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letter to the editor 
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The long-term success of bare-metal stent (BMS) implantation is limited by neointimal 
hyperplasia and in-stent restenosis (ISR) which occurs in 10% to 40% depending on patient 
and lesion characteristics. Several treatment modalities for BMS ISR, among which balloon 
angioplasty and atherectomy (directional, rotational, and laser), have shown disappointing 
results 1-3.  In contrast, vascular brachytherapy was effective in reducing the recurrence 
of BMS ISR. However, brachytherapy has been associated with the occurrence of late 
stent thrombosis (ST) and formation of coronary aneurysms leading to a rapid decline 
of its usage 4-7. Moreover, compared directly with brachytherapy, drug-eluting stents 
(DES) showed an improved efficacy for the treatment of BMS ISR 8-12 and have become 
the standard treatment. Currently, clinical outcomes after paclitaxel-eluting stent (PES) 
implantation for the treatment of BMS ISR in an unselected population remain largely 
unknown. In this single-center study, we report the 1-year clinical outcome of an unse-
lected cohort of patients treated for BMS ISR with a Taxus stent.

We have included all patients treated with a Taxus stent for BMS ISR between March 
2003 and August 2006. Patients treated for angiographically confirmed stent thrombosis of 
a BMS (2 patients) were excluded. No other DES was used during the duration of this regis-
try for treatment of BMS ISR. Until 2005 the TAXUSTM EXPRESS PES was used, thereafter 
the TAXUSTM Liberté PES (Boston Scientific, MA, USA) became available in our institu-
tion. Patients were treated with aspirin 100 mg indefinitely and clopidogrel (75mg/day) for 
at least 6 months.

Table 1 Baseline characteristics
N = 214

Age 62 ± 12
Male 145 68%
Risk factors
   Diabetes 52 24%
   Hypercholestrolemia 107 50%
   Hypertension 100 47%
   Current smoking 34 16%
   Family history of CAD 99 46%
History of
   Myocardial infarction 111 52%
   Coronary artery bypass grafting 18 8%
Clinical Presentation
   Stable Angina 142 66%
   Unstable angina 67 31%
   STEMI 5 2%
Extend of CAD
   1 vessel 109 51%
   2 vessel 71 33%
   3 vessel 34 16%
Time till restenosis (days; median,IQR) 190 124-292
Values are n (%) or mean±SD; CAD coronary artery disease; STEMI ST-segment elevation myocardial 
infarction
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The primary endpoint was the composite of (1) cardiac death, (2) non fatal myocardial 
infarction (MI) or (3) clinically driven target lesion revascularization (TLR) within 1 year. 
Secondary end points were target vessel revascularization (TVR), non target vessel revas-
cularization (non-TVR), non cardiac death and ST. All end point definitions used are in 
accordance with the Academic Research Consortium (ARC) 13.

Continuous variables were presented as mean±standard deviation or as median and 
interquartile range when applicable, and categorical variables were presented as counts and 
percentages. The incidence of adverse events was estimated according to the Kaplan-Meier 
method. Patients lost to follow-up were considered at risk until the date of last contact, at 
which point they were censored. A p-value of <0.05 was considered statistically significant.

A total of 214 patients were included and baseline characteristics are summarized in 
table 1. Mean age was 62±12 years and 52 (24%) patients were diabetic. A total of 67 patients 
(31%) presented with unstable angina and 5 patients (2%) had an acute MI (2%). Lesion 
characteristics are summarized in table 2. A total of 238 BMS ISR lesions were treated; 190 
patients had 1 lesion and 24 patients had 2 lesions treated. 

One-year follow-up was completed in 98% of all patients and the results are summarized 
in table 3. At 1 year, the cumulative rate of the primary end point was 7.5%. Median time 
to event was 84 days (interquartile range 23-255 days). During 1-year follow-up, 3 patients 
(1.4%) had died from a cardiac cause and 5 patients (2.3%) had a nonfatal MI. TLR was 
performed in 9 patients (4.2%) all by percutaneous intervention. Two patients (0.9%) had 
a definite ST occurring at 1 day and at 198 days after stent placement. Two patients (0.9%) 
could be attributed as probable ST.

Table 2 Lesion characteristics
L = 238

Target vessel
   Left main 3 1,3%
   Left anterior descending 113 47%
   Left circumflex 50 21%
   Right coronary artery 66 28%
   Bypass graft 6 2,5%
Bifurcated lesions 46 19%
Occluded lesions 34 14%

Pattern of in-stent restenosis
   Focal 48 20%
   Diffuse 180 76%
   Missing 10 4%

Lesion length (mm) 19,9 ± 8,4
Stent lenght (mm) 26,5 ± 9,3
Stent diameter (mm) 3,0 ± 0,29
Values are n (%) or mean±SD, L number of lesions
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The results of our single-center study confirm and extend prior findings concerning 
the efficacy of PES for the treatment of BMS ISR. Preliminary results of the prospective, 
post-approval, international OLYMPIA registry showed that a subgroup of 1575 unselected 
patients (7%) was treated with a PES for BMS ISR 14. At 1-year follow-up, the composite of 
cardiac death, MI or TVR was 7.0% and definite ST was 1.0%. Although no patient charac-
teristics were presented of this subgroup, the 1-year results compare well to our findings. 

To date, several studies evaluating the sirolimus-eluting stent (SES) for treatment of 
BMS ISR are available. The multicenter, nonrandomized TROPICAL study 11 included 162 
patients treated for BMS ISR with a SES. Patients with a total occlusion at the site of ISR, 
ISR in the left main, and patients with a MI within the preceding 14 days were excluded. 
Mean stent length was 18.9±4.9 mm. At 9-months clinical follow-up a TLR rate of 7.4% 
was observed.  In the large, multicenter German Cypher registry, a subgroup of 1511 unse-
lected patients (23%) was treated with a SES for BMS ISR 15. In this sub group, 26.4% were 
diabetic, 8.3% were treated for a STEMI, 31% had single vessel disease and 8.9% of lesions 
were total occlusions. At 6-months follow-up, TVR was 9.3% which was similar to the 
percentage observed in de novo lesions. In our registry, patients had more complex lesions 
as we included a fair number of patients with a total occlusion or a bifurcation lesion as 
the initially treated lesion, and most patients had a diffuse pattern of ISR. Moreover, mean 
lesion length and mean stent length were longer when compared with aforementioned 
studies. Despite these less favourable patient and lesion characteristics, the outcomes were 
comparable. We found a remarkably low rate of TLR which might partly be explained 
by the lack of routine angiographic follow-up with subsequently angiographically driven 
repeat revascularizations. In addition, the number of patients treated for STEMI was very 
low compared with the multicenter German Cypher registry.

Table 3 One-year clinical outcome
N = 214

Primary end point
   Composite of cardiac death, non fatal MI, TLR 16 7,5%

Components of the primary end point
   Cardiac death 3 1,4%
   Non fatal MI 5 2,3%
   TLR 9 4,2%
      PCI 9 4,2%
      CABG 0 -

Other events
   Non Cardiac death 3 1,4%
   TVR / non TLR 1 0,5%
   Non TVR 9 4,2%
Values are n (%) or mean±SD; MI myocardial infarction; TLR target lesion revascularization; PCI percuta-
neous coronary intevention; CABG coronary artery bypass grafting; TVR target vessel revascularization
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The observed definite and probable ST rates in our study were low. Previous randomized 
and non-randomized trials investigating DES for the treatment of BMS ISR, have reported 
ST rates ranging from 0.8% to 9.0% 9,12,16. However, the ARC criteria for stent thrombosis 
were only employed in this study and one previously published paper by Le Feuvre et al 16.  

Several limitations apply to our study as it is a nonrandomized single-center registry. 
The results from this study might not be extrapolated to newer generation DES such as the 
everolimus-eluting stent and the zotarolimus-eluting stent. Furthermore, the results from 
this study do not apply to DES ISR. Finally, we have only assessed the 1-year follow-up. To 
adequately assess the risk of the occurrence of ST longer follow-up is required. 

In conclusion, treatment of BMS ISR with the PES in an unselected cohort results in a 
low rate of cardiac events at 1 year clinical follow-up. 

The authors of this manuscript have certified that they comply with the Principles of 
Ethical Publishing in the International Journal of Cardiology 17.
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