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EDITORIAL COMMENT

What Treatment Should We Dare in
Patients With In-Stent Restenosis?*
Adnan Kastrati, MD,a,b Michael Joner, MD,a,b Sebastian Kufner, MDa

F

orty years after the ﬁrst balloon angioplasty

trial, which compared a second-generation DES, the

(BA) in a coronary artery, contemporary percu-

everolimus-eluting stent (EES), with DCBs in patients

taneous

have

with ISR. In this study, a total of 278 patients with ISR

reached very high antirestenotic efﬁcacy. Neverthe-

within BMS (44%) or DES (56%) were randomly

less, a substantial number of patients who undergo

assigned to treatment with DCBs or EES. Regarding the

percutaneous coronary intervention continue to pre-

primary endpoint (in-segment minimal luminal diam-

sent with restenosis in an implanted stent. Although

eter on 6-month angiography), DCBs were noninferior

various factors may considerably inﬂuence the risk

to EES. The 12-month incidence of target vessel

for restenosis (1), it often remains unpredictable and

revascularization and other clinical events was also

carries an important prognostic role (2). Successive

comparable between the 2 treatment arms. In view of

procedural iterations, from plain BA to bare-metal

this, the investigators conclude that DCBs are an

stents (BMS) to ﬁrst- and second-generation drug-

attractive treatment option for ISR by obviating the

eluting stents (DES), have led to a progressive decline

need for additional stent implantation (10). The most

in the rate of this complication; yet, treatment of in-

apparent strength of the DARE trial is its broad inclu-

stent restenosis (ISR) continues to be a challenging

sion criteria. The investigators chose to include all

issue in clinical practice (3). Several effective treat-

patients with ISR, irrespective of whether it was

ment options have been used in patients presenting

located in a native vessel or a venous graft, in the left

with ISR, including BA with provisional BMS (4),

main coronary artery or more distal, and in BMS or DES.

ﬁrst-generation DES (5), drug-coated balloons (DCBs)

In contrast, the broad inclusion criteria might preclude

(6), and second-generation DES (7,8). A recent meta-

insights into particular subgroups of patients on ac-

analysis indicated that both second-generation DES

count of limited patient numbers, as was the case in the

and DCBs are very effective in patients with ISR,

DARE trial. There is a lack of sufﬁcient detail in the

with DES having the advantage of better angiographic

present study regarding baseline characteristics and

and clinical outcomes and DCBs having the advantage

12-month outcomes of patients with BMS versus DES

of avoiding a new stent layer (9).

ISR according to the treatment arm, DCBs or EES. Thus,

interventional

techniques
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it is difﬁcult to draw conclusions on whether there is
an interaction between treatment effect of DCBs or
EES and the type of stent (BMS vs. DES) underlying ISR.

Baan et al. (10) present the results of the randomized

There are differences regarding the angiographic

DARE (Drug Eluting Balloon for In Stent Restenosis)

morphology of ISR between BMS and DES, with DES
presenting more often with focal ISR compared with
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F I G U R E 1 Differences in Angiographic Morphology, Efﬁcacy of Repeat Treatment, and Histopathology, Between Restenosis After

Bare-Metal and Drug-Eluting Stent Implantation

(A) Displays angiographic morphology of in-stent restenosis (ISR): percentage of restenosis with focal morphology (green) in bare-metal stents
(BMS) and drug-eluting stents (DES) in the ISAR DESIRE (Intracoronary Stenting and Angiographic Results: Optimizing Treatment of Drug
Eluting Stent In-Stent Restenosis) 1-4 trials and the RIBS (Restenosis Intra-Stent of Bare Metal Stents) II, IV and V trials. (B) Displays recurrent
restenosis rates in DES (red) and BMS (grey) after treatment with BA (balloon angioplasty), DCB (drug coated balloon) angioplasty or DES
implantation in the ISAR DESIRE 1-4 trials and the RIBS II, IV and V trials. (C) Shows low power magniﬁcation of a Multilink bare-metal stent (I)
with severe in-stent restenosis with neointimal hyperplasia with a predominance of smooth muscle cells with neovascularization. Low power
magniﬁcation of a Movat Pentachrome stained section of a zotarolimus-eluting stent (II) showing in-stent restenosis with lipid pool and
cholesterol clefts and proteoglycan-rich neointimal tissue with predominance of extracellular matrix, with relative absence of smooth muscle
cells. BA ¼ balloon angioplasty; BMS ¼ bare-metal stent(s); DCB ¼ drug-coated balloon; DES ¼ drug-eluting stent(s); ISR ¼ in-stent restenosis.

ISR of BMS and DES (5–8,13,14), the proportion of le-

Interestingly, recent pathological studies have identi-

sions with focal ISR was higher if the underlying stent

ﬁed an important association between the formation of

was a DES (Figure 1A). Nonetheless, all 3 treatment

in-stent neoatherosclerosis and the development of

strategies—BA, DCBs, or second-generation DES—were

restenosis. Because compensatory luminal enlarge-

less effective for DES ISR than for BMS ISR (Figure 1B).

ment cannot occur in stented vascular segments, ISR

Apparently, angiographic morphology of restenosis is

occurs as a consequence of progressive necrotic core

not sufﬁcient to explain the observed relative effec-

formation, intraplaque hemorrhage, and smooth-

tiveness of treatment options. In fact, the differences

muscle cell proliferation (16). It is not known whether

observed between BMS ISR and DES ISR are not only

the presence and extent of neoatherosclerosis signiﬁ-

conﬁned to angiographic morphology. As shown in

cantly inﬂuences the results of treatment of ISR.

Figure 1C, the main difference is that restenosis after

Remarkable progress has been achieved in the valida-

BMS placement is typically characterized by neo-

tion of intravascular imaging for in vivo characteriza-

intimal hyperplasia consisting of a high proportion of

tion of restenotic tissue. In an atherosclerotic rabbit

vascular smooth muscle cells; in contrast, restenosis

model of DES implantation, data derived from histol-

after DES placement is typically characterized by a

ogy and optical coherence tomographic imaging

proteoglycan-rich neointimal hyperplasia with rela-

showed excellent correlation (17). Optical coherence

tively few smooth muscle cells (11). However, the

tomography has shed considerable light on mecha-

therapeutic implications of the differences in ISR be-

nisms of stent thrombosis (18). In addition, optical

tween BMS and DES are losing relevance because of

coherence tomographic tissue characteristics of ISR

the drastic decrease in use of the former.

seem to correlate with the results achieved by repeat

A recently described histologic feature of the rest-

treatment (19). However, much more evidence is

enotic tissue, in-stent neoatherosclerosis, is the focus

needed before we can use optical coherence tomo-

of intensive research. Neoatherosclerosis is observed

graphic tissue characterization to guide selection of

months to years after implantation of both BMS and

the optimal treatment strategy for ISR.

DES, though there is an ongoing debate on differences

The DARE trial provides additional conﬁrmation of

in its timing and frequency between DES and BMS (15).

the efﬁcacy of DCBs in patients with ISR. Is it possible
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to further improve on the results achieved with this

With increased use of intravascular imaging and

technology? Recent evidence shows that neointimal

better understanding of the therapeutic implications

modiﬁcation by scoring balloon pre-dilatation en-

of the information it provides, we will see further

hances the effectiveness of DCBs in ISR (14). The proof

reﬁnement of the treatment of ISR in the years to

of this concept in the ISAR-DESIRE 4 (Intracoronary

come. In the interim, we can be satisﬁed that we have

Stenting and Angiographic Results: Optimizing Treat-

2 effective treatment options for patients with ISR:

ment of Drug Eluting Stent In-Stent Restenosis 4) trial

DCBs and DES. DCBs might be preferred in smaller

(14) may justify the use of an “all-in-one” scoring-DCB

coronary vessels, bifurcations, and restenotic lesions

device similar to that used in the PATENT-C (Pacli-

with multiple stent layers. DES might be preferred in

taxel-Coated

Scoring

large vessels, in the presence of fractures of previ-

Balloon Catheter) trial (20). The DCB used in the DARE

ously implanted stent(s), in restenotic lesions with

trial, as in all previous randomized trials in patients

marked device recoil, or if edge dissections are

with ISR, was a paclitaxel-coated balloon. Paclitaxel

observed after balloon dilatation of the ISR lesion. In

proved less efﬁcacious than the limus family of drugs

all other situations, a strategy that alternates between

when used as an antiproliferative drug in DES tech-

DCBs and repeat DES may be used for treatment of

nology. However, development of a limus-based DCB

ISR and its recurrences.

or

Uncoated

Angio-Sculpt

has proved challenging. Recently, the single arm, ﬁrstin-human SABRE (Sirolimus Angioplasty Balloon for
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