Five factors and three characteristics of coronary in-stent restenosis
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Abstract: In the field of interventional cardiology, several patient subsets still present with poor clinical and

angiographic outcomes after drug-eluting stent (DES) implantation. The author of this editorial comment

supports the idea that in-stent restenosis (ISR) includes three characteristics (severity and extent of stenosis,

and tissue characteristics) that are caused by five factors (device, patient, anatomy, procedure, and history).

To reduce further revascularization, a tailor-made strategy may be considered in accordance with the factors

and characteristics of the individual ISR lesion.
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In the field of interventional cardiology, the emerging drug-
eluting stent (DES) has markedly reduced the number of
patients requiring repeat revascularization. Nevertheless,
several patient subsets still present with poor clinical
and angiographic outcomes after DES implantation (1).
It cannot be overlooked that the main reason for a poor
clinical outcome after percutaneous coronary intervention
(PCI) in comparison with after coronary artery bypass
grafting for multivessel disease is still restenosis, even in the
DES era (2). Although drug-coated balloon angioplasty is
known as a safe and effective remedy for in-stent restenosis
(ISR) (3), additional DES implantation provides superior
long-term clinical and angiographic outcomes (4). However,
additional DES implantation causes multiple layers of stent
in the coronary artery (5). A better therapeutic strategy for
ISR still needs to be investigated.

Intravascular ultrasound (IVUS) remains the gold
standard to elucidate coronary artery disease (6). The utility
of IVUS for exploring the mechanism of ISR has already
been reported (7,8). Goto et 4. used IVUS to identify the
difference between the mechanism of ISR in various types
of stents: bare metal stent (BMS) and first- and second-
generation DES (9). Although reference lumen areas were
similar in BMS and first- and second-generation DES,
restenotic DES was significantly longer and stent areas were
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significantly smaller. Stent fracture was seen only in DES,
whereas there was no difference between first- and second-
generation DES. This paper concluded that restenotic
first- and second-generation DES were characterized by
less neointimal hyperplasia, smaller stent areas, longer stent
lengths, and more stent fractures compared with restenotic
BMS (9).

The author of this editorial comment supports the idea
that ISR includes three characteristics that are caused by
tive factors (Figure 1). Goto’s study investigated four of
five factors and two of three characteristics (9). This paper
explored the impact of fracture on ISR, whereas baseline
calcification (10), stent edge injury, and underexpansion,
etc., which are visually and quantitatively identifiable on
IVUS just after stent implantation, were not investigated.
Serial findings should demonstrate the mechanism of
ISR more clearly (11). This paper failed to show the
difference in ISR tissue characterization. Smooth muscle
migration is known as a major factor of ISR (12). However,
a previous study showed that thrombus and inflammatory
cell infiltration can be observed in DES-ISR tissue (8).
Neoatherosclerosis is a known factor of ISR, which appears
more than 1 year after DES implantation (13). Optical
coherence tomography (OCT) has the potential to reveal
more subtle features in restenotic tissue (14-16). Notably,
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Figure 1 Five factors and three characteristics of coronary ISR.
BMS, bare metal stent; DES, drug-eluting stent; ISR, in-stent

restenosis; SMC, smooth muscle cell.

previous investigations using OCT revealed that the
neointima of diabetic patients frequently shows microvessels
(16,17). The suppression of microvessel proliferation may
be a key to reducing ISR in diabetic patients. Additionally,
we reported that coexistence of eccentric tissue proliferation
and strong signal attenuation detected in OCT images of
ISR is related to TLR after PCI for DES-ISR especially
in patients undergoing maintenance hemodialysis (18). To
reduce further revascularization, a tailor-made strategy
may be considered in accordance with the factors and
characteristics of the individual ISR lesion.
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