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In-stent neoatherosclerosis has become the darling of the interventional cardiology community and is blamed for most stent thrombosis
(ST) occurring late after drug-eluting stent (DES) implantation.
Neoatherosclerosis accounted for only 33% of late and very late
ST at autopsy following implantation of first-generation DES.1 However, the clinical prevalence of neoatherosclerosis and its percentage
of cases presenting with late and very late ST remains unknown.
In the current issue of the journal, Taniwaki et al. propose a significant and biologically relevant association between the presence
of in-stent neoatherosclerosis and the progression of native atherosclerosis in a cohort of 88 patients included in the SIRTAX LATE
OCT study 5 years following DES implantation.2 The primary clinical
endpoint of this study was the occurrence of any non-target lesion
revascularization (non-TLR), not accounting for any revascularization procedures within the target lesion, i.e. DES segment. The
authors report a frequency of neoatherosclerosis of 15.9% in lesions
treated with either paclitaxel-eluting (PES) or sirolimus-eluting
stents (SES), which was significantly greater in PES than SES
(22.5% vs. 4.9%, P ¼ 0.009). Neoatherosclerosis was defined as fibroatheroma or fibrocalcific plaque within the neointimal tissue
based on the standard optical coherence tomography (OCT) definition of attenuated lipid-rich and calcified plaque.3 The authors report plaque progression in both groups, i.e. with or without
neoatherosclerosis (change of percentage stenosis diameter: 6.0%
in those with vs. 4.3% in those without neoatherosclerosis), with
a highly significant difference in the rates of non-TLR up to 5 years
in those with neoatherosclerosis vs. those without (79% vs. 45%,
P ¼ 0.006).
Most of our knowledge about neoatherosclerosis has been
acquired from histopathology and small-sized observational intravascular imaging studies, which reported an acceleration of neoatherosclerosis formation in DES relative to bare metal stents (BMS) of

similar duration.4 In-stent neoatherosclerosis is histologically characterized by an accumulation of lipid-laden foamy macrophages with or
without necrotic core formation and/or calcification within the neointima.4 While histopathology studies play a key role in identifying acute
and late stent failure modes, one important limitation refers to their
retrospective nature depicting a single snap-shot of human disease
conditions and selection bias. In keeping with this limitation, the clinical study by Taniwaki et al.2 provides valuable insights into the prospective evaluation of neoatherosclerosis and its effect on systemic
progression of atherosclerosis in native non-stented atherosclerotic
arteries up to 5 years after DES implantation. In fact, the current study
represents the longest invasive imaging follow-up surveillance of DEStreated patients with focus on neoatherosclerosis formation to date.
Nevertheless, important pathophysiological and epidemiological
questions remain unanswered.
We have known for a long time that treating culprit plaques does
not prevent disease progression elsewhere, which was shown in the
NHLBI Dynamic registry of consecutive patients undergoing percutaneous coronary intervention (PCI) at multiple centres between
1997 and 1999. Of 3747 PCI patients, 216 (5.8%) required
symptom-driven non-TLR at 1 year.5 Fifty-nine per cent presented
with new unstable angina, and 9.3% presented with non-fatal myocardial infarction. The mean stenosis of the progressed lesions was
41.8 + 20.8% at the initial angiogram and 83.9 + 13.9% at the time
of the second angiogram, with a mean increase in stenosis severity of
42.1 + 21.9%.5 Utilizing the same registry, the outcome of three
sets of patient cohorts enrolled in 1999, 2004, and 2006 and followed out to 5 years was reported.6 The key finding of this study
was that despite a greater number of co-morbidities and severity
in coronary artery disease manifestation over time, the rate of death,
myocardial infarction, or repeat PCI at 5 year follow-up was not different, except for coronary artery bypass grafting, which was less
frequently performed.6 This study is yet another good example of
the failure of secondary prevention measures following percutaneous revascularization procedures and suggests our understanding
of how to optimize secondary prevention may still be limited. The
dilemma of failure to implement secondary prevention following revascularization was once more exemplified in the PROSPECT trial,7
the only study with appropriate power and design to investigate the
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conditional fate of culprit and non-culprit atherosclerotic plaques
over 3 years of follow-up. In this study, major adverse cardiac events
were equally attributable to non-culprit and culprit lesions, supporting the significance of secondary prevention to ameliorate disease
progression in our patients. In light of this clinical need, the study
by Taniwaki et al. suggests the implementation of more intense
risk modification in patients diagnosed with neoatherosclerosis by
OCT. However, it is also conceivable that patients undergoing invasive imaging procedures already represent a selected subgroup at
much higher risk compared with asymptomatic patients not participating in clinical trials. Therefore, it remains unclear from the study
by Taniwaki et al. if the observed frequency of neoatherosclerosis is
representative of contemporary clinical practice or rather reflects
an incidental finding of a selected group of patients undergoing
invasive surveillance imaging.
In an invasive OCT study, Kang et al.8 focused selectively on patients presenting with DES restenosis and reported a frequency of
90% for lipid-containing neointima in 50 patients presenting with
stable (n ¼ 30) or unstable angina (n ¼ 20). Thin-cap fibroatheroma-containing neointima was diagnosed in 26 lesions (52%) and
in-stent neointimal rupture was observed in at least 29 lesions
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(58%). In keeping with the above concern, the study by Kang et al.
demonstrates how the prevalence of neoatherosclerosis becomes
exaggerated when selected patient groups undergo invasive imaging
protocols. On the other hand, the same study also supports the
notion that there seems to be a clinical association between the
occurrence of DES restenosis and neoatherosclerosis. In a more
recent study, Lee et al.9 examined the frequency of neoatherosclerosis between first- and second-generation DES using intravascular imaging of 212 patients with .50% cross-sectional narrowing
by OCT. They found a strikingly higher prevalence of neoatherosclerosis in first-generation compared with second-generation
DES (45.5 vs. 10.8%, P , 0.001) in their crude analysis of consecutive patients. However, just like in the autopsy study, the data are
skewed towards a much longer duration of first-generation DES
as compared with their second-generation counterparts. Therefore,
it is inappropriate to expect a lower prevalence of neoatherosclerosis even in second-generation DES in the longer term. These studies
not only highlight the importance of patient selection but also determine the impact of neoatherosclerosis definition by OCT. While
previous studies referred to neoatherosclerosis in the presence of
any lipid-laden neointima (with or without calcification), the current
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Figure 1 Comparison of plaque progression of non-target lesions in patients with neoatherosclerosis (NA) and in those without NA. (A and B)
In-stent neoatherosclerosis (NA). Note NA was observed in 16% of lesions following DES implantation. (C and D) Non-stented segment of patients with NA showed greater luminal narrowing with significant plaque progression at 5 years. The change of percentage in stenosis diameter was
6.0%. (E and F) Non-stented segment of patients without NA showed similar luminal narrowing with mild plaque progression (percentage change
in stenosis diameter was 4.3%) at 5 years. Non-target lesion revascularization was more frequently observed in patients with NA than in those
without (79% vs 45%). Ca2+, calcium, DS, diameter stenosis; NC, necrotic core; LP, lipid pool.
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study proposed a more stringent definition of neoatherosclerosis by
requiring the obligatory presence of a more advanced stage of
neoatherosclerosis, i.e. the presence of a necrotic core and/or fibrocalcific plaque. The current study probably also underdiagnosed the
presence of neoatherosclerosis by selecting patients only presenting
with event-free survival at 5 years after DES implantation. In a previous study by Räber et al., the incidence of any TLR between 1 and 5
years and late/very late ST was 9.3% and 2.9%, respectively,10 which
may have been caused by neoatherosclerosis. In other words, patients prone to a more rapid progression of atherosclerosis in native
or stented coronary arteries have been excluded in the current
study, which might also help explain why risk factors were similar
between the patients with neoatherosclerosis and those without.
The key message from the current study certainly pertains to the
association of native atherosclerosis progression and the presence
of in-stent neoatherosclerosis in patients receiving first-generation
DES (Figure 1). While this association seems to be intuitive, it also
implies similarity in the aetiology and pathophysiology of atherosclerotic plaque formation in naive and stented coronary arteries.
From our experience, however, there seems to be an important distinguishing feature differentiating between the two diseases. While
pathological intimal thickening (PIT) with lipid pool is regarded as
one of the earliest progressive atherosclerotic plaque types in native
coronary arteries, early neoatherosclerotic plaque formation is
commonly observed as foamy macrophage infiltration within the
superficial neointimal tissue or peri-strut regions, which has not
been addressed in the current study.
In summary, there seems to be an important association between
the progression of atherosclerosis within naive and stented coronary arteries, which not only highlights the importance of dedicated
studies to advance our understanding of this novel disease manifestation but also raises concern that effective implementation of secondary prevention measures has not yet been achieved.

