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Abstract

Objective: In the National Institute for Clinical Excellence (NICE) guidelines, lesions with 
a reference vessel diameter of <3.0mm or lesions with a length of >15mm are considered 
carrying a high risk of restenosis. In contrast, lesions with a reference vessel diameter of 
≥3.0 mm or a lesion length of ≤15 are considered at low risk of restenosis. We performed 
a retrospective analysis of consecutive patients undergoing non-urgent percutaneous 
coronary intervention (PCI) comparing bare metal stent (BMS) with DES using the NICE 
guidelines. 

Methods and results: Between 2003 and 2007, a total of 3883 patients underwent a non-
urgent PCI for a de novo coronary lesion, 2050 patients were considered at low risk and 
1833 patients were considered at high risk of restenosis according to the NICE criteria. 
In the low risk group, the 1 year composite of cardiac death, myocardial infarction (MI), 
and target vessel revascularization (TVR) was 10.5% in the BMS group and 11.1% in the 
DES group (p=0.85). Target lesion revascularization (TLR) was 5.3% by PCI and 1.6% by 
coronary artery bypass grafting (CABG) in the BMS group and 4.0% and 3.0% in the DES 
group (p=0.59 and p=0.24). In the high risk group, the composite of cardiac death, MI, and 
TVR was 12.1% in the BMS group and 11.0% in the DES group (p=0.48). TLR was 6.7% by 
PCI and 1.3% by CABG in the BMS group and 3.9% and 2.8% in the DES group (p=0.01; 
p=0.02). Definite stent thrombosis (ST) was 0.8% in the BMS-treated patients and 1.7% in 
the DES-treated patients (p=0.09).

Conclusion: In patients with lesions carrying a low risk of restenosis, no differences were 
observed between BMS and DES in composite end points, TLR, or ST at 1-year follow-up. 
In patients with lesions carrying a high risk of restenosis, patients treated with BMS had 
a significantly higher rate of TLR by PCI but a significantly lower rate of TLR by CABG 
compared to patients treated with DES. A non-significant lower rate of definite ST was 
observed in the BMS group compared to the DES group.
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Introduction 

Pivotal randomized trials comparing bare metal stent (BMS) with drug-eluting stent (DES) 
have shown a significant reduction in in-stent restenosis [1-3], and the use of DES has 
rapidly been extended to all types of patients and lesions with varying degrees of com-
plexity. Hence, several registries have evaluated a liberal, unrestricted use of DES showing 
favourable outcomes as compared with historical BMS results [4-6]. However, initial enthu-
siasm has been hampered after ‘real-world’ data elicited safety concerns with respect to late 
and very late stent thrombosis (ST) in unselected patients after DES placement [7, 8]. The 
rate of ST is reported to be continuously of 0.4% to 0.6% per year after DES placement up to 
4 years, a phenomenon that was not apparent after BMS placement [7, 9]. These concerns 
have resulted in a prolongation of the duration of dual antiplatelet therapy after DES place-
ment and in a re-evaluation of studies comparing DES with BMS. In a large meta-analysis 
of randomized clinical trials, no difference was observed in mortality or the incidence of 
non-fatal myocardial infarction (MI) between DES and BMS up to 4 years [10]. 

In early observational studies, BMS showed good clinical outcome with respect to reste-
nosis for lesions in large vessels and in short lesions [11-15]. Moreover, in randomized 
trials, the clinical benefits of DES may have been overestimated due to protocol-driven 
angiography and subsequent repeat PCI in BMS treated patients as compared to daily 
routine practice. Furthermore, an unrestricted implementation of DES requires long-term 
dual antiplatelet therapy in all patients, and might be less cost-effective, except in high-risk 
patients [16].

At present, the European Society of Cardiology (ESC) guidelines for percutaneous coro-
nary intervention (PCI) [17] refer to the National Institute for Clinical Excellence (NICE) 
Institute [18] guidance that indicates that DES are recommended for patients with symp-
tomatic coronary artery disease, in whom the target coronary artery is < 3 mm in diameter 
or the lesion length is > 15 mm. We have evaluated the 1 year clinical outcomes of BMS 
versus DES in a large consecutive patient population undergoing non-urgent PCI using the 
NICE criteria. 

Methods 

Source population
The data analyzed in our study were obtained from patients who underwent PCI for a de 
novo coronary artery lesion at the Academic Medical Center – University of Amsterdam 
between April 2003 and March 2007. Our institution is a high volume tertiary referral hos-
pital with on-site cardiac surgery. All interventions were performed according to standard 
PCI guidelines. All patients received aspirin, a loading dose of clopidogrel and unfractionat-
ed heparin 5000 IU at the start of the procedure. The use of glycoprotein IIb/IIIa inhibitors 
and/or anti-thrombotic medications was at the discretion of the operator. Patients were 
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treated with aspirin 100 mg indefinitely and clopidogrel 75 mg daily for at least 1 month 
after BMS implantation and at least 6 month after DES implantation.

The paclitaxel-eluting stent (PES) TAXUSTM EXPRESS or Liberté (Boston Scientific, 
MA, USA), the Endeavor® zotarolimus-eluting stent (ZES) (Medtronic Vascular Inc., CA, 
USA), and the XIENCE V® everolimus-eluting stent (EES) (Abbott Laboratories, Abbott 
Park, IL, USA) were the types of DES used during the duration of this study. The final 
choice of stent and interventional strategy was at the discretion of the operator. Repeat 
coronary angiography was performed routinely after left main lesion stenting and bifurca-
tion lesion stenting between 6 and 9 months or. In all other patients a repeat coronary 
angiography was performed when clinically indicated for recurrence of anginal symptoms 
or documented myocardial ischemia. Patients that were referred from other hospitals and 
that required repeat revascularisation procedures were referred back to our institution.

Data source
Baseline clinical, angiographic and procedural information were retrieved from our elec-
tronic PCI database. One-year clinical follow-up was obtained by means of a paper survey 
filled out by the patient or by telephone contact. When no contact could be established, 
telephone contact with the patients’ relative, general practitioner, or referral cardiologist 
was used to complete follow-up. When a patient was lost to follow-up, the Statistics Neth-
erlands-Health and Welfare registry (CBS) was consulted for information on patient’s vital 
status. When a major cardiac event was reported, review of hospital records, chart review, 
telephone contact with the referring cardiologists and/or the patient’s general practitioner 
were used to complete the information.

Patient population
We included all patients treated for a de novo coronary artery lesion between April 2003 
and March 2007. Patients treated for unstable angina pectoris / acute coronary syndrome 
were also included. Patients undergoing a primary PCI for an acute ST-segment elevation 
myocardial infarction (STEMI) were excluded. Patients treated for a venous graft lesion 
or a (in-stent-) restenosis were also excluded. When patients had multiple procedures, 
we included the first procedure satisfying the inclusion criteria. A total of 3883 patients 
met the inclusion criteria (Figure 1). Patients were classified according to the type of stent 
received. Patients who only received BMS were assigned to the BMS group and patients 
who received at least one DES were assigned to the DES group. 

NICE guidelines
The National Institute for Clinical Excellence (NICE) guidelines [18] on the use of coronary 
artery stents recommends the use of DES when a lesion has a reference diameter of <3.0mm 
or the lesion has a length of >15mm as these lesions are considered to carry a higher risk 
of restenosis. In contrast, a lesion with a reference diameter of ≥3.0 mm or a lesion length 
of ≤15 can be treated with a BMS as these lesions are considered at low risk of restenosis. 
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These criteria do not apply to patients treated for a STEMI or to patients in whom there 
is angiographic evidence of thrombus in the target artery. In this manuscript, the NICE 
guidelines were used to evaluate the 1 year clinical outcomes in patients with lesions car-
rying a low risk versus a high risk of restenosis, determined at the index procedure, treated 
with a BMS or DES.  

End points and end point definitions
The primary end point was the composite of cardiac death, MI, and target vessel revascu-
larisation (TVR). All deaths were considered cardiac death unless otherwise documented. 
MI was defined as any rise in the creatine kinase-MB (CK-MB) level or troponin T level 
above upper limit of normal. Peri-procedural MI was defined as a rise in the CK-MB level 
or troponin T level of more than 3 times upper limit of normal. TVR was defined as any 
repeat revascularization of a target vessel by repeat percutaneous intervention or coronary 
artery bypass grafting (CABG). Target lesion revascularisation (TLR) was defined as any 

7366 PCIs with stent placement 

4363 PCIs with stent placement 

3883 patients 

Restricted to primary cases 

Excluded 
- primary PCIs (n=2176) 
- PCI of in-stent restenosis (n=409) 
- PCI of graft (n=129) 
- Non CE approved device used (n=289) 

2050 patients with lesions 
carrying a low risk of 

restenosis 

1833 patients with lesions 
carrying a high risk of 

restenosis 

1951 BMS 
patients 

99 DES 
patients 

1112 BMS 
patients 

721 DES 
patients 

Figure 1 Flowchart depicting the number of procedures and the number of patients fulfilling, the inclu-
sion criteria. Primary cases indicates the number of patients undergoing their first intervention in the 
study period (April 2003 – March 2007). BMS indicates bare metal stent, DES indicates drug-eluting 
stent.
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percutaneous or surgical revascularisation of the target lesion to treat restenosis within the 
stent or 5 mm distal or proximal margins adjacent to the stent. ST and end points defini-
tions used are in accordance with the Academic Research Consortium (ARC) [19].

Statistical analysis
Continuous variables with normal distribution were presented as mean ± standard devia-
tion (SD). Categorical variables were presented as counts (percentages). Cumulative event 
rates were presented in Kaplan-Meier curves. 

Results

Baseline and lesion characteristics
The study population consisted of 3883 patients, 2050 patients (52.8%) were considered 
at low risk and 1833 patients (47.2%) were considered at high risk of restenosis. Baseline 
clinical characteristics are shown in table 1 for all patients, patients with lesions con-
sidered carrying a low risk per stent type, and with lesions carrying a high risk. Of all 
DES-treated patients, 159 patients (19%) also received one or more BMS. Lesion char-
acteristics are shown in table 2. In DES-treated patients, stent length was longer and the 
diameter was smaller than the BMS-treated patients.

Cardiac death, myocardial infarction and target vessel revascularization
Clinical events at 1-year follow-up are listed in table 3. In the overall group, the rate of the 
composite end point of cardiac death, MI, and TVR was 11.0%. TLR by PCI was 5.4% and 
TVR (by either PCI or CABG) was 8.6% in the overall group. When utilizing the NICE 
guidelines, in patients with lesions considered carrying a low risk of restenosis the com-
posite of cardiac death, MI, and TVR was 10.5% in the BMS group versus 11.1% in the DES 
group (p=0.85). No significant differences were observed between BMS or DES in clinical 
end points except for TVR/non-TLR which was significantly higher in the DES treated 
patients. 

In patients with lesions considered carrying a high risk of restenosis, the composite of 
cardiac death, MI and TVR was 12.1% in the BMS group versus 11.0% in the DES group 
(p=0.48). No differences were observed between BMS and DES in cardiac death and MI. 
BMS-treated patients had a significantly higher TLR rate by PCI compared to DES-treated 
patient, 6.7% versus 3.9% (p=0.01). In contrast, in the BMS group fewer CABG were per-
formed compared to the DES group, 1.3% versus 2.8% (p=0.02). A non-significant lower 
rate of definite ST was observed in the BMS group compared to the DES group, 0.8% versus 
1.7% (p=0.09).

Kaplan-Meier survival curves for the composite of cardiac death, MI and TVR; and 
cumulative TVR for patients with lesions carrying a low risk of restenosis and for patient 
with lesions carrying a high risk of restenosis are presented in figures 2 till 5. 
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Discussion

In this single-center study, the 1 year clinical outcome was evaluated in a large cohort 
of consecutive patients undergoing non-urgent PCI comparing BMS-treated patients to 
DES-treated patients using the NICE criteria. The primary finding of our study was that in 
patients with lesions carrying a low risk of restenosis, no differences were observed between 
BMS and DES in composite end points, TLR, or ST. In patients with lesions carrying a high 
risk of restenosis, patients treated with BMS had a significantly higher rate of TLR by PCI 

Table 1 Baseline clinical characteristics of the overall population and subgroups
All patients Low Risk High Risk

BMS DES BMS DES
N = 3883 N = 1951 N = 99 p N = 1112 N = 721 p

Age 64 ± 11 64 ± 11 61 ± 11 0,01 64±12 62±11 0,001
Male 2784 72 1376 71 70 71 0,97 841 76 497 69 0,002

Risk factors
   Diabetes 788 20 355 18 25 25 0,08 193 17 215 30 <0.001
      Requiring oral 

medication
503 13 231 12 12 12 131 12 129 18

      Requiring Insulin 285 7,3 124 6,4 13 13 62 5,6 86 12
   Hypertension 1762 45 874 45 38 38 0,21 495 45 355 49 0,05
   Hypercholesterolemia 1908 49 964 49 46 46 0,57 539 48 359 50 0,58
   Family history of CAD 2061 53 1009 52 58 59 0,18 576 52 418 58 0,01
   Current smoker 1064 27 556 28 25 25 0,48 310 28 173 24 0,07
Prior myocardial infarction 1612 42 752 39 41 41 0,57 505 45 314 44 0,43
Prior PCI 760 20 389 20 24 24 0,30 205 18 142 20 0,50
Prior CABG 160 4,1 71 3,6 3 3,0 >0.99 52 4,7 34 4,7 0,97

Angina pectoris*
   Stable 2177 56 1033 53 59 60 0,20 615 55 470 65 <0.001
   Unstable 1706 44 918 47 40 40 497 45 251 35

Aspirin therapy 3732 96 1877 96 98 99 0,26 1062 96 695 96 0,35
Statin therapy 3093 80 1554 80 77 78 0,65 884 79 578 80 0,73

Findings on angiography 0,49 0,37
   1-vessel disease 1916 49 1067 55 59 60 488 44 302 42
   2-vessel disease 1260 32 260 13 23 23 412 37 265 37
   3-vessel disease 707 18 324 17 17 17 212 19 154 21
Number of stents 0,38 <0.001
   1 2571 66 1553 80 74 75 630 57 314 44
   2 935 24 339 17 20 20 327 29 249 35
   ≥3 377 9,7 59 3,0 5 5 155 13,9 158 22
Values are N (%) or mean±SD. *Stable angina was defined according to the classification of the Canadian 
Cardiovascular Society, and unstable angina according to the Braunwald classification. BMS bare metal 
stent, DES drug-eluting stent, CAD coronary artery disease, PCI percutaneous coronary intervention, 
CABG coronary artery bypass grafting.
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but a significantly lower rate of TLR by CABG as compared to patients treated with DES. 
A non-significant lower rate of definite ST was observed in the BMS group compared to 
the DES group. 

On a daily basis, the interventional cardiologist is confronted with clinical decision 
making on which patient / lesion to select to treat with DES or BMS taking into account 
the long-term safety and efficacy. The recently published Ontario registry [20] provides 
evidence which patients can be treated safely with BMS without a substantial increase in 
the TVR rate. This registry evaluated a well-balanced large patient cohort, matched on the 
basis of propensity score, who received either BMS or DES. DES were effective in reducing 
the need for TVR in patients at the highest risk for restenosis (i.e. those who had two or 
three risk factors - presence of diabetes, small vessels, and long lesions), without signifi-
cantly increasing the rate of death or MI. In contrast, non-significant small reductions were 
found in the rates of TVR among patients at low or intermediate risk for restenosis (i.e. 
those without diabetes and with large vessels or short lesions) between BMS and DES. Our 
study adds evidence to the findings from the Ontario registry. We show that using a BMS 
in lesions carrying a low risk of restenosis does not lead to a substantial increase in TLR. In 
lesions carrying a high risk of restenosis, DES is more beneficial than BMS in preventing 
restenosis. 

Table 2 Lesion characteristics of the overall population and subgroups
All patients Low Risk High Risk

BMS DES BMS DES
(N=3883) (N=1951) (N=99) (N= 1112) (N=721)

L=5270 L=2319 L=119 p L=1643 L=1189 p
Treated vessel 0,337 <0.001
   Right coronary artery 1636 31 647 28 39 33 533 32 417 35

   Left main coronary artery 123 2,3 84 3,6 4 3,4 17 1,0 18 1,5
   Left anterior descending 2135 41 954 41 46 39 632 38 503 42
   Left circumflex artery 1376 26 634 27 30 25 461 28 251 21

Type of lesion* <0.001 <0.001
   A 379 7,2 257 11,1 9 7,6 75 4,6 38 3,2
   B1 1479 28 838 36 39 33 405 25 197 17
   B2 2190 42 941 41 40 34 770 47 439 37
   C 1222 23 283 12 31 26 393 24 515 43

Chronic total occlusion 736 14 160 7 29 24 <0.001 240 15 307 26 <0.001
Bifurcation lesion 666 13 290 13 10 8 0,184 198 12 168 14 0,104
Calcified lesion 1882 36 687 30 49 41 0,007 637 39 509 43 0,031

Stent diameter, (mm) 3,2±0,4 3,3±0,3 3,2±0,3 0,001 3,1± 0,4 3,0±0,4 <0.001
Stent length (mm) 19,6±8,8 15,1±4,4 20,9±9,2 <0.001 20,4± 7,3 27,0±11,2 <0.001
Values are L (%) or mean±SD. L number of lesions *According to ACC-AHA classification.
BMS bare metal stent, DES drug-eluting stent.
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Whether the benefit of DES in reducing TVR is outweighed by the risk of late ST was 
evaluated by Garg et al. [21] using an analytic Markov model. DES was compared with 
BMS strategies in a contemporary United States PCI population using procedure-related 
morbidity and mortality data from several published reports. They identified the net benefit 
of DES versus BMS in terms of quality-adjusted life expectancy and concluded that an 
increase of more than 0.14%/year incremental risk of ST in DES might be sufficient to 
outweigh the benefit of preventing restenosis and favour BMS use for the overall PCI popu-

Figure 2 Kaplan-Meier TVR for patients with a low-risk according to the NICE guidelines 

Figure 3 Kaplan-Meier cumulative incidence of cardiac death, MI, TVR for patients with a low-risk 
according to the NICE guidelines
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lation. Our results support the data from Garg et al. that it might be appropriate to use a 
rational approach for the use of DES and to perform an estimation of the risk of restenosis 
in patients treated electively. The current NICE guidelines, as referred to by the ESC guide-
lines for PCI, provide a limited but reasonable recommendation which patients could be 
treated with BMS. Although not stated in the NICE criteria, other high risk lesions, i.e. 
chronic total occlusion, all lesions in a diabetic patient, should preferably be treated with 
DES as several studies have shown DES being superior compared to BMS [22, 23].

Figure 5 Kaplan-Meier cumulative incidence of cardiac death, MI, TVR for patients with a high-risk 
according to the NICE guidelines

Figure 4 Kaplan-Meier TVR for patients with a high-risk according to the NICE guidelines
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ST is a serious clinical event that in approximately 70% of patients leads to a MI and 
short-term mortality has ranged from 15% to 45% [24-26]. In particular, the incidence 
of late ST with DES is source of concerns with respect to the long-term safety [7, 8, 24, 
26-30]. The Rotterdam-Bern cohort study [7, 31] evaluated the occurrence of angiographic 
documented ST in a large  population using 100% DES strategy. At 1 year the cumulative 
incidence of ST was 1.7% with late ST occurring at a constant rate of 0.4% to 0.6% per year 
between 1 and 4 years. In our study, definite ST occurred in 0.7% in the overall population. 
In patients with lesions carrying a low risk of restenosis ST rates were very low at 1 year 
in both the BMS group and the DES group. In patients with lesions carrying a high risk a 
non-signficant difference was observed in the rate of ST, 0.8% in the BMS group and 1.7% in 

Table 3 Clinical events at 1-year follow-up of the overall population and subgroups
All patients Low Risk High Risk

BMS DES BMS DES
n = 3883 n = 1951 n= 99 p n = 1112 n = 721 p

Primary end point

   Composite of cardiac 
death, MI, TVR

429 11,0 205 10,5 11 11,1 0,85 134 12,1 79 11,0 0,48

Other composite end 
points
   Composite of cardiac 

death, MI
158 4,1 72 3,7 1 1,0 0,26 51 4,6 34 4,7 0,90

   Composite of cardiac 
death, MI, TLR

374 9,6 180 9,2 8 8,1 0,70 120 10,8 66 9,2 0,26

Components of the primary 
end point
   Cardiac death 68 1,8 35 1,8 0 0,0 0,41 24 2,2 9 1,2 0,15
   Myocardial infarction 94 2,4 38 1,9 1 1,0 >0.99 30 2,7 25 3,5 0,35
   TLR
      Percutaneous 209 5,4 103 5,3 4 4,0 0,59 74 6,7 28 3,9 0,01
      Surgical 69 1,8 32 1,6 3 3,0 0,24 14 1,3 20 2,8 0,02
   TVR / nonTLR 157 10 0,47 103 63 0,70
      Percutaneous 68 1,8 30 1,5 4 4,0 0,08 19 1,7 15 2,1 0,56
      Surgical - - - - -
   Any stent thrombosis*
      Definite 29 0,7 8 0,4 0 0,0 >0.99 9 0,8 12 1,7 0,09
      Probable 68 1,8 31 1,6 1 1,0 >0.99 21 1,9 15 2,1 0,77
      Possible 17 0,4 6 0,3 0 0,0 >0.99 10 0,9 1 0,1 0,06

Other events
   Non-cardiac death 47 1,2 24 1,2 1 1,0 >0.99 19 1,7 3 0,4 0,01
   Non-TVR
      Percutaneous 187 4,8 76 3,9 1 1,0 0,18 53 4,8 57 7,9 0,01
Values are n (%). * According to ARC criteria.
BMS bare metal stent, DES drug-eluting stent, MI myocardial infarction, PCI percutaneous coronary 
intervention, TLR target lesion revascularization, TVR target vessel revascularization, CABG coronary 
artery bypass grafting.
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the DES. The risk of ST can be reduced with the use of dual anti-platelet therapy, however, 
the optimal duration of dual antiplatelet therapy after DES placement is yet unknown. In 
addition, there is an associated small risk of bleeding when using dual antiplatelet therapy 
[21, 30, 32]. Use of the NICE guidelines on the use of coronary artery stents may avoid the 
risk of very late stent thrombosis and the need for long-term dual antiplatelet therapy that 
is associated with DES in a substantial number of the patients treated with coronary stents.

A potential limitation of this study was the single-center design in a tertiary referral 
center. Moreover, the DES group was mainly treated with a first generation PES, second 
generation DES might further improve outcomes in lesions with a high risk of restenosis. 
Furthermore, we did not record the duration of dual anti-platelet therapy prescribed by 
the referring cardiologists after DES placement although it was recommended for at least 
6 months.  Finally, this registry only provides 1-year follow-up and long-term follow-up 
needs to be collected to determine the risk of late ST.

Conclusion

This study demonstrates that in patients with lesions carrying a low risk of restenosis, 
no differences were observed between BMS and DES in the 1 year clinical outcomes. In 
patients with lesions carrying a high risk of restenosis, patients treated with BMS had a 
significantly higher rate of TLR by PCI but a significantly lower rate of TLR by CABG as 
compared to patients treated with DES. A non-significant lower rate of definite ST was 
observed in the BMS group compared to the DES group.
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