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background

 

Drug-eluting stents are highly effective in reducing the rate of in-stent restenosis. It is
not known whether there are differences in the effectiveness of currently approved
drug-eluting stents in the high-risk subgroup of patients with diabetes mellitus.

 

methods

 

We enrolled 250 patients with diabetes and coronary artery disease: 125 were randomly
assigned to receive paclitaxel-eluting stents, and 125 to receive sirolimus-eluting
stents. The primary end point was in-segment late luminal loss. Secondary end points
were angiographic restenosis (defined as in-segment stenosis of at least 50 percent at
follow-up angiography) and the need for revascularization of the target lesion during a
nine-month follow-up period. The study was designed to show noninferiority of the
paclitaxel stent as compared with the sirolimus stent, defined as a difference in the ex-
tent of in-segment late luminal loss of no more than 0.16 mm.

 

results

 

The extent of in-segment late luminal loss was 0.24 mm (95 percent confidence inter-
val, 0.09 to 0.39) greater in the paclitaxel-stent group than in the sirolimus-stent group
(P=0.002). In-segment restenosis was identified on follow-up angiography in 16.5
percent of the patients in the paclitaxel-stent group and 6.9 percent of the patients in
the sirolimus-stent group (P=0.03). Target-lesion revascularization was performed in
12.0 percent of the patients in the paclitaxel-stent group and 6.4 percent of the patients
in the sirolimus-stent group (P=0.13).

 

conclusions

 

In patients with diabetes mellitus and coronary artery disease, use of the sirolimus-
eluting stent is associated with a decrease in the extent of late luminal loss, as compared
with use of the paclitaxel-eluting stent, suggesting a reduced risk of restenosis.

abstract
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oronary artery disease is a

 

 

 

major

 

cause of complications and death among
patients with diabetes mellitus.

 

1

 

 In partic-
ular, patients with diabetes are prone to a diffuse
and rapidly progressive form of atherosclerosis,
which increases their likelihood of requiring revas-
cularization.

 

2-4

 

 Percutaneous coronary intervention
and aortocoronary bypass surgery are recommend-
ed revascularization strategies for such patients.
However, because of the increased risk of reste-
nosis after percutaneous coronary interventions in
these patients,

 

5-7

 

 aortocoronary bypass surgery has
been considered to be the preferred revasculariza-
tion strategy for many.

 

8,9

 

Drug-eluting stents markedly reduce the inci-
dence of restenosis as compared with bare-metal
stents, both in patients without diabetes and in
those with diabetes.

 

10-17

 

 However, no data are avail-
able on the relative efficacy of particular drug-elut-
ing stents in patients with diabetes. This issue has
important implications for the selection of the most
effective therapy in this high-risk group of patients.
We therefore designed a prospective, randomized
trial to compare paclitaxel- and sirolimus-eluting
stents in patients with diabetes and coronary artery
disease.

 

patients

 

Enrollment of participants began on June 11, 2003,
and was completed on March 15, 2004. Two Ger-
man centers participated in the trial: Deutsches
Herzzentrum and First Medizinische Klinik rechts
der Isar, both in Munich. Patients were considered
eligible if they had diabetes mellitus, presented with
angina pectoris or had a positive stress test or met
both criteria, and had clinically significant angio-
graphic stenosis in a native coronary vessel. Exclu-
sion criteria included acute ST-segment–elevation
myocardial infarction; a target lesion in the left main
trunk; in-stent restenosis; any contraindication to
the use of aspirin, heparin, or clopidogrel; and lack
of consent to participate in the study. The study pro-
tocol was approved by the institutional ethics com-
mittees at both participating centers. All patients
gave written informed consent.

 

randomization, interventions, 
and adjunct drug therapy

 

All patients received a loading dose of 600 mg of
clopidogrel at least two hours before undergoing

coronary angiography.

 

18,19

 

 After the guide wire had
crossed the lesion, patients were randomly assigned
to receive a paclitaxel-eluting stent (Taxus, Boston
Scientific) or a sirolimus-eluting stent (Cypher; Cor-
dis, Johnson & Johnson) with the use of sealed en-
velopes containing a computer-generated random-
ization sequence. The same randomly assigned
stent had to be implanted in all lesions in patients
who required stenting in multiple lesions; the use
of more than one stent per lesion was also allowed.

Periprocedural antithrombotic therapy consist-
ed of intravenously administered aspirin and hepa-
rin; abciximab (ReoPro, Lilly) was given only to pa-
tients with acute coronary syndromes. After the
intervention, the protocol mandated the use of an-
tiplatelet therapy consisting of 100 mg of aspirin
twice a day indefinitely as well as 75 mg of clopido-
grel twice a day until discharge, followed by a dose
of 75 mg a day for at least six months.

 

follow-up protocol

 

After undergoing stenting, all patients remained
in the hospital for at least 48 hours. Electrocardiog-
raphy was performed and blood was collected for
the measurement of creatine kinase and its MB
isoenzyme before stenting, every 8 hours for the
first 24 hours after the procedure, and daily there-
after during hospitalization. A telephone interview
was conducted after 30 days to assess each patient’s
clinical status. All patients were asked to return for
coronary angiography between six and eight months
after the procedure, or earlier if anginal symptoms
occurred. Telephone interviews were repeated nine
months after the intervention. Relevant data were
collected and entered into a computerized database
by specialized personnel at the clinical data-man-
agement center. All data were verified with the use
of hospital records or the records of family physi-
cians, and all adverse clinical events were adjudicat-
ed by an events committee whose members were
unaware of patients’ treatment assignments.

 

quantitative coronary angiography

 

Baseline, postprocedural, and follow-up coronary
angiograms were digitally recorded and assessed
off-line in the quantitative angiographic core labo-
ratory (Deutsches Herzzentrum) with an automat-
ed edge-detection system (CMS version 5.1.4.1,
Medis Medical Imaging Systems) by experienced
personnel unaware of the type of stent implanted.
The complexity of the lesions was defined accord-
ing to the modified grading system of the Ameri-

c

methods
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can College of Cardiology–American Heart Associ-
ation.

 

20

 

 The morphologic appearance of in-stent
restenosis at follow-up angiography was classified
according to the system proposed by Mehran et al.

 

21

 

All measurements were performed on cineangio-
grams recorded after the intracoronary administra-
tion of nitroglycerin. The same single, worst-view
projection was used at all times. The contrast-filled
nontapered catheter tip was used for calibration.
The reference diameter was determined by interpo-
lation.

The variables that were measured included the
reference diameter of the vessel, the minimal diam-
eter of the lumen, the extent of stenosis (the differ-
ence between the reference diameter and the min-
imal luminal diameter, divided by the reference
diameter and multiplied by 100), late luminal loss
(the difference between the minimal luminal diam-
eter at the end of the procedure and the minimal lu-
minal diameter at follow-up), and net luminal gain
(the difference between the minimal luminal diam-
eter at follow-up and the minimal luminal diameter
before the procedure). Quantitative analysis was
used to evaluate the stented area (“in stent”) and
the area that included the stented segment as well
as the 5-mm margins proximal and distal to the
stent (“in segment”).

 

study end points, definitions, 
and design

 

The primary end point of the study was in-segment
late luminal loss on follow-up angiography. Second-
ary end points were angiographic restenosis (de-
fined as in-segment stenosis of at least 50 percent
on follow-up angiography) and the need for revas-
cularization of the target lesion owing to narrow-
ing of the lumen in the presence of symptoms or
objective signs of ischemia during the nine-month
follow-up interval.

The diagnosis of diabetes mellitus was consid-
ered confirmed in all patients receiving active treat-
ment with an oral hypoglycemic agent or insulin;
for patients with a diagnosis of diabetes who were
receiving dietary therapy alone, enrollment in the
trial required the documentation of an abnormal
blood glucose level after an overnight fast or an ab-
normal glucose-tolerance test.

 

22

 

 The diagnosis of
myocardial infarction during follow-up required the
presence of new Q waves on the electrocardiogram
or an elevation of creatine kinase or its MB isoen-

zyme to at least three times the upper limit of the
normal range in at least two blood samples (some
patients met both criteria).

 

23

 

statistical analysis

 

The objective of the study was to assess whether
the outcome of treatment with the paclitaxel-eluting
stent was not inferior to the outcome of treatment
with the sirolimus-eluting stent. Calculation of the
sample size was based on a margin of noninferiori-
ty for in-segment late luminal loss of 0.16 mm. This
value is equal to 35 percent of an assumed mean
(±SD) late luminal loss of 0.46±0.45 mm in dia-
betic patients after the implantation of a sirolimus
stent, as found in an analysis of a series of diabetic
patients treated with sirolimus stents at participat-
ing centers in the 10 months that preceded the ini-
tiation of the study.

Using a one-sided 

 

a

 

 level of 0.05, we estimated
that 99 patients per group were needed to demon-
strate noninferiority of the paclitaxel stent with a
statistical power of 80 percent. Expecting that up to
20 percent of the patients would not return for fol-
low-up coronary angiography, we included 250 pa-
tients in the study. Sample size was calculated with
the use of nQuery Advisor (version 4.0, Statistical
Solutions) according to the method of O’Brien and
Muller.

 

24

 

Analyses related to angiographic measures
were conducted according to the number of pa-
tients available for each analyses. All other analyses
were conducted according to the intention-to-treat
principle. For patients with multilesion interven-
tions, only the data pertaining to the first treated le-
sion were included in the analysis. The noninferi-
ority hypothesis was assessed statistically with
EquivTest (Statistical Solutions) according to the
method of Chow and Liu.

 

25

 

 The differences be-
tween the groups were assessed with a two-sided
chi-square test or Fisher’s exact test for categorical
data and Student’s t-test for continuous data. The
relative risk and its 95 percent confidence interval
were computed for outcome measures. The differ-
ences in quantitative angiographic results at fol-
low-up between the two study groups were also as-
sessed after adjustment for baseline characteristics
by means of multiple linear regression analysis
(continuous dependent variables) or multiple lo-
gistic-regression analysis (dichotomous dependent
variables). All P values were two-sided, and a P val-
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ue of less than 0.05 was considered to indicate sta-
tistical significance.

A total of 250 patients were enrolled in the study
and randomly assigned to receive either a paclitaxel
stent or a sirolimus stent. Table 1 shows the base-
line demographic, clinical, and angiographic char-
acteristics of the study population. The procedural
characteristics are shown in Table 2. Implantation
of the randomly assigned stent was successful in
all patients. In 12.0 percent of patients, more than
one lesion was treated. There was only one case of

early stent thrombosis: in one patient in the pacli-
taxel-stent group, the stent became occluded five
hours after the index procedure.

 

angiographic results

 

Follow-up angiography was performed in 103 pa-
tients (82.4 percent) in the paclitaxel-stent group
and 102 patients (81.6 percent) in the sirolimus-
stent group. Patients who did not undergo follow-
up angiography did not differ significantly from
those who did with respect to the baseline charac-
teristics shown in Table 1. Five of the 22 patients
who did not undergo follow-up angiography in the
paclitaxel-stent group died during the nine-month
follow-up period, as did 4 of the 23 such patients in
the sirolimus-stent group. No other adverse events
were observed among these patients, and none re-
quired rehospitalization during follow-up.

The median duration of angiographic follow-
up was 196 days (10th and 90th percentiles, 92 and
236) in the paclitaxel-stent group and 196 days
(10th and 90th percentiles, 91 and 238) in the siroli-
mus-stent group (P=0.94). Table 3 shows the re-
sults of the quantitative analysis of follow-up an-
giograms. The mean difference in in-segment late
luminal loss between the paclitaxel-stent group and
the sirolimus-stent group was 0.24 mm (95 percent
confidence interval, 0.09 to 0.39), a result failing to
show the noninferiority of the paclitaxel stent and
instead demonstrating the statistical superiority of
the sirolimus stent (P=0.002) (Fig. 1). This differ-
ence remained significant after adjustment for the
baseline characteristics of the patients (P=0.001)
(Table 3). Figure 2 shows the cumulative rates of
in-segment stenosis at follow-up angiography.

Among patients who were receiving insulin, in-
segment late luminal loss averaged 0.72±0.66 mm
in the paclitaxel-stent group and 0.41±0.42 mm in
the sirolimus-stent group (P=0.02). Among pa-
tients who were not receiving insulin, in-segment
late luminal loss averaged 0.65±0.60 mm in the pac-
litaxel-stent group and 0.44±0.46 mm in the siroli-
mus-stent group (P=0.03).

In-segment restenosis was found on follow-up
angiography in 17 of 103 patients in the paclitax-
el-stent group, as compared with 7 of 102 patients
in the sirolimus-stent group (16.5 percent vs. 6.9
percent; relative risk, 2.40; 95 percent confidence
interval, 1.04 to 5.55; P=0.03). With respect to the
pattern of restenosis on follow-up angiography, all
seven of the patients in the sirolimus-stent group

results

 

* Plus–minus values are means ±SD.

 

† P=0.09 for the comparison with the paclitaxel-stent group.

 

Table 1. Baseline Characteristics of the Patients and the Lesions.*

Characteristic

Paclitaxel-Stent
Group

(N=125)

Sirolimus-Stent
Group

(N=125)

 

Age — yr 68.3±9.6 67.7±10.2

Female sex — no. (%) 36 (28.8) 32 (25.6)

Treatment of diabetes — no. (%)

Dietary therapy alone 24 (19.2) 24 (19.2)

Oral hypoglycemic agents 65 (52.0) 55 (44.0)

Insulin 36 (28.8) 46 (36.8)

Glycosylated hemoglobin — % 7.4±1.6 7.3±1.1

Current smoker — no. (%) 16 (12.8) 16 (12.8)

Arterial hypertension — no. (%) 82 (65.6) 70 (56.0)

Hypercholesterolemia — no. (%) 78 (62.4) 73 (58.4)

Unstable angina — no. (%) 43 (34.4) 56 (44.8)

Prior myocardial infarction — no. (%) 49 (39.2) 39 (31.2)

Prior aortocoronary bypass surgery 
— no. (%)

13 (10.4) 16 (12.8)

Left ventricular ejection fraction — % 51.7±13.6 50.3±12.7

Target vessel — no. (%)

Left anterior descending coronary artery 64 (51.2) 58 (46.4)

Left circumflex coronary artery 36 (28.8) 43 (34.4)

Right coronary artery 25 (20.0) 24 (19.2)

Complex (type B2 or C) lesions — no. (%) 92 (73.6) 102 (81.6)

Vessel size — mm 2.75±0.56 2.70±0.50

Lesion length — mm 12.4±7.7 13.8±7.6

Minimal luminal diameter before 
procedure — mm

1.12±0.40 1.03±0.37†

Stenosis before procedure — % of luminal 
diameter

59.4±11.9 61.1±13.1
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presented with pattern I. In the paclitaxel-stent
group, 13 patients presented with pattern I, 1 pa-
tient with pattern II, 1 patient with pattern III, and
2 patients with pattern IV.

 

clinical outcomes

 

All patients completed the nine-month follow-up.
Six patients (4.8 percent) in the paclitaxel-stent
group and four patients (3.2 percent) in the siroli-
mus-stent group died during this period (P=0.52).
Myocardial infarction occurred in three patients
(2.4 percent) in the paclitaxel-stent group and five
patients (4.0 percent) in the sirolimus-stent group
(P=0.72). Target-lesion revascularization was per-
formed in 15 patients in the paclitaxel-stent group,
as compared with 8 patients in the sirolimus-stent
group (12.0 percent vs. 6.4 percent; relative risk,
1.89; 95 percent confidence interval, 0.82 to 4.27;
P=0.13). Among the patients who underwent tar-
get-lesion revascularization, the mean extent of in-
segment stenosis at follow-up angiography was
65.0±17.0 percent.

In this randomized trial, we compared the efficacy
of the sirolimus-eluting stent and the paclitaxel-
eluting stent in the prevention of restenosis in pa-
tients with diabetes mellitus and coronary artery
disease. The paclitaxel stent was associated with a
higher rate of in-segment late luminal loss as well
as an increased risk of angiographic restenosis.
Our study was not sufficiently powered to assess
the incidence of clinical restenosis, and we found
no significant differences in the rates of clinical
end points between the two groups. Nonetheless,
our results imply that the sirolimus stent may be
preferable to the paclitaxel stent in patients with di-
abetes who require coronary revascularization.

We chose late luminal loss at follow-up angi-
ography as the primary end point of our trial be-
cause it reflects the degree of neointimal prolifera-
tion,

 

26

 

 which is the chief cause of restenosis after
stent implantation.

 

27

 

 Late loss is the most sensitive
measure of the antiproliferative effectiveness of
drug-eluting stents,

 

28,29

 

 although in-stent late loss
may be a more reliable predictor of restenosis than
in-segment late loss.

 

29

 

 In a recent trial, a 70 percent
reduction in the rate of in-segment late luminal
loss with the sirolimus-eluting stent was associat-
ed with a 75 percent reduction in the rate of target-

lesion revascularization as compared with the rates
with the control bare-metal stent.

 

12

 

 However, it
should be stressed that late luminal loss consti-
tutes only a surrogate for clinical end points. The
limitations of surrogate end points have been well
described.

 

30,31

 

 Our results should be interpreted in
this context.

Our calculation of sample size was based on a
margin of noninferiority of 0.16 mm for in-seg-
ment late luminal loss. This value was selected af-
ter an analysis of a series of diabetic patients treat-
ed with sirolimus stents at our own institutions. It
is also a reasonable margin of difference on the
basis of findings in other studies. In the SIRIUS
trial, an absolute reduction of 0.57 mm in in-seg-
ment late luminal loss was achieved with the use
of the sirolimus-eluting stent as compared with
the bare-metal stent.

 

12

 

 Our margin of difference
of 0.16 mm represents the preservation of 72 per-
cent of the effect demonstrated by the sirolimus-

discussion

 

* Plus–minus values are means ±SD.
† P=0.08 for the comparison with the paclitaxel-stent group.
‡The extent of stenosis was defined as the difference between the reference di-

ameter and the minimal luminal diameter, divided by the reference diameter 

 

and multiplied by 100.

 

Table 2. Procedural Characteristics.*

Characteristic

Paclitaxel-Stent
Group

(N=125)

Sirolimus-Stent
Group

(N=125)

 

Maximal balloon pressure — atm 14.3±2.6 13.7±2.6†

Ratio of balloon to vessel 1.15±0.10 1.15±0.10

Length of stented segment — mm 22.1±9.3 23.8±10.2

No. of stents 1.13±0.36 1.15±0.38

>1 Stent implanted — no. (%) 15 (12.0) 18 (14.4)

Minimal luminal diameter after procedure 
— mm

In segment 2.65±0.52 2.59±0.45

In stent 2.67±0.52 2.62±0.46

Proximal margin 2.70±0.54 2.64±0.48

Distal margin 2.66±0.51 2.60±0.46

Stenosis after procedure — % of luminal 
diameter‡

In segment 9.2±7.2 7.9±6.3

In stent 8.4±7.7 7.0±6.4

Proximal margin 7.5±7.2 6.4±6.2

Distal margin 8.9±7.0 7.8±6.5

Abciximab therapy — no. (%) 24 (19.2) 25 (20.0)
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eluting stent in that trial. A new treatment is con-
sidered noninferior to a standard treatment when
it retains 50 to 80 percent of the superiority that the
standard treatment has shown over placebo.

 

32

 

Another issue that requires comment is our ob-
servation that the extent of in-segment late luminal
loss exceeded the extent of in-stent late luminal loss.
This finding differs from the results of most other
stenting trials, although a similar result was report-

ed among patients receiving a sirolimus stent in
the SIRIUS trial.

 

12,16

 

 The phenomenon of greater
in-segment late loss may be a consequence of two
factors. First, after the procedure, the in-stent min-
imal luminal diameter (2.65 mm) was nearly iden-
tical to the in-segment minimal luminal diameter
(2.62 mm) — a result that is somewhat unexpect-
ed, especially in diabetic patients with diffuse coro-
nary disease. Second, patients with diabetes have a

 

 

* Plus–minus values are means ±SD. Late luminal loss was defined as the difference between the minimal luminal diam-
eter at the end of the procedure and the minimal luminal diameter at follow-up. Net luminal gain was defined as the dif-
ference between the minimal luminal diameter at follow-up and the minimal luminal diameter before the procedure.

† P values were obtained after adjustment for the baseline characteristics shown in Table 1.
‡The extent of stenosis was defined as the difference between the reference diameter and the minimal luminal diameter, 

divided by the reference diameter and multiplied by 100.
§ If angiographic restenosis was detected concomitantly in the in-stent area and any of the margins, it was counted only as 

 

restenosis in the in-stent area.

 

Table 3. Results of Quantitative Angiographic Analysis at Follow-up.*

Characteristic
Paclitaxel-Stent Group

(N=103)
Sirolimus-Stent Group

(N=102) P Value
Adjusted
P Value†

 

Late luminal loss — mm

In segment 0.67±0.62 0.43±0.45 0.002 0.001

In stent 0.46±0.64 0.19±0.44 <0.001 <0.001

Proximal margin 0.26±0.70 0.06±0.57 0.03

Distal margin 0.49±0.58 0.28±0.46 0.006

Net luminal gain — mm

In segment 0.90±0.75 1.12±0.64 0.03 0.003

In stent 1.12±0.77 1.38±0.66 0.01 <0.001

Proximal margin 1.32±0.78 1.50±0.74 0.08

Distal margin 1.09±0.69 1.27±0.61 0.05

Minimal luminal diameter — mm

In segment 2.03±0.78 2.15±0.59 0.23 0.11

In stent 2.25±0.80 2.41±0.62 0.12 0.05

Proximal margin 2.43±0.84 2.53±0.71 0.46

Distal margin 2.21±0.75 2.29±0.60 0.43

Stenosis — % of luminal diameter‡

In segment 31.73±20.87 25.74±15.61 0.02 0.02

In stent 24.22±21.53 16.59±17.22 0.006 0.004

Proximal margin 17.18±23.45 12.63±19.61 0.13

Distal margin 25.09±20.09 20.74±14.84 0.08

Angiographic restenosis — no. (%)§

In segment 17 (16.5) 7 (6.9) 0.03 0.02

In stent 14 (13.6) 5 (4.9) 0.03 0.02

Proximal margin 1 (1.0) 1 (1.0) 1.0

Distal margin 2 (1.9) 1 (1.0) 0.99
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distinctive, swiftly progressive form of atheroscle-
rosis, which increases the reactivity of the vascular
wall to the injury produced by the procedure at the
stent margins as well as the rate of natural progres-
sion of disease outside the stent, an effect presum-
ably mitigated within the stent by the antiprolifera-
tive properties of sirolimus and paclitaxel.

The incidence ratio of target-lesion revascular-
ization to angiographic restenosis in our study was
78.6 percent. In previous randomized trials com-
paring drug-eluting stents with bare-metal stents,
this ratio ranged from 38 and 46 percent

 

12,13

 

 to 85
percent

 

33

 

 among patients assigned to receive the
drug-eluting stent. It is difficult to be certain of the
reason for the higher ratio in our study than in sev-
eral previous trials. The rate of late loss in our trial
was also higher than that in other, similar trials, pos-
sibly because we limited our study population to
patients with diabetes. The higher rate may reflect
not only an increased incidence but also increased
severity of angiographically evident restenosis, in-
creasing the likelihood of the need for reinterven-
tion. In addition, diabetes mellitus is often perceived
as a disease that attenuates anginal symptoms even
in the presence of clinically significant coronary
artery stenosis. This perception may have induced
the clinicians to overestimate symptoms and low-
er their threshold for reintervention in some pa-
tients with angiographically evident restenosis in
the present trial.

Although the exact mechanism underlying our
findings remains unclear, pharmacologic differenc-
es between the two drugs, differences in the dose re-
sponse of patients with diabetes, or differences in
the properties of the two drug-delivery stents (such
as release kinetics and polymeric coating) may ac-
count for the results. A study of another high-risk
subgroup of patients (those with in-stent resteno-
sis) also found sirolimus stents to reduce the risk
of target-vessel revascularization more effectively
than did paclitaxel stents.

 

34

 

 These findings, how-
ever, cannot be extrapolated to a patient population
with a more favorable risk profile. This issue has
recently been investigated in other trials, and pre-
liminary results have been presented.

 

35

 

In conclusion, we did not establish the nonin-
feriority of paclitaxel-eluting stents to sirolimus-
eluting stents in patients with diabetes and coronary
artery disease. Instead, we found that the use of the
sirolimus-eluting stent in this setting was associat-
ed with a decrease in the extent of late luminal loss,
suggesting a reduced risk of restenosis.
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Figure 2. Cumulative Rates of In-Segment Stenosis at Follow-up 
Angiography.

 

The extent of stenosis was defined as the difference between the reference 
diameter and the minimal luminal diameter, divided by the reference diame-
ter and multiplied by 100.
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Figure 1. Cumulative Rates of In-Segment Late Luminal Loss at Follow-up 
Angiography.

 

Late luminal loss was defined as the difference between the minimal luminal 
diameter at the end of the procedure and the minimal luminal diameter at fol-
low-up.
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appendix

 

The following centers and investigators participated in the ISAR-DIABETES Study: 

 

Steering Committee:

 

 A. Schömig (chair), A. Kastrati
(principal investigator); 

 

Event-Adjudication Committee:

 

 J. Dirschinger, H. Schühlen, J. Pache; 

 

Data-Coordinating Center:

 

 J. Mehilli, H.
Bollwein, C. Markwardt; 

 

Angiographic Core Laboratory:

 

 A. Dibra, S. Piniek, S. Meier; 

 

Clinical Follow-up Center:

 

 H. Holle, K. Hösl, F. Rod-
rigues, C. Peterler; 

 

Participating Centers and Investigators:

 

 

 

Deutsches Herzzentrum, Munich 

 

— J. Pache, C. Schmitt, N. von Beckerath, R. Wessely;

 

Klinikum rechts der Isar, Munich 

 

— J. Dirschinger, H. Schühlen, M. Seyfarth, M. Karch.

 

references

 

1.

 

Grundy SM, D’Agostino RB Sr, Mosca L,
et al. Cardiovascular risk assessment based
on US cohort studies: findings from a Na-
tional Heart, Lung, and Blood Institute
workshop. Circulation 2001;104:491-6.

 

2.

 

Goraya TY, Leibson CL, Palumbo PJ, et
al. Coronary atherosclerosis in diabetes mel-
litus: a population-based autopsy study. J Am
Coll Cardiol 2002;40:946-53.

 

3.

 

Luscher TF, Creager MA, Beckman JA,
Cosentino F. Diabetes and vascular disease:
pathophysiology, clinical consequences, and
medical therapy: Part II. Circulation 2003;
108:1655-61.

 

4.

 

Hurst RT, Lee RW. Increased incidence
of coronary atherosclerosis in type 2 diabe-
tes mellitus: mechanisms and management.
Ann Intern Med 2003;139:824-34.

 

5.

 

Carrozza JP Jr, Kuntz RE, Fishman RF,
Baim DS. Restenosis after arterial injury
caused by coronary stenting in patients
with diabetes mellitus. Ann Intern Med
1993;118:344-9.

 

6.

 

Abizaid A, Kornowski R, Mintz GS, et al.
The influence of diabetes mellitus on acute
and late clinical outcomes following coro-
nary stent implantation. J Am Coll Cardiol
1998;32:584-9.

 

7.

 

Elezi S, Kastrati A, Pache J, et al. Diabe-
tes mellitus and the clinical and angio-
graphic outcome after coronary stent place-
ment. J Am Coll Cardiol 1998;32:1866-73.

 

8.

 

Kuntz RE. Importance of considering
atherosclerosis progression when choosing
a coronary revascularization strategy: the dia-
betes-percutaneous transluminal coronary
angioplasty dilemma. Circulation 1999;99:
847-51.

 

9.

 

Frye RL, Brooks MM, Nesto RW. Gap
between clinical trials and clinical practice:
lessons from the Bypass Angioplasty Revas-
cularization Investigation (BARI). Circula-
tion 2003;107:1837-9.

 

10.

 

Sousa JE, Serruys PW, Costa MA. New
frontiers in cardiology: drug-eluting stents.
Circulation 2003;107:2274-9, 2383-9.

 

11.

 

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

 

12.

 

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

 

13.

 

Stone GW, Ellis SG, Cox DA, et al.
A polymer-based, paclitaxel-eluting stent in
patients with coronary artery disease. N Engl
J Med 2004;350:221-31.

 

14.

 

Mak KH, Faxon DP. Clinical studies on
coronary revascularization in patients with
type 2 diabetes. Eur Heart J 2003;24:1087-
103.

 

15.

 

Leon MB, Bakhai A. Drug-eluting stents
and glycoprotein IIb/IIIa inhibitors: com-
bination therapy for the future. Am Heart
J 2003;146:Suppl 4:S13-S17.

 

16.

 

Moussa I, Leon MB, Baim DS, et al. Im-
pact of sirolimus-eluting stents on out-
come in diabetic patients: a SIRIUS
(SIRolImUS-coated Bx Velocity balloon-
expandable stent in the treatment of patients
with de novo coronary artery lesions) sub-
study. Circulation 2004;109:2273-8.

 

17.

 

Hermiller JB, Raizner A, Cannon L, et al.
Outcomes with the polymer-based pacli-
taxel-eluting TAXUS stent in patients with
diabetes mellitus: the TAXUS-IV trial. J Am
Coll Cardiol 2005;45:1172-9.

 

18.

 

Kastrati A, Mehilli J, Schühlen H, et al.
A clinical trial of abciximab in elective per-
cutaneous coronary intervention after pre-
treatment with clopidogrel. N Engl J Med
2004;350:232-8.

 

19.

 

Mehilli J, Kastrati A, Schühlen H, et al.
Randomized clinical trial of abciximab in
diabetic patients undergoing elective percu-
taneous coronary interventions after treat-
ment with a high loading dose of clopido-
grel. Circulation 2004;110:3627-35.

 

20.

 

Ellis SG, Vandormael MG, Cowley MJ,
et al. Coronary morphologic and clinical
determinants of procedural outcome with
angioplasty for multivessel coronary disease:
implications for patient selection. Circula-
tion 1990;82:1193-202.

 

21.

 

Mehran R, Dangas G, Abizaid AS, et al.
Angiographic patterns of in-stent resteno-
sis: classification and implications for long-
term outcome. Circulation 1999;100:1872-8.

 

22.

 

Diabetes mellitus. WHO Tech Rep Ser
1985;727:1-104.

 

23.

 

The EPISTENT Investigators. Ran-
domised placebo-controlled and balloon-
angioplasty-controlled trial to assess safety
of coronary stenting with use of platelet
glycoprotein-IIb/IIIa blockade. Lancet 1998;
352:87-92.

 

24.

 

O’Brien RG, Muller KE. Unified power
analysis for 

 

t

 

-tests through multivariate
hypotheses. In: Edwards LK, ed. Applied

analysis of variance in behavioral science.
New York: Marcel Dekker, 1993:297-344.

 

25.

 

Chow S-C, Liu J-P. Design and analysis
of bioavailability and bioequivalence stud-
ies. New York: Marcel Dekker, 1992.

 

26.

 

Popma JJ, Leon MB, Moses JW, et al.
Quantitative assessment of angiographic
restenosis after sirolimus-eluting stent
implantation in native coronary arteries. Cir-
culation 2004;110:3773-80.

 

27.

 

Bauters C, Isner JM. The biology of re-
stenosis. Prog Cardiovasc Dis 1997;40:107-
16.

 

28.

 

Regar E, Serruys PW, Bode C, et al. An-
giographic findings of the multicenter Ran-
domized Study With the Sirolimus-Eluting
Bx Velocity Balloon-Expandable Stent
(RAVEL): sirolimus-eluting stents inhibit
restenosis irrespective of the vessel size.
Circulation 2002;106:1949-56.

 

29.

 

Mauri L, Orav EJ, O’Malley AJ, et al. Re-
lationship of late loss in lumen diameter to
coronary restenosis in sirolimus-eluting
stents. Circulation 2005;111:321-7.

 

30.

 

Fleming TR, DeMets DL. Surrogate end
points in clinical trials: are we being misled?
Ann Intern Med 1996;125:605-13.

 

31.

 

Psaty BM, Weiss NS, Furberg CD, et al.
Surrogate end points, health outcomes, and
the drug-approval process for the treatment
of risk factors for cardiovascular disease.
JAMA 1999;282:786-90.

 

32.

 

D’Agostino RB Sr, Massaro JM, Sulli-
van LM. Non-inferiority trials: design con-
cepts and issues — the encounters of aca-
demic consultants in statistics. Stat Med
2003;22:169-86.

 

33.

 

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

 

34.

 

Kastrati A, Mehilli J, von Beckerath N,
et al. Sirolimus-eluting stent or paclitaxel-
eluting stent vs balloon angioplasty for
prevention of recurrences in patients with
coronary in-stent restenosis: a randomized
controlled trial. JAMA 2005;293:165-71.

 

35.

 

REALITY at last? REALITY, ISAR-
DIABETES, and SIRTAX trials give Cypher an
edge, but debate clouds comparisons. The
heart.org. (Accessed July 26, 2005, at http://
theheart.org/viewArticle.do?primaryKey=
397957& from=/searchLayout.do.)

 

Copyright © 2005 Massachusetts Medical Society.

Copyright © 2005 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org on November 11, 2009 . For personal use only. No other uses without permission. 


