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Interventional Cardiology
Long-Term Safety and Efficacy of Drug-Eluting Stents
Two-Year Results of the REAL (REgistro AngiopLastiche dell’Emilia
Romagna) Multicenter Registry
Antonio Marzocchi, MD; Francesco Saia, MD, PhD; Giancarlo Piovaccari, MD; Antonio Manari, MD;
Enrico Aurier, MD; Alberto Benassi, MD; Alberto Cremonesi, MD; Gianfranco Percoco, MD;
Elisabetta Varani, MD; Paolo Magnavacchi, MD; Paolo Guastaroba, MSc;
Roberto Grilli, MD; Aleardo Maresta, MD
Background—The long-term safety and efficacy of drug-eluting stents (DES) have been questioned recently.
Methods and Results—Between July 2002 and June 2005, 10 629 patients undergoing elective percutaneous coronary
intervention with either DES (n⫽3064) or bare-metal stents (BMS, n⫽7565) were enrolled in a prospective registry
comprising 13 hospitals. We assessed the cumulative incidence of major adverse cardiac events (death, acute myocardial
infarction, and target-vessel revascularization) and angiographic stent thrombosis during 2-year follow-up. A propensity score
analysis to adjust for different baseline clinical, angiographic, and procedural characteristics was performed. The 2-year
unadjusted cumulative incidence of major adverse cardiac events was 17.8% in the DES group and 21.0% in the BMS group
(P⫽0.003 by log-rank test). Angiographic stent thrombosis was 1.0% in the DES group and 0.6% in the BMS
group (P⫽0.09). After adjustment, the 2-year cumulative incidence of death was 6.8% in the DES group and 7.4% in the BMS
group (P⫽0.35), whereas the rates were 5.3% in DES and 5.8% in BMS for acute myocardial infarction (P⫽0.46), 9.1% in
DES and 12.9% in BMS for target-vessel revascularization (P⬍0.00001), and 16.9% in DES and 21.8% in BMS for major
adverse cardiac events (P⬍0.0001). Independent predictors of target-vessel revascularization in the DES group were diabetes
mellitus (hazard ratio 1.36, 95% confidence interval 1.06 to 1.76), renal failure (hazard ratio 1.69, 95% confidence interval
1.06 to 2.69), and reference vessel diameter (hazard ratio 0.64, 95% confidence interval 0.45 to 0.93).
Conclusions—In this large real-world population, the beneficial effect of DES in reducing the need for new revascularization compared
with BMS extends to 2 years without evidence of a worse safety profile. (Circulation. 2007;115:3181-3188.)
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D

rug-eluting stent (DES) use in percutaneous coronary interventions (PCIs) has been increasing sharply since its introduction into the market, and millions of patients worldwide have
received either a sirolimus-eluting stent or a paclitaxel-eluting stent
to treat coronary artery narrowings.1 The reason for this increase lies
in the remarkable reduction in the rate of restenosis and need for
new revascularization procedures associated with DES compared
with conventional bare-metal stents (BMS).2–6

addition, previous experience with vascular brachytherapy suggests
that neointimal proliferation could simply be delayed and not
prevented by some antirestenotic treatments.10 Indeed, data about
the long-term clinical results of DES use in settings other than
randomized controlled trials, although somewhat reassuring, are
scarce and refer to limited numbers of patients.11 In the present
study, we analyzed a large, real-world multicenter registry to
investigate the effects of DES beyond 1 year of follow-up.
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Methods

Despite the encouraging results of many randomized trials,
however, fears of untoward events ascribable to DES use over
long-term follow-up have been posited by a number of studies.7–9 In

Study Design and Patient Population
The REAL registry (REgistro regionale AngiopLastiche dell’EmiliaRomagna) has been described previously.12 Briefly, REAL is a large,
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prospective World Wide Web– based registry launched on July 2002
and designed to collect clinical and angiographic data on all
consecutive PCIs performed in a 4-million-residents region of Italy.
The registry is ongoing. Thirteen public and private centers of
interventional cardiology participate in data collection. Procedural
data are retrieved directly and continuously from the resident
databases of each laboratory, which share a common prespecified
data set. These data are open for evaluation, and periodic audits are
performed by the Regional Health Care Administration.
Between July 2002 and June 2005, 15 027 patients resident in the
region underwent PCI with stent implantation. A total of 1229
patients (8.2%) who had been treated with both DES and BMS have
been excluded from the present study population, as well as 3169
(21.1%) patients admitted with a diagnosis of ST-elevation myocardial infarction (MI). The present study population therefore consists
of 10 629 patients. Mean follow-up was 703 days (median 697 days,
range 182 to 1279 days).
The REAL registry was based on current clinical practice;
therefore, regulatory authorities required only an ordinary written
informed consent to perform coronary intervention, which was
obtained from all patients. The protocol of the study is in accordance
with the Declaration of Helsinki.

Procedures and Postintervention Medications
Interventional strategy and device use, including type of DES, were
left to the discretion of the attending physicians. Periprocedural
glycoprotein IIb/IIIa inhibitors and antithrombotic medications were
used according to the operator’s decision and current guidelines.
Antiplatelet treatment was prescribed according to current standards
of treatment, including lifelong aspirin for all patients, 1 month of
ticlopidine (250 mg BID) or clopidogrel (75 mg/d) treatment for
patients treated with BMS, and the same treatment for at least 2
months for patients treated with DES. The duration of dual-antiplatelet therapy has been gradually lengthened for patients treated with
DES during the 3 years of the registry on the basis of new
recommandations.13

Definitions and Follow-Up
The primary end point of the survey was the occurrence of major
adverse cardiac events (MACE), defined as (1) death (cardiac and
noncardiac), (2) nonfatal acute MI, and (3) target-vessel revascularization (TVR). MI during follow-up was diagnosed by local cardiologists at the hospital of admission according to standard criteria
(rise in the creatine kinase level to more than twice the upper limit
of normal with an increased creatine kinase-MB and newly developed Q waves). TVR was defined as any reintervention (surgical or
percutaneous) to treat a luminal stenosis occurring in the same
coronary vessel treated at the index procedure, within and beyond the
target-lesion limits. The protocol of the REAL registry did not
include routine angiography for any subgroup of patients; therefore,
virtually all reinterventions can be considered clinically driven.
Thrombotic stent occlusion was documented angiographically as a
complete occlusion (Thrombolysis In Myocardial Infarction flow 0
or 1) or a flow-limiting thrombus (Thrombolysis in Myocardial
Infarction flow 1 or 2) in a previously successfully treated artery.
Lesion length and vessel reference diameter were estimated visually
by the operators. Online quantitative coronary analysis was allowed
if required by the attending physician. Follow-up was obtained
directly and independently from the Emilia-Romagna Regional
Health Agency through analysis of the hospital discharge records and
the mortality registries. This ensures a complete follow-up for 100%
of patients resident in the region, including all out-of-hospital deaths
(this is the reason for the a priori exclusion of patients who live
outside the region). All repeat interventions during follow-up (either
surgical or percutaneous) were collected prospectively from the
single institutions as well and matched with the administrative data
to adjust for eventual inconsistency. Hospital records were reviewed
for additional information whenever deemed necessary. Specific
queries were sent to the single institution to justify or correct
discrepancies between administrative data, largely provided by

independent cardiologists, and data derived from the Web-based PCI
database, compiled by the interventional cardiologists.

Statistical Analysis
Continuous variables were expressed as mean⫾SD and were compared with Student unpaired t test. Categorical variables were
expressed as counts and percentages, and the 2 test was used for
comparison. The cumulative incidence of adverse events was estimated according to the Kaplan-Meier method and compared by the
log-rank test. Because of the observed differences in baseline
characteristics between the treatment groups, a propensity score
analysis was performed by use of a logistic regression model for
treatment with DES versus BMS. This analysis included a number of
clinical, angiographic, and procedural variables, such as age, sex,
modified Charlson comorbidity index, diabetes mellitus, prior angioplasty, prior coronary artery bypass graft, prior MI, in-stent restenosis, target vessel, left main stenting, number of lesions treated,
reference vessel diameter, lesion length, ostial lesion, chronic total
occlusion, bifurcation, and year and hospital of treatment. The
logistic model by which the propensity score was estimated showed
good predictive value (C-statistic⫽0.823), and calibration characteristics by the Hosmer-Lemeshow test (P⫽0.32). The score was then
incorporated into subsequent proportional-hazards models as a covariate. To avoid overadjustment, the multivariable Cox regression
analysis was performed using only the 2 variables “propensity score”
and “treatment.” Cox proportional hazards models adjusted with the
propensity score were also used to assess the effect of DES use in
several subgroups of patients. The propensity score was then used to
select 2 cohorts of patients for each treatment arm to perform a
matched comparison. The main goal of the present analysis was to
select 2 subgroups of patients with largely overlapping demographic
and procedural characteristics for a thorough evaluation of stent
thrombosis. In fact, for this population, we also assessed the
incidence of probable stent thrombosis, defined as unexplained
deaths within 30 days after the procedure or acute MI that involved
the target-vessel territory without angiographic confirmation, and
possible stent thrombosis, defined as unexplained deaths that occurred at least 30 days after the procedure. Multivariable analyses
were performed to identify independent predictors of TVR using the
following variables: age, sex, diabetes mellitus, prior PCI, prior
coronary artery bypass graft, prior MI, renal failure, left main
treatment, proximal left anterior descending coronary artery treatment, in-stent restenosis, number of lesions treated, chronic total
occlusion, bifurcation, ostial lesion, reference vessel diameter, total
lesion length, and use of DES. All analyses were performed with the
SAS 8.2 system.
The authors had full access to and take full responsibility for the
integrity of the data. All authors have read and agree to the
manuscript as written.

Results
In the first 3 years of activity of the REAL registry, 7565
patients were treated only with BMS, and 3064 patients were
treated solely with DES (of whom 1939 were treated with
only a sirolimus-eluting stent, 1032 with only a paclitaxeleluting stent, and 93 with both stents). Use of DES was not
uniform across the centers, with rates ranging from 19% to
65% of the procedures. A number of differences were
observed in demographics (Table 1) and in angiographic and
procedural characteristics (Table 2) between the 2 groups.
Patients in the DES group were younger (65⫾11 versus
68⫾11 years, P⬍0.0001) and more frequently had diabetes
mellitus (30.7% versus 22.4%, P⬍0.0001) and prior PCI
(13.3% versus 10.4%, P⬍0.0001) than those in the BMS
group. Diagnosis of acute coronary syndromes at admission
was similar in the 2 groups. DES were more frequently
implanted in the left anterior descending coronary artery
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TABLE 1. Baseline Clinical Characteristics of Patients
According to Treatment With BMS or DES
BMS
(n⫽7565)

DES
(n⫽3064)

P

Age, y

68⫾11

65⫾11

⬍0.0001

75.4

74.7

0.48

Diabetes mellitus

22.4

30.7

⬍0.0001

Hypertension

72.5

70.5

0.048

Hypercholesterolemia

54.0

58.7

⬍0.0001

Current smoker

24.4

24.7

0.74

1.4⫾1.4

1.3⫾1.4

⬍0.0001

Prior MI

27.9

26.9

0.33

Prior coronary angioplasty

10.4

13.3

⬍0.0001

9.6

9.8

0.71

Charlson comorbidity index

Prior coronary bypass surgery
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TABLE 2. Angiographic Lesion Characteristics and Procedural
Details for Patients Treated With BMS or DES

Variable
Men

Two-Year Safety and Efficacy of DES

Variable

BMS
(n⫽11190)*

DES
(n⫽4392)*

P

35.7

55.6

⬍0.0001

Treated coronary vessel
LAD

14.9

26.1

⬍0.0001

Left circumflex

27.5

21.5

⬍0.0001

Right

33.3

19.0

⬍0.0001

1.1

2.5

⬍0.0001

0.7

1.9

⬍0.0001

2.4

1.4

0.0002

Type A/B1

41.5

31.9

⬍0.0001

Type B2/C

Proximal LAD

Left main
Unprotected left main
Bypass graft
Lesion type

Poor LVEF (⬍0.35)

7.8

7.9

0.94

58.5

68.1

⬍0.0001

High-risk patients

50.5

69.6

⬍0.0001

Bifurcation

13.3

20.3

⬍0.0001

5.0

4.8

0.71

Ostial lesion

6.3

11.8

⬍0.0001

Chronic total occlusion

6.8

7.2

0.39

1.9

⬍0.0001

Renal failure
Clinical presentation
Stable angina pectoris*

48.2

47.6

0.56

In-stent restenosis

Unstable angina pectoris†

51.8

52.4

0.56

Average lesion length,† mm

15.3⫾6.8

18.6⫾8.6

⬍0.0001

Average stent length, mm

16.5⫾4.6

20.4⫾6.2

⬍0.0001

3.1⫾0.5

2.8⫾0.4

⬍0.0001

Lesion length ⬎20 mm

22.5

40.6

⬍0.0001

Lesion length ⬎30 mm

4.3

12.6

⬍0.0001

19.7

31.2

⬍0.0001

22.3⫾13.4

26.5⫾15.5

⬍0.0001
0.31

LVEF indicates left ventricular ejection fraction. Values are percent or
mean⫾SD.
*Including silent ischemia.
†Including non–ST-elevation acute MI.

(55.6% versus 35.7%, P⬍0.0001) and were used more
frequently to treat an unprotected left main coronary artery
(1.9% versus 0.7%, P⬍0.0001) and less frequently in bypass
grafts (1.4% versus 2.4%, P⫽0.0002) than in the BMS group.
Angiographic lesion profiles were generally less favorable in
the DES group (American Heart Association/American College of Cardiology lesion type B2/C: 68.1% DES versus
58.5% BMS, P⬍0.0001). In fact, DES were used more often
to manage bifurcations (20.3% versus 13.3%, P⬍0.0001),
ostial lesions (11.8% versus 6.3%, P⬍0.0001), long lesions
(lesion length ⬎20 mm; 40.6% DES versus 22.5% BMS,
P⬍0.0001), and small vessels (average reference vessel
diameter 2.8⫾0.4 versus 3.1⫾0.5 mm, P⬍0.0001) than in the
BMS group. Multivessel intervention was performed in 21%
of the patients and was evenly distributed in the 2 groups.
Complete procedural success was obtained in 98.1% of the
procedures in both groups.
The 2-year unadjusted cumulative incidence of MACE is
shown in Table 3. Notably, the incidence of angiographic
stent thrombosis did not appear significantly different in the
2 groups (1.0% DES versus 0.6% BMS, P⫽0.09).
To adjust for differences in baseline clinical and angiographic characteristics, a propensity score analysis of the data
was performed as described previously. As shown in Figure
1, the 2-year incidence of MACE was significantly reduced
by DES compared with BMS (DES 16.9% versus BMS
21.8%, hazard ratio [HR] 0.74, 95% confidence interval [CI]
0.65 to 0.85), and this was driven mainly by the reduction in
TVR (DES 9.1% versus BMS 12.9%, HR 0.68, 95% CI 0.57
to 0.80). Conversely, rates of death and MI were similar in the
2 cohorts of patients (death: DES 6.8% versus BMS 7.4%,
HR 0.90, 95% CI 0.72 to 1.13; MI: DES 5.3% versus BMS

Reference vessel diameter,† mm

Reference vessel diameter ⬍2.5 mm
Total lesion length,‡ mm
Multivessel intervention‡

0.7

20.7

21.6

1.5⫾0.8

1.4⫾0.7

0.004

24.5⫾14.4

28.3⫾16.4

⬍0.0001

Gp IIb/IIIa inhibitors

23.0

25.9

0.41

Complete procedural success‡

98.1

98.1

0.89

No. of lesions treated
Total stent length,‡ mm

LAD indicates left anterior descending coronary artery; GP, glycoprotein.
Values are percent or mean⫾SD.
*Total number of lesions.
†Visual estimation.
‡Referred to 7565 patients in the BMS group and 3064 patients in the DES
group.

5.8%, HR 0.91, 95% CI 0.72 to 1.16; and death and MI: DES
10.9% versus BMS 12.3%, HR 0.87, 95% CI 0.73 to 1.04).
As shown in Figure 2, DES were associated with a similar
reduction of risk of TVR and MACE across all subgroups
tested.
In a further analysis, we used our propensity score model to
perform a matched comparison. Thus, we obtained a population of 3354 patients (n⫽1677 for each treatment group)
with very similar clinical, angiographic, and procedural
characteristics (see Table and Figure, online-only Data Supplement). The clinical outcomes of these cohorts paralleled
those observed in the entire population: MACE, BMS 21.5%
versus DES 18.1% (P⫽0.002); death, BMS 6.8% versus DES
6.7% (P⫽0.7); acute MI, BMS 5.7% versus DES 5.6%
(P⫽0.9); and TVR, BMS 13.9% versus DES 10.8%
(P⫽0.0008). In this population, angiographic stent thrombosis was observed in 1.5% of BMS and 1.6% of DES patients
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TABLE 3. Two-Year Unadjusted and Propensity
Score–Adjusted Cumulative Incidence of MACE in Patients
Treated With BMS or DES
BMS
(n⫽7565)

DES
(n⫽3064)

A

P

12.3%

Unadjusted

10.9%

All MACE

21.0

17.8

0.003

8.0

5.7

0.0002

Cardiac

4.6

3.5

0.05

Noncardiac

3.3

2.1

0.001

Unknown

0.1

0.1

5.4

5.5

䡠䡠䡠
0.64

12.0

11.2

0.60

Death

Acute MI
TVR
PCI

B

10.3

9.6

0.6

1.6

1.7

0.9

Target-lesion revascularization

9.2

7.3

0.009

Angiographic stent thrombosis

0.6

1.0

0.09

Acute (⬍24 h)

0.1

0.1

0.4

Subacute (24 h to 30 d)

0.3

0.3

0.8

Late (30 d to 6 mo)

0.1

0.2

0.7

Very late (⬎6 mo)

0.1

0.4

0.01

21.8

16.9

⬍0.0001

7.4

6.8

0.35

Cardiac

4.3

4.4

0.9

Noncardiac

3.0

2.4

0.2

21.8%

5.8

5.3

0.46

16.9%

12.9

9.1

⬍0.0001

11.2

7.8

⬍0.0001

1.7

1.4

9.9

5.8

CABG

12.9%
9.1%

Propensity score–adjusted
All MACE
Death

Acute MI
TVR
PCI
CABG
Target-lesion revascularization

C

0.2
⬍0.0001

Values are percentages. P values are by log-rank test for unadjusted
incidence and by Cox proportional hazards model for propensity score–adjusted
incidence. CABG indicates coronary artery bypass grafting.

(P⫽1.0), probable stent thrombosis in 0.6% of BMS and
0.2% of DES patients (P⫽0.15), possible stent thrombosis in
0.6% of BMS and 1.2% of DES patients (P⫽0.38), and
overall stent thrombosis in 2.7% of BMS and 3.0% of DES
patients (P⫽0.87; Figure 3).

Predictors of TVR
Table 4 lists the multivariate predictors of long-term TVR. In
the overall population, the factors associated with 2-year
TVR were diabetes mellitus, prior MI, prior PCI, prior
coronary artery bypass graft surgery, proximal left anterior
descending coronary artery treatment, in-stent restenosis,
ostial lesion, reference vessel diameter, total lesion length,
and use of DES. Within the DES group, the only predictors of
TVR were diabetes mellitus, reference vessel diameter, and
renal failure.

Discussion
This study confirms in a large, real-world population, which
included patients with several high-risk indications, that no

Figure 1. Propensity score–adjusted cumulative incidence (Cum.
Prob.) of (A) death and acute MI, (B) TVR, and (C) MACE in the
DES and the BMS groups.

evidence exists of a decreasing efficacy of DES over time,
and the safety profile of DES, at least with the current
antiplatelet therapy regimen, does not differ significantly
from that of BMS. Encouraging long-term results with DES
have been reported previously.14 –16 Importantly, however,
these results refer principally to selected patients and lesion
types. The first report on the long-term efficacy and safety of
DES in the treatment of unselected “all-comers” patients with
complex disease came from the Rapamycin-Eluting Stent
Evaluated at Rotterdam Cardiology Hospital (RESEARCH)
registry,11 which demonstrated that the use of a sirolimuseluting stent is associated with a significantly lower incidence
of MACE and TVR than BMS up to 2 years of follow-up in
patients with de novo coronary artery lesions. Remarkably,
however, as also acknowledged by the authors, only 508 DES
patients were included in that report, and observation of rare
and unexpected late complications requires a much larger
sample size.11
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Figure 2. Propensity score–adjusted HRs of incidence of 2-year TVR and MACE associated with DES use in different subgroups of
patients according to clinical and angiographic characteristics, by Cox proportional hazards model. High-risk patients were defined on
the basis of the following criteria12: diabetes mellitus, left ventricular ejection fraction ⬍0.35, lesion in the last remaining vessel, lesion in
a main vessel providing collateral flow to another occluded main vessel, ostial lesion, lesion of the proximal left anterior descending
coronary artery (LAD), lesion of the left main stem, bifurcation, vein graft, or chronic total occlusion.

Despite this paucity of data, millions of patients have
already received a DES since these devices first appeared on
the market in April 2002, and the rate of use has been
increasing progressively over the years.1 In addition, ⬇25%
of the patients are currently treated with DES in “off-label”
situations.17 In this context, results of large “real-life” multicenter registries may provide important information complementary to that provided by randomized clinical trials and
single-center experiences. With ⬎3000 patients treated solely
with DES in a multicenter setting, the present analysis from
the REAL registry represents the largest report of long-term
follow-up of DES in daily practice.
To the best of our knowledge, the use of DES for the
treatment of coronary artery disease does not reduce mortality
compared with BMS, and therefore, the improvement in
quality of life due to reduced restenosis and need for new
revascularizations obtained with DES should be carefully
weighed against possible negative effects on the safety
profile. Preliminary long-term data from randomized trials
have been reported recently, and these have fueled fears of
increased rates of noncardiac death and acute MI with DES.
The REAL registry does not provide evidence of an increased
risk of angiographically documented stent thrombosis with
DES up to 2 years. In addition, in the matched cohorts of
patients, the incidence of definite, probable, and possible
stent thrombosis did not appear significantly different between the 2 groups (Figure 3). Remarkably, as outlined in
Table 3 and Figure 1, both rough and propensity score–
adjusted mortality and MI rates were not significantly higher
in patients treated with DES than in those treated with BMS.

Thus, in our experience, the safety profile of DES was similar
to that of BMS up to 2 years. A possible explanation of this
result may be the selective use of DES in REAL, with a
case-to-case careful evaluation of possible advantages and
risks of DES implantation. Nevertheless, we acknowledge
that for a safety evaluation, a 2-year follow-up may be
inadequate. Therefore, longer follow-up, a larger number of
patients, and, possibly, non– company-sponsored large randomized clinical trials are mandatory to definitively determine the safety of patients receiving these devices. In
addition, although overall angiographic stent thrombosis rates
were low and not significantly different between the 2 groups,
after 6 months, significantly more new episodes occurred in
the DES group. This reconciles well with the observation that
DES may result in delayed arterial healing compared with
BMS of similar implant duration,7 and it provides evidence
for the need for prolonged dual-antiplatelet treatment in
DES-treated patients. Information about the actual antiplatelet regimen is not available in our registry; however, at least
in the first year, dual-antiplatelet treatment was prescribed
only for a few months and was likely interrupted after 6
months in the vast majority of the DES patients. Thus, new
recommendations for prolonged antiplatelet treatment could
result in a leveling of the incidence of stent thrombosis
between the 2 groups even after 6 months.
The second important finding of the present study is that
the beneficial effect of DES over BMS extends beyond 1 year
without any evidence of a late “catch-up” phenomenon. This
contrasts with observations in porcine models, in which the
initial benefits of DES are reported to disappear with time,18
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Figure 3. Cumulative incidence (Cum. Prob.) of overall stent thrombosis (A), angiographic stent thrombosis (B), probable stent thrombosis (C), and possible stent thrombosis (D) in the propensity score–matched population of patients treated with DES (n⫽1677) and
BMS (n⫽1677). Bars represent CIs.

but mirrors long-term findings of the first DES trials15,16,19
and the 2-year results of the RESEARCH registry.11 As
evident in Figure 1, the advantage of DES over BMS is
largely obtained during the first year and then maintained
TABLE 4. Clinical, Procedural and Angiographic Multivariable
Predictors of 2-Year TVR
HR

95% CI

P

DES

0.75

0.64–0.88

0.0004

Diabetes mellitus

1.26

1.09–1.46

0.002

Prior MI

0.81

0.69–0.96

0.01

Prior PCI

1.36

1.09–1.70

0.008

Prior CABG

1.32

1.05–1.67

0.02

Proximal LAD treatment

1.25

1.08–1.45

0.003

In-stent restenosis

1.89

1.24–2.89

0.003

Ostial lesion

1.34

1.11–1.62

0.002

Reference vessel diameter*

0.71

0.61–0.82

⬍0.0001

Total lesion length

1.007

1.00–1.01

0.02

Diabetes mellitus

1.36

1.06–1.76

0.02

Reference vessel diameter*

0.64

0.45–0.93

0.02

Renal failure

1.69

1.06–2.68

0.03

All patients

DES group

LAD indicates left anterior descending coronary artery; CABG, coronary
artery bypass grafting.
*Per mm increase.

without apparent loss of efficacy over time; however, the
46% reduction of target-lesion revascularization and the 32%
reduction of TVR does not appear as striking as reported in
clinical trials. This could be explained in part by the clinically
driven nature of new revascularizations in our registry,
whereas it has been demonstrated that mandatory angiographic follow-up as prescribed in randomized clinical trials
can overestimate the absolute clinical benefits of DES.20
Nevertheless, because TVR/target-lesion revascularization
rates in each group were virtually in the single digits, the
cost-effectiveness of DES requires further evaluation, and a
strategy of selective use targeted to specific subgroups of
patients and lesions could be hypothesized for future studies.
We analyzed the predictors of clinical restenosis in all
patients and subsequently in patients treated with DES only.
These analyses confirmed that DES use is independently
associated with a reduction in TVR in the general population.
We showed once again the predictive value of diabetes
mellitus, prior MI, prior revascularization procedures, and a
number of angiographic features, such as proximal left
anterior descending coronary artery treatment, ostial lesion,
reference vessel diameter, total lesion length, and in-stent
restenosis, with regard to new revascularizations. Interestingly, however, within the DES-treated population, most of
these factors lost their predictive value (Table 4), and only
diabetes mellitus (HR 1.26), renal failure (HR⫽1.69), and
reference vessel diameter (HR⫽0.64) were statistically significant. Small reference vessel diameter has consistently
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been shown to increase the risk of repeat revascularizations in
patients treated with DES,3,21,22 and the REAL registry
confirms this observation. Diabetes mellitus has traditionally
been considered a major risk factor for the development of
restenosis after PCI.23 Although implantation of DES reduces
MACE in patients with and without diabetes mellitus alike,
there remains a trend toward a higher frequency of restenosis
and repeat intervention in diabetic patients than in nondiabetic patients,24,25 particularly in insulin-dependent patients.26
Conflicting results emerged from other studies, in which
diabetes did not affect the risk of angiographic and clinical
restenosis.22,27,28 These different results might have been
driven by different study designs, different populations enrolled, different profile of DES use, or different rates of
angiographic follow-up. The results of the present registry
study support a persistent clinical impact of diabetes mellitus
in patients undergoing PCI (26% increase in TVR risk) and in
DES-treated patients alike (36% increase in TVR risk). Thus,
although use of a DES consistently reduces the risk of
restenosis in diabetic patients,29 it appears unlikely that such
a local treatment can reduce the overall clinical risk of
patients with diabetes mellitus, given the systemic nature of
the disease and its close link to atherosclerotic disease
progression. The same probably holds true for patients with
renal disease. In the present registry, renal failure was a
significant predictor of repeat TVR in DES patients. Endstage renal failure has been shown to be a risk factor for
repeat revascularizations in patients treated with BMS.30
Although the efficacy of DES in reducing restenosis in
patients with mid-to-moderate renal failure has been shown
previously,31,32 as well as in dialysis patients,33 renal failure
has consistently been associated with an increased incidence
of stent thrombosis34,35 and mortality31 in DES-treated patients. Accelerated atherosclerosis with lipid abnormalities,
hypercoagulation, and extensive coronary calcification may
explain the higher cardiovascular risk within this population.
Taken together, these observations highlight once again the
importance of secondary prevention strategies to decrease the
negative effect of known risk factors on outcomes of patients
undergoing PCI with DES implantation, as well as for every
other patient with coronary artery disease.

Conclusions
The REAL registry demonstrates that in a real-world, highrisk setting, DES reduce the incidence of repeat revascularization of the target vessel and MACE compared with BMS
at 2 years of follow-up. The extent of this reduction was,
however, lower than expected on the basis of the results of
randomized trials. This beneficial effect was obtained without
evidence of an overall worse safety profile, although further
evaluation is needed to clarify the possible long-term thrombotic risk associated with DES implantation.

Source of Funding
This study was supported by the Regional Health Care Agency of
Emilia-Romagna, Bologna, Italy.

Disclosures
None.

Two-Year Safety and Efficacy of DES

3187

References
1. Rao SV, Shaw RE, Brindis RG, Klein LW, Weintraub WS, Krone RJ,
Peterson ED. Patterns and outcomes of drug-eluting coronary stent use in
clinical practice. Am Heart J. 2006;152:321–326.
2. Morice MC, Serruys PW, Sousa JE, Fajadet J, Ban Hayashi E, Perin M,
Colombo A, Schuler G, Barragan P, Guagliumi G, Molnar F, Falotico R.
A randomized comparison of a sirolimus-eluting stent with a standard
stent for coronary revascularization. N Engl J Med. 2002;346:1773–1780.
3. Moses JW, Leon MB, Popma JJ, Fitzgerald PJ, Holmes DR,
O’Shaughnessy C, Caputo RP, Kereiakes DJ, Williams DO, Teirstein PS,
Jaeger JL, Kuntz RE. Sirolimus-eluting stents versus standard stents in
patients with stenosis in a native coronary artery. N Engl J Med. 2003;
349:1315–1323.
4. Schofer J, Schluter M, Gershlick AH, Wijns W, Garcia E, Schampaert E,
Breithardt G. Sirolimus-eluting stents for treatment of patients with long
atherosclerotic lesions in small coronary arteries: double-blind, randomised controlled trial (E-SIRIUS). Lancet. 2003;362:1093–1099.
5. Colombo A, Drzewiecki J, Banning A, Grube E, Hauptmann K, Silber S,
Dudek D, Fort S, Schiele F, Zmudka K, Guagliumi G, Russell ME.
Randomized study to assess the effectiveness of slow- and moderaterelease polymer-based paclitaxel-eluting stents for coronary artery
lesions. Circulation. 2003;108:788 –794.
6. Stone GW, Ellis SG, Cox DA, Hermiller J, O’Shaughnessy C, Mann JT,
Turco M, Caputo R, Bergin P, Greenberg J, Popma JJ, Russell ME. A
polymer-based, paclitaxel-eluting stent in patients with coronary artery
disease. N Engl J Med. 2004;350:221–231.
7. Joner M, Finn AV, Farb A, Mont EK, Kolodgie FD, Ladich E, Kutys R,
Skorija K, Gold HK, Virmani R. Pathology of drug-eluting stents in
humans: delayed healing and late thrombotic risk. J Am Coll Cardiol.
2006;48:193–202.
8. Wessely R, Kastrati A, Schomig A. Late restenosis in patients receiving
a polymer-coated sirolimus-eluting stent. Ann Intern Med. 2005;143:
392–394.
9. Pfisterer M, Brunner-La Rocca HP, Buser PT, Rickenbacher P, Hunziker
P, Mueller C, Jeger R, Bader F, Osswald S, Kaiser C. Late clinical events
after clopidogrel discontinuation may limit the benefit of drug-eluting
stents: an observational study of drug-eluting versus bare-metal stents.
J Am Coll Cardiol. 2006;48:2584 –2591.
10. Feres F, Munoz J, Abizaid A, Staico R, Kuwabara M, Mattos L,
Centemero M, Maldonado G, Albertal M, Vaz VD, Ferreira E, Tanajura
LF, Chaves A, Sousa A, Sousa JE. Angiographic and intravascular
ultrasound findings of the late catch-up phenomenon after intracoronary
beta-radiation for the treatment of in-stent restenosis. J Invasive Cardiol.
2005;17:473– 477.
11. Ong AT, van Domburg RT, Aoki J, Sonnenschein K, Lemos PA, Serruys
PW. Sirolimus-eluting stents remain superior to bare-metal stents at two
years: medium-term results from the Rapamycin-Eluting Stent Evaluated
at Rotterdam Cardiology Hospital (RESEARCH) registry. J Am Coll
Cardiol. 2006;47:1356 –1360.
12. Marzocchi A, Piovaccari G, Manari A, Aurier E, Benassi A, Saia F,
Casella G, Varani E, Santarelli A, Guastaroba P, Grilli R, Maresta A.
Comparison of effectiveness of sirolimus-eluting stents versus bare metal
stents for percutaneous coronary intervention in patients at high risk for
coronary restenosis or clinical adverse events. Am J Cardiol. 2005;95:
1409 –1414.
13. Smith SC Jr, Feldman TE, Hirshfeld JW Jr, Jacobs AK, Kern MJ, King
SB III, Morrison DA, O’Neill WW, Schaff HV, Whitlow PL, Williams
DO, Antman EM, Smith SC Jr, Adams CD, Anderson JL, Faxon DP,
Fuster V, Halperin JL, Hiratzka LF, Hunt SA, Jacobs AK, Nishimura R,
Ornato JP, Page RL, Riegel B. ACC/AHA/SCAI 2005 guideline update
for percutaneous coronary intervention: a report of the American College
of Cardiology/American Heart Association Task Force on Practice
Guidelines (ACC/AHA/SCAI Writing Committee to Update the 2001
Guidelines for Percutaneous Coronary Intervention). J Am Coll Cardiol.
2006;47:e1– e121.
14. Sousa JE, Costa MA, Abizaid A, Feres F, Seixas AC, Tanajura LF,
Mattos LA, Falotico R, Jaeger J, Popma JJ, Serruys PW, Sousa AG.
Four-year angiographic and intravascular ultrasound follow-up of patients
treated with sirolimus-eluting stents. Circulation. 2005;111:2326 –2329.
15. Fajadet J, Morice MC, Bode C, Barragan P, Serruys PW, Wijns W,
Constantini CR, Guermonprez JL, Eltchaninoff H, Blanchard D, Bartorelli A, Laarman GJ, Perin M, Sousa JE, Schuler G, Molnar F, Guagliumi G, Colombo A, Ban Hayashi E, Wulfert E. Maintenance of
long-term clinical benefit with sirolimus-eluting coronary stents:
three-year results of the RAVEL trial. Circulation. 2005;111:1040 –1044.

Downloaded from circ.ahajournals.org at ARCISPEDALE HOSPITAL on December 17, 2008

3188

Circulation

June 26, 2007

16. Schampaert E, Moses JW, Schofer J, Schluter M, Gershlick AH, Cohen
EA, Palisaitis DA, Breithardt G, Donohoe DJ, Wang H, Popma JJ, Kuntz
RE, Leon MB. Sirolimus-eluting stents at two years: a pooled analysis of
SIRIUS, E-SIRIUS, and C-SIRIUS with emphasis on late revascularizations and stent thromboses. Am J Cardiol. 2006;98:36 – 41.
17. Rao SV, Shaw RE, Brindis RG, Klein LW, Weintraub WS, Peterson ED.
On- versus off-label use of drug-eluting coronary stents in clinical
practice (report from the American College of Cardiology National Cardiovascular Data Registry [NCDR]). Am J Cardiol. 2006;97:1478 –1481.
18. Carter AJ, Aggarwal M, Kopia GA, Tio F, Tsao PS, Kolata R, Yeung AC,
Llanos G, Dooley J, Falotico R. Long-term effects of polymer-based,
slow-release, sirolimus-eluting stents in a porcine coronary model. Cardiovasc Res. 2004;63:617– 624.
19. Grube E, Silber S, Hauptmann KE, Buellesfeld L, Mueller R, Lim V,
Gerckens U, Russell ME. Two-year-plus follow-up of a paclitaxel-eluting
stent in de novo coronary narrowings (TAXUS I). Am J Cardiol. 2005;
96:79 – 82.
20. Pinto DS, Stone GW, Ellis SG, Cox DA, Hermiller J, O’Shaughnessy C,
Mann JT, Mehran R, Na Y, Turco M, Caputo R, Popma JJ, Cutlip DE,
Russell ME, Cohen DJ. Impact of routine angiographic follow-up on the
clinical benefits of paclitaxel-eluting stents: results from the TAXUS-IV
trial. J Am Coll Cardiol. 2006;48:32–36.
21. Stone GW, Ellis SG, Cannon L, Mann JT, Greenberg JD, Spriggs D,
O’Shaughnessy CD, DeMaio S, Hall P, Popma JJ, Koglin J, Russell ME.
Comparison of a polymer-based paclitaxel-eluting stent with a bare metal
stent in patients with complex coronary artery disease: a randomized
controlled trial. JAMA. 2005;294:1215–1223.
22. Kastrati A, Dibra A, Mehilli J, Mayer S, Pinieck S, Pache J, Dirschinger
J, Schomig A. Predictive factors of restenosis after coronary implantation
of sirolimus- or paclitaxel-eluting stents. Circulation. 2006;113:
2293–2300.
23. Elezi S, Kastrati A, Pache J, Wehinger A, Hadamitzky M, Dirschinger J,
Neumann FJ, Schomig A. Diabetes mellitus and the clinical and angiographic outcome after coronary stent placement. J Am Coll Cardiol.
1998;32:1866 –1873.
24. Cosgrave J, Agostoni P, Ge L, Iakovou I, Chieffo A, Biondi-Zoccai GG,
Sangiorgi GM, Montorfano M, Michev I, Airoldi F, Carlino M, Corvaja
N, Bonizzoni E, Colombo A. Clinical outcome following aleatory implantation of paclitaxel-eluting or sirolimus-eluting stents in complex
coronary lesions. Am J Cardiol. 2005;96:1663–1668.
25. Lemos PA, Hoye A, Goedhart D, Arampatzis CA, Saia F, van der Giessen
WJ, McFadden E, Sianos G, Smits PC, Hofma SH, de Feyter PJ, van
Domburg RT, Serruys PW. Clinical, angiographic, and procedural predictors of angiographic restenosis after sirolimus-eluting stent implantation in complex patients: an evaluation from the Rapamycin-Eluting
Stent Evaluated At Rotterdam Cardiology Hospital (RESEARCH) study.
Circulation. 2004;109:1366 –1370.
26. Moussa I, Leon MB, Baim DS, O’Neill WW, Popma JJ, Buchbinder M,
Midwall J, Simonton CA, Keim E, Wang P, Kuntz RE, Moses JW. Impact

27.

28.

29.

30.

31.

32.

33.

34.

35.

of sirolimus-eluting stents on outcome in diabetic patients: a SIRIUS
(SIRolImUS-coated Bx Velocity balloon-expandable stent in the
treatment of patients with de novo coronary artery lesions) substudy.
Circulation. 2004;109:2273–2278.
Hermiller JB, Raizner A, Cannon L, Gurbel PA, Kutcher MA, Wong SC,
Russell ME, Ellis SG, Mehran R, Stone GW. Outcomes with the
polymer-based paclitaxel-eluting TAXUS stent in patients with diabetes
mellitus: the TAXUS-IV trial. J Am Coll Cardiol. 2005;45:1172–1179.
Yang TH, Park SW, Hong MK, Park DW, Park KM, Kim YH, Han KH,
Lee CW, Cheong SS, Kim JJ, Park SJ. Impact of diabetes mellitus on
angiographic and clinical outcomes in the drug-eluting stents era.
Am J Cardiol. 2005;96:1389 –1392.
Sabate M, Jimenez-Quevedo P, Angiolillo DJ, Gomez-Hospital JA,
Alfonso F, Hernandez-Antolin R, Goicolea J, Banuelos C, Escaned J,
Moreno R, Fernandez C, Fernandez-Aviles F, Macaya C. Randomized
comparison of sirolimus-eluting stent versus standard stent for percutaneous coronary revascularization in diabetic patients: the Diabetes and
Sirolimus-Eluting Stent (DIABETES) trial. Circulation. 2005;112:
2175–2183.
Azar RR, Prpic R, Ho KK, Kiernan FJ, Shubrooks SJ Jr, Baim DS, Popma
JJ, Kuntz RE, Cohen DJ. Impact of end-stage renal disease on clinical and
angiographic outcomes after coronary stenting. Am J Cardiol. 2000;86:
485– 489.
Lemos PA, Arampatzis CA, Hoye A, Daemen J, Ong AT, Saia F, van der
Giessen WJ, McFadden EP, Sianos G, Smits PC, de Feyter P, Hofma SH,
van Domburg RT, Serruys PW. Impact of baseline renal function on
mortality after percutaneous coronary intervention with sirolimus-eluting
stents or bare metal stents. Am J Cardiol. 2005;95:167–172.
Halkin A, Mehran R, Casey CW, Gordon P, Matthews R, Wilson BH,
Leon MB, Russell ME, Ellis SG, Stone GW. Impact of moderate renal
insufficiency on restenosis and adverse clinical events after paclitaxeleluting and bare metal stent implantation: results from the TAXUS-IV
Trial. Am Heart J. 2005;150:1163–1170.
Hassani SE, Chu WW, Wolfram RM, Kuchulakanti PK, Xue Z,
Gevorkian N, Suddath WO, Satler LF, Kent KM, Pichard AD, Weissman
NJ, Waksman R. Clinical outcomes after percutaneous coronary intervention with drug-eluting stents in dialysis patients. J Invasive Cardiol.
2006;18:273–277.
Iakovou I, Schmidt T, Bonizzoni E, Ge L, Sangiorgi GM, Stankovic G,
Airoldi F, Chieffo A, Montorfano M, Carlino M, Michev I, Corvaja N,
Briguori C, Gerckens U, Grube E, Colombo A. Incidence, predictors, and
outcome of thrombosis after successful implantation of drug-eluting
stents. JAMA. 2005;293:2126 –2130.
Kuchulakanti PK, Chu WW, Torguson R, Ohlmann P, Rha SW, Clavijo
LC, Kim SW, Bui A, Gevorkian N, Xue Z, Smith K, Fournadjieva J,
Suddath WO, Satler LF, Pichard AD, Kent KM, Waksman R. Correlates
and long-term outcomes of angiographically proven stent thrombosis with
sirolimus- and paclitaxel-eluting stents. Circulation. 2006;113:
1108 –1113.

CLINICAL PERSPECTIVE
Potential safety issues of drug-eluting stents (DES) over long-term follow-up has evoked considerable concern from
cardiologists, healthcare providers, regulatory bodies, the media, and patients. Given this perspective, a new clinical trial
designed to detect small differences in mortality and that includes strict postmarketing surveillance with large registries
could be helpful. This article reports the 2-year results of a large, real-world multicenter registry, including 10 629 patients
undergoing elective percutaneous coronary intervention with either DES (n⫽3064) or bare-metal stents (n⫽7565).
Selection of patients for use of DES was left entirely to the physicians’ discretion. Use of DES reduced the need for new
revascularizations and overall major adverse cardiac events without any evidence of a late “catch-up” phenomenon beyond
1 year. Importantly, no significant difference in stent thrombosis was observed between DES and bare-metal stents up to
2 years, although after 6 months, more new episodes were observed in the DES group. Similarly, both rough and propensity
score–adjusted mortality and myocardial infarction rates were not significantly higher in patients treated with DES. Thus,
this study confirms that no evidence exists of decreasing efficacy of DES over time. Although further evaluation is needed
to clarify the possible long-term thrombotic risk associated with DES implantation and the potential benefit of prolonged
dual-antiplatelet treatment, the safety profile of DES does not appear to be dramatically different from that of bare-metal
stents.
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