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Abstract
Aims: Sirolimus- and paclitaxel- eluting stents (SES and PES respectively) have been shown to produce a

sustained reduction in restenosis and repeat revascularisations as compared to bare-metal stents (BMS)

up to four years. There is still limited data about the long-term safety and efficacy of DES in high-risk

subgroups.

Methods and results: A total of 6,129 consecutive patients were treated during three sequential periods with

BMS (n=2,428; January, 2000 to April, 2002), SES (n=866; April 2002 to February 2003) or PES

(n=2,835; February 2003 to December 2005). A stratified analysis (including age, gender, diabetes,

clinical presentation, treated vessel, multivessel disease, AHA lesion class, bifurcation, in-stent restenosis,

average stent diameter <2.5 mm and total stented length <30 mm) was performed to evaluate possible

heterogeneities in treatment effect. At four years, all-cause mortality was identical between the drug-eluting

stent (DES) and BMS cohorts (13.5% vs. 13.4%, respectively; Adjusted HR 1.10, 95% CI 0.90 - 1.34)

without evidence of heterogeneity in the high-risk patient subsets. Both DES significantly reduced the risk

for target vessel revascularisation (TVR) as compared to BMS (TVR: 11.9% vs. 15.7% respectively;

Adjusted HR 0.69, 95% CI 0.58 - 0.82) along with a reduced risk for post-operative MI (adjusted HR 0.75,

95% CI 0.57 - 0.98), but counterbalanced by a non-significantly higher risk for stent thrombosis (3.1% vs.

1.6%; adjusted HR 1.26, 95% CI 0.82 - 1.95). DES failed to show superiority to BMS in patients with acute

myocardial infarction (TVR 10.5% vs. 9.2% respectively; Adjusted HR 1.26, 95% CI 0.82 - 1.93).

Conclusions: In a real world patient population, after four years, the overall use of DES was associated with

similar all-cause mortality rates and a significantly reduced risk for post-operative MI and TVR as compared

to BMS.
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Introduction
While the superior anti-restenotic properties of drug-eluting stents

(DES) have been extensively demonstrated, their impact on hard

clinical endpoints like death and myocardial infarction (MI) was

never appropriately studied. Although pivotal randomised controlled

trials and meta-analyses demonstrated similar rates of death, post-

operative MI and stent thrombosis in DES as compared to bare-

metal stents (BMS), they were underpowered to detect meaningful

differences in these hard clinical endpoints, particularly when the

relative safety and efficacy were questioned in high-risk

subgroups.1-4 Although the randomisation was a key feature, the

main limiting factors in the pivotal randomised trials were the highly

selected patient populations (approximately 40% of the daily clinical

practice) and the use of angiographic primary endpoints in many of

them. These constraints limited the ability to generalise the

conclusions to an all-comer population and precluded proper

subgroup analysis. Meta-analyses of randomised controlled trials,

including trials in higher risk patients, using aggregate data rather

than patient-level data, partially resolved the long-term safety

concerns but were again unable to study high-risk subgroups.

Registries including higher risk patients have recently shown

a consistent trend towards an increased rate of late stent

thrombosis, but an improved survival rate when DES are used.5-9

However, the majority of the registries suffer from a severe selection

bias due to concomitant non-randomised use of DES and BMS.

Thereby, the “DES” cohorts in these studies were often a mixture of

different types of DES (often mixed with BMS), and ignored the fact

that there is a clear difference in the safety and efficacy of different

types of DES.4,10-12

In the present study, we analysed the relative safety and efficacy of

three sequential cohorts of all-comers (n=6.129) treated with either

BMS, sirolimus- or paclitaxel-eluting stents (SES and PES

respectively). In particular, we performed a stratified analysis to study

the efficacy of both types of DES among high-risk patient subsets.

Methods

Study design and patient population
Between January 1, 2000 and December 31, 2005, a total of 7,217

percutaneous coronary interventions were performed in our

institution using BMS, SES or PES. From January 2000 until April 16th

2002, 2,681 percutaneous coronary interventions were performed

using exclusively bare metal stents, from April 16, 2002, until

February 23, 2003, 1,035 interventions were performed using SES

(Cypher®, Cordis Corp., Johnson & Johnson, Warren, NJ, USA), as

part of RESEARCH registry13, and from February 23, 2003 to

December 31, 2005, 3,339 interventions using PES (TAXUS™

Express2™ or Liberté™, Boston Scientific, Natick, MA, USA), as

part of the T-SEARCH registry.14 Procedures in which two different

types of stents (BMS and either SES or PES; SES and either BMS or

PES; PES and either SES or BMS) were used were excluded

(n=162).

Although a total of 784 patients underwent multiple procedures,

only patients initially enrolled in one of the sequential cohorts (BMS,

SES or PES group) were maintained for analytical purposes

throughout the follow-up period in their original cohort, even if

a repeat intervention was performed using a different type of stent.

A total of 6,129 patients fulfilled these criteria. (Figure 1)

This study was approved by the local ethics committee and

performed in accordance with the Declaration of Helsinki. Written

informed consent was obtained from all patients.

Procedures and post-intervention medications

All procedures were performed following previously defined current

standard procedural guidelines.15 Baseline, clinical and procedural

patient characteristics were prospectively entered into a dedicated

database.

Patients were prescribed aspirin plus clopidogrel 75 mg/day (after

a loading dose of 300 mg) before or during baseline coronary

interventions. Patients treated with BMS received at least one

month of clopidogrel (mean 2.4±2.3 months). Patients treated with

SES, received at least three months of clopidogrel (mean 4.5±3.2

months), and patients treated with PES received at least six months

of clopidogrel (mean 6.4±3.4 months). All patients were advised to

remain on aspirin indefinitely.

Planned angiographic follow-up was performed in 12.0%, 25.9%

and 14.3% in the BMS, SES and PES groups respectively.

Baseline definitions

Angina was categorised according to the Canadian Cardiovascular

Society (CCS) classification for stable angina and according to the

Braunwald classification for unstable angina.16,17 Hypertension was

defined as a blood pressure >140 systolic or > 90 mmHg diastolic

or based on the current use of antihypertensive treatment.

Dyslipidaemia was classified as a total serum cholesterol level
> 6.2 mmol/l or the use of lipid lowering drugs. Diabetes was

defined as treatment with either an oral hypoglycaemic agent,

insulin, or through diet. Complete procedural success was defined

as the achievement of <50% diameter stenosis (visual assessment)

and Thrombolysis In Myocardial Infarction (TIMI) grade 3 flow in all

Figure 1. Flowchart depicting the number of procedures in the three
sequential periods and the number of patients fulfilling the inclusion
criteria in each cohort. Primary cases indicates the number of patients
undergoing their first intervention in the study period (2000-2005).
SES indicates sirolimus-eluting stent, BMS bare metal stent, PES
paclitaxel-eluting stent, PCI percutaneous coronary intervention.

Jan 2000 Apr 2002 Feb 2003 Dec 2005

7217 PCIs

6129 patients

7055 PCIs

BMS=2681 SES=1035 PES=3339

BMS=2428 SES=866 PES=2835

Restricting to primary cases

Excluding 162 procedures with combined use of either BMS, SES or PES
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lesions intended to treat. Clinical success was defined as

procedural success without death or (re) infarction during the index

hospitalisation.

Endpoint definitions and clinical follow-up

The primary safety endpoint was all-cause death and post-operative

MI and the primary efficacy endpoint was target vessel

revascularisation (TVR) at 4-years of follow-up. Secondary

endpoints were the itemised outcome parameters: all-cause death,

cardiac death and death from cancer, post-operative MI, TVR and

stent thrombosis. Survival data for all patients were obtained from

municipal civil registries on a yearly basis for each of the three

patient cohorts. The most recent follow-up was performed in

October 2007. Causes of death were obtained from the Central

Bureau of Statistics, The Hague, The Netherlands. Causes of death

were classified according to the International Classification of

Diseases and Related Health Problems, 10th Revision (ICD-10).18

For the present analysis, death from ischaemic heart disease (I-20 - I-

25), sudden cardiac death (I-46), sudden death undefined (R-96),

or death from heart failure (I-50) were considered to be cardiac.

Death from cancer was defined as any death from malignant

neoplasms (C-00 - C-97). All the remaining deaths were classified

as being due to other causes and no further distinctions were made.

Follow-up was complete for 98.7% of the BMS patients, 100% of

the SES patients and 98.4% of the PES patients. Target vessel

revascularisation was defined as a re-intervention driven by any

lesion located in the same epicardial vessel.19 Myocardial infarction

at follow-up was diagnosed by a rise in creatine kinase-MB fraction

(CK-MB) of three times the upper limit of normal, according to

American Heart Association/American College of Cardiology

guidelines.20 Stent thrombosis (ST) was defined as angiographically

defined thrombosis with TIMI grade 0 or 1 flow or the presence of a

flow limiting thrombus, accompanied by acute symptoms,

irrespective of whether there had been an intervening

reintervention.21 The timing of ST was categorised as early (within

30 days after implantation), late (between 30 days and 1 year) or

very late (more than 1 year).22 Additionally, a difference was made

between primary stent thrombosis (occurring directly after the index

procedure) and secondary stent thrombosis (stent thrombosis

occurring following a repeat target vessel revascularisation).

Statistical analysis

Continuous variables are presented as mean ±standard deviation.

Categorical variables are expressed as percentages. Comparisons

among the three groups were performed by the F-test from an

analysis of variance for continuous variables and Pearson’s Chi-

Square test for categorical variables. All statistical tests are 2-tailed.

The incidence of events over time was studied with the use of the

Kaplan-Meier method, whereas log-rank tests were applied to

evaluate differences between the treatment groups. Patients lost to

follow-up were considered at risk until the date of last contact, at

which point they were censored. Cox proportional-hazards

regression analyses were applied to further study treatment effects,

adjusting for potential confounders listed in Table 1. The number of

co-variables in the final model was limited to variables (p<0.10) in

Cox multivariable regression, and variables considered clinically

relevant for each specific endpoint. Final results are presented as

adjusted hazard ratios with 95% confidence interval. Subsequent

analyses were performed to evaluate possible heterogeneities in

treatment effects on mortality and TVR according to the following

clinically relevant characteristics: age, gender, diabetes, clinical

presentation, treated vessel, multivessel disease, AHA lesion class,

bifurcation, in-stent restenosis, average stent diameter≤2.5 mm and

total stented length >30 mm. Treatment effects were evaluated with

the use of Cox regressions that included a term for the interaction

between each characteristic of interest and the assigned treatment,

adjusted for the previously defined clinically relevant characteristics.

Given the differential follow-up in the three treatment cohorts,

additional stepwise logistic regression analyses were performed on

the 2-year endpoints of all-cause mortality and TVR to check

whether these results were in line with the Cox proportional hazards

regression analyses on the 4-year endpoints.

Results

Baseline and procedural characteristics

Both baseline and procedural characteristics are depicted in

Table 1. Mean age increased slightly over time from 61.5±11.8 in

the BMS group to 62.2±11.5 in the PES group (p=0.04). Treatment

for acute MI increased from 22.4% in the BMS group to 36.1% in

the PES group (P<0.001). Procedural complexity increased over

time, illustrated by an increase in the treatment of type C lesions,

bifurcations and left main stem lesions. Over time, total stented

length and number of stents increased, while the average stent

diameter decreased.

Clinical outcomes

At thirty days, the cumulative incidence of all-cause mortality was

3.5% in both the DES and BMS groups (adjusted HR 0.84, 95% CI

0.63 - 1.13). However, there was a trend towards a lower 30-day

mortality rate in the SES group (2.2%) compared to the PES group

(4.0%) (adjusted HR 0.73, 95% CI 0.44 - 1.22). At four years, the

mortality rates in the DES and BMS group remained remarkably

similar (13.5% vs. 13.4% respectively; adjusted HR 1.10, 95% CI

0.90 - 1.34); however, a trend remained towards a lower mortality

rate in the SES group as compared to the PES group (11.2% vs.

14.0% respectively; adjusted HR 1.16, 95% CI 0.88 - 1.53)

(Table 2, Figure 2).

The majority (57%) of all deaths were due to cardiac causes, 15%

were due to cancer and 28% of the patients died of other causes.

While cardiac mortality was similar in the overall DES group as

compared with the BMS group, the cardiac mortality rate was

significantly lower in the SES group as compared with the PES

group (5.8% vs. 8.0% respectively, adjusted HR 0.69 95% CI 0.49

- 0.97). Death due to cancer occurred at a similar rate in both DES

groups as in the BMS group (Table 2).

Although the cumulative incidence of post-operative MI was similar

among the DES and BMS groups (4.8% vs. 4.9% respectively)

DES versus BMS in high-risk patient subsets
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adjusting for independent predictors resulted in a significantly lower

risk for post-operative MI in the DES group (adjusted HR 0.75, 95%

CI 0.57 - 0.98). No statistically significant differences were observed

between the SES and PES group (adjusted HR 0.84, 95% CI 0.57 -

1.24). (Table 2)

The cumulative incidence of angiographic stent thrombosis was

significantly higher in the DES group as compared to the BMS group

(3.1% vs. 1.6%; HR 1.80, 95% CI 1.23 - 2.64)(Figure 3). Cox

multivariable regression analysis revealed that in the BMS group

previous brachytherapy and MI at presentation were significant

Table 1. Clinical and procedural characteristics of the study population stratified according to stent type.

Variables Bare metal stent Drug-eluting stent Sirolimus-eluting Paclitaxel-eluting  p*
(n=2428) (n=3701) stent (n=866) stent (n=2835) value

Age, years (SD) 61.5 (11.8) 62.1 (11.4) 61.5 (11.0) 62.2 (11.5) 0.04

Male gender 1768/2428 (72.8) 2767/3701 (72.3) 609/866 (70.3) 2067/2835 (72.9) 0.30

Indication SA 1005/2428 (41.4) 1444/3701 (39.0) 373/862 (43.3) 1071/2832 (37.8) 0.003

Indication UA 878/2428 (36.2) 1043/3701 (28.2) 303/862 (35.2) 740/2832 (26.1) <0.001

Indication MI 545/2428 (22.4) 1207/3701 (32.6) 186/862 (21.6) 1021/2832 (36.1) <0.001

Cardiogenic shock 24/2428 (1.0) 75/3701 (2.0) 24/862 (2.8) 51/2832 (1.8) <0.001

DM 320/2428 (13.2) 619/3701 (16.7) 150/866 (17.3) 469/2835 (16.5) 0.001
IDDM 32/2428 (1.3) 155/3701 (4.2) 47/866 (5.4) 108/2835 (3.8) <0.001
NIDDM 288/2428 (11.9) 471/3701 (12.7) 104/866 (12.0) 367/2835 (12.9) 0.46

Hypertension 793/2428 (32.7) 1944/3701 (33.0) 357/866 (41.2) 1172/2835 (41.3) <0.001

Hypercholesterolaemia 1057/2428 (43.5) 1944/3701 (52.5) 479/866 (55.3) 1465/2835 (51.7) <0.001

Family history 523/2428 (21.5) 1220/3701 (33.0) 267/866 (30.8) 953/2835 (33.6) <0.001

Current smoking 588/2428 (24.1) 997/3701 (26.9) 254/866 (27.9) 743/2835 (25.7) 0.011

Previous PCI 384/2422 (15.9) 416/3675 (11.2) 102/864 (11.8) 314/2811 (11.2) <0.001

Previous CABG 289/2425 (11.9) 286/3675 (7.7) 61/865 (7.1) 225/2810 (8.0) <0.001

Previous MI 847/2403 (35.2) 965/3636 (26.1) 269/859 (31.3) 696/2777 (25.1) <0.001

Treated vessel
RCA 957/2428 (39.4) 1415/3701 (38.2) 351/866 (40.5) 1064/2835 (37.5) 0.18
LAD 1291/2428 (53.2) 2009/3701 (54.3) 514/866 (59.4) 1495/2835 (52.7) 0.002
LCX 732/2428 (30.1) 115/3701 (30.1) 283/866 (32.7) 832/2835 (29.3) 0.17
LM 86/2428 (3.5) 174/3701 (4.7) 27/866 (3.1) 147/2835 (5.2) 0.003
Bypass graft 135/2428 (5.6) 118/3701 (3.2) 17/866 (2.0) 101/2835 (3.6) <0.001

AHA Lesion class
Type A 432/2428 (17.8) 421/3701 (11.4) 162/866 (18.7) 259/2835 (9.1) <0.001
Type B1 814/2428 (33.5) 978/3701 (26.4) 295/866 (34.1) 683/2835 (24.1) <0.001
Type B2 1109/2428 (45.7) 1610/3701 (43.5) 426/866 (49.2) 1184/2835 (41.8) <0.001
Type C 883/2428 (36.4) 1556/3701 (42.0) 372/866 (43.0) 1184/2835 (41.8) <0.001

Bifurcation 87/2428 (3.6) 437/3701 (11.8) 88/866 (10.2) 349/2835 (12.3) <0.001

Multivessel disease 1280/2426 (52.8) 1911/3692 (51.6) 40/866 (54.3) 1441/2826 (51.0) 0.18

Multivessel treatment 690/2428 (28.4) 1014/3701 (27.4) 284/866 (32.8) 730/2835 (25.7) <0.001

ISR 164/2417 (6.8) 132/3605 (3.6) 43/864 (5.0) 89/2741 (3.2) <0.001

Previous brachytherapy 150/2428 (6.2) 23/3701 (0.6) 11/866 (1.3) 12/2835 (0.4) <0.001

Number of stents (SD) 1.8 (1.1) 2.2 (1.4) 2.2 (1.5) 2.2 (1.4) <0.001

Average stent diameter 3.3 (0.6) 2.9 (0.5) 2.8 (0.3) 2.9 (0.6) <0.001

Total stented length 28.3 (20.0) 42.7 (31.0) 42.8 (30.1) 42.7 (31.1) <0.001

Clinical success rate 2377/2424 (98.1) 3467/3541 (97.9) 838/859 (97.6) 2629/2682 (98.0) 0.64

Complete procedural success rate 2314/2425 (95.4) 3373/3547 (95.1) 819/862 (95.0) 2554/2685 (95.1) 0.84

IIb/IIIa Inhibitor 791/2428 (32.6) 371/3701 (19.8) 184/866 (21.2) 547/2835 (19.3) <0.001

Duration of clopidogrel in months (SD) 2.4 (2.3) 6.1 (3.5) 4.5 (3.2) 6.6 (3.4) <0.001

Planned angiographic follow-up 280/2330 (12.0) 602/3521 (17.1) 221/854 (25.9) 381/2667 (14.3) <0.001

Figures are represented as absolute numbers and percentages or means and standard deviations as appropriate. SD indicates standard deviation; IDDM:
insulin dependant diabetes mellitus; NIDDM: non-insulin dependent diabetes mellitus; SA: stable angina; UA: unstable angina; MI: myocardial infarction;
PCI: percutaneous coronary intervention; CABG: coronary artery bypass graft; LAD: left anterior descending coronary artery; LCx: left circumflex coronary
artery; RCA: right coronary artery: LM: left main coronary artery; SVG: saphenous vein bypass graft; AHA: American Heart Association; ISR: in-stent restenosis.
* P-values are based on comparison BMS, SES and PES.
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DES versus BMS in high-risk patient subsets

TVR was performed significantly more often in the BMS group

(15.7%) as compared to the two DES groups (12.2% vs. 12.0% in

the SES and PES groups, respectively)(Table 3, Figure 4). The use

of DES was associated with a 31% lower risk for TVR at 4-years

compared to BMS (adjusted HR 0.69, 95% CI 0.58 - 0.82). 

As compared to PES, the use of SES was associated with an equal

risk for TVR at 4-years (adjusted HR 0.99, 95% CI 0.77 - 1.28).

Finally, given the differential follow-up between the three treatment

cohorts, a stepwise logistic regression analyses with follow-up

truncated at two years was used to test the estimated 4-year

treatment effect using Cox proportional hazards regression

analyses. At two years, the adjusted HR for all-cause mortality in

the DES group was 0.92, 95% CI 0.77 - 1.10, which was

comparable to initial adjusted HR of 1.04, 95% CI 0.80 - 1.34

derived from a Cox proportional hazards regression model

including all univariate significant (p<0.1) predictors of all-cause

mortality. Similarly, for TVR, the adjusted HR at two years was 0.55,

95% CI 0.46 - 0.65, which was comparable to initial adjusted HR

of 0.60, 95% CI 0.50 - 0.73 derived from a Cox proportional

hazards regression model including all univariate significant

(p<0.1) predictors of TVR.

predictors of stent thrombosis while in the DES group, MI at

presentation, diabetes, treatment of the LAD and age significantly

increased the risk for stent thrombosis (Table 3). When correcting for

independent predictors of stent thrombosis, the adjusted risk for stent

thrombosis in the DES group decreased to 1.26 (95% CI 0.82 - 1.95).

Additionally, there were no significant differences in the occurrence of

stent thrombosis between both DES groups (adjusted HR 0.82, 95% CI

0.50 - 1.34). Among patients with stent thrombosis, secondary stent

thrombosis (stent thrombosis occurring after a target lesion

revascularisation) occurred in 10.8% of the BMS patients compared to

the 4.3% of the DES patients (p=0.22). None (0%) of the patients in the

BMS group vs. one (0.1%) patient in the SES group and eight (0.3%)

patients in the PES group experienced a second episode of stent

thrombosis. In the BMS group 22/111 (19.8%) post-operative MIs were

due to ST versus 59/153 (38.6%) in the DES group (p=0.016).

Figure 2. Kaplan Meier all-cause mortality curves for all patients
receiving bare-metal stents (BMS), sirolimus-eluting stents (SES) or
paclitaxel-eluting stents (PES).

Figure 3. Chart depicting the cumulative incidence of early
(<30 days), late (>30 days, <365 days) and very late (>365 days)
angiographic stent thrombosis in the bare-metal stent group (BMS),
sirolimus-eluting stent (SES) group, paclitaxel-eluting stent group
(PES) and drug-eluting stent (DES) group (combined SES and PES). P
values are based on the Logrank test.

Table 2. All cause and specified mortality rates at 4 years.

Bare metal Drug-eluting Sirolimus-eluting Paclitaxel-eluting Drug-eluting Sirolimus- 
stent (n=2428) stent (n=3701) stent (n=866) stent (n=2835) vs. bare-metal stent vs. Paclitaxel-eluting stent

N % N % N % N % Adjusted HR [95% CI] Adjusted HR [95% CI]

All-cause death 318 13.4 400 13.5 93 11.2 307 14.0 1.10 [0.90-1.34] 1.16 [0.88-1.53]

Cardiac death 176 7.5 233 7.5 48 5.8 185 8.0 1.00 [0.80-1.25] 0.69 [0.49-0.97]

Death due to cancer 50 2.3 58 2.3 16 2.1 42 2.4 1.16 [0.77-1.75] 0.98 [0.53-1.81]

Myocardial infarction (MI) 111 4.9 153 4.8 34 4.1 119 5.1 0.75 [0.57-0.98] 0.84 [0.57-1.24]

Cardiac death or MI 274 11.7 370 11.7 79 9.5 291 12.4 0.90 [0.75-1.07] 0.76 [0.58-0.90]

Angiographic stent 
thrombosis 37 1.6 93 3.1 22 2.7 71 3.2 1.26 [0.82-1.95] 0.82 [0.50-1.34]

Target vessel 
revascularisation (TVR) 355 15.7 356 11.9 99 12.2 257 12.0 0.69 [0.58-0.82] 0.99 [0.77-1.28]

All-cause death, MI or TVR 676 28.4 778 25.3 189 22.4 589 26.6 0.83 [0.74-0.94] 0.85 [0.71-1.01]

SES: sirolimus-eluting stent; BMS: bare metal stent; PES: paclitaxel-eluting stent; HR: hazard ratio; CI: confidence interval. Percentages are based on Kaplan
Meier estimates. All hazard ratios are adjusted hazard ratios considering potential confounders listed in Table 1.
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Stratified analysis among subgroups

When more specifically analysing the heterogeneity of the treatment

effect (DES vs. BMS) on the 4-year TVR rates, a trend towards

heterogeneity was observed among patients presenting with MI (p

heterogeneity 0.086).(Figure 5a) When assessing the treatment

effect of SES vs. PES, which was remarkably similar in the overall

population (Figure 4), significant heterogeneity was observed in

patients with diabetes (p heterogeneity 0.045), and bifurcation

lesions (p heterogeneity 0.036).(Figure 5b)

A stratified analysis to detect heterogeneity in the treatment effect

between DES vs. BMS and SES vs. PES did not reveal any

significant differences in the 4-year all-cause mortality rates.

ST segment elevation MI subgroup

While in patients presenting with stable or unstable angina, the risk

for TVR at 4-years was 38% lower in patients treated with DES as

compared to BMS (adjusted HR 0.62, 95% CI 0.51 - 0.75), the risk

for TVR in patients presenting with MI was 26% higher (adjusted

HR 1.26; 95% CI 0.82 - 1.93) in patients treated with DES as

compared with BMS (p heterogeneity 0.086). There was no

difference between SES and PES at four years (Figure 5b). The

cumulative incidence of all-cause mortality was 16.9% in the DES

group vs. 18.7% in the BMS group (Adjusted HR 1.15, 95% CI

0.76 - 1.74) with no significant difference between the SES and PES

groups (14.8% vs. 17.0% respectively; adjusted HR 0.82, 95% CI

0.53 - 1.29). Furthermore, there was no difference in the combined

endpoint of cardiac death or post-operative MI in DES (18.6%) and

BMS (17.9%) group (adjusted HR 1.05, 95% CI 0.60 - 1.84). Stent

thrombosis however, occurred in 5.0% of the DES (SES: 4.9%, PES

4.7%) patients as compared to 2.4% of the BMS patients (p=0.06)

and very late stent thrombosis (>1 year) was significantly more

frequent in the DES as compared to the BMS group (2.7% vs. 0%

respectively; p=0.0007).

Diabetes subgroup

Although the 4-year cumulative incidence of TVR in the diabetic

subset was significantly lower in the overall DES group as compared

to the BMS group (16.2% vs. 24.6%; Adjusted HR 0.53, 95% CI

0.36 - 0.78) significant heterogeneity in the treatment effect was

found between SES and PES.(Figure 5b) While in the non-diabetics,

the risk for TVR in the SES group was 11% lower than in the PES

group (adjusted HR 0.89, 95% CI 0.67 - 1.19), the risk was 41%

Table 3. Univariate and multivariate predictors of stent thrombosis at 4 years in the bare metal- and drug-eluting stent groups.

BMS DES
Univariate HR [95% CI] Adjusted HR [95% CI] Univariate HR [95% CI] Adjusted HR [95% CI]

Age – – 0.97 [0.95-0.98] 0.97 [0.95-0.99]

Clinical presentation
Stable angina (ref) – – – –
Unstable angina 2.46 [1.06-5.70] 2.54 [1.08-5.97] 1.86 [1.07-3.24] 2.04 [1.17-3.57]
Myocardial infarction 3.00 [1.23-7.35] 3.56 [1.40-9.09] 2.62 [1.57-4.39] 3.45 [1.99-5.97]

Diabetes – – 1.50 [0.92-2.44] 1.83 [1.10-3.00]

Family history – – 1.42 [0.94-2.14] 1.44 [0.94-2.19]

Previous brachytherapy 2.84 [1.18-6.80] 3.70 [1.48-9.29] – –

Treatment of RCA 0.24 [0.09-0.61] 0.42 [0.14-1.23] – –

Treatment of LAD 2.11 [1.04-4.26] 2.01 [0.80 -5.03] 2.15 [1.36-3.38] 1.92 [1.20-3.05]

Treatment of bypass graft 2.65 [1.03-6.79] 3.22 [0.99-10.4] – –

Bifurcation treatment – – 1.77 [1.06-2.96] 1.33 [0.77-2.31]

Number of stents 0.69 [0.45-1.03] 1.01 [0.50-2.05] 1.22 [1.09-1.37] 1.19 [0.89-1.61]

Total stented length 0.98 [0.95-1.00] 0.98 [0.98-1.02] 1.01 [1.00-1.01] 1.00 [0.99-1.02]

AHA lesion type B2/C – – 1.97 [1.10-3.54] 1.48 [0.81-2.70]

BMS: indicates bare-metal stent; DES: drug-eluting stent; RCA: right coronary artery; LAD: left anterior descending coronary artery; AHA: American Heart
Association

Figure 4. Kaplan Meier curves for target vessel revascularisation up to
4 years for all patients receiving bare-metal stents (BMS), sirolimus-
eluting stents (SES) or paclitaxel-eluting stents (PES).
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higher in the patients with diabetes (adjusted HR 1.41, 95% CI 0.85 -

2.35) (p heterogeneity 0.045). In diabetics, the cumulative incidence

of TVR at 4-years was 20.9% in the SES patients as compared with

13.9% in the PES group (Logrank p-value 0.048). There were no

significant differences in the hard clinical endpoints between SES and

PES treated patients: four-year all-cause mortality was 19.4% in the

SES group as compared to 18.4% in the PES group (Adjusted HR

1.38, 95% CI 0.86 - 2.19), whilst the cumulative incidence of cardiac

death or post-operative MI was 17.7% in the SES group as compared

to 14.6% in the PES group (Adjusted HR 1.09 95% CI 0.64 - 1.83)

and stent thrombosis occurred in 6.5% of the SES patients as

compared to 4.1% of the PES patients (adjusted HR 1.41; 95% CI

0.56 - 3.56).

Bifurcation lesions
Finally, significant heterogeneity in the 4-year TVR rates between

SES and PES was observed in patients treated for bifurcation

lesions. While in patients without bifurcations there was no

difference between the TVR rates in both DES groups (12.7% in the

SES group vs. 11.7% in the PES group; adjusted HR 1.04, 95% CI

0.80 - 1.36), in patients with bifurcation lesions conversely, there

was a strong trend towards a lower TVR risk in patients treated with

SES as compared to PES (7.1% vs. 14.3% respectively; adjusted

HR 0.56, 95% CI 0.23 - 1.36) (p heterogeneity 0.036).(Figure 5b)

The difference in all-cause mortality did not reach statistical

significance (SES: 6.2% vs. PES: 15.2%; adjusted HR 0.62, 95% CI

0.21 - 1.84). However, the cumulative incidence of cardiac death or

post-operative MI was significantly lower in the SES group as

compared to the PES group (4.5% vs. 14.2%; adjusted HR 0.30,

95% CI 0.10 - 0.88). Additionally, the cumulative incidence of stent

thrombosis was lower in the SES group (1.3%) than in the PES

group (5.2%) (adjusted HR 0.21, 95% CI 0.03 - 1.67).

Discussion
The results of the present study show that in a real world patient

population, after four years, the overall use of DES was associated

with similar all-cause mortality rates and a significantly reduced risk

of post-operative MI and TVR as compared to BMS. As compared to

patients treated with PES, the use of SES was associated with a

significantly lower cardiac mortality and a strong trend towards

Figure 5. Exploratory analyses to evaluate possible heterogeneity in treatment effects on 4-year target vessel revascularisation rates according to
drug-eluting vs. bare-metal stent cohort (A) and according to the sirolimus- vs. paclitaxel-eluting stent treatment cohort (B) and the following
clinically relevant characteristics: age, gender, diabetes, clinical presentation, treated vessel, multivessel disease, AHA lesion class, bifurcation,
in-stent restenosis, average stent diameter≤2.5 mm and total stented length≤30 mm. The size of the squares corresponds to the amount of
statistical information. For the continuous variables (age, average stent diameter and total stented length), medians were used as cut-off. Results
of tests for heterogeneity in treatment effect were considered significant if P was <0.05. SES indicates sirolimus-eluting stent; BMS: bare metal
stent; PES: paclitaxel-eluting stent; AHA: American Heart Association; LAD: left anterior descending coronary artery; LCx: left circumflex coronary
artery; RCA: right coronary artery.
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lower all-cause mortality as compared to PES. Although the

cumulative incidence of stent thrombosis was significantly higher in

the DES group, adjustment for confounders resulted in a non-

significant 26% increased risk for stent thrombosis at four years in

the DES group.

The findings of the present study need to be interpreted in the

context of a tertiary referral centre that decided to adopt a policy of

default DES use for all-comers (including acute MI at presentation,

post-CABG, in-stent restenosis etc.) since the first day of

commercial availability of the first approved drug-eluting (Cypher®)

stent in Europe on April 16, 2002. On February 23, 2003, for

financial reasons, our institution replaced the Cypher® stent by the

second CE-mark approved drug-eluting stent (TAXUS™).23 These

two sequential cohorts were complemented by an equally sized

cohort of consecutive patients treated with BMS in the two years

preceding the commercial introduction of the Cypher® stent.

With the exception of a slightly longer follow-up in the pivotal

randomised trials of the two DES24, the follow-up of the present

registry (mean 3.8 years) exceeds that of previously reported

registries.5,6,25-28 Another unique feature of this registry is that it was

conducted in a small European country with a sedentary population

and a very accurate registration of the vital status and cause of death

of its citizens by a well-organised governmental administration.

These features reinforce the strength of our observations.

Comparing our results to a recently performed network meta-

analyses of 38 drug-eluting stent trials revealed a significantly lower

absolute risk reduction for TVR at four years in the present study

(3.8% vs. approximately 12% in the meta-analysis). Additionally,

a higher overall mortality rate was observed in the present study as

compared to the network meta-analysis (13.3% vs. approximately

7.5%, without significant differences between DES and BMS).4 Yet,

it is difficult to compare our results to other published meta-

analyses and registries for three reasons. First, meta-analyses using

patient level data of the pivotal randomised trials included only

highly selected patients, and are representative of only ~40% of the

clinical population of a tertiary medical centre.29 Secondly, in

comparable registries, the use of either a DES or BMS was often

operator and procedure dependent, resulting in an even greater

degree of heterogeneity of the patients treated with DES or BMS,

thereby introducing a major potential for selection bias. For

example, whereas diabetics would be likely to receive a DES

because they are at increased risk of restenosis following BMS

placement, patients presenting with acute MI are generally more

likely to receive a BMS. It is unlikely that extensive regression and

propensity analyses can completely compensate for this inherent

type of bias. Thirdly, the vast majority of these registries pooled the

outcomes of different devices into one “DES” group, despite the widely

acknowledged differences between different types of DES.4,10-12

Recently, at least six large-scale real world registries demonstrated

similar to significantly lower mortality rates in patients treated with

DES compared to BMS.5-8,30,31 Considering the different features of

the present study, our findings demonstrated a similar safety profile

for DES and BMS with a significantly lower risk of cardiac death (or

post-operative MI) in patients treated with SES compared to PES.

The survival benefit in patients treated with SES was already

apparent at one week and remained so at one month. Exploring

clinical- and procedural success rates, including mortality due to

cardiogenic shock at presentation could not account for this

difference, and clopidogrel was mandated for at least one month in

all patients. Of note, both the short- and long-term survival in the

PES group was remarkably similar to the BMS. Several other large-

scale registries have also found a similar survival benefit with DES in

the first six months which sustained in the longer term.6,7,25 Our

sequential registry analysis does not eliminate the possibility of

confounders, but sheds additional light on the late survival after

BMS, SES and PES implantation in all comers and demonstrates

that pooling the outcomes of different types of DES may not always

be appropriate. This is an important lesson as new DES, eluting

different drugs form different polymers over different periods of

time, enter the market.

We performed a stratified analysis to assess the relative safety of

DES. The safety of DES appeared to be consistent among several

pre-selected high-risk patient subsets, without a significantly

superior safety profile, as expressed by all-cause mortality, between

SES and PES. However, we found a strong trend towards

heterogeneity in the 4-year TVR rates between DES and BMS in

patients presenting with MI. As compared to BMS, the adjusted risk

for TVR was 26% higher in patients treated with DES. Although this

difference in performance did not reach statistical significance, the

observation was in clear contrast to the non-MI population, in which

the adjusted risk for TVR in the DES group was significantly (38%)

lower. Pivotal randomised controlled trial data revealed that the use

of SES was equally safe and more efficacious in reducing TVR in

this setting as compared to BMS at 1-year, however, PES failed to

demonstrate a superior performance as compared to BMS at one

and two years.32-34 These latter controversial findings, together with

the fact that MI at presentation appeared to be a strong predictor of

stent thrombosis in patients treated with DES12,27,35,36, inevitably

leading to repeat revascularisations, together with the results of the

present study including 1,752 MI patients (DES group with over

80% PES use), makes the use of DES in this high-risk patient

subset disputable.

There was significant heterogeneity in the 4-year TVR risk between

SES and PES in patients with diabetes and bifurcation treatment.

While both drug-eluting devices had a similar safety profile, there

was a trend towards a 41% higher risk for TVR in diabetic patients

treated with SES. Several smaller subgroup analyses of randomised

controlled trials and registries concur with our findings. In the 1-year

results from the SOLACI and MILAN registry and the REALITY trial,

the use of PES was associated with non-significantly lower rates of

target lesion revascularisation as compared to SES in diabetics.37,38

The Kaiser Permanente and TC-Wyre registries conversely, even

demonstrated a significant difference between SES and PES in

reducing target lesion revascularisation in diabetics, in favour of

PES.39,40 Indirect evidence of a possible superiority of paclitaxel as

compared to the limus family drugs was derived from a pooled

analysis of the randomised SPIRIT-II and III trials, which showed

a strong trend towards lower major adverse cardiac events rates in patients

treated with PES as compared to the Everolimus-eluting XIENCE V

stent. (FDA Executive Summary Memo. FDA Panel 29 November
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2007; http://www.fda.gov/ohrms/dockets/ac/07/briefing/2007-

4333b1-00-index.html) The sole randomised ISAR-Diabetes trial

did not show any significant differences in the clinical endpoints

with SES and PES.41 Large-scale randomised controlled trials are

needed to assess the possible superiority of PES as compared to

SES in diabetics. The randomised controlled FREEDOM trial (using

PES and SES) vs. coronary artery bypass surgery will shed additional

light on this issue. 42

Finally, significant heterogeneity in the treatment effect was

observed in patients treated for bifurcation lesions, in which there

was a strong trend towards a lower TVR risk and a significantly lower

risk (70%) to suffer from cardiac death or post-operative MI when

treated with SES as compared to PES. These findings confirm the

results of a randomised trial by Pan et al evaluating the safety and

efficacy of SES vs. PES in bifurcation lesions.43 The authors

concluded that the overall system of the SES is better than the PES

in terms of main vessel restenosis rates, late loss, and neointimal

proliferation assessed using intravascular ultrasound.

The present single centre study has several limitations. First, the

clinical and procedural complexity increased over time, which

resulted in substantial differences in clinical and procedural

characteristics between the sequential patient cohorts. Despite the

use of extensive regression models, it remains uncertain whether

we were able to completely adjust for the differences between the

groups. However, the likelihood of a randomised trial comparing

BMS with DES in an all-comer population is already remote and will

become even more unlikely with the advent of the second and third

generation of DES.

A substantial amount of pivotal experiences with DES in several high

risk patient and lesion subsets were reported based on the RESEARCH

and T-SEARCH registries. Subsequently, late angiographic evaluation

was eventually obtained from “complex” patients, typically with DES

implanted in bifurcations, left main coronary, chronic total occlusions,

very small vessels, long stented length (>36 mm), and acute

myocardial infarction (in total, 25.9% patients in the SES group had

angiographic follow-up between six and 12 months).44-50 In the BMS

and PES groups, planned angiography was performed in 12.0% and

14.3% respectively. In all other cases, coronary angiography during

follow-up was obtained as clinically indicated by symptoms or

documentation of myocardial ischaemia. Of note, planned

angiographic re-evaluation was used as a co-variable in the Cox

proportional hazards regression models.

Due to the sequential nature of the three patient cohorts in the

present study, the follow-up in the PES group was shorter than the

follow-up in both the BMS and SES groups resulting in a lower

number of patients at risk at three years in the PES group. Kaplan

Meier survival analyses were performed to reconcile this limitation.

The per patient clinical- and procedural risk profile was linearly

associated with time. Given the sequential nature of the three

patient cohorts in our study, propensity analyses were considered

inappropriate. However, the overall risk profile was more favourable

for the BMS group than for either DES group and might even

underestimate the real difference.

Finally, the findings derived from the stratified analyses to detect

possible heterogeneity in the treatment effect of the different

devices should be seen as hypothesis generating. The non-

randomised nature of our study precludes any definite statements

about the true superiority of one DES above the other in several

high-risk subgroups. However it was remarkable that our findings

concurred with the few comparative data available in these high-risk

subgroups, despite the longer follow-up and subsequent higher

event rates in the present study. With the exception of the

FREEDOM trial, there are currently no comparative randomised

controlled trials ongoing comparing either SES or PES or one of both

with BMS in patients with acute MI, bifurcations and/or diabetes

properly powered for hard clinical endpoints to confirm our findings.

Conclusion
The results of the present study show that in a real world patient

population, after four years, the overall use of DES was associated

with similar all-cause mortality rates and a significantly reduced risk

for post-operative MI and TVR as compared to BMS. This finding

appeared to be consistent among several high-risk patient subsets,

with the exception of patients presenting with MI. Furthermore, the

use of SES resulted in significantly lower rates of cardiac death and

post-operative MI as compared to PES.
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