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Abstract
Clinical evidence demonstrating the impact of statins for preventing late target lesion revascularization (TLR) after newer-
generation drug-eluting stent implantation and differences in the effect of statins on late TLR according to pre-interventional 
vessel remodeling and vessel size is limited. We retrospectively evaluated 1193 de novo lesions in 720 patients who underwent 
everolimus-eluting stent implantation using intravascular ultrasound from January 2010 to December 2012. The primary 
endpoint was late TLR. Lesions were divided into the statin group (n = 825) and non-statin group (n = 368). The incidence of 
late TLR was significantly lower in the statin than non-statin group (1.7% vs. 5.2%, respectively; p = 0.001), and within the 
statin group, it was significantly lower in the follow-up low-density lipoprotein cholesterol (LDL-C) < 100 than ≥ 100 mg/dL 
level subgroup (1.0% vs. 3.6%, respectively; p = 0.006). Furthermore, in positive remodeling lesions and non-small vessel 
size lesions, the incidence of late TLR was significantly lower in the statin than non-statin group (1.6% vs. 8.5% and 1.3% 
vs. 5.3%, respectively; p = 0.001 and p = 0.004). Lowering the LDL-C level using statins was more effective for preventing 
late TLR after everolimus-eluting stent implantation. Evaluating pre-interventional vessel remodeling patterns and vessel 
size might be helpful to stratify lesions at high risk of late TLR.
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Introduction

Despite improvements in percutaneous coronary interven-
tion (PCI) techniques and advancements in newer-generation 
drug-eluting stent (DES) technology and adjunctive medical 
therapy, late target lesion revascularization (TLR) beyond 

1 year after DES implantation still exists, and the preva-
lence of late TLR is not negligible. It is now understood 
that some cases of late TLR arise from the pathogenic con-
cept of neoatherosclerosis. Recent studies of histopathology 
and intracoronary imaging have shown that neoatheroscle-
rotic changes within the stented segment are characterized 
by accumulation of lipid-laden foamy macrophages, and 
such changes have been identified as a primary cause of 
delayed failure such as late TLR [1–4]. Although the precise 
mechanisms of neoatherosclerosis have not been elucidated, 
the low-density lipoprotein cholesterol (LDL-C) level and 
underlying unstable plaques are considered to be associated 
with neoatherosclerosis after stent implantation [2, 5]. A 
high LDL-C level is associated with atherosclerosis progres-
sion and cardiovascular adverse events. Accordingly, current 
guidelines now recommend more aggressive pursuit of a 
low LDL-C level using high-intensity statins for secondary 
prevention [6–8]. However, whether the use and intensity of 
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with the progression of neointimal proliferation in the late 
phase. In-stent neoatherosclerosis has been recognized 
as a primary mechanism of DES failure, particularly late 

after implantation [17, 18]. Otsuka et al. [19] reported that 
the observed frequency of neoatherosclerosis did not dif-
fer significantly between first- and second-generation DES 

Fig. 4  Incidence of late TLR in overall study population: A positive 
remodeling group versus negative remodeling group. Incidence of 
late TLR in B positive remodeling group and in C negative remod-

eling group: statin versus non-statin groups. EES, everolimus-eluting 
stent; TLR, target lesion revascularization

Fig. 5  Incidence of late target lesion revascularization in A non-
small vessel size lesions and B in small vessel size lesions: statin ver-
sus non-statin groups. In statin group, incidence of late target lesion 
revascularization according to follow-up low-density lipoprotein cho-

lesterol (LDL-C) level in C non-small vessel size lesions and in D 
small vessel size lesions: follow-up LDL-C ≥ 100 versus < 100  mg/
dL. EES everolimus-eluting stent, LDL-C low-density lipoprotein 
cholesterol


