
One-year results of coronary revascularization in diabetic
patients with multivessel coronary artery disease.
Sirolimus stent vs. coronary artery bypass surgery and bare
metal stent: insights from ARTS-II and ARTS-I
Carlos Macaya1, MD; Héctor M. García-García2, MD; Antonio Colombo3, MD; Marie-Claude Morice4, MD;
Victor Legrand5, MD; Karl-Heinz Kuck6, MD; Imad Sheiban7, MD; Maarten Jan Suttorp8, MD; 
Didier Carrie9, MD; Mathias Vrolix10, MD; Kristel Wittebols11, MSc; Hans-Peter Stoll11, MD; 
Dennis Donohoe12, MD; Marco Bressers13, MSc; Patrick W. Serruys2*, MD, PhD
1. Hospital Clinico St. Carlos, Madrid, Spain; 2. Erasmus Medical Center, Rotterdam, The Netherlands; 3. San Raffaelle
Hospital, Milan, Italy; 4. Institute Cardiovasculaire Paris Sud, Massy, France; 5. CHU Liege Sart Tilman, Liege, Belgium;
6. AK St. Georg, Hamburg, Germany; 7. A.O. San Giovanni Battista di Torino, Torino, Italy; 8. St. Antonius Ziekenhuis,
Nieuwegein, The Netherlands; 9. CHU Rangueil, Toulouse, France; 10. Ziekenhuis Oost Limburg, Limburg, The Netherlands;
11. Cordis Johnson & Johnson, Clinical Research Europe, Waterloo, Belgium; 12. Cordis Corporation a Johnson & Johnson,
Miami Lakes, Florida, USA; 13. Cardialysis B.V., Rotterdam, The Netherlands

- 69 -

Abstract
Background: ARTS-II was designed to evaluate the sirolimus-eluting stent (SES) versus ARTS-I. The objec-

tive of this analysis is to assess the safety and efficacy of the SES in diabetic patients with multivessel dis-

ease (MVD) versus both arms of ARTS-I.

Methods and results: The ARTS studies included 367 diabetic patients (ARTS-II: 159; ARTS-I-CABG: 96;

ARTS-I-PCI: 112). Baseline characteristics showed a more diseased patient population in the ARTS-II

study: 50.3% with 3VD vs. 35.4% (ARTS-I-CABG) and 30.8% (ARTS-I-PCI) (p=0.003). Treated or anasto-

mosed lesions were 3.2±1.2 (ARTS-II), 2.8±0.8 (ARTS-I-CABG) and 2.5±1.1 (ARTS-I-PCI). At 30 days

there was a significant difference in MACCE between ARTS-II (4.4%) and ARTS-I-PCI (12.5%) (p=0.02).

At 1-year, the death rate was 2.5% (ARTS-II) vs. 3.1% (ARTS-I-CABG) and 6.3% (ARTS-I-PCI) without sig-

nificant differences. Myocardial infarction rate was 0.6% (ARTS-II) vs. 2.1% (ARTS-I-CABG; p=0.56) and

6.3% (ARTS-I-PCI; p=0.01). The need for repeat revascularization was 12.6% (ARTS-II) vs. 4.2% (ARTS-

I-CABG; p=0.027) and 22.3% (ARTS-I-PCI; p= 0.046). MACCE-free survival was 84.3% (ARTS-II) vs.

85.4% (ARTS-I-CABG; p=0.86) and 63.4% (ARTS-I-PCI; p<0.001). Also at 1 year, the overall MACCE rate

in patients with diabetes was significantly higher than in nondiabetic patients, 15.7% vs. 8.5%, respectively

[RR 1.85, 95%CI (1.16,2.97), p=0.015), due to a higher incidence of death and need for repeat revascu-

larization, 2.5% vs. 0.4 and 12.5% vs. 5.6% in diabetes vs. nondiabetes groups, respectively.

Conclusion: Despite more extensive and treated disease, the overall MACCE-free survival in diabetic patients

at 1 year in ARTS-II is similar to ARTS-I-CABG.
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Multivessel revascularization in diabetic patients

Introduction
Patients with diabetes mellitus have a greater incidence of athero-

sclerotic disease associated with a worse prognosis. The absolute

risk of cardiac death is three times higher compared to nondiabetic

patients1,2. In addition, diabetic patients undergoing coronary artery

revascularization, have a worse outcome than nondiabetic patients3.

Subgroup analysis of the Bypass Angioplasty Revascularization

Investigation (BARI)4 and Emory Angioplasty versus Surgery Trial

(EAST)5, both randomized studies, demonstrated that diabetic

patients with multivessel coronary disease (MVD) had worse long-

term outcome when treated with balloon angioplasty than with

CABG. Specifically, in the BARI study patients receiving at least one

internal mammary artery graft had less cardiac mortality (5.8% ver-

sus 20.6%, P=.0003), than patients treated with balloon angioplasty.

In the bare-metal stent era, multiple stenting in diabetic patients

resulted in a higher incidence of in-hospital CABG, a higher need for

repeat revascularization during follow-up and a lower one-year sur-

vival rate than in nondiabetic patients6. The Arterial Revascularization

Therapy Study (ARTS-I) compared multivessel coronary artery stent-

ing with CABG surgery7. In the subgroup of diabetic patients there

was no statistically significant difference in mortality at 1 and at

3 years between the 2 groups8; however diabetic patients who under-

went PCI required more repeat revascularization procedures8.

Moreover at 5 years9, in patients with diabetes, those who underwent

stenting had a mortality rate of 13.4%, versus 8.3% in those who

underwent CABG (p = 0.27; RR, 1.61; 95% CI, 0.71 to 3.63). Within

the stent group, diabetic patients had a significantly higher mortality

rate than non-diabetic patients (13.4% vs. 6.8%; p = 0.03; RR, 1.98;

95% CI, 1.11 to 3.52). There was no significant mortality difference

between the diabetic and non-diabetic patients within the CABG

group (8.3% vs. 7.5%; p =0.8; RR, 1.12; 95% CI, 0.54 to 2.32).

Diabetic patients treated with bare-metal stent also had a lower

event-free survival at five years than non-diabetic patients. The

MACCE rate at five years in diabetic patients treated with stents was

54.5%, versus 38.7% in non-diabetics (p = 0.003). Conversely,

there was no significant difference in the five-year MACCE rate

between diabetic and non-diabetic patients treated with CABG

(25.0% vs. 21.2%, p = 0.42). The difference in MACCE rate

between diabetic and non-diabetic patients treated with stenting is

predominantly attributable to the higher rate of repeat revasculariza-

tion in diabetic patients (42.9% vs. 27.5%, p=0.002).

Sirolimus-eluting stents (SES) have been shown to significantly

reduce restenosis and, consequently reduce the need for repeat

coronary revascularization in randomized trials10-12. The potential of

SES for the treatment of multivessel disease in diabetics is

unknown. The Arterial Revascularization Therapy Study II (ARTS-II)

was designed to evaluate the SES versus ARTS-I13,14. The objective

of this analysis is to assess the safety and efficacy of the SES in dia-

betic patients with MVD versus both arms of ARTS-I.

Methods

ARTS-II STUDY DESIGN
This multicentre, non-randomized, stratified, non-inferiority study

was designed to evaluate sirolimus-eluting stent (SES) implantation

in patients with multivessel disease using the surgical group of

ARTS-I as an historical control. ARTS-I enrolled patients between

April 1997 and June 1998. Both studies ARTS-I and ARTS-II used

the same inclusion/exclusion criteria.13

Patients with stable or unstable angina, or silent ischemia were

enrolled. The left anterior descending (LAD) artery and at least

another significant lesion (>50% diameter stenosis) in a different

major epicardial coronary artery had to be treated. Stents with a

diameter of 2.5 to 3.5 mm and length up to 33 mm were used.

Patients with any prior coronary intervention, left main coronary

disease, overt congestive heart failure or a left ventricular ejection

fraction of less than 30% were excluded. Additional exclusion cri-

teria included: history of a cerebrovascular accident, transmural

myocardial infarction in the preceding week, severe hepatic or

renal disease, neutropenia or thrombocytopenia, intolerance or

contraindication to acetylsalicylic acid or thienopyridines, need for

concomitant major surgery, and life-limiting major non-cardiac dis-

eases. The study was approved by the ethical committees of each

participation institution. All patients signed informed consent prior

to study entry.

Study population

All patients enrolled in the ARTS-I trial and ARTS-II were included

in the present analysis. Patients were divided into 2 groups: dia-

betes (367) and non-diabetes (1445).

Study objectives

The primary objective of this analysis is to evaluate the diabetic

patients in ARTS-II to both arms of ARTS-I with respect to MACCE

at 1-year; the secondary objective is to assess 1-year outcomes

between diabetic and nondiabetic in ARTS-II.

End point definitions

Death from all causes were reported, and categorised as cardiac

unless there was documentation to the contrary. Cerebrovascular

events (CVA) included: stroke, transient ischaemic attacks, and

reversible ischaemic neurologic deficits. Within 7 days after the

intervention, a diagnosis of myocardial infarction was made if new

abnormal Q-waves (according to the Minnesota code) and either

a ratio of serum creatine kinase MB (CK-MB) isoenzyme to total

cardiac enzyme that was greater than 0.1 or a CK-MB value that

was 5 times the upper limit of normal were present. Serum crea-

tine kinase levels were measured 6 and 12 hours after the inter-

vention and before discharge. Beginning 8 days after the interven-

tion, either abnormal Q-waves or enzymatic changes were suffi-

cient for a diagnosis of myocardial infarction. This two-part

method of defining myocardial infarction was developed for ARTS-I

to address the difficulty of diagnosing a myocardial infarction after

surgery. A myocardial infarction was confirmed only after the rel-

evant electrocardiograms had been analysed by the electrocardio-

graphic core laboratory and adjudicated by an independent clini-

cal event committee. All repeat revascularization procedures were

recorded. Events were counted from the time of the start of the ini-

tial procedure.
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Statistical analysis

Demographic and procedural characteristics of diabetic patients

were compared between ARTS-II and ARTS-I (CABG and PCI).

Similar comparison was performed for nondiabetic patients.

Continuous variables are expressed as mean±standard deviation.

Categorical variables are presented as percentages. The F-test from

an analysis of variance for continuous variables and the Fisher’s

exact test for categorical variables were used.

A separate multivariate regression analysis was performed to deter-

mine independent predictors of MACCE within the ARTS-II popula-

tion only. Clinically important baseline and procedural characteris-

tics were tested on a per patient basis by univariate analysis to

determine suitability for inclusion in the multivariate model. These

variables were then entered into a stepwise logistic regression

model with entry and stay criteria of 0.20 and 0.05 respectively.

MACCE at 30 days and 1 year are presented as counts and percent-

ages and were compared in terms of relative risks (ARTS-II vs. both

ARTS-I arms) with 95% confidence intervals. Time-to-event vari-

ables are presented as Kaplan-Meier curves, and the overall inci-

dence was tested using the log-rank test. An adjustment for the dif-

ferences in the baseline characteristics between ARTS-I and ARTS-

II populations was performed by univariate frailty analysis on the

MACCE, using a Weibull distribution. The covariates in the model,

which considered ARTS-I-CABG and ARTS-II populations, were

age, hypercholesterolemia, hypertension, previous MI, family histo-

ry of MI, no. of lesions type B2/C and three vessel disease. In the

model, that compared the differences with ARTS-I-PCI, the same

variables were included plus maximum inflation pressure and total

stented length.

Results
Between February 2003 and November 2003, 607 patients, of

whom 159 diabetic patients, were treated at 45 participating cen-

tres in the ARTS-II study. Table 1 and 2 present the baseline demo-

graphic and angiographic characteristics of the 3 treatment groups

in diabetic and nondiabetic patients.

Baseline characteristics

DIABETIC PATIENTS IN ARTS-I AND ARTS-II
ARTS-II had a significantly higher percentage of patients with hyper-

tension: 79.9% (ARTS-II) vs. 56.3% (ARTS-I-CABG) and 64.3%

(ARTS-I-PCI), p <0.0001. Also hypercholesterolemia increased

from 49.0% (ARTS-I-CABG) and 55.4% (ARTS-I-PCI) to 74.1% in

the ARTS-II study, p <0.0001. Among the diabetic patients, 28

(17.6%) (ARTS-II), 16 (16.7%) (ARTS-I-CABG) and 23 (20.5%)

(ARTS-I-PCI) required insulin treatment. The percentage of three

vessel disease was 50.3% in ARTS-II vs. 35.4% in ARTS-I-CABG

and 30.8% in ARTS-I-PCI, p=0.003. The mean number of signifi-

Clinical research

Table 1. Baseline Patient Demographics and Clinical Characteristics

Diabetic patients Non-diabetic

ARTS-II ARTS-I-PCI ARTS-I-CABG P-value ARTS-II ARTS-I-PCI ARTS-I-CABG P-value
(N=159 (N=112 (N=96 (N=448 (N=488 (N=509 

patients) patients) patients) patients) patients) patients)

Age (yrs) 64.5±8.7 62.5±9.1 62.6±9.2 0.12 62.2±9.9 60.2±9.7 61.0±9.4 0.006

Ejection Fraction (%) 59.5±11.8 60.5±12.5 60.3±13.7 0.81 60.4±11.5 61.0±12.2 60.4±13.2 0.65

Body Mass Index (kg/m2) 28.8±4.5 28.7±3.7 28.1±3.8 0.38 27.1±3.8 26.9±3.6 27.2±3.6 0.30

Male % 66.7 73.2 68.8 0.53 80.1 77.9 77.4 0.56

Diabetes insulin-treated % 4.6 3.8 2.6 0.78

Hypertension % 79.9 64.3 56.3 <0.0001 62.7 40.2 42.8 <0.0001

Hypercholesterolemia % 74.1 55.4 49.0 <0.0001 73.8 58.6 59.3 <0.0001

History of CVA (ARTS-II) or TIA (ARTS-I) % 1.3 0.0 0.0 0.5 0.7 1.0 1.2 0.75

Family history of MI/sudden death <55 yr % 33.8 41.4 32.6 0.34 36.7 38.6 43.7 0.07

Peripheral Vascular Disease % 8.2 5.4 7.3 0.7 6.5 5.5 4.7 0.5

Previous MI % 29.6 41.1 49.0 0.006 36.2 45.1 40.7 0.02

Previous PTCA % 0.0 1.8 2.1 0.17 0.7 1.4 2.4 0.11

Carotid Surgery % 1.9 0.0 1.0 0.38 1.1 0.6 1.0 0.74

Chronic Obstructive Pulmonary Disease % 3.2 4.5 3.1 0.82 3.8 5.1 5.1 0.52

Smoking History %

– Previous 36.5 42.0 46.9 0.25 42.4 44.2 46.6 0.43

– Current 11.9 20.5 16.7 0.15 21.9 29.6 27.5 0.2

Unstable Angina % 32.1 37.5 33.3 0.64 37.9 37.7 37.9 0.99

Stable Angina % 53.5 58.9 62.5 0.35 53.1 55.7 57.2 0.45

Silent Ischaemia % 14.5 3.6 4.2 0.002 8.9 6.6 4.9 0.05

CVA: CerebroVascular Accident; TIA=Transient Ischaemic Attack; MI: Myocardial Infarction; CABG: Coronary Artery Bypass Graft;
PTCA: Percutaneous Transluminal Coronary Angioplasty
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cant lesions per patient was 3.2±1.2 in ARTS-II versus 2.5±1.1 in

ARTS-I-PCI, p <0.0001. ARTS-II patients received 3.6±1.5 stents

with an average total stent length of 73.9±31.9 mm vs. 3.0±1.5 and

52.7±25.6 mm in ARTS-I-PCI, both with p=0.002 and p <0.0001,

respectively.

The mean duration of the procedure was 83 minutes in ARTS-II ver-

sus 201 minutes in ARTS-I-CABG and 104 minutes in ARTS-I-PCI

(Table 2). Post-procedurally, patients were hospitalized for

3.6±2.9 days after ARTS-II versus 11.0±7.3 days after ARTS-I-

CABG and 4.6±3.4 days in ARTS-I-PCI.

DIABETIC VERSUS NON-DIABETIC PATIENTS IN ARTS-II
There were fewer male patients in the diabetic subgroup. Diabetic

patients had a significantly higher percentage of hypertension and

silent ischaemia. The use of glycoprotein IIb/IIIa inhibitors was sim-

ilar between the two subgroups.

Short-term clinical outcome in diabetic patients

Up to 30 days, ARTS-II diabetics had a similar incidence of MACCE

compared to ARTS-I-CABG (4.4% vs. 7.3%, p=0.40) and a lower

incidence compared to ARTS-I-PCI (12.5%, p=0.02). Three CVAs

were reported, all occurring in the ARTS-I-CABG arm. (Table 3)

There were 2 angiographically documented sub-acute thromboses

in ARTS-II (1.3%) and 2 in the ARTS-I-PCI (1.8%). All events

occurred before the patients were discharged.

One-year clinical outcome in diabetic patients

Patients showed a similar incidence of MACCE in ARTS-II and ARTS-

I-CABG (Table 4) (Figure 1). However, patients assigned to ARTS-I-

CABG had a higher incidence of cerebrovascular events than

patients in ARTS-II, 0% vs. 5.2% respectively, p=0.007. Conversely,

the need for repeat revascularization was higher in ARTS-II that in

ARTS-I-CABG, 12.6% vs. 4.2%, respectively [RR 3.02, 95%CI

Table 2. Angiographic and procedure characteristics

Diabetic patients Non-diabetic

ARTS-II ARTS-I-PCI ARTS-I-CABG P-value ARTS-II ARTS-I-PCI ARTS-I-CABG P-value
(N=159 (N=112 (N=96 (N=448 (N=488 (N=509 

patients) patients) patients) patients) patients) patients)

Location of lesion %
– RCA 28.5 30.4 29.0 0.83 29.3 31.3 29.6 0.46
– LM 0.0 0.0 0.0 0.0 0.1 0.1 0.53
– LAD 40.7 36.6 40.7 0.45 41.8 40.1 41.2 0.64
– LCX 30.8 33.0 30.3 0.74 28.9 28.5 29.2 0.94

Lesion classification %

– Type A/B1 27.0 29.8 36.2 0.021 31.4 32.9 38.6 <0.0001

– Type B2/C 73.0 70.2 63.8 0.021 68.6 67.1 61.4 <0.0001

Number of diseased arteries %
– Single 0.6 3.7 1.0 0.15 0.2 4.0 4.2 <0.0001
– Double 49.1 65.4 63.5 0.013 45.1 69.3 66.7 <0.0001
– Triple 50.3 30.8 35.4 0.003 54.7 26.7 29.0 <0.0001

Number of stented lesions 3.2±1.2 2.5±1.1 <0.0001 3.2±1.1 2.5±0.9 <0.0001

Number of stents implanted 3.6±1.5 3.0±1.5 0.002 3.7±1.5 2.7±1.2 <0.0001

Total stent length (mm) 73.9±31.9 52.7±25.6 <0.0001 72.0±32.1 46.4±20.6 <0.0001

Maximum dilatation pressure (Atm) 16.2±2.7 14.9±2.9 <0.0001 16.4±2.9 14.6±2.8 <0.0001

IIB/IIIA inhibitors % 34.0 31.9

Conduit arterial % 93.5 93.2%

Number of anastomoses 2.8±0.8 2.9±1.0

Duration of procedure (minutes) 82.8±39.8 104.0±51.3 200.8±63.5 <0.0001 85.9±44.4 97.5±49.7 191.8±67.2 <0.0001

Days to procedure since randomization 0.1±1.9 10.0±16.8 25.2±29.5 <0.0001 0.1±0.5 10.9±16.4 27.2±40.0 <0.0001

Days in hospital since procedure 3.6±2.9 4.6±3.4 11.0±7.3 <0.0001 3.3±2.6 3.8±3.7 9.4±4.3 <0.0001

Hospital Stay (days) 5.6±4.3 6.2±4.1 14.2±9.2 <0.0001 5.1±4.2 5.5±4.7 12.2±5.7 <0.0001

Figure 1. Kaplan-Meier curves out to 1 year in diabetic patients in
ARTS-I and ARTS-II population. CABG, coronary artery bypass graft;
DES, drug-eluting stent; BMS, bare metal stent.
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(1.06,8.57), p=0.027]. As expected, ARTS-II patients had a lower

incidence of MACCE than patients in ARTS-I-PCI group, 15.7% vs.

36.6% respectively [RR 0.43, 95% CI (0.28,0.66), p<0.001], main-

ly due to the decreased need for repeat revascularization, 12.6% in

ARTS-II vs. 22.3% in ARTS-I-PCI respectively, [RR 0.56, 95%CI

(0.33,0.95), p=0.046]. There was also lower incidence of myocardial

infarction in ARTS-II than in ARTS-I-PCI, 0.6 vs. 6.3% respectively

[RR 0.10, 95%CI (0.01,0.81), p=0.010). One late thrombosis was

recorded in an insulin-treated diabetic patient in ARTS-II.

One-year clinical outcome in ARTS-II 
(diabetes vs. nondiabetes)

The overall MACCE rate in patients with diabetes was significantly

higher than in nondiabetic patients, 15.7% vs. 8.5%, respectively

[RR 1.85, 95%CI (1.16,2.97), p=0.015), due to a higher incidence

of death and need for repeat revascularization, 2.5% vs. 0.4 and

12.5% vs. 5.6% in diabetes vs. nondiabetes groups, respectively.

(Table 5 and Figure 2).

Clinical research

Table 3. MACCE hierarchical - up to 30 days in diabetic patients

ARTS-II ARTS-I-CABG ARTS-II-CABG P-value ARTS-I-PCI ARTS-II-PCI P-value
(N=159 (N=96 Relative risk (N=112 Relative risk 

patients) patients) [95% CI] patients) [95% CI]

MACCE (Death, CVA, MI, CABG, RPTCA) % 4.4 7.3 0.60 [0.22, 1.67] 0.40 12.5 0.35 [0.15, 0.84] 0.020

Death % 0.0 1.0 0.38 4.5 0.011
CVA % 0.0 3.1 0.052 0.0

MI without Death or CVA % 0.6 2.1 0.30 [0.03, 3.28] 0.56 2.7 0.23 [0.02, 2.23] 0.31

– Q-wave MI 0.6 2.1 0.30 [0.03, 3.28] 0.56 2.7 0.23 [0.02, 2.23] 0.31
– Non Q-wave MI 0.0 0.0 0.0

Revascularization without Death or CVA or MI % 3.8 1.0 3.62 [0.44, 29.64] 0.26 5.4 0.70 [0.23, 2.13] 0.56

CABG without Death or CVA or MI % 2.5 1.0 2.42 [0.27, 21.29] 0.65 4.5 0.56 [0.15, 2.05] 0.50

RPTCA without Death or CVA or MI or CABG % 1.3 0.0 0.53 0.9 1.41 [0.13, 15.35] 1.00

MACCE Free % 95.6 92.7 1.03 [0.97, 1.10] 0.40 87.5 1.09 [1.01, 1.18] 0.020

Table 4. MACCE hierarchical - up to 365 days in diabetic patients

ARTS-II ARTS-I-CABG ARTS-II-CABG P-value ARTS-I-PCI ARTS-II-PCI P-value
(N=159 (N=96 Relative risk (N=112 Relative risk 

patients) patients) [95% CI] patients) [95% CI]

MACCE (Death, CVA, MI, CABG, RPTCA) % 15.7 14.6 1.08 [0.59, 1.97] 0.86 36.6 0.43 [0.28, 0.66] <0.001

Death % 2.5 3.1 0.81 [0.18, 3.52] 1.00 6.3 0.40 [0.12, 1.34] 0.21

CVA % 0.0 5.2 0.007 1.8 0.17

MI without Death or CVA % 0.6 2.1 0.30 [0.03, 3.28] 0.56 6.3 0.10 [0.01, 0.81] 0.010

– Q-wave MI 0.6 2.1 0.30 [0.03, 3.28] 0.56 5.4 0.12 [0.01, 0.96] 0.021

– Non Q-wave MI 0.0 0.0 1.00 0.9 0.41

Revascularization without Death or CVA or MI % 12.6 4.2 3.02 [1.06, 8.57] 0.027 22.3 0.56 [0.33, 0.96] 0.046

CABG without Death or CVA or MI % 3.1 1.0 3.02 [0.36, 25.46] 0.41 8.0 0.39 [0.13, 1.14] 0.10

RPTCA without Death or CVA or MI or CABG % 9.4 3.1 3.02 [0.90, 10.16] 0.08 14.3 0.66 [0.34, 1.28] 0.25

MACCE Free % 84.3 85.4 0.99 [0.89, 1.10] 0.86 63.4 1.33 [1.14, 1.55] <0.001

Non-Hierarchical

Death/CVA/MI % 3.1 10.4 0.30 [0.11, 0.86] 0.026 14.3 0.22 [0.08, 0.58] <0.001

Death % 2.5 3.1 0.81 [0.18, 3.52] 1.00 6.3 0.40 [0.12, 1.34] 0.21

CVA % 0 5.2 0.007 1.8 0.17

Myocardial infarction % 0.6 4.2 0.15 [0.02, 1,33] 0.07 8.9 0.07 [0.01, 0.54] 0.001

– Q-wave MI 0.6 4.2 0.15 [0.02, 1,33] 0.07 7.1 0.09 [0.01, 0.69] 0.004

– Non Q-wave MI 0.0 0.0 1.00 1.8 0.17

Revascularization % 13.2 5.2 2.54 [0.99, 6.50] 0.053 28.6 0.46 [0.28, 0.76] 0.003

CABG % 3.1 2.1 1.51 [0.30, 7.63] 0.71 9.8 0.32 [0.11, 0.90] 0.034

RPTCA % 10.1 3.1 3.22 [0.96, 10.76] 0.049 19.6 0.51 [0.28, 0.93] 0.033
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Univariate and multivariate predictors of late
clinical outcome

Independent risk factors for late clinical outcome (MACCE) in the

ARTS-II population are displayed in Table 6 and 7. Diabetes was a

risk factor for the occurrence of MACCE, (Odds Ratio 1.95, p=0.02).

Discussion
The main findings of this analysis are: (1) MACCE-free survival in

diabetic patients at 1 year in ARTS-II is similar to ARTS-I-CABG

(84.3% vs. 85.4%); (2) the MACCE-free survival compared to

ARTS-I-PCI is higher (84.3% vs. 63.4%) primarily driven by a lower

need for revascularization; (3) there was a significantly lower inci-

dence of MACCE at 30 days in ARTS-II than in ARTS-I-PCI; (4) the

presence of diabetes continues to be the most important predictor

of MACCE at 1 year follow up.

Improvement in early outcomes

Despite more extensive and complex coronary artery disease with

more vessels treated in diabetic patients enrolled in ARTS-II, in-hos-

pital clinical outcomes were better than in ARTS-I-PCI patients, and

similar to the ARTS-I-CABG group. The rates of in-hospital MACCE

were 3.1%, 9.8%, and 7.3%, respectively. Interestingly, sub-acute

stent thrombosis (<30 days) in ARTS-II was observed in only 2/159

diabetic patients; whereas one late thrombosis was recorded in an

insulin-treated diabetic patient in ARTS-II despite a high number of

stented lesions (3.2±1.2) and a longer total stented length

(73.9±31.9 mm). The use of glycoprotein IIb/IIIa inhibitors15,16,

compulsive pre-treatment with clopidogrel16,17, a more deliverable

stent and increased operator experience may all have contributed

to this low incidence of early/late adverse events.

Antirestenotic effect of SES

The remarkable antirestenotic effect of the sirolimus-eluting stent

demonstrated in several randomized trials-10-12,19,20, has been

recently confirmed in diabetic patients21,22. The result of the

ARTS-II diabetic subset is in line with these results. In compari-

son with ARTS-I, there was a higher incidence of three-vessel dis-

ease (50%), diffuse lesions, and type C lesions in the ARTS-II

group. Despite this substantially higher risk profile, the need for

repeat revascularization was reduced from 22.3% in ARTS-I-PCI

arm to 12.6% in ARTS-II. Interestingly, but not surprisingly,

ARTS-I-CABG still has the lowest need for revascularization

(4.2%). Indeed, in the ARTS-II study, the presence of diabetes

was the strongest predictor of MACCE events (80% of these were

revascularizations) during follow up.

Figure 2. Kaplan-Meier curves out to 1 year diabetic vs. nondiabetes
patients in ARTS-II: Freedom from Major Adverse Cardiac and Cerebral
Events (MACCE)
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Table 5. MACCE hierarchical - up to 365 days in ARTS-II-Cypher patients

Diabetic patients Nondiabetes patients Relative Risk P-value
(N=159) (N=448) [95% CI]

MACCE (Death, CVA, MI, CABG, RPTCA) % 15.7 8.5 1.85[1.16,2.97] 0.015

Death % 2.5 0.4 5.64[1.04,30.47] 0.043

CVA % 0.0 1.1 0.33

MI without Death or CVA % 0.6 1.3 0.47[0.06,3.87] 0.68

– Q-wave MI 0.6 0.9 0.7[0.08,6.26] 1.0

– Non Q-wave MI 0.0 0.4 1.0

Revascularization without Death or CVA or MI

– CABG without Death or CVA or MI % 3.1 1.6 2.01[0.65,6.25] 0.32

– RPTCA without Death or CVA or MI or CABG % 9.4 4.0 2.35[1.21,4.55] 0.014

MACCE Free % 84.3 91.5 0.92[0.86,0.99] 0.015

Table 6. Univariate Predictors of MACCE at 365 days in ARTS-II 

Coefficient Odds Ratio P-Value

#lesions in left circumflex treated 0.4220 1.50 0.01

#tubular lesions (10-20 mm) 0.3520 1.40 0.01

Diabetes Mellitus 0.6996 2.00 0.01

Number of lesions > 50% DS 0.2089 1.20 0.03

#lesions type B2/C 0.2210 1.20 0.03

Age (years) 0.0303 1.00 0.04

#lesions calcification (moderate/heavy) 0.2137 1.20 0.04

# refers to number.

Table 7. Multivariate Predictors of MACCE at 365 days in ARTS-II

Coefficient Odds Ratio P-Value

Diabetes Mellitus 0.6692 1.95 0.02
#lesions in left circumflex treated 0.4010 1.49 0.01
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Comparison with CABG
Despite the persistent advantage of CABG in terms of a lower need

for revascularization compared to ARTS-II, it is interesting to note

that CABG carried a higher risk for CVA, a finding already reported in

the diabetic subset of ARTS-I23. Overall, at 1 year, the ARTS-II dia-

betic group had a very similar MACCE rate to that seen in the ARTS-

I-CABG group. It is possible that progress in surgical techniques,

such as a greater use of off-pump surgery, may further improve the

surgical results and reduce the risk of cerebral complications.

Comparison with nondiabetics
In ARTS-II, the diabetic patients continued to have a worse outcome

compared to non-diabetics, but the difference was smaller than in

ARTS-I, although still significant.

Diabetes mellitus remains an independent predictor of MACCE at

one year follow up and is associated with a higher incidence of

death and TVR, even with SES usage. Spot treatment provided by

drug-eluting coronary stents on critical lesions cannot prevent the

consequences of further atherosclerosis progression and avoid co-

morbidities associated with this systemic disease.

Limitations
This study is a sub-analysis of the main ARTS-I and ARTS-II trials

– albeit prespecified – and hence suffers from inherent limitations,

such as the lack of sufficient power because of the limited number

of patients in the subgroups to provide definite answers. While the

protocol required that the lesions in ARTS-II be potentially treatable

by CABG, the absence of dialogue with the surgeons prior to the

intervention may have caused a selection bias. Another potential

bias of this study is that a five-year time difference exists between

the groups that were being compared, and technology and medical

practice have improved with time, as have surgical mortality

rates24,25. The study is non-randomized and consequently statistical

adjustment is required to correct for the differences between the

current study population and the historical ARTS-I population.

However, the results of the study after adjustment for differences in

risk factors did not substantially differ from the unadjusted out-

come, since the patients enrolled in ARTS-II were in fact more com-

plex in terms of demographics and lesion characteristics than those

included in ARTS-I. The results of this study pertain only to 1-year

follow-up and the 5-year follow-up of the diabetic patients in ARTS-

I has clearly indicated an increasing difference in outcome between

the surgical and percutaneously treated cohorts of patients.

Whether efficacy of the percutaneous treatment using SES versus

CABG in diabetic patients with multivessel disease will be main-

tained over a longer time period remains to be seen.

Conclusion
When compared to the outcome of the diabetic patients with multi-

vessel disease treated with either PCI or CABG in ARTS-I, the over-

all MACCE-free survival rate at 1 year in ARTS-II is similar to ARTS-

I-CABG and more favourable than ARTS-I-PCI.

Even when treated with drug-eluting stents, diabetes remains an

important predictive risk factor for adverse clinical outcome in

patients with multivessel disease.
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