
R
e
v
ie

w
s

in
C
a
rd

io
v
a
sc

u
la

r
M

e
d
ic

in
e

Rev. Cardiovasc. Med. 2021 vol. 22(4), 1421-1428
©2021 The Author(s). Published by IMR Press.

Review

Back to the future: the role of DCB for the treatment of
coronary bifurcation
Andrea Buono1,2, Diego Maffeo2, Mariano Pellicano1, Giuseppe De Blasio3, Maurizio Tespili1, Alfonso Ielasi1,*
1Clinical and Interventional Cardiology Unit, Sant'Ambrogio Cardio-Thoracic Center, 20149 Milan, Italy
2Interventional Cardiology Unit, Fondazione Poliambulanza, 25124 Brescia, Italy
3Cardiology Unit, IRCCS Istituto Ortopedico Galeazzi, 20161 Milan, Italy

*Correspondence: alielasi@hotmail.com (Alfonso Ielasi)

DOI:10.31083/j.rcm2204147
This is an open access article under the CC BY 4.0 license (https://creativecommons.org/licenses/by/4.0/).

Submitted: 6 September 2021 Revised: 9 November 2021 Accepted: 17 November 2021 Published: 22 December 2021

Coronary bifurcation lesion (CBL) is a common but challenging sce-
nario in percutaneous coronary interventions. Drug-coated balloons
(DCBs) are modern devices with attractive perspective in CBL treat-
ment. In-stent restenosis, small vessel and diffuse de-novo coronary
artery disease have been, so far, considered the ideal scenario for
DCBs application. Studies assessing DCBs in de-novo CBL demon-
strated the safety and efficacy of this strategy. However, the hetero-
geneity of the study populations and the presence of methodological
limitations prevent from drawing definite recommendations. Con-
sidering that the best treatment of bifurcations has not yet been de-
fined, the ''leaving nothing behind'' philosophy will be the topic of fu-
ture studies.
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1. Introduction
Coronary bifurcation lesion (CBL) is a common finding

in daily practice, being encountered in up to 20% of percu-
taneous coronary interventions (PCI) [1]. Despite the com-
mon occurrence, CBL treatment still remains a challenging
scenario because of its technical complexity and the not al-
ways favorable clinical outcomes. In fact, coronary bifur-
cation is a complex anatomical structure composed of three
different vessel segments: proximal main vessel (MV), distal
MV and side branch (SB). Adequate angiographic result in all
segments has to be pursued, even if the definition of optimal
SB result has yet to be established [2]. Drug-coated balloons
(DCBs) are modern devices able to guarantee a fast and ho-
mogenous transfer of anti-proliferative drugs into the vessel,
without the permanent implant of metallic struts. This “leav-
ing nothing behind” philosophy re-proposes some of the ad-
vantages related to the bioresorbable scaffold use [3]. On this
premise, in-stent restenosis, small vessel and diffuse de-novo
coronary artery disease have been, so far, considered the ideal
scenario for DCBs application.

2. Why could we treat CBLs with DCBs?
The European Bifurcation Club (EBC) has recently rec-

ommended that PCI on bifurcation stenting should adhere
to the “keep it simple and safe” principle, trying to limit the
number of stents [2]. On this basis, a one-stent strategy is
usually the preferred approach for the vast majority of CBLs
(the so-called “provisional strategy”), whereas a two-stent ap-
proach should be selected in patients with complex lesions
involving large and diseased SBs (especially unprotected left
main). These recommendations go hand in hand with the
“leaving nothing behind” philosophy, making the DCB very
attractive in the CBL setting for several reasons. First of all,
DCB can dramatically increase the rate of provisional strat-
egy, reducing the incidence of device-related failure (in-stent
restenosis and stent thrombosis) associated with a wide ap-
plication of two-stent strategies. Moreover, DCB can reduce
the PCI complexity, since two-stent strategies require exten-
sive knowledge of technical steps. Secondly, treating diseased
SBs with anti-proliferative drug can provide better results in
comparison with a conventional dilation, mitigating the lim-
its of the current SB plain angioplasty recommended among
provisional strategy steps. Lastly, CBL SBs are often small
vessels (with a diameter ≤2.75 mm) but subtending a not
negligible area of myocardium. Taken together, these aspects
represent the rationale of different studies investigating the
efficacy and safety of DCB application in CBL setting. In this
review, we provide a contemporary overview on the topic,
discussing the available evidence; articles were searched on
the online library Pubmed.gov on the basis of the following
keywords: “drug-coated balloon; drug-eluting balloon; coro-
nary bifurcation lesions”. All the articles including CBLs pa-
tients treated with DCB were included.

3. Studies assessing DCBs in de-novo coronary
artery disease scenario

In several trials, DCBs have been proved to be a safe and
effective therapeutic option in the context of de-novo coro-
nary artery disease [4–27]. Despite hundreds of patients
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have been enrolled in these trials, no definite conclusions
can be formulated concerning the role of DCB in CBL set-
ting. In fact, in most of the above-named trials the percent-
age and the number of CBL patients have not been reported
[5, 6, 8, 10, 11, 13–15, 22, 24, 27] or CBL has represented
an exclusion criteria [7, 12, 16, 17, 21]. Thus, the remain-
ing of the afore mentioned studies enrolled a small number
of CBL patients [4, 9, 18–20, 23, 25], suggesting conflict-
ing results (Table 1, Ref. [4, 9, 18–20, 23, 25]): in the DE-
BUT trial [23], DCBs have been associated with a better out-
come (composite of cardiovascular mortality, nonfatal my-
ocardial infarction, or ischemia-driven target lesion revascu-
larization at 9 months) in comparison with bare-metal stent
(BMS), whereas in the BASKET-SMALL 2 trial [20] no dif-
ference has been emerged between DCB and drug-eluting
stent (DES) at the 1-year assessment. Recently, Iannopollo
et al. [26], described a multicenter registry with the main aim
to assess the performance of the Agent DCB (Boston Scien-
tific) in all PCI settings, including 97 patients with 117 CBLs
treated. In this CBL subgroup, the treated bifurcations were
mainly true bifurcations (84%) and the adopted stent strat-
egy was provisional, with DES implantation in the MV and
DCB in the SB. Authors reported optimal procedural out-
comes (92% of success defined as completion of the procedure
with no in-lab complications, final Thrombolysis inMyocar-
dial Infarction flow 3, and residual stenosis <30%) and fa-
vorable 1-year clinical outcomes (3.7% rate of major adverse
cardiac events, all of them consisting in target-lesion revas-
cularization [TLR]).

4. Studies assessing DCBs in de-novo CBL
scenario

Considering the small number of CBL patients enrolled
in the main trials assessing the use of DCBs in the context
of de-novo coronary artery disease, the need of drawing fo-
cused studies was primary. On this premise, several studies
have been so far conducted. However, the available stud-
ies, focused on the topic, are characterized by heterogeneous
designs, especially considering the type of bifurcation stud-
ied (according to Medina classification), the applied strategy
and the step in which DCB was delivered. Not all bifurca-
tions are equal in complexity, being classifiable in three ma-
jor types: CBLs involving only the SB (Medina 0.0.1), CBLs
involving only the MV (Medina 1.0.0 or 0.1.0 or 1.1.0) and
CBLs involving both MV and SB (true bifurcation; Med-
ina 1.0.1 or 0.1.1 or 1.1.1). Briefly, two strategies are pos-
sible: (1) MV stenting plus DCB application (in SB only or
in both segments); (2) DCB-only (both in SB and MV). Dif-
ferent combinations of these approaches have been described
in the available trials. Yet, also the timing of DCB applica-
tion can introduce variability. In fact, when a DCB is used
to treat SBs can be inflated before MV stenting (then avoid-
ing SB rewiring and final kissing-balloon inflation), during
the kissing-balloon inflation (after MV stenting) and even
after kissing-balloon inflation (as final SB dilation). Differ-

ent theoretical advantages and disadvantages can influence
the result: pre-dilating the SB with DCB application may re-
sults in SB dissection; on the other hand, applying DCB after
MB stenting could result in partial disruption of the coating
caused by the stent strut, taking into account the profile of
such balloons. Despite the best timing is still unknown, some
Authors suggest that DCB should be applied as the final step
and not as an intermediate one [28]. Lastly, a wide variety of
different DCBs have been used in the different studies: inter-
action among doses, formulations, and release kinetics of the
drugs used play an important role in determining no evidence
of a “class effect” among different platforms [29].

On these premises, an overview of the available studies is
reported in Table 2 (Ref. [30–42]).

Despite the first studies [30–32] documented the safety
and the efficacy of the strategy consisting in DCB applica-
tion followed byMV stenting, theirmain limitation consisted
in the use of BMS, nowadays considered an outdated tool.
In fact, the randomized controlled trials (RCTs) comparing
DCB inflation plus BMS with standard PCI performed with
BMS or DES, showed the absence of angiographic and clin-
ical superiority of the first strategy over conventional BMS
and the inferiority compared with DES [33, 35].

Three observational studies [36–38] assessed the feasibil-
ity of the hybrid approach (DES implantation in MV and
DCB inflation in SB). In the multicenter BIOLUX-trial [36]
35 CBL patients deemed appropriate for provisional stenting
technique were treated with DCB (Pantera Lux, Biotronik
AG, Buelach, Switzerland) inflation in SB before DES im-
plantation inMV.Authors reported a 60% device success (de-
fined as procedural absence of residual SB diameter stenosis
≥30%), a low 9-month late lumen loss (LLL) and a 5.9% rate
of 12-month major adverse cardiovascular events (MACE).
Despite the mandatory final kissing-balloon inflation which
represents a strength of this study, major limitation consists
in the exclusion of major anatomical bifurcations (LM and
very proximal CBLs). The FrenchDEBSIDE trial [36] treated
50 CBL patients with DCB inflation (DANUBIO, Minvasys,
Gennevilliers, France) in SB, after the systematic implanta-
tion of DES (Nile PAX, Minvasys, Gennevilliers, France) in
MV. Procedural success was 100%. 6-month ostial SB LLL
was the pre-specified primary endpoint and resulted in a very
low value (–0.04± 0.34 mm). One of the main limitations of
this study is the monobrand nature of the used devices, that
are not anymore available on the market. The third observa-
tional study, named SARPEDON trial [38], enrolled 58 CBL
patients in which a final DCB (Pantera Lux, Biotronik AG,
Buelach, Switzerland) application in SB followed MV stent-
ing. The 6-month angiographic follow-up showed a low rate
of SB LLL with a total 10% rate of restenosis (6% in the MV
and 4% in the SB), whereas MACE occurred in 19% of the
patients at 1-year follow-up. Taken together, despite the ab-
sence of a control group and the limited number of enrolled
patients, the results provided by the afore mentioned three
trials showed a good performance of the hybrid strategy.
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Table 1. Study assessing DCBs in de-novo coronary artery disease.
First author/Study Year Study CBL patients

enrolled (n)
CBL patients enrolled
treated with DCB (n)

Main findings Comments

Cortese B et al. [4]
2010 DCB vs DES 13 6 Subgroup analysis of CBL patients not performed

PICCOLETO

Poerner TC et al. [9] 2014 DCB + BMS vs DES 21 12 Subgroup analysis of CBL patients not performed

Cortese B et al. [18]
2017 DCB-only 7 32 Subgroup analysis of CBL patients not performed

FASICO

Cortese B et al. [19]
2018 DCB-only 96 544 Subgroup analysis of CBL patients not performed CBL is not an independent predictor of TLR at follow-up

DCB-RISE

Jeger RV et al. [20]
2018 DCB vs DES 51 22

No difference in terms of composite of cardiac death,
BASKET-SMALL 2 non-fatal MI, and TVR at 1 year (9% DCB vs 17% DES,

HR 0.45 (0.08–2.39).

Rissanen TT et al. [23]
2019 DCB vs BMS 36 21

Difference in terms of composite of cardiovascular CBL needing a two-stent technique represented an exclu-
DEBUT mortality, nonfatal MI, or ischemia driven TLR at 9

months (0% DCB vs 20% BMS, OR not applicable).
sion criteria

Cortese B et al. [25]
2020 DCB vs DES 29 15 Subgroup analysis of CBL patients not performed Major bifurcation represented an exclusion criteria

PICCOLETO II

BMS, bare-metal stent; CBL, coronary bifurcation lesion; DCB, drug-coated balloon; DES, drug-eluting stent; HR, hazard ratio; MI, myocardial infarction; OR, odds ratio; TLR, target-lesion revascu-
larization; TVR, target-vessel revascularization.
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In the last years, the concept to treat de-novo CBLs only
with DCB avoiding stent implantation (DCB-only strategy)
has quickly developed. To confirm this trend, the last evi-
dence available in the literature has been focused on DCB-
only strategy [39–42]. In the PEPCAD-BIF trial [39] 64 CBL
patients were randomized to plain angioplasty (POBA) or
DCB-only strategy. Left main bifurcation as well all bifurca-
tions with proximal MV involvement (Medina 1.X.X) were
excluded. The main study finding was a lower 9-month LLL
and binary restenosis incidence in the DCB subgroup when
compared with POBA subgroup. The main limitation of this
study is intuitive and consists of the outdated strategy adopted
for the control group (POBA). To overcome this drawback,
Bruch et al. [40] compared a DCB-only strategy to a DCB
plus stenting strategy, showing no differences in terms of
MACE and TLR after 9 months. Nevertheless, once again,
the control study group does not represent the contempo-
rary standard-of-care, since the MV stenting was performed
using BMS. In 2016, Vaquerizo et al. [41] applied a DCB-
only strategy for 49 patients affected by Medina 0.0.1 CBLs.
After a mandatory SB lesion preparation (as confirmed by a
59% use of cutting balloon), paclitaxel DCB (Dior, Eurocor
GmbH, Bonn, Germany) was inflated for a minimum of 45
seconds. Angiographic success was 86% (in the remaining
14% a BMSwas implanted), 7-month angiographic follow-up
revealed 22.5% of binary restenosis whereas at 1-year follow-
up MACE were 14.3%. Recently, Kitani S et al. [42] enrolled
in the DCA/DCB Registry 129 patients affected by major
CBLs in which DCB application in the SB was performed af-
ter lesion preparation with directional atherectomy: authors
reported a low rate of TLR (3.1%) at 1-year follow-up.

Taken these data together, two meta-analyses concluded
that DCB is superior to plain angioplasty for SB treatment in
bifurcations [43, 44]. In the first one [43], 349 patients were
included: the angiographic follow-up performed after amean
of 9 months demonstrated that DCB was associated with a
lower SB LLL compared to POBA [mean difference, –0.19
mm; 95% confidence interval (CI), –0.37 to –0.01; p = 0.04]
but without difference in terms of risk of SB binary resteno-
sis [odds ratio (OR), 0.52; 95% CI, 0.18 to 1.47; p = 0.22] and
15-monthMACE (OR, 0.76; 95% CI, 0.4 to 1.4; p = 0.40) and
TLR (OR, 0.85; 95% CI, 0.3 to 2.4; p = 0.76). The second
meta-analysis [44] is focused on comparison of DCB versus
POBA for SB-only treatment in terms of LLL: including 281
CBLs, Authors showed a statistically significant difference fa-
voring DCB over POBA [mean difference –0.24mm; 95%CI,
–0.44 to –0.05; p = 0.01].

To date, no robust data coming from RCTs and compar-
ing DCB-only strategy versus contemporary gold-standard
approach (DES) are available.

5. Available recommendations on the use of
DCB in the setting of CBL

Despite DCB use in the SB is an attractive approach,
according to the last EBC consensus document [3], many

questions, including the appropriate SB selection, technique
(DCBwith orwithout final kissing ballooning or repeat prox-
imal optimization technique) and actual impact on meaning-
ful clinical endpoints are still unanswered. Studies, so far
available, exploring DCB efficacy in de novo CBL had major
limitations and to date have provided no conclusive evidence.
Contrariwise, DCB use in bifurcation restenosis (especially
after 2-stent techniques) is highly encouraged: the strategy
proved to be feasible and able to minimize metal within the
bifurcation [45].

Whenever a DCB strategy is chosen, a meticulous lesions
preparation is suggested. The choice of DCB size can be diffi-
cult forMV treatment because of caliper change: in such case,
using the distal MV reference diameter is reasonable when
the distal-to-proximal MV ratio is in the range of 0.75:1 to
1:1 [29]. In the case of a DCB-only strategy, all the steps can
be performed in a sequential manner, reserving kissing bal-
loon inflation (with DCBs) in selected cases.

In our opinion, a case by case evaluation is strongly rec-
ommended: DCB can represent a valuable tool to treat SBs,
especially when the amount of the disease is limited in ex-
tension (e.g., ostial stenosis), the bifurcation have disfavor-
ing anatomical characteristics (e.g., prohibitive angle and rel-
evant difference in branches diameters), and the subtended
myocardium is relatively limited. Application of a complete
DCB-only strategy (for both SB and MV) needs further in-
vestigations.

6. Future perspectives
Nowadays, the best treatment of bifurcations has not yet

been defined. The available studies included heterogeneous
populations and specific subgroups (diabetic patients, major
CBLs) have been frequently excluded. A clear definition of
procedural steps in case of DCB application should be ex-
plored. RCTs comparing a strategy of DCB application ver-
sus the gold-standard treatment (DES) for SB have not been
conducted. Furthermore, the optimal antiplatelet regimen
and duration after DCB application are unknown. Future
studies are called to answer to these unresolved questions: re-
sults are awaited from the Hyper Pilot study [46], in which a
hybrid approach (DCB plus DES) has been applied to treat
diffuse de-novo coronary artery disease, including bifurca-
tion lesion (with reference diameter of the SB ≥2 mm and
<2.75 mm). However, to the best of our knowledge no spe-
cific RCTs focused on CBLs treatment comparing DCB and
DES are in pipeline, making the ongoing gaps of knowledge
a relevant issue.

7. Conclusions
The “leaving nothing behind” philosophy associated with

the use of DCB is an attractive therapeutic option for CBLs.
Limited data have demonstrated the safety and the feasibil-
ity of this approach. However, larger RCTs with homo-
geneous populations and procedural steps, comparing DCB
strategies to the gold standard treatment (DES implantation)
are strongly needed.
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Table 2. Study assessing DCBs in de-novo coronary bifurcation lesions.
First au-
thor/Study

Year Study type DCB Study strategy Patient
enrolled (n)

Follow-up Main findings Comments

Fanggiday et al.
[30]

2008 Observational
Registry

DIOR-I Sequential DCB inflation in MV and
SB, followed by BMS inMV and KBI

20 4 months 100% procedural success

DEBIUT Registry No cardiac deaths, MI or TLF

Mathey et al. [31] 2011 Observational Sequent Please Sequential DCB inflation in MV and 88 9 months 100% procedural success
PEPCAD V Registry SB, followed by BMS in MV LLL: 0.38 ± 0.46 mm (MV); 0.21 ± 0.48 mm

(SB)
3 restenosis with 1 TLR; 2 ST

Sgueglia et al. [32] 2011 Observational Various MV stented with BMS, followed by 14 234 ± 81 days 100% procedural success
case series KBI with DCBs No cardiac death, non fatal myocardial infarc-

tion or target bifurcation revascularization

Stella PR et al.
[33]

2012 RCT DIOR-I Sequential DCB inflation in MV and
SB, followed by BMS in MV vs stan-

117 12 months Absence of angiographic and clinical superior-
ity over conventional BMS

DEBIUT dard provisional stenting with BMS
vs standard provisional stentingwith
DES

DES showed superior angiographic results
than DCB and BMS

Schulz et al. [34] 2014 Observational Sequent Please Sequential DCB inflation in MV and 38 4 months 7.7% of MACE, all consisting in TLR
Registry In.Pact Falcon SB (with bail-out stenting)

López Mínguez
JR et al. [35]

2014 RCT Sequent Please (B
Braun)

Sequential DCB inflation in MV and
SB, followed by BMS in MV vs

108 9 months (angio-
graphic follow-up)

Angiographic results: better performance of
DES in terms of MV in-segment restenosis

BABILON standard provisional MV T-stenting
with DES

24 months (clinical
follow-up)

No significant differences were found in
MACE (17.3% in the DCB group vs 7.1% in
the DES group) but significantly higher inci-
dence of TLR and TVR in the DCB group

Berland J et al.
[36]

2015 Observational
Registry

Danubio (Mynva-
sis)

MV stenting with DES, followed by
KBI and finally DCB inflation in SB

50 6 months SB MLD increase (from 1.36 ± 0.38 mm to
1.55 ± 0.35 mm) with ostial LLL of 0.04 ±
0.34 mm

LM bifurcation excluded

DEBSIDE 10% of TLR (of those 6% not clinically-
driven); 2% of TVR
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Table 2. Continued.
First au-
thor/Study

Year Study type DCB Study strategy Patient
enrolled (n)

Follow-up Main findings Comments

Worthley S et al.
[37]

2015 Observational
Registry

Pantera Lux
(Biotronik)

Sequential DCB inflation in SB and
MV stenting with DES, followed by
final KBI

35 9 months (angio-
graphic and IVUS);
12 months (clinical
assessment)

60% of post-procedural device success rate LM, severely calcified and bifurca-
tion near to ostial LAD, LCx and
RCA origin excluded

BIOLUX-I SB LLL: 0.10± 0.43mm (per QCA) and −0.03
± 0.22 mm (per IVUS)
5.9% of composite endpoint of cardiac death,
TV-MI and clinically driven TVR

Jim MH J et al.
[38]

2015 Observational
registry

Pantera Lux
(Biotronik)

DES implantation in MV, followed
by SB dilation and DCB inflation, fi-
nal KBI

58 6 months (angio-
graphic follow-up)

MVLLL0.21± 0.35; SBLLL0.09± 0.21mm;
10% restenosis (6% in MV, 4% in SB)

DCB applied only in case of residual
SB stenosis<50% after KBI

SARPEDON 12 months (clinical
follow-up)

1-year MACE (any death, non-fatal MI,
TVR): 19%

Kleber FX et al.
[39]

2015 RCT Sequent Please (B
Braun)

DCB-only strategy vs POBA 64 (32 vs 32) 9 months (angio-
graphic follow-up)

LLL: 0.13± 0.31 in DCB group vs 0.51± 0.66
in POBA group (p = 0.013)

LM bifurcations and bifurcations
with proximal MV involvement

PEPCAD-BIF Binary restenosis: 5.9% vs 25.7%, p = 0.045) were excluded (Medina 1.0.0)

Bruch et al. [40] 2016 Observational
Registry

Sequent Please (B
Braun)

DCB-only strategy vs DCB + stent-
ing

127 (70 vs
57)

9 months No difference between the two groups in
terms of MACE (6.1% DCB-only vs 7.3%) and
TLR (4.5% DCB-only vs 3.6%)

Vaquerizo B et al. 2016 Observational DIOR (Eurocor DCB-only strategy for SB 49 7-months (angio-) 86% of angiographic success Only Medina 0.0.1 included; LM
[41] Registry GmbH) graphic follow-up 22.5% of binary restenosis CBL excluded

1 year (clinical follow-
up)

14.3% of MACE

Kitani S et al. [42] 2021 Observational
Registry

Sequent Please (B
Braun)

DCB-only strategy with lesion
preparation with directional coro-

129 6-15 months (angio-
graphic follow-up)

3.1% of TLR Only major bifurcation included

DCA/DCB Reg-
istry

nary atherectomy followed by DCB
inflation

12 months (clinical
follow-up)

10.9% of TVF (with 1 clinically-driven TVR)

0.8% non TV-MI

BMS, bare metal stent; CBL, coronary bifurcation lesion; DCB, drug-coated balloon; KBI, kissing balloon inflation; IVUS, intravascular ultrasound; LAD, left descending artery; LCx, left circumflex; LLL, late lumen
loss; LM, left main; MACE, major adverse cardiac events; MI, myocardial infarction; MLD, minimal lumen diameter; MV, main vessel; POBA, plain old balloon angioplasty; QCA, quantitative coronary angiography;
RCA, right coronary artery; RCT, randomized controlled trial; SB, side branch; ST, stent thrombosis; TLF, target-lesion failure; TVF, target-vessel failure; TV-MI, target-vessel myocardial infarction; TVR, target-vessel
revascularization.
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