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Editorial

Bioresorbable Vascular Scaffolds in Coronary Bifurcation Lesions:

Only in Expert Hands
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Armazones vasculares bioabsorbibles en lesiones de bifurcacion coronaria:

solo en manos expertas
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Although bifurcation lesions account for 15% to 20% of
percutaneous interventions (PCI), their optimal management is
still debated.! Such lesions pose a technical challenge for PCI and
are associated with both higher rates of periprocedural complica-
tions and subsequent stent failure. Although second generation
drug-eluting stents (DES) have reduced rates of restenosis after
bifurcation PCI compared with earlier generation DES,? significant
challenges remain. These include the avoidance of abrupt side
branch (SB) closure, mitigation of the higher risk of stent
thrombosis compared with nonbifurcation lesions, and prevention
of restenosis, especially at the SB ostium. Intervention with
bioresorbable vascular scaffolds (BVS) might potentially address
some of the limitations of conventional metallic DES in this
setting.’

To date, 2 drug-eluting BVS have received CE mark approval
for use in Europe. Both are based on scaffolds constructed from
lactic acid polymers: the everolimus-eluting ABSORB stent
(Abbott Vascular, Santa Clara, California) and the novolimus-
eluting DESolve stent (Elixir Medical Corporation, Sunnyvale,
California). Based on encouraging clinical trial results, a third
device composed of a magnesium backbone may receive CE
mark approval later this year.* In the United States, no
devices are currently approved for use, though a Food and
Drug Administration advisory panel recently supported a
premarket approval application for the ABSORB BVS system in
March 2016.°

Bioresorbable vascular scaffolds work by providing tempo-
rary scaffolding to prevent acute vessel closure or recoil in
addition to transient drug elution to prevent neointimal
hyperplasia, before fully degrading (over a period of 2-4 years
in the case of lactic acid-based devices).® In some respects, there
is reason to believe that the theoretical advantages of BVS over
metallic DES implantation may be more pronounced in
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bifurcation lesions. First, as the degree of delayed arterial
healing seen with conventional DES may be higher after
bifurcation intervention, especially if a dual stent technique is
used,’” the benefit for the patient of a disappearing stent may be
greater. Second, late luminal enlargement-due to positive vessel
remodelling as the scaffold degrades-may be particularly
beneficial at bifurcation sites, given the increased risk of
restenosis at these sites compared with nonbifurcation sites.
Third, in a bifurcation lesion where the main vessel is stented,
long-term jailing of the SB may be avoided following BVS
resorption.

Nonetheless, a number of limitations associated with the use
of this technology at bifurcation sites must equally be
considered. Due to their polymeric nature, BVS have different
structural and mechanical properties to metallic stents.? First,
they require thicker and wider struts than metallic stents to
provide adequate radial strength for vessel scaffolding. Per
manufacturer reported measurements, the ABSORB and DESolve
scaffolds have strut thicknesses of 157 wm and 150 pm,
respectively, compared with 89 wm for the Xience metallic
DES (Abbott Vascular), for example. Greater strut width
translates into larger device footprints of 27% and 30%
respectively, compared with 13% for Xience (for 3.0 mm devices
deployed at nominal pressure in each case).® This has a number
of implications: BVS are bulky-with a crossing profile of
~1.4mm for ABSORB and DESolve, compared with ~1.1 mm
for Xience®-which may hinder device delivery in a bifurcation
lesion or passage through the struts of a deployed stent or
scaffold during a bifurcation PCIL. In addition, thick struts are
more thrombogenic than thinner struts on account of more
turbulent blood flow and slower endothelialisation.® This risk is
amplified in a dual-stent technique, when there may be overlap
of 2 to 3 stent layers at the carina. Furthermore, in situations
where the SB is jailed, wider struts may actually increase the
risk of acute SB occlusion and periprocedural myocardial
infarction on account of their larger footprint.'® Moreover,
formation of a neointimal bridge on jailed ABSORB BVS struts
prior to scaffold resorption has been reported, with a conse-
quent reduction in SB ostial flow area.'' Second, polymeric
struts break more easily than metallic struts, which limits their
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expansion capacity. This places restrictions on postdilatation
techniques-such as proximal optimization or kissing balloon
angioplasty-both of which are important components of
contemporary bifurcation PCI. Third, BVS are more cumbersome
to implant than metallic DES, requiring more time for lesion
preparation, device delivery, prolonged inflation and postdilata-
tion. This results in a significant increase in procedure time
compared with conventional DES-an issue that is amplified in
the setting of bifurcation PCI.

In a recently published article in Revista Espafiola de
Cardiologia, Suarez de Lezo et al'? report data regarding
230 coronary bifurcation lesions treated with BVS in a single
center registry.!? Patients had clinical follow-up at a mean of
14 months. The main finding of the report was that in carefully
selected patients with suitable lesions, procedural success rate
was high, midterm adverse imaging outcomes were favorable,
and rates of adverse clinical events were low. The authors have
great experience in bifurcation PCI and should be congratulated
for reporting a large dataset of bifurcation lesions treated with
BVS. A number of important strengths should be acknowledged.
First, true bifurcation lesions-with significant disease in both
the main vessel and SB-were present in a considerable
proportion of cases-45% overall (Figure, panel A). However,
due to a pragmatic approach to intervention, procedural success
was achieved with a single-stent strategy in 96% of lesions, with
a very low rate of dual stenting required (Figure, panel B).
Second, intravascular imaging at the time of PCI was liberally
used-either intravascular ultrasound in 60 lesions or optical

coherence tomography in 87 lesions. This included 90% of those
that underwent SB dilation through the cells of the BVS.
Moreover, in all patients treated with a modified sequential
kissing balloon angioplasty technique, the intervention was
guided by intravascular ultrasound. Third, 78% of lesions were
evaluated with angiographic surveillance at a mean of 7.3
months. Impressively, at angiographic follow-up, all SB were
patent. A total of 12 (5%) patients showed restenosis and
required repeat revasularization. The most common site was at
the proximal edge of the BVS, with no differences in restenosis
rates between lesions in which the SB was postdilated and those
that were not.

This study also has a number of important limitations
which must be considered when interpreting the results. First,
its single-arm design precludes comparison of BVS implantation
in bifurcation lesions with other potential therapies. Moreover,
a single specialized center experience limits the external
validity of the results. Indeed, whether these outcomes are
generalizabile to routine practice in centers with lesser
expertise is an open question. Second, the use of computed
tomography angiography rather than invasive angiography in
most of the patients with imaging surveillance is another
limitation, given that computed tomography is not validated
for this indication. Third, the duration of follow-up was
limited. Given that it takes up to 4 years for the ABSORB BVS
to fully resorb,® the natural history of the device in these
lesions is not fully captured within the time frame of the current
study.
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Finally, despite the encouraging results reported, the implanta-
tion protocol used was not consistent with contemporary
standards. In particular, lesion predilatation was performed in less
than half of lesions in the current report. Lesion predilatation
was mandated in the clinical trials of ABSORB BVS'>~'6 and was
performed in the overwhelming majority of patients enrolled in
recent registries.!”~!° Furthermore, due to low strut penetrance
compared with metallic stents and lower radial strength, high
pressure postdilatation of BVS is increasingly regarded as standard-
of-care. However, in the present report, only about half of patients
were treated with postdilation.

In view of the above, how should we interpret the current
results in bifurcation lesions against the background of recently
published randomized clinical trials? In our opinion, 3 central
messages have emerged. First, in selected patients enrolled in
carefully supervised randomized trials, overall clinical outcomes
at around 1 year-as measured by composite endpoints such as
target lesion failure-are broadly comparable when BVS are
compared against everolimus-eluting metallic stents.?°
Second, in studies that included angiographic surveillance,
BVS showed a marginally inferior performance compared with
the same comparator. However, the magnitude of this difference
is small-a mean difference of the order of 0.08 mm-and of low
clinical relevance. Third, the rate of stent thrombosis with BVS is
about twice as high in comparison with everolimus eluting
metallic stents. The reasons for this are manifold and include the
risk related to thicker and less penetrative stent struts, as well as
the increased challenges associated with deployment. In this
respect, the efforts of the investigators in the current report are
noteworthy: 3 patients had definite or probable ST-2 subacute
and 1 late-with an incidence of 0.87% at 30 days and 1.3% at
12 months. This is low compared with other registry data.
Although this rate needs to be interpreted with caution for the
reasons already discussed, it might be related to the high rate of
intravascular imaging use in this study. Interestingy, both
cases of definite ST occurred in the setting of deficiencies in
antithrombotic therapy, with 1 case of subacute ST occurring
in a clopidogrel-resistant patient and 1 case of late ST in a
patient who was nonadherent to aspirin and clopidogrel
therapy. This reinforces the paradigm that stent thrombosis is
usually multifactorial in etiology and manifests typically when a
number of adverse clinical features align simultaneously.
Devices that are somewhat more thrombogenic are less
forgiving when deficiencies exist in relation to other clinical
factors such as platelet inhibition. In fact, a case could be made
for prescribing more potent dual antiplatelet therapy after
BVS implantation, at least in the initial months poststenting.!
This strategy would of course impact on bleeding risk and has
not been validated in a randomized trial.

In conclusion, the current report demonstrates that in expert
hands, BVS implantation can be performed safely in coronary
bifurcation lesions, when intravascular imaging guidance is used
and BVS expansion limits are respected. In a time when BVS use
is increasing in some jurisdictions, selection of the correct
patient, lesion, and scaffold implantation technique, and liberal
use of adjunctive intravascular imaging are critical components
of BVS success. However, although the observations of Suarez de
Lezo et al are encouraging, the benefits to the patient over the
long-term remain ill-defined. The results of long-term follow-up
from ongoing large-scale trials comparing BVS with conven-
tional DES are eagerly awaited. Only then will we appreciate
whether the additional challenges and costs associated with BVS
implantation translate into tangible clinical benefit for our
patients.

CONFLICTS OF INTEREST

R.A. Byrne reports lecture fees from B. Braun Melsungen AG,
Biotronik and Boston Scientific and research grants to the
institution from Boston Scientific and Heartflow.

REFERENCES

1. Lassen JF, Holm NR, Stankovic G, Lefévre T, Chieffo A, Hildick-Smith D, et al.
Percutaneous coronary intervention for coronary bifurcation disease: consen-
sus from the first 10 years of the European Bifurcation Club meetings. Euro-
Intervention. 2014;10:545-60.

2. Grundeken MJ, Wykrzykowska ]J, Ishibashi Y, Garg S, de Vries T, Garcia-Garcia
HM, et al. First generation versus second generation drug-eluting stents for the
treatment of bifurcations: 5-year follow-up of the LEADERS all-comers ran-
domized trial. Catheter Cardiovasc Interv. 2015 [Epub ahead of print]. Available
at: http://dx.doi.org/10.1002/ccd.26344.

3. Wiebe ], Nef HM, Hamm CW. Current status of bioresorbable scaffolds
in the treatment of coronary artery disease. ] Am Coll Cardiol. 2014;64:
2541-51.

4, Haude M, Ince H, Abizaid A, Toelg R, Lemos PA, von Birgelen C, et al. Safety and
performance of the second-generation drug-eluting absorbable metal scaffold
in patients with de-novo coronary artery lesions (BIOSOLVE-II): 6 month results
of a prospective, multicentre, non-randomised, first-in-man trial. Lancet.
2016;387:31-9.

5. U.S. Food and Drug Administration. March 15-16, 2016: Circulatory System
Devices Panel of the Medical Devices Advisory Committee Meeting Announce-
ment. 2016. Available at: http://www.fda.gov/AdvisoryCommittees/Calendar/
ucm481684.htm.

6. Sanchez OD, Yahagi K, Byrne RA, Mori H, Zarpak R, Wittchow E, et al. Pathologi-
cal aspects of bioresorbable stent implantation. Eurolntervention. 2015;11
Suppl V:V159-65.

7. Nakazawa G, Yazdani SK, Finn AV, Vorpahl M, Kolodgie FD, Virmani R. Patho-
logical findings at bifurcation lesions: the impact of flow distribution on
atherosclerosis and arterial healing after stent implantation. ] Am Coll Cardiol.
2010;55:1679-87.

8. Ormiston JA, Webber B, Ubod B, Darremont O, Webster MW. An independent
bench comparison of two bioresorbable drug-eluting coronary scaffolds (Ab-
sorb and DESolve) with a durable metallic drug-eluting stent (ML8/Xpedition).
Eurolntervention. 2015;11:60-7.

9. Kolandaivelu K, Swaminathan R, Gibson W], Kolachalama VB, Nguyen-Ehren-
reich KL, Giddings VL, et al. Stent thrombogenicity early in high-risk interven-
tional settings is driven by stent design and deployment and protected by
polymer-drug coatings. Circulation. 2011;123:1400-9.

10. Ishibashi Y, Muramatsu T, Nakatani S, Sotomi Y, Suwannasom P, Grundeken
M], et al. Incidence and potential mechanism(s) of post-procedural rise of
cardiac biomarker in patients with coronary artery narrowing after
implantation of an everolimus-eluting bioresorbable vascular scaffold
or everolimus-eluting metallic stent. JACC Cardiovasc Interv. 2015;8:
1053-63.

11. Okamura T, Onuma Y, Garcia-Garcia HM, Regar E, Wykrzykowska JJ, Koolen J,
et al. 3-dimensional optical coherence tomography assessment of jailed side
branches by bioresorbable vascular scaffolds: a proposal for classification. JACC
Cardiovasc Interv. 2010;3:836-44.

12. Suarez de Lezo ], Martin P, Pan M, Ojeda S, Novoa ], Segura ], et al. Tratamiento
de lesiones en bifurcaciones coronarias con armazén vascular bioabsorbible.
Resultados inmediatos y al afio de seguimiento. Rev Esp Cardiol. 2016;69:554-
62.

13. Ellis SG, Kereiakes D], Metzger DC, Caputo RP, Rizik DG, Teirstein PS, et al.
Everolimus-eluting bioresorbable scaffolds for coronary artery disease. New
Engl ] Med. 2015;373:1905-15.

14. GaoR,YangY,HanY,HuoY, Chen]J, Yu B, et al. Bioresorbable vascular scaffolds
versus metallic stents in patients with coronary artery disease: ABSORB China
Trial. ] Am Coll Cardiol. 2015;66:2298-309.

15. Kimura T, Kozuma K, Tanabe K, Nakamura S, Yamane M, Muramatsu T, et al. A
randomized trial evaluating everolimus-eluting ABSORB bioresorbable scaf-
folds vs. everolimus-eluting metallic stents in patients with coronary artery
disease: ABSORB Japan. Eur Heart J. 2015;36:3332-42.

16. Serruys PW, Chevalier B, Dudek D, Cequier A, Carrié D, Iniguez A, et al. A
bioresorbable everolimus-eluting scaffold versus a metallic everolimus-eluting
stent for ischaemic heart disease caused by de-novo native coronary artery
lesions (ABSORB II): an interim 1-year analysis of clinical and procedural
secondary outcomes from a randomised controlled trial. Lancet. 2015;385:
43-54.

17. Capodanno D, Gori T, Nef H, Latib A, Mehilli ], Lesiak M, et al. Percutaneous
coronary intervention with everolimus-eluting bioresorbable vascular scaf-
folds in routine clinical practice: early and midterm outcomes from the
European multicentre GHOST-EU registry. Eurolntervention. 2015;10:
1144-53.


http://refhub.elsevier.com/S1885-5857(16)30027-5/sbref0110
http://refhub.elsevier.com/S1885-5857(16)30027-5/sbref0110
http://refhub.elsevier.com/S1885-5857(16)30027-5/sbref0110
http://refhub.elsevier.com/S1885-5857(16)30027-5/sbref0110
http://dx.doi.org/10.1002/ccd.26344
http://refhub.elsevier.com/S1885-5857(16)30027-5/sbref0120
http://refhub.elsevier.com/S1885-5857(16)30027-5/sbref0120
http://refhub.elsevier.com/S1885-5857(16)30027-5/sbref0120
http://refhub.elsevier.com/S1885-5857(16)30027-5/sbref0125
http://refhub.elsevier.com/S1885-5857(16)30027-5/sbref0125
http://refhub.elsevier.com/S1885-5857(16)30027-5/sbref0125
http://refhub.elsevier.com/S1885-5857(16)30027-5/sbref0125
http://refhub.elsevier.com/S1885-5857(16)30027-5/sbref0125
http://www.fda.gov/AdvisoryCommittees/Calendar/ucm481684.htm
http://www.fda.gov/AdvisoryCommittees/Calendar/ucm481684.htm
http://refhub.elsevier.com/S1885-5857(16)30027-5/sbref0135
http://refhub.elsevier.com/S1885-5857(16)30027-5/sbref0135
http://refhub.elsevier.com/S1885-5857(16)30027-5/sbref0135
http://refhub.elsevier.com/S1885-5857(16)30027-5/sbref0140
http://refhub.elsevier.com/S1885-5857(16)30027-5/sbref0140
http://refhub.elsevier.com/S1885-5857(16)30027-5/sbref0140
http://refhub.elsevier.com/S1885-5857(16)30027-5/sbref0140
http://refhub.elsevier.com/S1885-5857(16)30027-5/sbref0145
http://refhub.elsevier.com/S1885-5857(16)30027-5/sbref0145
http://refhub.elsevier.com/S1885-5857(16)30027-5/sbref0145
http://refhub.elsevier.com/S1885-5857(16)30027-5/sbref0145
http://refhub.elsevier.com/S1885-5857(16)30027-5/sbref0150
http://refhub.elsevier.com/S1885-5857(16)30027-5/sbref0150
http://refhub.elsevier.com/S1885-5857(16)30027-5/sbref0150
http://refhub.elsevier.com/S1885-5857(16)30027-5/sbref0150
http://refhub.elsevier.com/S1885-5857(16)30027-5/sbref0155
http://refhub.elsevier.com/S1885-5857(16)30027-5/sbref0155
http://refhub.elsevier.com/S1885-5857(16)30027-5/sbref0155
http://refhub.elsevier.com/S1885-5857(16)30027-5/sbref0155
http://refhub.elsevier.com/S1885-5857(16)30027-5/sbref0155
http://refhub.elsevier.com/S1885-5857(16)30027-5/sbref0155
http://refhub.elsevier.com/S1885-5857(16)30027-5/sbref0160
http://refhub.elsevier.com/S1885-5857(16)30027-5/sbref0160
http://refhub.elsevier.com/S1885-5857(16)30027-5/sbref0160
http://refhub.elsevier.com/S1885-5857(16)30027-5/sbref0160
http://refhub.elsevier.com/S1885-5857(16)30027-5/sbref0165
http://refhub.elsevier.com/S1885-5857(16)30027-5/sbref0165
http://refhub.elsevier.com/S1885-5857(16)30027-5/sbref0165
http://refhub.elsevier.com/S1885-5857(16)30027-5/sbref0165
http://refhub.elsevier.com/S1885-5857(16)30027-5/sbref0170
http://refhub.elsevier.com/S1885-5857(16)30027-5/sbref0170
http://refhub.elsevier.com/S1885-5857(16)30027-5/sbref0170
http://refhub.elsevier.com/S1885-5857(16)30027-5/sbref0175
http://refhub.elsevier.com/S1885-5857(16)30027-5/sbref0175
http://refhub.elsevier.com/S1885-5857(16)30027-5/sbref0175
http://refhub.elsevier.com/S1885-5857(16)30027-5/sbref0180
http://refhub.elsevier.com/S1885-5857(16)30027-5/sbref0180
http://refhub.elsevier.com/S1885-5857(16)30027-5/sbref0180
http://refhub.elsevier.com/S1885-5857(16)30027-5/sbref0180
http://refhub.elsevier.com/S1885-5857(16)30027-5/sbref0185
http://refhub.elsevier.com/S1885-5857(16)30027-5/sbref0185
http://refhub.elsevier.com/S1885-5857(16)30027-5/sbref0185
http://refhub.elsevier.com/S1885-5857(16)30027-5/sbref0185
http://refhub.elsevier.com/S1885-5857(16)30027-5/sbref0185
http://refhub.elsevier.com/S1885-5857(16)30027-5/sbref0185
http://refhub.elsevier.com/S1885-5857(16)30027-5/sbref0190
http://refhub.elsevier.com/S1885-5857(16)30027-5/sbref0190
http://refhub.elsevier.com/S1885-5857(16)30027-5/sbref0190
http://refhub.elsevier.com/S1885-5857(16)30027-5/sbref0190
http://refhub.elsevier.com/S1885-5857(16)30027-5/sbref0190

546

18.

19.

R. Colleran, R.A. Byrne/Rev Esp Cardiol. 2016;69(6):543-546

Kraak RP, Hassell ME, Grundeken M], Koch KT, Henriques JP, Piek JJ, et al. Initial
experience and clinical evaluation of the ABSORB bioresorbable vascular scaf-
fold (BVS) in real-world practice: the AMC Single Centre Real World PCI
Registry. Eurolntervention. 2015;10:1160-8.

Hoppmann P, Kufner S, Cassese S, Wiebe ], Schneider S, Pinieck S, et al.
Angiographic and clinical outcomes of patients treated with everolimus-eluting
bioresorbable stents in routine clinical practice: Results of the ISAR-ABSORB

20.

21.

registry. Catheter Cardiovasc Interv. 2015 [Epub ahead of print]. Available at:
http://dx.doi.org/10.1002/ccd.26346.

Cassese S, Byrne RA, Ndrepepa G, Kufner S, Wiebe ], Repp J, et al. Everolimus-eluting
bioresorbable vascular scaffolds versus everolimus-eluting metallic stents: a meta-
analysis of randomised controlled trials. Lancet. 2016;387: 537-44.

Latib A, Capodanno D, Lesiak M, Tamburino C, Colombo A. Lessons from the
GHOST-EU registry. Eurolntervention. 2015;11 Suppl V:V170-4.


http://refhub.elsevier.com/S1885-5857(16)30027-5/sbref0195
http://refhub.elsevier.com/S1885-5857(16)30027-5/sbref0195
http://refhub.elsevier.com/S1885-5857(16)30027-5/sbref0195
http://refhub.elsevier.com/S1885-5857(16)30027-5/sbref0195
http://dx.doi.org/10.1002/ccd.26346
http://refhub.elsevier.com/S1885-5857(16)30027-5/sbref0205
http://refhub.elsevier.com/S1885-5857(16)30027-5/sbref0205
http://refhub.elsevier.com/S1885-5857(16)30027-5/sbref0205
http://refhub.elsevier.com/S1885-5857(16)30027-5/sbref0210
http://refhub.elsevier.com/S1885-5857(16)30027-5/sbref0210

	Bioresorbable Vascular Scaffolds in Coronary Bifurcation Lesions: Only in Expert Hands
	CONFLICTS OF INTEREST
	References


