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Impact of drug eluting stents on target vessel revascularization.
A report from the Western Denmark heart registry from 2000 
to 2004

Abstract
Background: Limited information is available on target lesion revascularization (TLR) after percutaneous

coronary intervention (PCI) in unselected patients at the beginning of the drug eluting stent (DES) era. 

Methods and results: From January 2000 to September 2004 data from all PCI procedures in Western

Denmark were recorded in the Western Danish Heart Registry. 

A total of 24,701 lesions were treated in 15,542 patients. Lesion length, stent length, frequency of com-

plex lesions and age increased from 2000 to 2004. The use of DES increased from 0% in 2000, 2001,

2002 to 34% in 2003 and 54.0% in 2004 of all stents used. The clinical driven TLR declined from 9.4%

in 2000 to 5.4% in 2004. The use of DES (OR 0.60; 95% CI 0.39-0.92, p=0.018) and procedure year (OR

0.89; 95% CI 0.83-0.97, p=0.008) and restenotic lesion (OR 1.51; 95% CI 1.18-1.93, p=0.001) were

independent predictors of a TLR. Similar TLR rates were observed in diabetics (7.7%) and non-diabetic

(7.0), p=NS.

Conclusion: In unselected PCI patients the TLR rate declined from 2000 to 2004. The use of DES was an

independent predictor of TLR.
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Target lesion revascularization following PCI 2000 to 2004

Until recently restenosis has been a major problem in percutaneous

coronary intervention (PCI). The introduction of coronary stents

reduced the rate of restenosis1-5 and recent data on drug eluting

stents (DES) showed further reduction in target lesion revascula-

rization (TLR)6-9. Most randomized studies comparing bare metal

stents (BMS) and DES have been based on angiographic endpoints.

Routine angiographic follow-up may increase revascularization rate

as some angiographically driven revascularizations are not clinically

indicated10-12. At present limited information is available on the need

of symptom driven TLR after PCI in unselected patients during the

beginning of the DES era. On one hand, the introduction of DES has

reduced the rate of TLR, when DES is used in lesions with low

or moderate risk of restenosis. On the other hand, it has been

a concern that this effect may be alleviated by the change in the PCI

population introduced by the availability of DES, as clinicians may be

encouraged to a widespread use of DES in patients with complex

lesions13,14 and increased comorbidity.

The aim of the present study was to quantify the yearly rate

of clinically driven TLR before and after the introduction of DES

by analysis of data from the Western Denmark Heart Registry

during the 5 year period 2000-2004. Furthermore, we identified

predictors for TLR in PCI patients in this period.

Material and methods
All PCI procedures performed in Western Denmark from 2000

to 2004 were recorded in the Western Denmark Heart Registry and

analysed for TLR. The region of Western Denmark has a population

of 2.9 million inhabitants and all interventional procedures were

carried out at three hospitals (Odense University Hospital, Aarhus

University Hospital (Skejby) and Aarhus University Hospital

(Aalborg). Essential patient and procedure related data in all

patients undergoing PCI or coronary artery bypass operation

(CABG) in the region were registered in the database. The database

was evaluated in an earlier study, and the completeness and the

validity of data were found to be acceptable15.

PCI was performed according to the standards of the participating

centres. Unfractionated heparin was used in a doses of 5.000

to 10.000 U without routine control of the activated clotting time.

The post PCI antiplatelet treatment included lifelong acetylsalicylic

acid 75-150 mg once daily and clopidogrel loading dose of 300 mg

and maintained with 75 mg daily for six to twelve months. Stenting

was the preferred treatment in all lesions.

The DES were the sirolimus-eluting Cypher™ stent (Cordis) and the

paclitaxel-eluting Taxus™ stent (Boston Scientific). The cobalt

chromium alloy stents were Driver™ (Medtronic Ave) and Multilink

Vision™ (Guidant).

Definitions
TLR was defined as repeat PCI of the index lesion or CABG 

within 9 months after the index PCI. Complex lesion was defined 

as a lesion with type B2 or C lesion characteristics16.

Statistical methods
Statistical analysis and calculations were performed using SPSS,

version 11.5. Data are presented either as mean±one standard

deviation (SD) or percentage of the total number of procedures.

Comparison of continuous variables between two groups was car-

ried out using the independent samples t-test, while comparison

of the same variable in more than two groups was done by means

of variance analyses. Differences between categorical variables

were tested with the X2-test. Logistic regression analysis was per-

formed to identify univariate predictors and a subsequent multivari-

ate logistic regression analysis was performed using the forward

stepwise method with entry and removal of 0.05 and 0.10 respec-

tively, to identify independent predictors for TLR within 9 months

from index PCI. The data are presented as odds ratio (OR) and 95%

confidence intervals (CI). For all statistical analysis a value of p<0.05

was considered to be statistically significant.

Results
From January 2000 to September 2004 a total of 18,056 consecu-

tive PCI procedures were registered in 15,542 patients (24,701

lesions). A total of 476 patients (2.6%) died within 9 months after

PCI. Baseline characteristics and lesion characteristics are shown

in Table 1 and 2. During the study period age of the patients

increased (62.3±10.9 years vs. 64.4±11.4 years, p<0.001), the

length of lesions (13.5±8.5 vs. 15.4±10.2 mm, p<0.001) and

stents (16.4±7.2 vs. 18.4±8.7 mm, p<0.001) increased and more

patients had acute coronary syndromes (ACS) (16.6% vs. 29.1%,

p<0.001).

The frequency of 1-vessel disease, 2-vessels disease and 3-vessels

disease were 47.6%, 30.7% and 21.7% respectively. One vessel

was treated in 81.6%, two vessels in 16.1%, three vessels in 2.3%,

and one lesion in 70.8%, two lesions in 21.9% and three or more

lesions in 7.3% of the procedures. 

Table 1. Baseline demographics (All patients 2000-2004).

Number of patients 15,542

Number of procedures 18,056

Number of lesions 24,701

Age (years±SD) 63.4±11.2

Male gender (%) 73.2

Previous PCI (%) 17.4

Previous CABG (%) 6.4

Previous MI (%) 41.3

Family history of IHD (%) 43.8

Treatment for hypertension (%) 38.5

Active smoking (%) 33.5

Diabetes (%) 10.9

Indication for PCI

Stable angina pectoris (%) 73.8

Acute coronary syndromes (%) 22.9

Other indication (%)* 3.7

*Includes complications of coronary artery bypass graft operation 
and coronary angiography, congestive heart failure and ventricular
tachycardia/fibrillation.
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Target lesion revascularization
Clinically driven TLR within 9 months after the PCI was performed

in 7.4% of the patients, 3.4% as PCI and 4.0% as CABG. TLR

decreased significantly from 2000 to 2004 (9.4% to 5.4%;

p<0.001) Figure 1. Rates of TLR were 13.5%, 6.5%, 4.3% and

3.6% after POBA, BMS, CCS and DES, respectively.

Univariate regression analysis (Table 3) demonstrated an inverse

relationship between TLR rate and age, procedure year, vessel

size, use of bare metal stents, cobalt chromium alloy stents and

DES. Complex lesions (type B2/C), restenotic lesions, lesion

length and stenosis severity were related to TLR. The results

of multivariate logistic regression analysis (Table 4) demonstrated

that use of DES was independently associated with a reduced

TLR, and that restenotic lesions and lesions length were related

to an increased TLR. 

Diabetic patients and target lesion 
revascularization
During the period January 2000 to September 2004, 10.4% of the

patient population had diabetes mellitus. A total of 1,767 consecu-

tive PCI procedures (2,525 lesions) were registered in 1,541 diabetic

patients. Diabetic patients were older than non-diabetic patients

64.5±10.8 years vs. 63.3±11.1 years, p<0.001. In 2003 28.0% of

Clinical research

Fig. 1. Target lesion revascularization within 9 months.
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Table 2. Lesion characteristics, age and indications for PCI year by year.

2000 2001 2002 2003 2004*

Number of procedures 3008 3145 4009 4676 3218

Number of lesions 4172 4416 5279 6378 4456

Age (year±SD) 62.3±10.9 62.9±11.0 63.3±11.2 64.0±11.3 64.4±11.4

Acute coronary syndromes 16.6 16.3 23.1 28.1 29.1

Stable angina pectoris (%) 81.3 80.9 72.6 68.9 66.7

Number of procedures 3008 3145 4009 4676 3218

Number of lesions 4172 4416 5279 6378 4456

Lesions treated with DES (%)

Refence diameter (mm) 3.1±0.6 3.2±0.6 3.2±0.5 3.2±0.6 3.2±0.6

Lesion length (mm) 13.5±8.5 13.4±8.2 14.5±9.1 14.7±9.1 15.4±10.2

Complex lesions (type B2/C) (%) 20.7 15.4 19.1 20.3 22.6

Restenotic lesion (%) 12.3 16.1 9.1 7.2 6.1

Stenosis pre intervention (%) 85.8±13.6 86.5±12.9 87.2±13.0 87.5±12.8 87.5±13.1

Stenosis post intervention (%) 7.1±20.0 6.1±18.1 6.1±19.7 5.2±18.9 5.6±20.4

Lesions treated with stent(s) (%) 72.0 73.9 78.9 85.9 88.4

Lesions treated with DES (%)** 0 0 0 24.1 42.1

Stent length (mm) 16.4±7.2 16.4±7.3 17.2±7.8 17.7±8.2 18.4±8.7

Number of stents ≥ 2 per lesion (%) 9.1 12.1 14.9 13.1 14.4

* PCI within the first 8 months in 2004
** Lesions treated with drug eluting stent % (in percentage of all stents).

Table 3. Predictors for TLR (univariate regression analysis).

Variable Odds ratio 95% CI p value

Age (years) 0.99 0.98-1.00 <0.001

Period (years) 0.85 0.82-0.88 <0.001

Diabetes mellitus (%) 1.04 0.89-1.21 NS

Stable angina pectoris 0.93 0.83-1.04 NS

Complex lesions (type B2/C) 2.20 1.87-2.56 <0.001

Restenotic lesion 1.58 1.37-1.83 <0.001

Lesion length 1.02 1.02-1.03 <0.001

Reference diameter 0.85 0.78-0.93 <0.001

Stenosis pre intervention (%) 1.01 1.01-1.02 0.001

Stenosis post intervention (%) 1.02 1.01-1.02 <0.001

Stent length 1.01 1.00-1.02 <0.001

Stent type*

Bare metal stent 0.45 0.40-0.50 <0.001

Cobalt chromium alloy stents 0.29 0.22-0.38 <0.001

Drug eluting stents 0.24 0.20-0.30 <0.001

* POBA as reference
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Target lesion revascularization following PCI 2000 to 2004

ll lesions in diabetic patients were treated with a DES and this num-

ber increased to 47.0% in 2004. DES was 34.0% and 54.0% of all

stents used respectively. TLR did not differ significantly between

diabetic patients and non diabetic patients (7.7% vs. 7.0%, p=NS).

By multivariate logistic regression analysis complex lesions (type

B2/C), (OR 2.09; 95% CI 1.18-3.28, p=0.012) and DES (OR 0.34;

95% CI 0.17-0.70, p=0.003) were independent predictors of TLR.

Discussion
We have previously described declining restenosis rates in unse-

lected patients from 1989 to 19985. In this period the PCI tech-

nique changed from POBA to stenting. In the present study

we found further declining TLR rates from 2000 to 2004. In this

period the drug eluting stent was introduced clinically, and seems,

at least in part, to be responsible for the decline. 

From 2000 to 2004 the lesions tended to be longer and more com-

plex, and more patients with acute coronary syndromes were treated.

Despite the increasing lesion complexity the present study demon-

strated a low clinical driven TLR rate during this period. Multivariate

analysis of our data indicated a close relation between the use of DES

and the observed TLR, whereas the recently introduced cobalt

chromium alloy stents, Vision (Guidant) and Driver (Medtronic Ave)

were not significantly related to TLR. 

Also, the RESEARCH registry compared the use of DES with BMS

in unselected patients14. This study showed that an unrestricted uti-

lization of sirolimus-eluting stents in non-selected PCI patients was

safe and effective in reducing both repeat revascularization and

major adverse cardiac events after one year. In the RESEARCH reg-

istry the clinically driven TLR rate (3.7%) in the sirolimus-eluting

stent group was comparable to the present study (DES 3.6%), while

the BMS group had a higher TLR, 10.9% (Research registry) 6.5%

(present study). The two studies differed in some aspects. Thus,

508 consecutive lesions were treated with sirolimus-eluting stents

in the RESEARCH Registry and compared to a historical control

group of 450 patients who received BMS in the period just before

the sirolimus stent period. In the present study DES, BMS and CCS

were available. However, DES were primarily used for the subset

of patients with a high risk of restenosis. Therefore, a stenting strat-

egy of selective use of DES seems to be rather effective in reducing

restenosis rates without using the DES in all lesions.

Recently, a third-generation bare metal cobalt chromium stent was

compared to DES in an everyday setting. In this study, DES reduced

the rate of major adverse cardiac events by 44%17. However, the

increased costs of DES did not completely compensate for reduc-

tion of event-related costs. In the present study DES insignificantly

reduced the TLR rate (by 16%) as compared to CCS. Therefore, fur-

ther studies comparing DES and CCS in unselected patients might

be advocated. 

A number of randomized studies18 with routine angiographic follow-

up compared BMS and DES and DES with CCS. The RAVEL8,9 and

SIRIUS6 studies compared the sirolimus eluting Cypher stent with

the BxSonic stent, the TAXUS7 studies compared the paclitaxel elut-

ing Taxus stent with its BMS platform, the Express stent, and the

ENDEAVOR II19 study compared Sirolimus analogue coated

Endeavor stent with its CCS platform, Driver. As compared to these

studies, the present study documented lower TLR rates in the DES

groups and much lower in the BMS groups, probably because TLR

was clinically driven in the present study, and because of the selec-

tive use of BMS in lesion with low restenosis risk.

DES has been associated with excellent outcome concerning

restenosis in diabetic patients20. We observed similar TLR rates

in diabetics and non-diabetic. This interesting observation suggests

that also a selective use of DES in an unselected diabetic popula-

tion is an effective treatment strategy. 

Limitations
The present study has limitations as it is a register and not 

a randomised study. Further, stent selection was based on lesion

characteristics as vessel size, lesion length, restenosis lesion com-

plexity and patient characteristics as age and diabetes. Also, the

might be a selection bias by individual operators and centres.

However, the number of patients is large and the study represents

the daily routine PCI treatment.

Conclusion
Our registry data showed decreasing TLR rates at the beginning

of the DES era. The selective use of DES seemed to be responsible

for this positive development with low TLR rates in diabetic and non-

diabetic patients. 
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