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Abstract
Aims: Restenosis is higher among certain subpopulations when subjected to percutaneous coronary

interventions even when using drug-eluting stents. The randomised SPIRIT II trial demonstrated the

superiority of the XIENCE V™ Everolimus Eluting Coronary Stent System over the TAXUS™ Paclitaxel-

Eluting Stent System in terms of in-stent late loss at six months among 300 patients treated for de novo
native coronary artery lesions.

Methods and results: In this post-hoc analysis of SPIRIT II we focused on six-month angiographic outcomes

of diabetic patients (n=69), left anterior descending arteries (n=149), long lesions >20 mm (n=43), small

vessels <3.0 mm (n=209) and type B2 and C lesions (n=233). In-stent late loss was consistently less

among all subgroups when treated by everolimus-eluting stents compared to paclitaxel-eluting stents:

diabetics 0.15±0.26 mm versus 0.39±0.34 mm, p=0.006; LAD 0.12±0.23 mm versus 0.44±0.37 mm,

p<0.001; long lesions 0.13±0.26 mm versus 0.43±0.46 mm, p=0.070; small vessels 0.17±0.28 mm

versus 0.37±0.39 mm, p<0.001; B2/C lesions 0.12±0.31 mm versus 0.36±0.36 mm, p<0.001.

Conclusion: The everolimus-eluting stent remained superior in terms of in-stent late loss in a variety of

higher risk populations for restenosis compared to the paclitaxel-eluting stent. These analyses were

consistent with the in-stent late loss results of the overall SPIRIT II trial population.
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Introduction
Recent studies that have evaluated the local application of anti-

proliferative drugs (sirolimus and paclitaxel) for the prevention of

restenosis via a stent delivery system have shown that these

therapies successfully inhibit the development of neointimal

hyperplasia and reduce restenosis and associated clinical events.1,2

The feasibility of using everolimus on a drug-eluting stent was

demonstrated in the earlier FUTURE-I3,4 and FUTURE II5,6 studies

and more recently in the SPIRIT FIRST7 study, using the

everolimus-eluting stent. The SPIRIT II trial8 was a continuation of

the assessment of the safety and performance of the XIENCE V

everolimus eluting coronary stent versus the TAXUS paclitaxel-

eluting coronary stent in the treatment of patients with a maximum

of two de novo native coronary artery lesions. SPIRIT II has met its

primary endpoint, namely it showed an in-stent late loss in the

everolimus arm, which was not only non-inferior but also superior to

the in-stent late loss observed in the paclitaxel arm at six months

(0.11±0.27 mm versus 0.36±0.39 mm, respectively p<0.0001).

Per protocol, the overall study cohort was a low-risk population for

neointimal hyperplasia and restenosis; focusing on the higher risk

subgroups is therefore of particular interest. This sub-analysis of

SPIRIT II trial is directed to the following subsets: diabetic patients,

lesions located in the left anterior descending artery (LAD), long

lesions > 20 mm, lesions in small vessels < 3.0 mm in diameter and

type B2 and C lesions according to the modified American College

of Cardiology/American Heart Association (ACC/AHA) classification

system for lesion morphology.9,10

Methods

Patients and design

Details of SPIRIT II and the XIENCE V stent have been recently

described.8 In brief, this prospective, randomised (3:1) single-blind,

parallel two-arm trial was performed at 28 centres in Europe, India

and New Zealand and enrolled patients from July 2005 to

November 2005. 300 patients were included of which 223 were

randomly assigned to the everolimus-eluting stent and 77 to the

paclitaxel-eluting stent. It was approved by the ethics committee at

each participating institution, and all patients gave written informed

consent.

Patients were eligible for the study if they were older than 18 years

and had evidence of myocardial ischaemia. The patient could have

a maximum of two de novo native coronary artery lesions, which

had to be located in different major epicardial vessels. The de novo
target lesion(s) had to have a reference vessel diameter between

2.5 mm and 4.25 mm by visual estimation, a target lesion length
< 28 mm, a visually estimated stenosis between 50-99% of the

luminal diameter, and a Thrombolysis In Myocardial Infarction

(TIMI) flow grade of 1 or more. Patients were not eligible for

enrolment if they had known diagnosis of acute myocardial

infarction three days prior to the baseline procedure, a left

ventricular ejection fraction of less than 30%, or were awaiting a

heart transplant. Additionally, patients having target lesion(s) with

an aorto-ostial or left main location, a lesion located within 2 mm of

the origin of the left anterior descending or left circumflex, heavy

calcification, or a visible thrombus within the target vessel were also

excluded from the trial.

In this substudy of SPIRIT II the following subgroups were

investigated: diabetic patients, lesions located in the left anterior

descending artery (LAD), long lesions > 20 mm, lesions in small

vessels < 3.0 mm in diameter and type B2 and C lesions. All are

post-hoc analysis subgroups (i.e. not prespecified in the study

protocol). The main analysis in this substudy was to compare both

stent treatment groups among the different higher risk

populations. A secondary analysis compares each specific higher

risk subgroup to the remaining study population for each

treatment group.

The Everolimus-Eluting Stent

The XIENCE V Everolimus Eluting CSS (Abbott Cardiovascular

Systems, Abbott Park, IL, USA) is comprised of the ACS MULTI-

LINK VISION stent and delivery system, and a drug-eluting coating.

The ACS MULTI-LINK VISION Stent is a balloon expandable stent,

which consists of serpentine rings connected by links fabricated

from a single piece of medical grade L-605 cobalt chromium alloy.

Study procedure

Following the confirmation of angiographic in- and exclusion criteria

prior to the procedure, patients were allocated through a telephone

randomisation service and assigned in a 3:1 ratio to either an

everolimus-eluting stent or a paclitaxel-eluting stent. The XIENCE V

stents were available in lengths of 8, 18 and 28 mm, and diameters

of 2.5, 3.0, 3.5 and 4.0 mm. Lesion lengths between 22 and 28 mm

had to be covered with 2 stents in the XIENCE V group, twice 

a 18 mm stent, or a 28 mm and a 8 mm stent.

Lesions were treated using standard interventional techniques with

mandatory pre-dilatation and stent implantation at a pressure not

exceeding the burst pressure rate. Due to packaging differences,

physicians were not blinded to the device. Post-dilatation was left to

the discretion of the physician, however, if performed, was only to

be done with balloons sized to fit within the boundaries of the stent.

In the event of a bailout procedure and additional stent

requirement, the stent had to be one from the same group as the

first implanted stent. Patient preparation and pharmaceutical

treatment during the procedure were to be in accordance with

standard hospital practice. The use of GPIIb/IIIa inhibitors was left

to the discretion of the physician.

Follow-up

Patients were evaluated at 30, 180, 270 days and one year. Further

evaluations will be performed at two, three, four and five year(s). 

All patients were to receive 75 mg clopidogrel for a minimum of 

180 days and > 75 mg aspirin for a minimum of one year. 

At outpatient visits, patients were asked specific questions about

the interim development of angina or the occurrence of adverse

events. In this substudy we focus only on the angiographic follow-up

performed at 180 days.
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Quantitative Coronary Angiography evaluation
Quantitative coronary angiography (QCA) was performed using the

CAAS II analysis system (Pie Medical BV, Maastricht, Netherlands).

In each patient, the stented segment and the peri-stent segments

(defined by a length of 5 mm proximal and distal to the stent edge)

were analysed. The following QCA parameters were computed:

minimal luminal diameter (MLD), reference diameter obtained by

an interpolated method, and percentage diameter stenosis. Binary

restenosis was defined in every segment as diameter stenosis

>50% at follow-up. Late loss was defined as the difference between

MLD post-procedure and MLD at follow-up.

Study endpoints
The primary angiographic endpoint in the main study was in-stent

late loss at 180 days, as determined by quantitative angiography,

based on an “analysis lesion”: one randomly selected lesion per

patient to avoid inter-lesion dependence.11 Secondary endpoints

(QCA) included the in-segment late loss and in-stent and in-

segment angiographic binary restenosis rate analysed on all lesions

available. In this paper all lesion results are reported.

In-stent was defined as within the margins of the stent while in-

segment was defined as located within the margins of the stent and

5 mm proximal or distal to the stent. Late loss was calculated as the

difference between the post-procedure and follow-up minimum

luminal diameters.

Statistical analysis
In this paper continuous variables, are expressed as mean± standard

deviation. 95% confidence intervals of the difference are estimated

by Gaussian approximation. P-values are obtained by using a two-

sided Wilcoxon rank-sum test (ITT, alpha 0.05). For binary

variables, percentages are presented and p-values are obtained by

using a two-sided Fisher exact test (ITT, alpha 0.05). Interaction

tests were based on generalised linear models. Subgroup analyses

include all lesions.

Caution must be exercised when interpreting p-values displayed for

analyses other than those performed for the primary endpoint in the

overall population, as none of the other analyses were pre-planned

and the study was not powered to detect differences on any of those

other variables or subgroups. The resulting p-values, whether or not

less than 0.05, may be a result of pure chance.

Results

Diabetic subgroup

Sixty-nine patients (23%) of the whole study population (n=300) were

diabetic; 51 patients (23%) of the everolimus-eluting stent group, and

18 (24%) of the paclitaxel-eluting stent group. Baseline clinical and

angiographic characteristics were comparable except for more

current tobacco use, with fewer smokers in the everolimus group

(Table 1). Angiographic outcome measures at follow-up are shown in

Table 6. At six months the in-stent late loss was 0.15±0.26 mm in the

everolimus arm versus 0.39±0.34 mm in the paclitaxel arm

(difference: –0.24 mm [95% CI= –0.41 mm, –0.08 mm] p=0.006).

The results of the secondary analysis which compares the diabetic

subgroup to the remaining study population for each treatment group

are shown in Table 7. Although non-significantly different, in-stent late

loss was higher for both stents among the diabetic population

compared to non-diabetics: for the everolimus-eluting stent it was

0.15±0.26 mm for the diabetic group versus 0.11±0.30 mm for non-

diabetic group; difference 0.04 [95% CI –0.04, 0.12] p=0.11. For the

paclitaxel-eluting stent it was 0.39±0.34 mm among the diabetic

group compared to 0.36± 0.39 mm among non-diabetics; difference

0.04 [95% CI –0.14, 0.21] p=0.65.

LAD subgroup

One-hundred and forty-nine (149) SPIRIT II patients (49.7%) were

treated for LAD stenoses; 106 patients (47.5%) of the everolimus

group and 43 patients (55.8%) of the paclitaxel group. Baseline

clinical and angiographic characteristics were comparable except

for fewer men and more prior myocardial infarction in the

everolimus group (Table 2). Angiographic outcome measures at

follow-up are shown in Table 6. At six months the in-stent late loss

was 0.12±0.23 mm in the everolimus arm versus 0.44±0.37 mm in

the paclitaxel arm (difference: –0.32 mm [95% CI= –0.44 mm,

–0.19 mm] p<0.001). The results of the secondary analysis which

compares the LAD subgroup to the remaining study population for

each treatment group are shown in Table 7. In the everolimus arm,

the in-stent late loss was 0.12±0.23 mm versus 01.2±0.33 mm

when implanted for LAD stenoses compared to non-LAD lesions

respectively (difference –0.01 [95% CI –0.08, 0.07]). Although

non-significantly different, in the paclitaxel arm, the mean late loss

was 0.44±0.37mm for the LAD population compared to 0.31±0.37mm

non-LAD (difference 0.13 [95% CI –0.03, 0.29]).
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Higher risk subgroups of SPIRIT II trial

Table 1. Baseline clinical and angiographic criteria of the diabetic
subgroup treated by the everolimus-eluting stent (XIENCE V) or
the paclitaxel-eluting stent (TAXUS).

XIENCE V group TAXUS group p-value
51 patients 18 patients
59 lesions 22 lesions

Age, years (mean±SD) 63.7±10.0 65.1±7.8 0.561

Men, % 62.7 72.2 0.571

Current smoking, % 25.0 0.0 0.027

Hypertension req. med., % 80.4 77.8 1.000

Hypercholesterolaemia req. med., % 69.4 77.8 0.559

Diabetes req.med., % 88.2 88.9 1.000

Stable angina, % 68.6 77.8 0.556

Unstable angina, % 17.6 22.2 0.730

Silent ischaemia, % 5.9 0.0 0.562

Previous MI, % 34.0 16.7 0.232

MI within last 2 months, % 20.4 5.6 0.264

Single vessel disease, % 62.7 66.7 1.000

Lesion length, mm (mean±SD) 14.1±6.0 13.7±7.3 0.524

RVD, mm (mean±SD) 2.59±0.52 2.73±0.59 0.319

MLD, mm (mean±SD) 0.99±0.40 1.13±0.42 0.146

%DS, (mean±SD) 61.7±13.2 58.7±12.5 0.260

MI: myocardial infarction; RVD: reference vessel diameter; MLD: minimal lumen diameter;
%DS: percent diameter stenosis
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Long lesion subgroup

Forty-three SPIRIT II patients (14.3%) were treated for lesions

> 20 mm (and had lesion length assessable by QCA); 32 patients

(14.3%) of the everolimus group and 11 patients (14.3%) of the

paclitaxel group. Baseline clinical and angiographic characteristics

were comparable except for lesion length which was longer in the

paclitaxel group for this long lesions subgroup (Table 3). The mean

lesion length was 23.59±3.17 mm for the everolimus group and

26.62±4.59 mm in the paclitaxel group (difference –3.03; 95% CI

–6.25, 018). Angiographic outcome measures at follow-up are

shown in Table 6. At six months the in-stent late loss was

0.13±0.26 mm in the everolimus arm versus 0.43±0.46 mm in the

paclitaxel arm (difference: –0.30 mm [95% CI= –0.64 mm,

0.04 mm] p=0.07). However the very limited number of lesions in

this subgroup limits the validity of any conclusion. The results of the

secondary analysis which compares the long lesion subgroup to the

remaining study population for each treatment group are shown in

Table 7. In this study the long lesions had a non-significantly greater

late loss in both stent arms compared to lesions < 20 mm:

0.13±0.26 mm versus 0.12±0.29 mm; difference 0.01 [95% CI –0.09,

0.11] p=0.66 for the everolimus stent and 0.43±0.46 mm versus

0.36±0.37 mm; difference 0.07 [95% CI –0.26, 0.41] p=0.93 for

the paclitaxel-eluting stent. However the very limited number of

lesions in the long lesions subgroup limits the possibility to draw any

conclusion.

Small vessel subgroup

Two-hundred and nine (209) SPIRIT II patients (69.7%) were

treated for lesions in vessels <3.0 mm in diameter (and had

reference diameter assessable by QCA); 160 patients (71.7%) of

the everolimus group and 49 patients (63.6%) of the paclitaxel

group. Baseline clinical and angiographic characteristics were

comparable with no significant differences between both groups

(Table 4). The mean pre-procedure reference vessel diameter was

2.47±0.33 mm in both arms. Angiographic outcome measures at

follow-up are shown in Table 6. At six months the in-stent late loss

was 0.17±0.28 mm in the everolimus arm versus 0.37±0.39 mm in

the paclitaxel arm (difference: –0.20 mm [95% CI= –0.32 mm,

Table 2. Baseline clinical and angiographic criteria of the LAD
subgroup treated by the everolimus-eluting stent (XIENCE V) or
the paclitaxel-eluting stent (TAXUS).

XIENCE V group TAXUS group p-value
106 patients 43 patients
106 lesions 43 lesions

Age, years (mean±SD) 60.5±10.5 62.4±9.3 0.349
Men, % 69.8 86.0 0.041
Current smoking, % 27.0 34.2 0.409
Hypertension req. med., % 64.2 62.8 1.000
Hypercholesterolaemia req. med., % 64.8 76.2 0.240
Diabetes req. med., % 26.4 23.3 0.836
Stable angina, % 60.4 60.5 1.000
Unstable angina, % 25.5 34.9 0.315
Silent ischaemia, % 4.7 4.7 1.000
Previous MI, % 34.6 16.3 0.029
MI within last 2 months, % 17.8 7.0 0.122
Single vessel disease, % 66.0 65.1 1.000
Lesion length, mm (mean±SD) 13.0±5.4 12.4±6.6 0.263
RVD, mm (mean±SD) 2.63±0.44 2.71±0.54 0.457
MLD, mm (mean±SD) 1.06±0.42 1.15±0.29 0.055
%DS, (mean±SD) 59.5±13.6 57.0±9.0 0.375

MI: myocardial infarction; RVD: reference vessel diameter; MLD: minimal lumen diameter;
%DS: percent diameter stenosis

Table 3. Baseline clinical and angiographic criteria of the long
lesion (>20 mm) subgroup treated by the everolimus-eluting stent
(XIENCE V) or the paclitaxel-eluting stent (TAXUS).

XIENCE V group TAXUS group p-value
32 patients 11 patients
32 lesions 11 lesions

Age, years (mean±SD) 59.3±9.2 59.8±11.0 0.646
Men, % 84.4 90.9 1.000
Current smoking, % 56.3 36.4 0.310
Hypertension req. med., % 68.8 54.5 0.473
Hypercholesterolaemia req. med, % 73.3 90.9 0.401
Diabetes req. med., % 25.0 18.2 1.000
Stable angina, % 50.0 54.5 1.000
Unstable angina, % 28.1 45.5 0.457
Silent ischaemia, % 3.1 0.0 1.000
Previous MI, % 50.0 27.3 0.294
MI within last 2 months, % 34.5 9.1 0.233
Single vessel disease, % 62.5 54.5 0.728
Lesion length, mm (mean±SD) 23.6±3.2 26.6±4.6 0.047
RVD, mm (mean±SD) 2.75±0.57 3.02±0.69 0.366
MLD, mm (mean±SD) 1.03±0.30 1.13±0.37 0.436
%DS, (mean±SD) 62.4±8.1 62.9±8.0 0.967

MI: myocardial infarction; RVD: reference vessel diameter; MLD: minimal lumen diameter;
%DS: percent diameter stenosis

Table 4. Baseline clinical and angiographic criteria of the small
vessel (<3.0 mm) subgroup treated by the everolimus-eluting
stent (XIENCE V) or the paclitaxel-eluting stent (TAXUS).

XIENCE V group TAXUS group p-value
160 patients 49 patients
184 lesions 56 lesions

Age, years (mean±SD) 62.5±10.2 60.2±9.7 0.159
Men, % 66.3 77.6 0.160
Current smoking, % 28.4 25.6 0.847
Hypertension req. med., % 66.9 61.2 0.495
Hypercholesterolaemia req. med., % 68.2 81.6 0.073
Diabetes req. med., % 20.6 22.9 0.840
Stable angina, % 63.1 63.3 1.000
Unstable angina, % 26.3 34.7 0.278
Silent ischaemia, % 2.5 2.0 1.000
Previous MI, % 31.0 30.6 1.000
MI within last 2 months, % 15.6 10.2 0.483
Single vessel disease, % 62.5 65.3 0.866
Lesion length, mm (mean±SD) 12.3±5.4 12.6±6.3 0.835
RVD, mm (mean±SD) 2.47±0.33 2.47±0.33 0.951
MLD, mm (mean±SD) 1.00±0.26 1.01±0.20 0.562
%DS, (mean±SD) 59.5±8.7 58.7±7.6 0.418

MI: myocardial infarction; RVD: reference vessel diameter; MLD: minimal lumen diameter;
%DS: percent diameter stenosis
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–0.09 mm] p<0.001). The results of the secondary analysis which

compares the small vessel subgroup to the remaining study

population for each treatment group are shown in Table 7. When

comparing patients treated with the everolimus-eluting stent for

vessels < 3.0 mm in diameter with those > 3.0 mm, there was 

a significant difference in in-stent late loss at 6-months between both

groups. (0.17±0.28 mm (n=166) versus –0.00±0.28 mm (n=57)

respectively; difference 0.17 mm [95% CI 0.09, 0.25] p < 0.001).

This difference was not observed in the paclitaxel-eluting stent

groups.

B2 and C type lesion subgroup

Two-hundred and thirty-three (233) SPIRIT II patients (77.6%) were

treated for type B2 or C lesions (and had lesion type assessable by

angiography); 171 patients (76.7%) of the everolimus group and 62

patients (80.5%) of the paclitaxel group. Baseline clinical and

angiographic characteristics were comparable except for smaller

reference diameter in the everolimus arm (Table 5). Angiographic

outcome measures at follow-up are shown in Table 6. At six months

the in-stent late loss was 0.12±0.31 mm in the everolimus arm

versus 0.36±0.36 mm in the paclitaxel arm (difference: –0.24 mm

[95% CI=–0.34 mm, –0.15 mm] p<0.001). The results of the

secondary analysis which compares the B2/C type lesion subgroup

to the remaining study population for each treatment group are

shown in Table 7. In this study in-stent late loss for the everolimus-
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Higher risk subgroups of SPIRIT II trial

Table 5. Baseline clinical and angiographic criteria of the type
B2/C lesion subgroup treated by the everolimus-eluting stent
(XIENCE V) or the paclitaxel-eluting stent (TAXUS).

XIENCE V group TAXUS group p-value
171 patients 62 patients
195 lesions 72 lesions

Age, years (mean±SD) 62.4±10.4 61.6±9.0 0.636

Men, % 73.1 77.4 0.612

Current smoking, % 32.7 33.3 1.000

Hypertension req. med., % 67.3 66.1 0.876

Hypercholesterolaemia req. med., % 68.3 75.4 0.330

Diabetes req. med., % 19.9 21.3 0.853

Stable angina, % 62.0 59.7 0.763

Unstable angina, % 27.5 33.9 0.415

Silent ischaemia, % 2.3 3.2 0.658

Previous MI, % 34.9 27.4 0.344

MI within last 2 months, % 19.4 9.7 0.109

Single vessel disease, % 67.8 66.1 0.875

Lesion length, mm (mean±SD) 14.5±5.5 14.6±6.5 0.585

RVD, mm (mean±SD) 2.74±0.55 2.90±0.57 0.032

MLD, mm (mean±SD) 1.11±0.38 1.18±0.36 0.059

%DS, (mean±SD) 59.5±9.1 59.3±9.3 0.440

MI: myocardial infarction; RVD: reference vessel diameter; MLD: minimal lumen diameter;
%DS: percent diameter stenosis

Table 6. Six-month angiographic outcome measures for patients treated by everolimus-eluting stent (XIENCE V) or paclitaxel-eluting stent
(TAXUS) among the higher risk subgroups.

XIENCE V group TAXUS group Difference (95% CI) P-value
Diabetic subgroup 53 lesions 21 lesions

In-stent MLD, mm (mean±SD) 2.27±0.47 2.16±0.45 0.11(–0.13,0.35) 0.323
In-stent late loss, mm (mean±SD) 0.15±0.26 0.39±0.34 –0.24(–0.41,–0.08) 0.006
In-segment late loss, mm (mean±SD) 0.11±0.28 0.21±0.35 –0.10(–0.27,0.08) 0.537
In-stent binary restenosis rate, % 1.9 0.0 – 1.000
In-segment binary restenosis rate, % 1.9 0.0 – 1.000

LAD subgroup 96 lesions 41 lesions
In-stent MLD, mm (mean±SD) 2.36±0.39 2.14±0.55 0.22(0.03,0.41) 0.039
In-stent late loss, mm (mean±SD) 0.12±0.23 0.44±0.37 –0.32(–0.44,–0.19) <0.001
In-segment late loss, mm (mean±SD) 0.08±0.27 0.21±0.36 –0.13(–0.25,-0.00) 0.025
In-stent binary restenosis rate, % 1.0 7.3 – 0.080
In-segment binary restenosis rate, % 3.1 12.2 – 0.052

Long lesion (>20 mm) subgroup 30 lesions 10 lesions
In-stent MLD, mm (mean±SD) 2.32±0.44 2.16±0.66 0.16(–0.33,0.65) 0.606
In-stent late loss, mm (mean±SD) 0.13±0.26 0.43±0.46 –0.30(–0.64,0.04) 0.070
In-segment late loss, mm (mean±SD) 0.05±0.27 0.21±0.55 –0.15(–0.55,0.25) 0.417
In-stent binary restenosis rate, % 0.0 0.0 – –
In-segment binary restenosis rate, % 0.0 10.0 – 0.250

Small vessel (<3.0 mm) subgroup 166 lesions 51 lesions
In-stent MLD, mm (mean±SD) 2.21±0.42 2.05±0.44 0.16(0.02,0.30) 0.043
In-stent late loss, mm (mean±SD) 0.17±0.28 0.37±0.39 –0.20(–0.32,–0.09) <0.001
In-segment late loss, mm (mean±SD) 0.10±0.31 0.14±0.38 –0.04(–0.16,0.07) 0.375
In-stent binary restenosis rate, % 1.2 3.9 – 0.236
In-segment binary restenosis rate, % 4.2 7.8 – 0.291

Type B2/C lesion subgroup 176 lesions 70 lesions
In-stent MLD, mm (mean±SD) 2.38±0.52 2.31±0.51 0.07(–0.08,0.21) 0.519
In-stent late loss, mm (mean±SD) 0.12±0.31 0.36±0.36 –0.24(–0.34,–0.15) <0.001
In-segment late loss, mm (mean±SD) 0.06±0.35 0.13±0.39 –0.08(–0.18,0.03) 0.098
In-stent binary restenosis rate, % 1.7 2.9 – 0.625
In-segment binary restenosis rate, % 4.0 5.7 – 0.513
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eluting stent amongst type B2/C lesions was 0.12±0.31 mm

compared to 0.16±0.24 mm among type A/B1 lesions (difference

0.05 [95% CI –0.03, 0.13] p=0.062).

Figure 1 compares six-month in-stent late loss for patients treated

by everolimus-eluting stent or paclitaxel-eluting stent among the

overall population and the higher risk subgroup.

Table 7. Six-month in-stent late loss for patients treated by everolimus-eluting stent (XIENCE V) or paclitaxel-eluting stent (TAXUS) among
the overall population and the higher risk subgroups.

Difference (95% CI) P-value
LAD Other vessel

XIENCE V Mean±SD (n) 0.12±0.23 (96) 0.12±0.33 (141) –0.01 (–0.08, 0.07) 0.994
TAXUS Mean±SD (n) 0.44±0.37 (41) 0.31±0.37 (45) 0.13 (–0.03, 0.29) 0.131

Long lesions Shorter lesions
XIENCE V Mean±SD (n) 0.13±0.26 (30) 0.12±0.29 (193) 0.01 (–0.09, 0.11) 0.657
TAXUS Mean±SD (n) 0.43±0.46 (10) 0.36±0.37 (72) 0.07 (–0.26, 0.41) 0.927

Small vessels Larger vessels
XIENCE V Mean±SD (n) 0.17±0.28 (166) –0.00±0.28 (57) 0.17 (0.09, 0.25) < 0.001
TAXUS Mean±SD (n) 0.37±0.39 (51) 0.37±0.37 (31) 0.00 (–0.17, 0.17) 0.852

Diabetic Non-diabetic
XIENCE V Mean±SD (n) 0.15±0.26 (53) 0.11±0.30 (184) 0.04 (–0.04, 0.12) 0.112
TAXUS Mean±SD (n) 0.39±0.34 (21) 0.36±0.39 (64) 0.04 (–0.14, 0.21) 0.647

B2/C A/B1
XIENCE V Mean±SD (n) 0.12±0.31(176) 0.16±0.24(50) 0.05 (–0.03, 0.13) 0.062
TAXUS Mean±SD (n) 0.36±0.36(70) 0.39±0.47(15) 0.03 (–0.24, 0.30) 0.682

LAD: left anterior descending artery; long lesions: lesions > 20 mm; small vessel: vessel diameter ±3.0 mm; B2/C lesion: according to the modified ACC/AHA
lesion morphology classification system

Figure 1. Six-month in-stent late loss for patients treated by
everolimus-eluting stent (XIENCE V) or paclitaxel-eluting stent
(TAXUS) among the overall population and the higher risk subgroups.
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Discussion
The main finding of this differentiated analysis is the consistent

trend for superiority of the XIENCE V everolimus-eluting coronary

stent over the TAXUS paclitaxel-eluting coronary stent in terms of

late loss reduction among diabetic patients, the LAD population,

small vessels <3.0 mm, long lesions > 20 mm and type B2 and C

lesions as was reported for the whole population treated in the

SPIRIT II Trial.

Involvement of the left anterior descending artery is considered an

independent risk factor for restenosis after balloon angioplasty and

after stent implantation by current guidelines.12 Surprisingly, lesions

located in the LAD were shown to have a decreased restenosis rate

among complex patients treated with sirolimus-eluting stents.13 It

was postulated whether the LAD location represents a true protective

characteristic when using sirolimus-eluting stents. In the current

analysis everolimus-eluting stents had a similar in-stent late loss

when implanted for LAD stenoses compared to non-LAD lesions.

Vessel diameter is an established predictor of angiographic

restenosis after catheter-based interventions, with a higher rate of

restenosis in smaller vessels.14 In a pooled analysis from FUTURE I

and II trials15, the everolimus-eluting stent appeared to be effective

in decreasing neointimal proliferation at 6-month follow-up

compared with bare-metal stents, across all examined vessel sizes.

In those studies the in-stent late loss for the everolimus-eluting stent

was 0.19±0.22 mm for vessels <2.75 mm, 0.05±0.23 mm for

vessels=2.75-3.25 mm, and 0.14±0.29 mm for vessels >3.25 mm.

It was shown for the sirolimus-eluting stent in a subgroup analysis of

the RAVEL trial16, that in-stent late loss among vessels <2.36 mm

was 0.01±0.25 mm, 0.01±0.38 mm for vessels=2.36-2.84 mm

and –0.06±0.35 mm for vessels >2.84 mm.

When comparing patients treated with the everolimus-eluting stent for

vessels < 3.0 mm in diameter with those > 3.0 mm, there was a

significant difference in in-stent late loss at 6-months between both

groups (0.17±0.28 mm versus –0.00±0.28 mm respectively). This

difference was not observed among the paclitaxel-eluting stent groups.

Although not being the primary purpose of the American College of

Cardiology/American Heart Association (ACC/AHA) classification

system for lesion morphology, it was shown17 that this scheme has

significant prognostic value after coronary stent placement by being

able to influence the restenosis process and thus the entire one-

year clinical course of patients. Significant differences were seen

mostly between two groups of lesions composed of types A and B1

(simple) and types B2 and C (complex), showing a significant

negative impact of lesion complexity on long-term restenosis.

A recent analysis among 6,755 patients18 demonstrated that

sirolimus-eluting stent treatment abolishes the difference in clinical
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outcomes at 6-month follow-up previously noted with bare-metal

stents among the different lesion subsets of the modified ACC/AHA

lesion morphology classification system through its positive

influence on restenosis. In our study in-stent late loss for the

everolimus-eluting stent among type B2/C lesions was similar

compared to type A/B1 lesions rendering the above finding also

applicable for the everolimus-eluting stent.

Diabetes mellitus has been repeatedly shown to be a predictor of

adverse events after coronary artery revascularisations.19-22 This

was also true for sirolimus-eluting stents, revealing diabetes mellitus

as a negative predictor for angiographic restenosis13 and being

associated with a higher late mortality after such treatment.23

Although non-significantly different, in-stent late loss was higher for

both stent arms in our study among the diabetic population

compared to non-diabetics. This is consistent with the higher late

loss for sirolimus-eluting stents and for paclitaxel-eluting stents

among diabetics compared to non-diabetics which has been

previously shown.24,25

The risk of restenosis increases with lesion and stent length.26,27

Total stent length was an independent predictor for angiographic

restenosis after sirolimus-eluting stents.13 In our study the long

lesions had a non-significantly greater late loss in both stent arms

compared to lesions < 20 mm. However the very limited number of

lesions in the long lesions subgroup limits the possibility to draw any

conclusion.

Interaction tests did not show any significant interactions between

treatment and the analysed subgroups, except for the small vessel

subgroup; meaning that the effect of the everolimus stent compared

to the paclitaxel stent seems constant in the high risk subgroup

compared to the remaining of the population. Except that for small

vessels compared to larger vessels the in-stent late-loss seems

constant for the paclitaxel arm while it is larger in the small vessels

group for everolimus. However because of the limit of small sample

size and impact of the outliers, further studies are needed before a

solid conclusion can be drawn for this subgroup.

Limitations and conclusions

An important number of subgroups was analysed; all were not

prespecified, were not controlled for during randomisation and were

of relatively small sample size. All these shortcomings may directly

influence these secondary results of SPIRIT II trial which may

impact treatment decisions. However, the consistent difference in

in-stent late loss in this study supports the superiority of the XIENCE V

everolimus-eluting coronary stent in this respect compared to the

TAXUS paclitaxel-eluting coronary stent among certain populations

prone for higher restenosis rates.

References
1. Sousa JE, Costa MA, Abizaid AC, Rensing BJ, Abizaid AS,

Tanajura LF, Kozuma K, Van Langenhove G, Sousa AG, Falotico R, Jaeger J,
Popma JJ, Serruys PW. Sustained suppression of neointimal proliferation
by sirolimus-eluting stents: one-year angiographic and intravascular ultra-
sound follow-up. Circulation. 2001;104:2007-11.

2. Serruys PW, Kutryk MJ, Ong AT. Coronary-artery stents. N Engl J
Med. 2006;354:483-95.

3. Costa RA, Lansky AJ, Mintz GS, Mehran R, Tsuchiya Y, Negoita M,
Gilutz Y, Nikolsky E, Fahy M, Pop R, Cristea E, Carlier S, Dangas G, Stone
GW, Leon MB, Muller R, Techen G, Grube E. Angiographic results of the
first human experience with everolimus-eluting stents for the treatment of
coronary lesions (the FUTURE I trial). Am J Cardiol. 2005;95:113-6.

4. Grube E, Sonoda S, Ikeno F, Honda Y, Kar S, Chan C, Gerckens U,
Lansky AJ, Fitzgerald PJ. Six- and twelve-month results from first human
experience using everolimus-eluting stents with bioabsorbable polymer.
Circulation. 2004;109:2168-71.

5. Tsuchiya Y, Lansky AJ, Costa RA, Mehran R, Pietras C, Shimada Y,
Sonoda S, Cristea E, Negoita M, Dangas GD, Moses JW, Leon MB,
Fitzgerald PJ, Muller R, Storger H, Hauptmann KE, Grube E. Effect of
everolimus-eluting stents in different vessel sizes (from the pooled
FUTURE I and II trials). Am J Cardiol. 2006;98:464-9.

6. Grube E. FUTURE II: Multicenter evaluation of the bioabsorbable
polymer-based everolimus-eluting stent TCT 2003. Washington, DC,
2003.

7. Serruys PW, Ong AT, Piek JJ, Neumann FJ, Van der Giessen W,
Wiemer M, Zeiher AM, Grube E, Haase J, Thuesen L, Hamm CW, Otto-
Terlouw P. A randomized comparison of a durable polymer Everolimus-
eluting stent with a bare metal coronary stent: the SPIRIT first trial.
EuroInterv. 2005;1:58-65.

8. Serruys PW, Ruygrok P, Neuzner J, Piek JJ, Seth A, Schofer J,
Richardt G, Wiemer M, Carrie D, Thuesen L, Boone E, Miquel-Herbert K,
Daemen J. A randomized comparison of an Everolimus-eluting stent with
a Paclitaxel-eluting stent: the SPIRIT II trial. EuroInterv. 2006;2:286-94.

9. Ryan TJ, Faxon DP, Gunnar RM, Kennedy JW, King SB III, Loop
FD, Peterson KL, Reeves TJ, Williams DO, Winters WL Jr. Guidelines for
percutaneous transluminal coronary angioplasty: a report of the American
College of Cardiology/American Heart Association Task Force on
Assessment of Diagnostic and Therapeutic Cardiovascular Procedures.
J Am Coll Cardiol. 1988;12:529-545.

10. Ryan TJ, Bauman WB, Kennedy JW, Kereiakes DJ, King SB III,
McCallister BD, Smith SC Jr, Ullyot DJ. Guidelines for percutaneous trans-
luminal coronary angioplasty: a report of the ACC/AHA Task Force on
Assessment of Diagnostic and Therapeutic Cardiovascular Procedures.
J Am Coll Cardiol. 1993;22:2033-2054.

11. Kastrati A, Schomig A, Elezi S, Schuhlen H, Wilhelm M, Dirschinger J.
Interlesion dependence of the risk for restenosis in patients with coronary
stent placement in in multiple lesions. Circulation. 1998;97:2396-401.

12. Smith SC, Feldman TE, Hirshfeld JW. Et al. ACC/AHA/SCAI 2005
guideline update for percutaneous coronary intervention (Update of the
2001 PCI Guidelines). J Am Coll Cardiol. 2006; 47:216-35.

13. 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 pre-
dictors of angiographic restenosis after Sirolimus-Eluting Stent implanta-
tion in complex patients: an evaluation from the Rapamycin-Eluting Stent
Evaluated At Rotterdam Cardiology Hospital (RESEARCH) study.
Circulation. 2004;109:1366-1370.

14. Kuntz RE, Gibson CM, Nobuyoshi M, Baim DS. Generalized model
of restenosis after conventional balloon angioplasty, stenting and direc-
tional atherectomy. J Am Coll Cardiol. 1993;21:15-25.

15. Tsuchiya Y, Lansky AJ, Costa RA, Mehran R, Pietras C, Shimada Y,
Sonoda S, Cristea E, Negoita M, Dangas GD, Moses JW, Leon MB,
Fitzgerald PJ, Müller R, Störger H, Hauptmann KE, Grube E. Effect of
Everolimus-eluting stents in different vessel sizes (from the pooled
FUTURE I and II Trials). Am J Cardiol. 2006;98:464-469.

EIJ13_566_Khattab_v1.qxd  22/02/08  8:21  Page 572



- 573 -

Clinical research

16. Regar E, Serruys PW, Bode C, Holubarsch C, Guermonprez JL,
Wijns W, Bartorelli A, Constantini C, Degertekin M, Tanabe K, Disco C,
Wuelfert E, Morice MC. Angiographic findings of the multicenter random-
ized study with the Sirolimus-eluting Bx Velocity balloon expandable stent
(RAVEL): Sirolimus-eluting stents inhibit restenosis irrespective of vessel
size. Circulation. 2002;106:1949-1956.

17. Kastrati A, Schomig A, Elezi S, Dirschinger J, Mehilli J, Schuhlen H,
Blasini R, Neumann FJ. Prognostic value of the modified American
College of Cardiology/American Heart Association Stenosis Morphology
Classification for long-term angiographic and clinical outcome after coro-
nary stent placement. Circulation. 1999;100:1285-1290.

18. Khattab AA, Hamm CW, Senges J, Tölg R, Geist V, Bonzel T, Kelm M,
Levenson B, Nienaber CA, Pfannebecker T, Sabin G, Schneider S,
Tebbe U, Richardt G. Prognostic Value of the Modified American College
of Cardiology/American Heart Association Lesion Morphology
Classification for Clinical Outcome after Sirolimus-Eluting Stent
Placement. Results of the Prospective Multi-Centre German Cypher
Registry. Am J Cardiol. 2008; in press.

19. Hammound T, Tanguay JF, Bourassa MG. Management of coro-
nary artery disease: therapeutic options in patients with diabetes. J Am
Coll Cardiol. 2000;36:355-365.

20. Smith SC, Faxon D, Cascio W, Schaff H, Gardner T, Jacobs A,
Nissen S, Stouffer R. Diabetes and cardiovascular disease writing group VI:
revascularization in diabetic patients. Circulation. 2002;105:e165-e169.

21. Kugelmass AD, Cohen DJ, Houser F, Mack M, Simon AW, Battaqlia SL,
Tarkington LG, Becker ER, Culler SD. The influence of diabetes mellitus

on the practice and outcomes of percutaneous coronary intervention in
the community: a report from the HCA database. J Invasive Cardiol.
2003;15:568-574.

22. Carlson JL, Scholz PM, Chen AY, Peterson ED, Gold J, Schneider SH.
Diabetes mellitus increases short-term mortality and morbidity in patients
undergoing coronary artery bypass graft surgery. J Am Coll Cardiol.
2002;40:418-423.

23. Spaulding C, Daemen J, Boersma E, Cutlip DE, Serruys PW.
A pooled analysis of data comparing sirolimus-eluting stents with bare-
metal stents. N Engl J Med. 2007;356:989-997.

24. Moussa I, Leon MB, Baim DS. Impact 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.

25. Stone GW, Ellis SG, Cox DA, Hermiller J, O’Shaughnessy C, Mann JT,
Turco M, Caputo R, Bergin P, Greenberg J, Pompa JJ, Russell ME;
TAXUS-IV Investigators. A polymer-based, paclitaxel-eluting stent in
patients with coronary artery disease. N Engl J Med. 2004;350:221-231.

26. Mauri L, O’Malley AJ, Cutlip DE, Ho KK, Pompa JJ, Chauhan MS,
Baim DS, Cohen DJ, Kuntz RE. Effects of stent length and lesion length
on coronary restenosis. Am J Cardiol. 2004;93:1340-1346.

27. Kereiakes D, Linnemeier TJ, Baim DS, Kuntz R, O’Shaughnessy C,
Hermiller J, Fink S, Lansky A, Nishimura N, Broderick TM, Pompa J.
Usefulness of stent length in predicting in-stent restenosis (the MULTI-
LINK stent trials). Am J Cardiol. 2000;86:336-341.

EIJ13_566_Khattab_v1.qxd  22/02/08  8:21  Page 573


