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Drug-eluting stents (DES) have substantially decreased in-stent 
restenosis (ISR) rates compared to bare metal stents (BMS); 
however, ISR has not been eradicated completely. The halt of 
neointimal tissue growth with delayed endothelialisation by anti-
proliferative drugs creates uncovered struts which become well 
established sites for thrombus formation and ISR1. As a “fear” for 
the interventional cardiologists, ISR has been a hurdle that had 
to be overcome. Using a metallic DES implanted in a segment 
with a previous metallic cage implies its own risk of restenosis2. 
Adding a metallic layer induces inflammation within the vessel 
wall which can trigger a new proliferative process in the previ-
ously stented vessel segments. Furthermore, arterial inflammation 
with giant cells shows an increase in neointimal tissue at follow-
up. Additionally, the permanent coating of the metallic DES may 
trigger an eosinophilic reaction in the arterial wall, representing 
a hypersensitive response which has been observed mostly with 
sirolimus-eluting stents and their methacrylate coating3. Although 
new-generation DES have more compatible coatings and thinner 
struts, DES for the treatment of restenosis create a “double caged” 
vessel4. Instead of layering a second metallic structure in resten-
otic segments, alternative treatment options have now emerged.

In the search for a new treatment option for ISR, drug-eluting bal-
loons (DEB) have been introduced into the armamentarium. Devoid 
of metal, DEB release an antiproliferative drug without implantation 

of a new permanent foreign body that triggers inflammation, throm-
bus formation and intimal hyperplasia. However, the main shortcom-
ings of DEB are dissections, ultimately requiring a new stent during 
or after the balloon inflation, and limited transfer of the drug5,6. 
Using DEB in the treatment of ISR also provides less acute gain 
after the procedure compared to metallic stents7,8. Indeed, the resid-
ual percentage diameter stenosis is significantly higher in DEB com-
pared to metallic EES7. Insufficient luminal gain can induce higher 
shear stress over the diseased segment that may engender platelet 
activation at these sites which may culminate in thrombus formation 
and acute/subacute stent thrombosis and neointimal hyperplasia 
resulting in recurrence of the ISR9. At follow-up after stent implanta-
tion, although not statistically significant, “in-segment” restenosis 
rates and late loss (mm) were fairly different between the DEB and 
EES groups (p=0.06 for restenosis and p=0.06 for late loss) in favour 
of EES in the RIBS IV Randomised Clinical Trial7. At follow-up, the 
“in-lesion” restenosis rate was significantly higher in patients treated 
with DEB in ISR lesions7. In summary, compared to metallic EES, 
DEB have resulted in lower minimal lumen diameter, lower net 
luminal gain, higher percent diameter stenosis and binary stenosis 
rates. At one-year follow-up, the main clinical outcome measure 
(composite of cardiac death, myocardial infarction, and target vessel 
revascularisation) was significantly lower in the metallic EES group 
compared to the DEB group7.
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Bioresorbable scaffolds (BRS) are the most recent evolutionary 
step in “stent technology”. Studies are ongoing to evaluate the effi-
cacy of these biodegradable devices not only in simple lesions but 
also in complex lesions10. Patients with ISR have become one of the 
target populations for BRS. From scant cases to multicentre reg-
istries, BRS have been under evaluation in patients with ISR11,12. 
Contrary to expectations, BRS have demonstrated good results: pro-
cedural success was satisfactory and there were no reported intra-
procedural or acute in-stent thromboses in patients treated with 
BRS. At long-term follow-up, BRS have resulted in acceptable 
major adverse cardiovascular and cerebral events rates compared 
to metallic DES and DEB13. In a multicentre prospective registry, 
Moscarella and colleagues have demonstrated technical feasibil-
ity and safety in the treatment of ISR. The favourable clinical out-
comes were independent of the type of ISR lesion (focal or diffuse, 
first or second recurrence, BMS or DES ISR)13. In the experience 
of Colombo et al, from 25 patients there was one periprocedural 
myocardial infarction (MI). At follow-up, only one MI and one tar-
get vessel revascularisation occurred12. Another recent prospective 
study by Rivero et al has confirmed the efficacy of BRS in the treat-
ment of ISR: the results were in favour of BRS in this challenging 
patient population. It is noticeable that optical coherence tomogra-
phy (OCT) was used for implantation guidance14.

In the treatment of ISR, directional atherectomy (DA), rota-
tional atherectomy (RA) and cutting balloon (CB) have been 
studied in selected cases. DA is able to remove intra-stent neoin-
timal tissue and provide higher luminal gain than balloon angio-
plasty15. However, an increased risk of stent strut deterioration has 
restrained its use in ISR. RA can eliminate neointimal tissue fol-
lowed by expansion of the stent with a balloon that extrudes the 
residual neointimal tissue outside the stent. Despite encouraging 
initial results16,17, the angiographic ISR recurrence rate was higher 
with RA18. Another attractive and simple technique for the treat-
ment of ISR is the CB. Besides protection against the “watermelon 
seeding” phenomenon (displacement of the balloon during infla-
tion), the device incises the neointimal tissue and facilitates the 
extrusion of the obstructive tissue. Compared to balloon angio-
plasty, CB has demonstrated lower target lesion revascularisation 
at late follow-up19. After extrusion of the neointimal tissue (OCT 
can provide an unsurpassed assessment of the expansion of the 
device [Figure 1]), BRS may emerge as an attractive treatment 
choice, avoiding the need for an additional metal layer on the ves-
sel wall while eluting the appropriate dose of cytostatic to the 
neointimal tissue and the vessel wall.

Despite the observational character of their single-centre 
study and the small number of patients enrolled, Jamshidi et al20

Article, see page 1479

attempted to demonstrate the potential of BRS utility in ISR lesions. 
In this trial, the majority of the ISR lesions occurred in the latest-
generation DES group20. No scaffold thrombosis was reported. The 
results of this small exploratory study have demonstrated that BRS 
is an attractive alternative for treating ISR: they were comparable 
with the DEB arm from the RIBS IV trial.

Figure 1. In-stent restenosis in the mid RCA was treated with Absorb 
BVS (Abbott Vascular, Santa Clara, CA, USA). OCT cross-sections of 
an ISR lesion post BVS implantation after non-compliant balloon 
post-dilatation. After extrusion of the residual neointimal tissue, the 
Absorb BVS was fully expanded and apposed (A,B,C,D).

In other words, BRS could become an alternative in the treat-
ment of ISR lesions. With the adjunct of intracoronary imaging 
modalities, performing aggressive predilatation and post-dilata-
tion during PCI and with optimal dual antiplatelet treatment, BRS 
seems to be a promising treatment option for ISR.

Conflict of interest statement
The authors have no conflicts of interest to declare.

References
 1. Iakovou I, Schmidt T, Bonizzoni E, Ge L, Sangiorgi GM, 
Stankovic G, Airoldi F, Chieffo A, Montorfano M, Carlino M, 
Michev I, Corvaja N, Briguori C, Gerckens U, Grube E, Colombo A. 
Incidence, predictors, and outcome of thrombosis after successful 
implantation of drug-eluting stents. JAMA. 2005;293:2126-30.
 2. Buchanan GL, Basavarajaiah S, Chieffo A, Stent thrombosis: 
incidence, predictors and new technologies. Thrombosis. 2012; 
2012:956962.
 3. Joner M, Finn AV, Farb A, Mont EK, Kolodgie FD, Ladich E, 
Kutys R, Skorija K, Gold HK, Virmani R. Pathology of drug-elut-
ing stents in humans: delayed healing and late thrombotic risk. J Am 
Coll Cardiol. 2006;48:193-202.
 4. Komiyama H, Takano M, Hata N, Seino Y, Shimizu W, 
Mizuno K. Neoatherosclerosis: Coronary stents seal atherosclerotic 
lesions but result in making a new problem of atherosclerosis. 
World J Cardiol. 2015;7:776-83.
 5. Cortese B, Bertoletti A. Paclitaxel coated balloons for coro-
nary artery interventions: a comprehensive review of preclinical 
and clinical data. Int J Cardiol. 2012;161:4-12.



1453

EuroIntervention 2
0
16

;11
:14

51-14
5

3

BRS in in-stent restenosis

 6. Byrne RA, Joner M, Alfonso F, Kastrati A. Drug-coated bal-
loon therapy in coronary and peripheral artery disease. Nat Rev 
Cardiol. 2014;11:13-23.
 7. Alfonso F, Pérez-Vizcayno MJ, Cárdenas A, García del 
Blanco B, García-Touchard A, López-Minguéz JR, Benedicto A, 
Masotti M, Zueco J, Iñiguez A, Velázquez M, Moreno R, Mainar V, 
Domínguez A, Pomar F, Melgares R, Rivero F, Jiménez-Quevedo P, 
Gonzalo N, Fernández C, Macaya C; RIBS IV Study Investigators 
(under auspices of Interventional Cardiology Working Group of 
Spanish Society of Cardiology). A Prospective Randomized Trial 
of Drug-Eluting Balloons Versus Everolimus-Eluting Stents 
in Patients With In-Stent Restenosis of Drug-Eluting Stents: 
The RIBS IV Randomized Clinical Trial. J Am Coll Cardiol. 
2015;66:23-33.
 8. Gijsen F, van der Giessen A, van der Steen A, Wentzel J. 
Shear stress and advanced atherosclerosis in human coronary arter-
ies. J Biomech. 2013;46:240-7.
 9. Kolandaivelu K, Swaminathan R, Gibson WJ, Kolachalama VB, 
Nguyen-Ehrenreich KL, Giddings VL, Coleman L, Wong GK, 
Edelman ER. Stent thrombogenicity early in high-risk interven-
tional settings is driven by stent design and deployment and pro-
tected by polymer-drug coatings. Circulation. 2011;123:1400-9.
 10. Sabaté M, Windecker S, Iñiguez A, Okkels-Jensen L, 
Cequier A, Brugaletta S, Hofma SH, Räber L, Christiansen EH, 
Suttorp M, Pilgrim T, Anne van Es G, Sotomi Y, García-García HM, 
Onuma Y, Serruys PW. Everolimus-eluting bioresorbable stent vs. 
durable polymer everolimus-eluting metallic stent in patients with 
ST-segment elevation myocardial infarction: results of the rand-
omized ABSORB ST-segment elevation myocardial infarction-
TROFI II trial. Eur Heart J. 2016;37:229-40.
 11. Grasso C, Attizzani GF, Patané M, Ohno Y, Capodanno D, 
Tamburino C. First-in-human description of everolimus-eluting 
bioabsorbable vascular scaffold implantation for the treatment of 
drug-eluting stent failure: insights from optical coherence tomogra-
phy. Int J Cardiol. 2013;168:4490-1.
 12. Ielasi A, Latib A, Naganuma T, Cortese B, Sato K, Miyazaki T, 
Panoulas VF, Tespili M, Colombo A. Early results following 
everolimus-eluting bioresorbable vascular scaffold implantation for 
the treatment of in-stent restenosis. Int J Cardiol. 2014;173:513-4.

 13. Moscarella E, Varricchio A, Stabile E, Latib A, Ielasi A, 
Tespili M, Cortese B, Calabrò P, Granata F, Panoulas VF, 
Franzone A, Trimarco B, Bonzani G, Esposito G, Colombo A. 
Bioresorbable vascular scaffold implantation for the treatment of 
coronary in-stent restenosis: results from a multicenter Italian expe-
rience. Int J Cardiol. 2015;199:366-72.
 14. Rivero F, Bastante T, Cuesta J, Benedicto A, Restrepo JA, 
Alfonso F. Treatment of in-stent restenosis with bioresorbable vas-
cular scaffolds: optical coherence tomography insights. Can J 
Cardiol. 2015;31:255-9.
 15. Simonton CA, Leon MB, Baim DS, Hinohara T, Kent KM, 
Bersin RM, Wilson BH, Mintz GS, Fitzgerald PJ, Yock PG, Popma JJ, 
Ho KK, Cutlip DE, Senerchia C, Kuntz RE. ‘Optimal’ directional 
coronary atherectomy: final results of the Optimal Atherectomy 
Restenosis Study (OARS). Circulation. 1998;97:332-9.
 16. Moreno R, García E, Soriano J, Acosta J, Abeytua M. Long-
term outcome of patients with proximal left anterior descending 
coronary artery in-stent restenosis treated with rotational atherec-
tomy. Catheter Cardiovasc Interv. 2001;52:435-42.
 17. Sharma SK, Kini A, Mehran R, Lansky A, Kobayashi Y, 
Marmur JD. Randomized trial of Rotational Atherectomy Versus 
Balloon Angioplasty for Diffuse In-stent Restenosis (ROSTER). 
Am Heart J. 2004;147:16-22.
 18. Vom Dahl J, Dietz U, Haager PK, Silber S, Niccoli L, 
Buettner HJ, Schiele F, Thomas M, Commeau P, Ramsdale DR, 
Garcia E, Hamm CW, Hoffmann R, Reineke T, Klues HG. 
Rotational atherectomy does not reduce recurrent in-stent resteno-
sis: results of the angioplasty versus rotational atherectomy for 
treatment of diffuse in-stent restenosis trial (ARTIST). Circulation. 
2002;105:583-8.
 19. Montorsi P, Galli S, Fabbiocchi F, Trabattoni D, 
Ravagnani PM, Bartorelli AL. Randomized trial of conventional 
balloon angioplasty versus cutting balloon for in-stent restenosis. 
Acute and 24-hour angiographic and intravascular ultrasound 
changes and long-term follow-up. Ital Heart J. 2004;5:271-9.
 20. Jamshidi P, Nyffenegger T, Sabti Z, Buset E, Toggweiler S, 
Kobza R, Cuculi F. A novel approach to treat in-stent restenosis: 
6- and 12-month results using the everolimus-eluting bioresorbable 
vascular scaffold. EuroIntervention. 2016;11:1479-86.


