospital costs 
were increased by $2881 per patient with SES. During the 1-
year follow-up period, use of SES led to significant reduction 
in the need for repeat revascularization procedures and of the 
follow-up costs by $2571 compared to BMS. The net increase 
of 1-year cost was estimated at $309 per patient treated with 
SES. The authors concluded that the use of SES in patients 
with complex coronary stenoses appears to be reasonably cost-
effective and with the availability of new longer stents it would 
reduce total 1-year costs compared with BMS.

In another analysis of RAVEL trial, among patients 
with rather simple and low restenosis-risk lesions who were 
treated with either CYPHER™ stents or BMS, van Hout et 
al [27] showed that DES use was associated with an increase 
of initial hospital cost by €1286 per patient. However, due 
to less revascularization procedures during 1-year follow-up 
(11.1% less major adverse cardiac events-MACE) among 
patients treated with DES, the final additional one year cost 
was estimated at €166. The authors concluded that there is 
an attractive balance between costs and effects of SES in the 
treatment of single and simple native de novo coronary lesions, 
while cost effectiveness of DES in complex lesions remains 
to be determined. Nevertheless, it has to be emphasized that 
in this trial the cost of purchase of both SES and BMS used 
was much cheaper than the other trials.

Greenberg et al [12] showed that treatment with DES 
could be cost-effective for patients with estimated re-inter-
vention likelihood greater than 12% and even cost saving for 
patients with estimated re-intervention likelihood greater 
than 20%, especially if the therapeutic alternative for these 
patients is the invasive and expensive surgery. Finally, Serruys 
[28] in the cost-effectiveness analysis of RESEARCH and 
T-SEARCH registries estimated the cost-effective price of 
DES to be around €1200-1500, instead of the current price 
of €2500-3300.

C O N C L U S I O N

In summary, DES use during PCI substantially reduces 
restenosis of the treated lesions and repeat revascularization 
procedures, resulting in a high demand of these devices by 
both physicians and patients and in an increase of health care 
costs. The cost-effectiveness of DES depends on the target 
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population features and the specific treatment comparator 
(BMS, CABG or medical therapy). According to the data of 
economic analyses and clinical trials, DES will be reasonably 
cost-effective for a great percentage of patients and even cost 
saving for the subgroup of patients who are at high risk of 
clinical restenosis with the conventional PCI techniques. It 
has to be mentioned that in the past worthy techniques such 
as balloon angioplasty was introduced with a procedural cost 
of $4300 and coronary stenting was performed at a cost of 
$4400 [11]. The main limitation of wider application of DES 
in the daily interventional practice and higher penetration rate 
of these devices in non surgical treatment of coronary artery 
disease is, for the moment, their high price. In the future, lower 
costs of DES should render this technology cost saving for a 
larger group of PCI patients, broadening the target population 
even for the treatment of vulnerable plaques, which is the next 
hot spot of interventional cardiology.

R E F E R E N C E S

 1. Morice MC, Serruys PW, Sousa JE, et al. A randomized com-
parison of a sirolimus-eluting stent with a standard stent for 
coronary revascularization. N Engl J Med 2002; 346:1773-80.

 2. Moses JW, Leon MB, Popma JJ, et al. Sirolimus-eluting stents 
versus standard stents in patients with stenosis in a native coro-
nary artery. N Engl J Med 2003; 349: 1315-23.

 3. Schofer J, Schluter M, Gershlick AH, et al. Sirolimus-elut-
ing stents for treatment of patients with long atherosclerotic 
lesions in small coronary arteries: double-blind, randomized 
controlled trial (E-SIRIUS). Lancet 2003; 362: 1093-99.

 4. Colombo A, Drzewiecki J, Banning A, et al. Randomized 
study to assess the effectiveness of slow- and moderate-release 
polymer-based paclitaxel-eluting stents for coronary artery le-
sions. Circulation 2003; 108: 788-94.

 5. Stone GW, Ellis SG, Cox DA, et al. A polymer-based, pacli-
taxel-eluting stent in patients with coronary artery disease. N 
Engl J Med 2004; 350: 211-31.

 6. Babapulle MN, Joseph L, Belisle P, Brophy JM, Eisenberg MJ. 
A hierarchical Bayesian meta-analysis of randomized clinical 
trials of drug-eluting stents. Lancet 2004; 364: 583-91.

 7. Serruys PW, Unger F, van Hout BA, et al. The ARTS study 
(Arterial Revascularization Therapies Study). Semin Interv 
Cardiol 1999; 4: 209-19.

 8. Lemos PA, Serruys PW, van Domburg RT, et al. Unrestricted 
utilization of sirolimus-eluting stents compared with conven-
tional bare stent implantation in the “real world” : the Rapamy-
cin-Eluting Stent Evaluated At Rotterdam Cardiology Hospital 
(RESEARCH) registry. Circulation 2004; 109: 190-5.

 9. Ong AT, Serruys PW, Aoki J, et al. The unrestricted use of 
paclitaxel- versus sirolimus-eluting stents for coronary artery 
disease in an unselected population: one-year results of the 
Taxus-Stent Evaluated at Rotterdam Cardiology Hospital (T-
SEARCH registry). J Am Coll Cardiol 2005; 45: 1135-41.

 10. Serruys PW, Lemos PA, van Hout BA, et al. Sirolimus eluting 

stent implantation for patients with multivessel disease: ratio-
nale for the arterial revascularization therapies study part II 
(ARTS II). Heart 2004; 90: 995-8.

 11. Lemos PA, Serruys PW, Souza E. Drug-eluting stents. Cost 
versus clinical benefit. Circulation 2003; 107: 3003-7.

 12. Greenberg D, Bakhai A, Cohen DJ. Can we afford to eliminate 
restenosis? Can we afford not to? J Am Coll Cardiol 2004; 43: 
513-8.

 13. Weintraub WS, Ghazzal ZM, Douglas JS Jr, et al. Long-term 
clinical follow-up in patients with angiographic restudy after 
successful angioplasty. Circulation 1993; 87: 831-40.

 14. Schühlen H, Kastrati A, Mehilli J, et al. Restenosis detected by 
routine angiographic follow-up and late mortality after coro-
nary stent placement. Am Heart J 2004; 147: 317-22.

 15. Sousa JE, Costa MA, Abizaid AC, Rensing BJ, Abizaid AS, 
Tanajura LF, et al. Sustained suppression of neointimal pro-
liferation by sirolimus-eluting stents: one-year angiographic 
and intravascular ultrasound follow-up. Circulation 2001; 104: 
2007-11.

 16. Rensing BJ, Vos J, Smits PC, Foley DP, van den Brand MJ, van 
der Giessen WJ, et al. Coronary restenosis elimination with a 
sirolimus eluting stent: first European human experience with 
6-month angiographic and intravascular ultrasonic follow-up. 
Eur Heart J 2001; 22: 2125-30.

 17. Grube E, Silber S, Hauptmann KE, Mueller R, Buellesfeld L, 
Gerckens U, et al. TAXUS I: Six and twelve month results from 
a randomized, double-blind trial on a slow-release paclitaxel-
eluting stent for de novo coronary lesions. Circulation 2003; 
107: -42.

 18. Schampaert E, Cohen EA, Schluter M, Reeves F, Traboulsi M, 
Title LM, et al. The Canadian study of the sirolimus-eluting 
stent in the treatment of patients with long de novo lesions in 
small native coronary arteries (C-SIRIUS). J Am Coll Cardiol 
2004; 43: 1110-5.

 19. Degertekin M, Regar E, Tanabe K, Smits PC, van der Giessen 
WJ, Carlier SG, et al. Sirolimus-eluting stent for treatment of 
complex in-stent restenosis: the first clinical experience. J Am 
Coll Cardiol 2003; 41: 184-9.

 20. Tanabe K, Serruys PW, Grube E, Smits PC, Selbach G, van der 
Giessen WJ, et al. TAXUS III Trial: in-stent restenosis treated 
with stent-based delivery of paclitaxel incorporated in a slow-
release polymer formulation. Circulation 2003; 107: 559-64.

 21. Degertekin M, Serruys PW, Foley DP, et al. Persistent inhibi-
tion of neointimal hyperplasia after sirolimus-eluting stent 
implantation: long-term (up to 2 years) clinical, angiographic, 
and intravascular ultrasound follow-up. Circulation 2002; 106: 
1610-3.

 22. Sousa JE, Costa MA, Sousa AG, et al. Two-year angiographic 
and intravascular ultrasound follow-up after implantation of si-
rolimus-eluting stents in human coronary arteries. Circulation 
2003; 107: 381-3.

 23. Serruys PW. RESEARCH Registry. Data presented at Eu-
roPCR, Paris 2005.

 24. Eisenberg MJ. Drug eluting stents: some bare facts. Lancet 
2004; 364: 1466-67.



118

HOSPITAL CHRONICLES, SUPPLEMENT 2006 DES & COST

119

 25. Virmani R, Liistro F, Stankovic G, et al. Mechanism of late 
in-stent restenosis after implantation of a paclitaxel derivate-
eluting polymer stent system in humans. Circulation 2002; 106: 
2649-51.

 26. Cohen DJ, Bakhai A, Shi C, et al. on behalf of the SIRIUS 
Investigators: Cost-effectiveness of sirolimus-eluting stents for 
treatment of complex coronary stenoses. Results from the Si-
rolimus-Eluting Balloon Expandable Stent in the Treatment of 
patients with de novo native coronary artery lesions (SIRIUS) 

Trial. Circulation 2004; 110: 508-14.
 27. van Hout BA, Serruys PW, Lemos PA, et al. One year cost 

effectiveness of sirolimus eluting stents compared with bare 
metal stents in the treatment of single native de novo coronary 
lesions: an analysis from the RAVEL trial. Heart 2005; 91: 507-
12.

 28. Serruys PW. Cost effectiveness in the real world. Data pre-
sented at EuroPCR, Paris 2005.




