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ATHEROSCLEROTIC LESIONS OF

small coronary arteries are
frequently found in patients
undergoing revasculariza-

tion.1-5 However, the revasculariza-
tion of small coronary arteries is a prob-
lem for bypass surgery because it is
technically difficult and associated with
a high failure and mortality rate6,7 and
for percutaneous coronary revascular-
ization because it is associated with high
rates of acute complications and reste-
nosis after standard balloon angio-
plasty1-3 and stent implantation.4,5

It has been shown that sirolimus-
eluting stents reduce angiographic re-
stenosis and improve the rate of event-
free survival in patients who have
coronary artery disease and are at low
risk of restenosis.8 More recent reports

For editorial comment see p 2777.
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Context Percutaneous coronary revascularization of small vessels is associated with
a high restenosis rate. Sirolimus-eluting stents reduce restenosis in simple and previ-
ously untreated lesions of large coronary arteries, but their outcomes in small vessels
have not been adequately investigated.

Objective To determine whether sirolimus-eluting stents are associated with a re-
duced 8-month rate of angiographic restenosis in comparison with an uncoated stent.

Design, Setting, and Patients This was a randomized, multicenter, single-blind,
prospective trial performed with 257 patients undergoing percutaneous coronary re-
vascularization for ischemic heart disease, and who had a previously untreated ath-
erosclerotic lesion located in a small segment with a diameter of 2.75 mm or less, in
20 Italian centers between August 2002 and December 2003.

Intervention Patients were randomly assigned to receive a sirolimus-eluting stent
(129 patients) or an uncoated stent having an identical architecture and radiographic
appearance (128 patients).

Main Outcome Measures The primary end point was the 8-month binary in-
segment restenosis rate; secondary end points included procedural success and the
8-month rate of major adverse cardiac and cerebrovascular events.

Results The mean (SD) reference diameter of the treated segment was 2.2(0.28)
mm; the lesion length, 11.84(6.15) mm. After 8 months, the binary in-segment re-
stenosis rate was 53.1% (60/113) in the patients receiving an uncoated stent and 9.8%
(12/123) in those receiving a sirolimus-eluting stent (relative risk [RR], 0.18; 95% con-
fidence interval [CI], 0.10-0.32; P�.001). Fewer patients randomized to sirolimus-
eluting stents experienced major adverse cardiac events (12/129 [9.3%] vs 40/128
[31.3%]; RR, 0.30; 95% CI, 0.15-0.55; P�.001) mainly because of a reduction in tar-
get lesion revascularization (9/129 [7%] vs 27/128 [21.1%]; RR, 0.33; 95% CI, 0.14-
0.70; P = .002) and myocardial infarction (2/129 [1.6%] vs 10/129 [7.8%]; RR, 0.20;
95% CI, 0.01-0.93; P=.04).

Conclusion The use of sirolimus-eluting stents to treat atherosclerotic lesions in small
coronary arteries reduces restenosis and may also reduce major adverse cardiac events.
JAMA. 2004;292:2727-2734 www.jama.com
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have also shown the efficacy of drug-
eluting stents under more challenging
conditions such as long and complex le-
sions, and post hoc analyses of trial sub-
populations suggest that drug-eluting
stents may also effectively prevent re-
stenosis in small vessels.9-11

This randomized, multicenter, pro-
spective trial was designed to test the
hypothesis that the implantation of a
sirolimus-eluting stent in small coro-
nary arteries is associated with a re-
duced 8-month rate of angiographic
restenosis in comparison with the im-
plantation of an uncoated stent hav-
ing an identical architecture.

METHODS
Patients

Eligible patients had to be aged 18 years
or older, with a documented diagno-
sis of acute coronary syndrome (with-
out persistent ST-segment elevation),
stable angina pectoris, or silent myo-
cardial ischemia as shown by exercise
stress test. Additional eligibility crite-
ria were the presence of a single, pre-
viously untreated 50% to 99% target le-
sion in a native coronary artery 2.75
mm in diameter or less, which could be
completely covered by a single stent
(maximum length, 33 mm). The pa-

tients could have had single-vessel or
multivessel disease but, in the latter
case, had to have the nonrandomized
lesion located in other coronary vessels.

Major exclusion criteria were re-
cent ST-segment elevation acute coro-
nary syndrome (within the previous 15
days), severe calcifications or thrombus-
containing lesions, a left ventricular
ejection fraction less than 30%, and
known allergies to aspirin, clopido-
grel, ticlopidine, heparin, stainless steel,
contrast agents, or sirolimus. The study
protocol was approved by the ethics
committee of each participating cen-
ter, and all patients gave written in-
formed consent.

Randomization and Interventions

Online quantitative coronary angiog-
raphy confirming vessel diameter and
lesion-length enrollment criteria was
performed before randomization. An
automated telephone randomization
system was used to assign the patients
to treatment with a sirolimus-eluting
stent (Cypher balloon-expandable stent;
Cordis, Miami Lakes, Fla) or an un-
coated stent of identical architecture
and radiographic appearance (Bx Sonic
balloon-expandable stent; Cordis), in
a 1:1 ratio according to a centralized list.

The randomization list was generated
for a completely randomized design, ie,
without blocks or stratification fac-
tors, using the SAS PLAN (SAS Insti-
tute Inc, Cary, NC) procedure. The in-
vestigators had to digitize patient date
of birth, site number, vessel size, and
stent length by means of an interac-
tive voice recording system to obtain the
assigned treatment. Data were con-
firmed by fax, which was included in
the case report form.

Diameters of both types of stents
were 2.25, 2.50, and 2.75 mm, and
lengths were 8, 13, 18, 23, 28, and 33
mm. The 2 types of stents were visu-
ally and angiographically indistinguish-
able. The lesions were treated by us-
ing standard interventional techniques,
including mandatory balloon dilata-
tion before stent placement.

Before the index procedure, all pa-
tients received oral aspirin once daily and
clopidogrel (a loading dose of 300 mg at
least 2 hours before the procedure). Pa-
tientswhohadbeenpretreatedwith ticlo-
pidine (250 mg twice a day) or clopido-
grel (75 mg once daily) for at least 72
hours did not receive a clopidogrel load-
ing dose. During the procedure, hepa-
rin was given as a bolus at 70 U/kg, with
additional boluses to maintain an acti-
vated clotting time of more than 250 sec-
onds. The use of glycoprotein IIb/IIIa in-
hibitors was encouraged but left to the
discretion of the attending physician.
Heparin administration was discontin-
ued immediately after the procedure.

A 12-lead electrocardiogram was ob-
tained before the procedure, immedi-
ately afterward, and 24 hours later or
at discharge if earlier. Cardiac en-
zymes creatine kinase (CK) and CK-MB
were evaluated twice within 8 to 16 and
18 to 24 hours of the procedure or at
hospital discharge if earlier. Dis-
charged patients received a regimen of
aspirin (100 mg once daily indefi-
nitely) and clopidogrel (75 mg once
daily for at least 2 months). All pa-
tients were clinically followed up after
1 and 8 months by the trial coordina-
tor at each site. Follow-up coronary an-
giography was performed after a mean
(SD) of 8(0.5) months.

Figure 1. Trial Profile

15 Did Not Undergo Follow-up Angiography
2 Died Before Follow-up Angiography

12 Refused to Undergo Follow-up Angiography
1 Developed Renal Insufficiency

6 Did Not Undergo Follow-up Angiography
1 Developed Renal Insufficiency
5 Refused to Undergo Follow-up Angiography

129 Assigned to Receive Sirolimus-Eluting Stent
128 Received Intervention as Assigned

1 Did Not Receive Assigned Intervention
(Stent Could Not Be Deployed)

128 Assigned to Receive Uncoated Stent
125 Received Intervention as Assigned

3 Did Not Receive Assigned Intervention
1 Stent Could Not Be Deployed
1 Received Stent Other Than the

Study Stent
1 Procedure Could Not Be Performed

260 Patients Assessed for Eligibility

3 Excluded (Did Not Meet Inclusion Criteria)

257 Randomized

123 Had Follow-up Angiography and Were
Included in the Primary Analysis

113 Had Follow-up Angiography and Were
Included in the Primary Analysis
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Quantitative Coronary
Angiography
Coronary angiograms obtained at base-
line, on completion of the stenting pro-
cedure, and after 8 months were ana-
lyzed with a computer-based algorithm
developed by MEDIS (version 5.1)
(MEDIS, Medical Imaging System,
Leiden, the Netherlands). The projec-
tion that best showed the stenosis in its
tightest view was used for all angio-
grams;alldetailsof theangiographicpro-
cedure were recorded in the case report
forms. For standardization, each angio-
gramsequencewasprecededbyan intra-
coronary injection of 200 µg of nitro-
glycerin. Quantitative angiographic
analyses were performed by 1 experi-
enced cardiologist who was blinded to
the patient’s identity, type of stent used,
outcome, and film sequence. The mini-
mal luminal diameter (MLD) and the
nearest normal reference diameter
(RVD) were measured in millimeters by
using thecatheter asa scaling factor.Per-
centage of stenosis was calculated as 100
(1 − MLD/RVD). Binary restenosis was
defined as a stenosis of more than 50%
of the MLD in the target lesion at angio-
graphic follow-up. Acute gain was
defined as the difference between the
MLD after stent implantation and base-
line MLD. Late luminal loss was defined
as the difference between the MLD at the
end of the stenting procedure and that
measuredduring follow-up.The late loss
index was defined as late loss divided by
acute gain. Quantitative angiographic
measurements of the target lesion were
obtained in the “in-stent” zone (includ-
ing only the stent segment) and in the
“in-segment”zone(includingthestented
segment and the 5-mm margins proxi-
mal and distal to the stent); intraob-
server and interobserver variabilities of
the quantitative assessments have been
previously reported.12

Outcomes

The primary end point of the study was
the 8-month angiographic binary in-
segment restenosis rate. Secondary end
points were procedural success,
8-month in-segment MLD, late lumi-
nal loss, late loss index, and major ad-

verse cardiac and cerebrovascular
events. Procedural success was de-
fined as the achievement of a residual
in-stent stenosis of less than 30% as-
sociated with thrombolysis in myocar-
dial infarction 3 flow, in the absence of
a dissection of more than D1, a grade
according to the National Heart, Lung,
and Blood Institute classification,
without the occurrence of death, myo-
cardial infarction, or repeated target le-
sion revascularization during hospital-
ization. Major adverse cardiac and
cerebrovascular events were defined as

cardiac death, myocardial infarction (Q
wave and non–Q wave), cerebrovascu-
lar accident, emergency or elective coro-
nary artery bypass grafting, or emer-
gency or elective repeated percutaneous
transluminal coronary intervention of
the target lesion. All deaths were con-
sidered cardiac unless an unequivocal
noncardiac cause could be estab-
lished. Q-wave myocardial infarction
was defined as the occurrence of pro-
longed chest pain with an increase in the
CK-MB fraction of more than 3 times the
upper normal limit and the develop-

Table 1. Clinical and Angiographic Characteristics of the Patients

All Patients
(n = 257)

Sirolimus
Stent Group

(n = 129)

Uncoated
Stent Group

(n = 128)
P

Value

Demographics, No. (%)
Age, mean (SD), y 63.6 (11.27) 63.2 (11.5) 63.7 (10.9) .68

Male sex, No. (%) 184 (71.6) 99 (76.7) 85 (66.4) .07

Risk factors, No. (%)
Diabetes mellitus 64 (24.9) 25 (19.4) 39 (29.7) .06

Hypertension 165 (64.7) 84 (65.1) 81 (64.3) .85

Hyperlipidemia* 162 (63) 79 (61.2) 83 (64.8) .54

Current smoking 42 (16.3) 24 (18.6) 18 (14.1) .32

History, No. (%)
Acute coronary syndromes without

ST-segment elevation
109 (42.3) 63 (48.8) 46 (35.8)

Chronic stable angina pectoris 119 (46.4) 56 (43.4) 63 (49.6) .06

Silent myocardial ischemia 29 (11.3) 10 (8.0) 19 (14.6)

Previous myocardial infarction 74 (28.8) 38 (29.5) 36 (28.1) .81

Previous percutaneous coronary
intervention

55 (21.5) 26 (20.3) 29 (22.7) .65

Previous coronary artery bypass
surgery

21 (8.2) 13 (10.2) 8 (6.3) .26

Diseased vessels
1 90 (35.2) 47 (36.4) 43 (33.9)

2 93 (36.3) 46 (35.7) 47 (37.3) .91

3 73 (28.4) 36 (27.9) 37 (29.1)

Target artery, No. (%)
Left anterior descending

coronary artery
71 (27.5) 41 (31.5) 30 (23.6)

Diagonal coronary artery 23 (9.2) 13 (10.3) 10 (7.9)

Left circumflex coronary artery 77 (29.9) 32 (24.4) 45 (35.4) .32

Obtuse marginal coronary artery 45 (17.7) 23 (18.6) 22 (17.3)

Right coronary artery 40 (15.7) 20 (15.7) 20 (15.8)

Type of lesion (ACC/AHA class), No. (%)
A 63 (24.6) 30 (23.3) 33 (25.8)

B1 120 (46.7) 60 (46.5) 60 (46.9)
.48

B2 52 (24.5) 31 (24.2) 32 (25.0)

C 11 (4.3) 8 (6.2) 3 (2.3)

Diameter of reference vessel,
mean (SD), mm

Interpolated 2.20 (0.28) 2.22 (0.29) 2.17 (0.26) .15

Lesion length 11.84 (6.15) 13.01 (6.53) 10.66 (5.51) .002
Abbreviations: ACC, American College of Cardiology; AHA, American Heart Association.
*Hyperlipidemia was defined as a low-density lipoprotein cholesterol level above 130 mg/dL (3.7 mmol/L).
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ment of new abnormal Q waves: non–
Q-wave myocardial infarction was de-
fined as the absence of the latter. Target
lesion revascularization was defined as
repeated emergency or elective percu-
taneous transluminal coronary inter-
vention or emergency or elective coro-
nary artery bypass grafting performed
because of restenosis of the target le-
sion in association with angina, objec-
tive evidence of myocardial ischemia, or
both. A cerebrovascular accident was de-
fined as the sudden onset of vertigo,
numbness, aphasia, or dysarthria per-
sisting for more than 24 hours.

Stent thrombosis was defined as an
angiographic thrombus within the
stented vessel at a clinically driven an-
giographic restudy for documented
myocardial ischemia.

All major adverse cardiac and cere-
brovascular events and stent throm-
bosis were determined for the in-

hospital period, from hospital discharge
up to 8 months, and cumulatively for
all of the 8-month follow-up period;
they were assessed by an independent
clinical events committee unaware of
treatment assignment.

Statistical Methods

On the basis of the available data con-
cerning the restenosis rate in small ar-
teries, it was calculated that the sample
size required to demonstrate a 66% re-
duction in restenosis (from 30% to 10%)
by means of a 2-sided test with an � er-
ror of .05 and a � error of .10 was 103
patients per group. To compensate for
unsuccessful interventions and losses to
follow-up, the sample size was in-
creasedby25%to128patientspergroup.

The continuous variables were com-
pared between groups by using the t test.
Categorical variables were compared us-
ing the �2 test. The binary study end

points were analyzed using the Fisher
exact test; the relative risks or odds ra-
tios and their 95% confidence intervals
(CIs) are also reported. All of the statis-
tical analyses were performed using SAS
software (version 6.12; SAS Institute) on
the basis of the intention-to-treat prin-
ciple, ie, the primary analysis included
all of the patients randomized to 1 of the
2 treatments and for whom follow-up
coronary angiography was available, re-
gardless of treatment actually received.
Because of some imbalances in base-
line characteristics, the main study re-
sults were confirmed by means of strati-
fied analyses and by multivariable
logistic regression analysis. Differ-
ences were considered statistically sig-
nificant at P�.05 (2 tailed).

RESULTS
The trial profile is shown in FIGURE 1.

Between August 2002 and February
2003, 260 patients were enrolled in 20
Italian centers. Three patients were not
randomized because of the discovery of
exclusion criteria that became apparent
only after enrollment. The final patient
cohort therefore included 257 patients:
129 in the sirolimus-eluting stent group
and 128 in the uncoated stent group.

Characteristics of the patients, le-
sions, and procedures are reported in
TABLES 1 and 2. The groups were
generally well matched in terms of pa-
tient and lesion characteristics; how-
ever, the patients treated with sirolimus-
eluting stents had longer target lesions
and therefore received longer stents.
Procedural success rates were excel-

Table 2. Characteristics of the Procedures

All Patients
(n = 257)

Sirolimus
Stent Group

(n = 129)

Uncoated
Stent Group

(n = 128)
P

Value

Pharmacological intervention, No. (%)
Pretreatment with thienopyridines 167 (65.1) 78 (61.8) 88 (68.5) .25

Clopidogrel loading dose 90 (34.9) 49 (38.2) 40 (31.5) .25

Glycoprotein IIb/IIIa antagonists 19 (7.4) 11 (8.5) 8 (6.3) .48

Balloon predilatation, mean (SD)
Diameter, mm 2.13 (0.26) 2.12 (0.26) 2.14 (0.27) .52

Length, mm 17.264 17.63 (3.96) 16.88 (4.02) .13

Balloon-artery ratio 0.98 (0.15) 0.97 (0.15) 1.00 (0.16) .09

Stent implantation, mean (SD)
Diameter, mm 2.48 (0.17) 2.50 (0.18) 2.47 (0.16) .14

Length, mm 15.87 (5.13) 16.99 (5.71) 14.73 (4.2) �.001

Stent length/lesion length ratio 1.58 (0.64) 1.55 (0.64) 1.61 (0.64) .45

Maximal inflation pressure, atm 13.53 (2.26) 13.38 (2.08) 13.67 (2.43) .39

Table 3. Results of Quantitative Coronary Angiography

Variable

In-Segment Zone In-Stent Zone

Sirolimus Stent Uncoated Stent P Value Sirolimus Stent Uncoated Stent P Value

Binary restenosis, No. (%) 12 (9.8) 60 (53.1) �.001 6 (4.9) 55 (49.1) �.001

Minimal luminal diameter, mean (SD), mm
Before procedure 0.73 (0.23) 0.71 (0.23) .48 0.73 (0.23) 0.71 (0.23) .48

After procedure 1.84 (0.36) 1.79 (0.34) .21 2.16 (0.24) 2.14 (0.24) .39

After 8 mo 1.70 (0.48) 1.09 (0.6) �.001 2.01 (0.43) 1.20 (0.64) �.001

Stenosis, luminal diameter, mean (SD), %
Before procedure 66.88 (9.52) 66.83 (10.35) .96 66.88 (9.52) 66.83 (10.35) .96

After procedure 22.39 (9.62) 22.93 (10.32) .66 11.33 (6.53) 10.53 (5.6) .29

After 8 mo 29.26 (15.84) 50.78 (25.83) �.001 17.22 (14.79) 46.49 (27.73) �.001

Late luminal loss, mean (SD), mm 0.16 (0.46) 0.69 (0.61) �.001 0.16 (0.38) 0.9 (0.62) �.001

Loss index, mean (SD) 0.11 (0.5) 0.68 (0.68) �.001 0.11 (0.29) 0.68 (0.49) �.001
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lent (�95%) and similar in both groups.
The patients in both groups had small
vessels, with a mean reference diam-
eter of only 2.2 (SD, 0.28) mm.

Minimal luminal diameter and per-
centage of stenosis diameter at baseline
and after stent implantation were simi-
lar in the 2 groups (TABLE 3). Fol-
low-up angiographic data were avail-
able for 123 patients treated with
sirolimus-eluting stents (95.3%) and 113
of those receiving uncoated stents
(88.3%). After 8 months, the MLD, per-
centage of the stenosis diameter, late lu-
minal loss, and the late loss index in the
in-segment and in-stent zones im-
proved more in the sirolimus-eluting
stent group (P�.001 for all compari-
sons). The frequency of binary in-
segment restenosis was 9.8% in the pa-
tients receiving sirolimus-eluting stents
and 53.1% in those receiving uncoated
stents (relative risk, 0.18; 95% CI, 0.10-
0.32; P�.001); the frequency of binary
in-stent restenosis was 4.9% and 49.1%,
respectively (relative risk, 0.10; 95% CI,

0.04-0.22; P�.001). Cumulative fre-
quency curves of in-segment percent-
age of the diameter of stenosis at base-

line, after stent implantation, and at 8
months of follow-up are shown in
FIGURE 2. In stratified analyses, the re-

Figure 2. Cumulative Frequency of Stenosis
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Figure 3. Rates of Binary In-Segment Restenosis, Odds Ratios After 8 Months in the Patient Subgroups
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1/28 (3.6)
7/65 (10.8)
4/29 (13.8)

Uncoated Stent,
No./Total, %

60/113 (53.1)

41/74 (55.4)
19/39 (48.7)

34/72 (47.2)
26/41 (63.4)

34/71 (47.9)
26/42 (61.9)

37/78 (47.4)
23/35 (65.7)

53/106 (50.0)
7/7 (100.0)

17/33 (51.5)
32/63 (50.8)
11/17 (64.7)

Odds Ratio
(95% CI)

0.10 (0.05-0.19)

0.05 (0.02-0.14)
0.27 (0.03-0.82)

0.06 (0.02-0.17)
0.19 (0.07-0.56)

0.11 (0.04-0.29)
0.06 (0.02-0.20)

0.14 (0.06-0.33)
0.04 (0.01-0.15)

0.08 (0.03-0.18)
0.28 (0.00-0.71)∗

0.03 (0.00-0.29)
0.12 (0.05-0.30)
0.09 (0.02-0.37)2.75

Favors
Sirolimus Stent

Favors
Uncoated Stent

Binary In-Segment Restenosis

CI indicates confidence interval; LAD, left anterior descending. The size of the data markers is proportional to the number of patients.
*Median unbiased exact odds ratio.
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duction of risk of restenosis with the
sirolimus-eluting stent in comparison
with the uncoated stent was indepen-
dent of sex, diabetes mellitus status,
clinical presentation (acute coronary
syndrome vs chronic stable angina or
silent myocardial ischemia), epicar-
dial vessel location, stent diameter, and
stent length (FIGURE 3). Similarly, in
a multivariable logistic regression
model, treatment with a sirolimus-
eluting stent was associated with a
markedly lower rate of restenosis (ad-
justed odds ratio, 0.11; 95% CI, 0.05-
0.24; P�.001).

The major in-hospital, out-of-
hospital, and cumulative 8-month ad-
verse cardiac and cerebrovascular event
rates are listed in TABLE 4. There were 2
deaths in the uncoated stent group (one
caused by pneumonia and the other by
stroke followed by pneumonia) and none
in the sirolimus stent group. The cumu-
lative frequency of myocardial infarc-
tion was lower in the sirolimus stent
group (relative risk, 0.20; 95% CI, 0.01-
0.93; P=.04). Target lesion revascular-
ization was performed less frequently in
the patients receiving sirolimus-eluting
stents (relative risk, 0.33; 95% CI, 0.14-
0.70; P=.002). Major adverse cardiac and
cerebrovascular events were less fre-
quently observed in the sirolimus stent
group (relative risk, 0.30; 95% CI, 0.15-
0.55; P�.001). Stent thrombosis was in-
frequent and occurred in 2 patients dur-

ing hospital stay, 1 in the sirolimus stent
group and 1 in the uncoated stent group;
out-of-hospital stent thrombosis oc-
curred in 3 of the patients receiving the
uncoated stents and in none of the siro-
limus stent group (relative risk, 0.26;
95% CI, 0.1-2.3). One of the non–Q-
wave myocardial infarctions that oc-
curred during hospitalization in the siro-
limus stent group was clearly unrelated
to the target lesion, as was the related
stent thrombosis.

COMMENT

Percutaneous coronary revasculariza-
tion by means of balloon angioplasty has
a lower primary success rate and a higher
restenosis rate in small coronary arter-
ies than in large vessels.1-3 Restenosis in
small coronary arteries may be as high
as 50%, as an inverse relationship be-
tween vessel size and angiographic re-
stenosis has reported.4,5 Stenting has be-
come the major means of percutaneous
coronary revascularization because it has
been demonstrated to be superior to bal-
loon angioplasty in preventing resteno-
sis of new focal lesions in large coro-
nary arteries,13,14 but conflicting results
have been reported about efficacy in
small vessels.15-20 Potential explana-
tions for the lack of efficacy of coronary
angioplasty with or without stent im-
plantation in preventing restenosis in
small vessels may be related to charac-
teristics of patients harboring athero-

sclerotic small-vessel lesions, ie, women,
diabetic patients, the elderly, and pa-
tients with peripheral vascular disease,
all of whom are associated with a higher
risk of restenosis.21,22 Another possible
explanation may be related to the nar-
row diameter of the vessels, which can-
not accommodate even minimal neo-
intimal hyperplasia after angioplasty or
stent deployment without becoming re-
stenotic.

Given their ability to deliver pro-
longed and sufficient intramural drug
concentrations to target coronary seg-
ments, drug-eluting stents are able to dra-
matically reduce neointimal hyperpla-
sia,23,24 and this specific mechanism may
be particularly useful in reducing reste-
nosis in small coronary arteries.

The results of the present study dem-
onstrate that the implantation of a siro-
limus-eluting stent to treat atheroscle-
rotic lesions of small coronary arteries
is safe, effective, and associated with a
lower incidence of angiographic reste-
nosis in comparison with an uncoated
stent. Because the 2 stents had an iden-
tical architecture, the only difference be-
tween them was the release of siroli-
mus, which reduced the rate of
angiographic restenosis from 53.1% to
9.8%, with a relative risk reduction of
82%. The high restenosis rate observed
in the uncoated stent group may par-
tially account for the high absolute and
relative risk reduction; however, this rate

Table 4. Major Adverse Cardiac and Cerebrovascular Events in and Outside Hospital and Cumulatively During the 8 Months of Follow-up

Variable

No. (%)

P
Value*

In-Hospital From Discharge to 8 mo Cumulative

Sirolimus Stent
(n = 129)

Uncoated Stent
(n = 128)

Sirolimus Stent
(n = 129)

Uncoated Stent
(n = 128)

Sirolimus Stent
(n = 129)

Uncoated Stent
(n = 128)

Death 0 0 0 2 (1.6) 0 2 (1.6) .24

Myocardial infarction 2 (1.6) 3 (2.3) 0 7 (5.5) 2 (1.6) 10 (7.8) .04

Q wave 0 0 0 2 (1.6) 0 2 (1.6) .24

Non–Q wave 2 (1.6) 3 (2.3) 0 5 (3.9) 2 (1.6) 8 (6.3) .06

Target lesion revascularization 0 0 9 (7) 27 (21.1) 9 (7) 27 (21.1) .002

Surgical revascularization 0 0 0 2 (1.6) 0 2 (1.6) .24

Percutaneous revascularization 0 0 9 (7) 25 (19.5) 9 (7) 25 (19.5) .005

Cerebrovascular accident 0 0 1 (0.8) 1 (0.8) 1 (0.8) 1 (0.8) �.99

Any major adverse cardiac or
cerebrovascular event

2 (1.6) 3 (2.3) 10 (7.8) 37 (28.9) 12 (9.3) 40 (31.3) �.001

Stent thrombosis 1 (0.8) 1 (0.8) 0 3 (2.4) 1 (0.8) 4 (3.1) .21
*P values refer to cumulative events from index procedure to 8 months of follow-up.

DRUG-ELUTING VS UNCOATED STENTS TO PREVENT RESTENOSIS

2732 JAMA, December 8, 2004—Vol 292, No. 22 (Reprinted) ©2004 American Medical Association. All rights reserved.

 at ARCISPEDALE HOSPITAL on December 17, 2008 www.jama.comDownloaded from 

http://jama.ama-assn.org


of restenosis is not all that surprising,
given the high-risk population and high-
risk lesions treated. Nevertheless, the
9.8% restenosis rate in the sirolimus-
eluting stent group is also remarkably
low. Previous post hoc analyses of the
effect of overlapping sirolimus-eluting
stents in small vessels revealed less sat-
isfactory results (18.4% of restenosis in
vessels with an average diameter of 2.32
mm).9 The use of adequately sized single
stents that were almost 60% longer than
the lesion may explain the remarkably
low restenosis rate.

Not only was there a reduction in the
risk of angiographic restenosis but also
a lower rate of major adverse cardiovas-
cular events, mainly because of the
decreased incidence of ischemia-driven
target-lesion revascularization and myo-
cardial infarction. Why the implanta-
tion of a sirolimus-eluting stent may pre-
vent the development of myocardial
infarction remains unclear and needs to
be confirmed. The beneficial effects of the
sirolimus-eluting stent were achieved
without any increase in complications,
including stent thrombosis, which is a
feared event, particularly in patients re-
ceiving stents in small vessels.

This was a single-blind, randomized
trial, and therefore the cardiologists per-
forming the procedure knew whether the
patients were receiving a drug-eluting or
an uncoated stent. However, the risk of
a selection bias was minimized by the
completely randomized design. Further-
more, because patients and the angio-
graphic core laboratory personnel were
blinded to the assigned treatment, symp-
tom reporting and the angiographic re-
sults should not have been influenced by
the open-label design.

Another possible limitation is re-
lated to the comparator bare-metal stent
used. A different comparator with thin-
ner struts might have led to a lower in-
cidence of restenosis in the uncoated
stent group. However, our purpose was
to compare 2 angiographically indis-
tinguishable stents with the same ar-
chitecture to verify the effect of the elut-
ing drug.

Despite these limitations, we found
that in a highly challenging condition,

namely, revascularization of small coro-
nary arteries in patients with stable an-
gina pectoris or acute coronary syn-
drome without ST-segment elevation,
the use of sirolimus-eluting stents likely
represents an advance in the preven-
tion of angiographic restenosis and the
short-term recurrence of adverse car-
diac events. To establish their long-
term efficacy and cost-effectiveness in
the treatment of small coronary arter-
ies, extended follow-up is required.
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cal as creative.

—T. S. Eliot (1888-1965)
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