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ABSTRACT　
 
Background　 Left main coronary bifurcation lesions account for 50% of left main coronary artery disease cases. Although a drug-
coated balloon (DCB) has the advantages of immediate release of the drug to the arterial wall and no remaining struts, there is no
conclusive evidence to support DCB use.
 
Methods & Results　We conducted a  systematic  review in  compliance  with  the  Preferred Reporting Items for  Systematic  Re-
view and Meta-Analyses (PRISMA) statement. Eighteen retrospective studies and two prospective studies in which left main bi-
furcation lesions were treated with DCBs were included in our qualitative analysis. The studies were divided into two groups ac-
cording to the type of DCB used: DCB only and DCB + stent. At the midterm follow-up, the use of DCBs had noninferior or even
superior angiographic and clinical outcomes in treating left main bifurcation lesions compared with the use of drug-eluting stents
or  conventional  balloons,  whether  for  de  novo or  in-stent  restenosis  lesions.  Additionally,  side  branch late  lumen enlargement
was observed in several of the included studies, which indicates that DCBs may have the advantage of side branch protection.
 
Conclusions　 According to our descriptive analysis, the DCB technique has a favorable safety and efficacy profiles for the treat-
ment of left main bifurcation lesions. However, additional studies, especially randomized controlled trials, are needed to estab-
lish standards for the DCB technique.

 

Left main coronary artery (LMCA) disease is
characterized by high risk and poor prognosis;
thus, coronary artery bypass graft surgery

(CABG) was the standard treatment for this kind of le-
sion in the past.[1] Several studies have confirmed that in
most circumstances, percutaneous coronary intervention
(PCI) with a new generation of drug-eluting stents
(DESs) is noninferior to CABG for treating LMCA dis-
ease.[2–6] Moreover, left main (LM) coronary bifurcation
lesion (CBL) is the most common type of LMCA disease,
and accounts for approximately 50% of cases.[7] 2-DES
and provisional DES (pDES) are common strategies for
treating LM bifurcation lesions. The pDES strategy is
supported by a recent study and expert consensus,
which recommended it as the standard technique for any
noncomplex bifurcation lesions.[8,9] However, regard-
less of which approach was used, in-stent restenosis
(ISR), late side branch occlusion, and flow disturbance
caused by a jailing stent strut were not uncommon, and a

compromised side branch (mainly the left circumflex
coronary artery) was observed in some patients.[10-14] The
use of a drug-coated balloon (DCB) has the advantages
of immediate drug release to the arterial wall and leaves
no polymers or stent struts, which reduce endothelial in-
flammation and in-stent thrombosis and shorten the
duration of dual antiplatelet therapy to only 4 weeks.[15,16]

Furthermore, the DCB technique was less likely to cause
a carina shift than stenting was, and a meta-analysis re-
ported that DESs were associated with a greater my-
ocardial infarction (MI) risk than was DCB angiopla-
sty.[17]

Previous studies have demonstrated the safety and ef-
fectiveness of DCBs for treating intracoronary stent
restenosis (ISR), small vessel and bifurcation lesions.[18–26]

However, most related studies have excluded LM bi-
furcation lesions. Considering the advantages of DCBs
and the keep it simple and safe (KISS) principle,[9] some
studies have explored the use of DCBs for LM bifurca-
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tion lesions with or without DES implantation. There-
fore, we performed this systematic review to assess the
safety and efficacy of DCBs for the treatment of LM bi-
furcation lesions. 

METHODS
 

Eligibility Criteria

The inclusion criteria of our study were as follows:
(1) a randomized controlled trial (RCT) and nonran-
domized study (nRS) in which the left main bifurcation
lesions were treated with the DCB technique, (2) at least
1 month of follow-up, and (3) available angiographic
and/or clinical outcomes. Studies that excluded LMCA
or did not report the proportion of LMCA patients were
excluded. 

Definitions and Outcomes

The clinical outcome was major adverse cardiac events
(MACEs), defined as the composite of cardiac/all-cause
death, MI and target lesion revascularization (TLR). TLR
was defined as any repeat revascularization within the
DCB or stented region, either clinically driven or due to >
50% restenosis at follow-up. Angiographic outcomes
were follow-up late lumen loss (LLL, defined as the fol-
low-up vessel minimal luminal diameter (MLD) minus
the postprocedure MLD) and binary restenosis (defined
as a stenosis diameter of at least 50%). The DCB-only
strategy involved the use of a DCB to relieve stenosis
without the need for stents. The DCB + stent strategy
was defined as the use of DES or bioabsorbable vessel
scaffolding (BVS) for the main branch and the treatment
of the side branch with DCB. The 2-DES strategy in-
volved implanting DESs in the main branch and side
branch. The CB + stent approach was used to treat the
main branch with a stent, and angioplasty was perform-
ed in the side branch with a conventional balloon (CB). 

Search Strategy

This was a systematic review conducted in compli-
ance with the Preferred Reporting Items for Systematic
Review and Meta-Analyses (PRISMA) statement. We
searched the PUBMED, Embase, Web of Science, Co-
chrane database of clinical trials, Chinese National
Knowledge Infrastructure (CNKI), WanFang Data
Knowledge Service Platform (WanFang Data) and In-
formation Resource Integration Service Platform (VIP)

without limits on language, publication date, or publica-
tion status. Case reports and conference abstracts were
excluded. The search strategy was as follows: ((“drug-
coated balloon”) OR (“DEB”) OR (“DCB”) OR (“drug-
eluting balloon”)) AND (bifurcation lesion). The literat-
ure searches were completed in May 2022. 

Study Screening and Data Extraction

Two researchers independently screened the identi-
fied records and extracted the data by applying the eli-
gibility criteria. The results obtained by the two re-
searchers were compared to determine any discrepan-
cies. The differences were resolved by discussion. Gen-
eral information data (author, year, study design, num-
ber of patients), baseline characteristics, procedure an-
giographic results, and clinical and angiographic out-
comes (MACE, LLL, binary restenosis) were extracted
from the eligible studies. The baseline characteristics in-
cluded mean age, sex, hypertension (HTN), diabetes
mellitus (DM), angina, myocardial infarction and left
ventricular ejection fraction (LVEF). The surgical an-
giographic results included the proportion of LM bifurc-
ation, ISR/de novo, and CBL types according to Medina
and the proportion of true bifurcation lesions. 

Quality Assessment

The Newcastle‒Ottawa Scale (NOS) was used to as-
sess the quality of the included nRSs based on selection,
comparability, and outcome. The single-arm studies
were evaluated without the scale entries of selection of
the nonexposed cohort and comparability of cohorts on
the basis of the design or analysis. The 20 nRSs were of
high quality, as indicated by receiving 5 to 9 stars. The
details are shown in Table 1. 

Statistical Analysis

We descriptively analyzed the baseline characteristics,
surgical angiographic characteristics, clinical outcomes
and, if available, angiographic outcomes among patients
whose bifurcation lesions were treated with DCBs. Ac-
cording to our search results, the studies can be divided
into two groups: studies targeting only bifurcation le-
sions at the LMCA (so-called LM-only studies) and
studies including all bifurcation lesion locations (so-
called nonselective bifurcation lesion studies). Quantit-
ative data with a normal distribution are expressed as the
mean ± SD, and categorical data are expressed as a per-
centage (%). 

JOURNAL OF GERIATRIC CARDIOLOGY RESEARCH ARTICLE

1048 http://www.jgc301.com; jgc@jgc301.com  



RESULTS
A total of 674 studies were identified. We removed 263

duplicate studies and excluded 331 studies based on
their titles and abstracts. After screening of the full text,
60 articles were excluded for various reasons. Eight art-
icles were duplicates, 7 articles were review articles, 1
study did not report the treatment strategy, and 44 stud-
ies excluded the LMs or lacked LM data. Twenty studies
in which the LM bifurcation lesions were treated with
DCBs were included in the qualitative analysis.[27–47]

Among these studies, 9 focused on LM bifurcation le-
sions,[27–29,32–34,44,46,47] while another 11 included bifurcation
lesions in all coronaries. [30,31,35–41,43,45] Figure 1 shows the
flow chart for literature screening. 

Baseline Characteristics and Interventions

Tables 2 and 4 show the characteristics and an-
giographic results of the studies included in our qualit-

ative synthesis (18 retrospective studies and 2 prospect-
ive studies). Ten studies reported the treatment of bi-
furcation lesions with DCBs alone (the DCB-only
strategy);[27,33–38,41,42,47] among them, there were three stud-
ies in which completed lesion preparation was via direc-
tional coronary atherectomy (DCA).[35,41,42] Ten studies in-
volved implantation of DES or BVS at the main branch,
and the side branch was treated with DCB angioplasty
(DCB + stent strategy).[28–31,39,40,43–46] De novo bifurcation
lesions were more common than ISR, which can be ob-
served in 4 DCB-only studies.[33,34,36,37] In studies includ-
ing all types of lesion locations, LM bifurcation lesions
varied widely from 2.5% to 80.6%.[30,31,35–41,43,45] True bi-
furcation lesions can be seen in all nonselective bifurca-
tion lesion studies.[30,31,35–41,43,45] However, in the LM-only
group, Ullah, et al.[47] included only Medina classification
(1,1,0) bifurcation lesions with substantially comprom-
ised side branches after main branch stenting. Erdoğan,

 

Table 1    Newcastle-Ottawa Scales values of 20 nRSs.

Study
Exposed truly
representative

of average

Selection non-
exposed

from same
community

Exposure
ascertained
by secure
record or
interview

Demonstratio
n of outcome
of interest not

present at
study start

Comparable
based groups

based on
major factor

Adequate
assessment

of
outcomes

Follow-up
long enough
for outcome

to occur

Adequacy follow-
up: subjects lost

to follow-up
unlikely to

introduce bias

Non-selective studies

　Schulz, et al.[38]
☆ / ☆ ☆ / ☆ ☆ ☆

　Harada, et al.[36]
☆ / ☆ ☆ / ☆ ☆

　Naganuma, et al.[37]
☆ ☆ ☆ ☆ ☆ ☆ ☆ ☆

　Ikuta, et al.[40]
☆ / ☆ ☆ / ☆ ☆ ☆

　Elwany, et al.[39]
☆ / ☆ ☆ / ☆ ☆ ☆

　Herrador, et al.[45]
☆ ☆ ☆ ☆ ☆ ☆ ☆ ☆

　Yang, et al.[30]
☆ ☆ ☆ ☆ ☆ ☆ ☆ ☆

　Li, et al.[43]
☆ ☆ ☆ ☆ ☆ ☆ ☆ ☆

　Kitani, et al.[41]
☆ / ☆ ☆ / ☆ ☆ ☆

　Okutsu, et al.[35]
☆ / ☆ ☆ / ☆ ☆ ☆

　Zhao, et al.[31]
☆ / ☆ ☆ / ☆ ☆

LM-only studies

　Lu, et al.[27]
☆ / ☆ ☆ / ☆ ☆ ☆

　Ullah, et al.[47]
☆ / ☆ ☆ / ☆ ☆ ☆

　Lee, et al.[34]
☆ ☆ ☆ ☆ ☆ ☆

　Kook, et al.[33]
☆ ☆ ☆ ☆ ☆☆ ☆ ☆ ☆

　Xiao, et al.[28]
☆ / ☆ ☆ / ☆ ☆

　Erdoğan, et al.[44]
☆ / ☆ ☆ / ☆ ☆ ☆

　Liu, et al.[46]
☆ ☆ ☆ ☆ ☆ ☆ ☆

　Li, et al.[29]
☆ ☆ ☆ ☆ ☆ ☆ ☆

　Kobayashi, et al.[32]
☆ / ☆ ☆ / ☆ ☆ ☆
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et al. focused on LM coronary artery disease with Med-
ina (0, 1, 0) and (0, 0, 1).[44] Supplementary Tables 1 and 2
describe the baseline characteristics of the patients in the
two different groups. The majority of the patients in the
two groups were male, with a mean age of 64.92 years
(62.51 years for the LM-only group[27–29,32–34,44,46,47] and 66.59
years for the nonselective bifurcation lesion
group[30,31,35–41,43,45]). Diabetes mellitus (DM) and hyper-
tension (HTN) were common, and nearly half of the
studies excluded patients admitted with acute myocar-
dial infarction.[27–29,32,35,37,41,43] Generally, patients in the LM-
only studies had better left ventricular function (LVEF)
than did those in the other group (59.03 vs. 58.88).[27–47]
 

Clinical and Angiographic Outcomes

Tables 3 and 5 show the clinical and angiographic out-
comes of the included studies. The studies were divided
into DCB-only and DCB + stent groups according to the
use of DCB. Among the LM-only bifurcation lesion
studies, four included the DCB-only strategy.

Lu,, et al. performed a prospective, single-arm study
treating de novo lesions with DCB angioplasty.[27] Of
those, true bifurcation lesions accounted for 34.3%. After
the procedure, the stenosis of coronary arteries was sig-
nificantly relieved, and the MLDs of the target vessels

continued to improve at follow-up in more than 50% of
patients (LLL: LM 0.16 ± 0.21 mm, LAD: -0.02 ± 0.18 mm,
LCx: -0.07 ± 0.25 mm). For the clinical outcomes, no
deaths or MIs were reported, and the incidence of TLR
was only 2.86% at the 6-month follow-up, which was
comparable to the performance of DESs in the DEBIUT
registry, with no MACEs occurring at the 4-month fol-
low-up.[19]

Kobayashi, et al.[42] predilated target vessels with DCA
and treated the de novo bifurcation lesions with the DCB
technique. In their study, the ostium of the left anterior
descending (LAD) artery was the most common lesion,
accounting for 68% of cases. After treatment with the
DCB technique, the target vessel MLD increased from
1.30 ± 0.40 mm to 3.40 ± 0.90 mm, with a preprocedure
reference lumen diameter (RLD) of 3.9 ± 1.1 mm. For
clinical and angiographic outcomes, Kobayashi, et al. re-
ported more favorable results than did the trials by
Chen, et al., who used a pDES strategy to treat LM bi-
furcation lesions.[42,48] The LLL in the study of Kobayashi,
et al. was 0.10 ± 0.50 mm, and the 1-year cumulative in-
cidence of TLR at follow-up was as low as 3.2%. How-
ever, Chen, et al. reported that the main branch (MB)
LLL was 0.23 ± 0.35 mm, the side branch (SB) LLL was
0.28 ± 0.55 mm, and the incidence of TLR reached 7.9% at

 

Figure 1    Flow chart for literature screening (PRISMA flow diagram). LM: left main.
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Table 2    Characteristics and angiographic results of studies only targeting bifurcation lesion at LMCA.

Author Year Design Treatment Simple
Size

Lesion Type
CBL Type (Medina)

True
bifurcation

(%)
NOSrestenosis/de

novo

Lu, et al.[27] 2021 Retrospective,
single-arm study DCB 35 De novo All type except (1, 0,

0) 34.3 6**

Kobayashi, et
al.[32] 2021 Retrospective,

single-arm study DCB 31 De novo Ang type 3.0 6**

Lee, et al.[34] 2018 Retrospective,
comparative study

DCB 75 ISR
Ang type

37.4
6

DES 29 ISR 41.3

Kook, et al.[33] 2020 Retrospective,
comparative study

DCB 24 ISR Ang type except (1,
0, 1)

29.2
9

DES 51 ISR 27.5

Xiao, et al.[28] 2020 Retrospective,
single-arm study DES + DCB 8 De novo (1, 1, 1) (1, 0, 1) (0, 1,

1) 100.0 5**

Erdoğan, et
al.[44] 2022 Prospective,

multicenter study DCB + pDES 30 De novo (0, 1, 0) (0, 0, 1) 0.0 6**

Liu, et al.[46] 2022 Retrospective,
comparative study

DES + DCB 50 De novo (1, 1, 1) (1, 0, 1) (0, 1,
1) 100.0 7

2-DES 50 De novo

Ullah, et al.[47] 2021 Retrospective,
comparative study

DES +
DCB/DES/CB 563 (116) * De novo (1, 1, 0) *** 0.0 6**

Li, et al.[29] 2019 Retrospective,
comparative study

DES + DCB 44 NA

(1, 1, 1) 100.0 72-DES 58 NA

DES + CB 66 NA

*Only 116 patients with FFR < 0.8 was treated; **evaluated without the scale entries of selection of the nonexposed cohort and compa-
rability of cohorts on the basis of the design or analysis. ***only included de novo LM stem coronary artery disease with Medina
classification (1, 1,0), significant ostial LCx lesion as evidenced by angiographic diameter stenosis (DS > 50%) after MV stenting were
enrolled. CB: conventional balloon; CBL: coronary bifurcation lesion; DCA: directional coronary atherectomy; DCB: drug-coated
balloon; DES: drug-eluting balloon; LM: left main; LMCA: left main coronary artery; pDES: provisional DES.

 

Table 3    Outcomes of studies only targeting bifurcation lesion at LMCA.

Author Follow up Treatment
LLL Restenosis MACE

MB (mm) SB (mm) MB (%) SB (%) TLR (%) MI (%) Death (%)

Lu, et al.[27] 6 months DCB LM: 0.2 ± 0.2; LAD: -0.0 ± 0.2;
LCx: -0.1 ± 0.3 NA NA 2.9 0.0 0.0

Kobayashi, et al.[32] 12 months DCB 0.1 ± 0.5 NA NA 3.2 0.0 0.0

Lee, et al.[34] 12 months
DCB NA NA NA NA 16.4 6.0 0.0 (cardiac)

6.8 (all cause)

DES NA NA NA NA 16.7 12.5 10.7 (cardiac)
21.4 (all cause)

Kook, et al.[33] 12 months
DCB 1.1 ± 1.1 46.2 16.7 0.0 0.00

DES 0.6 ± 0.9 20.0 21.6 2.0 2.0 (cardiac)
3.9 (all cause)

Xiao, et al.[28] 6M DES + DCB LM: 0.3 LAD: 0.1 LCx: 0.3* NA NA NA NA NA
Erdoğan, et al.[44] 6 months DCB + pDES/DES -0.3 ± 0.5 NA NA 0.0 0.0 0.0

Liu, et al.[46] 12 months
DES + DCB LM: 0.1 LAD: 0.2 LCx: -0.2* 15.4 7.7 6.0 0.0 0.0

2-DES LM: 0.2 LAD: 0.2 LCx: 0.4* 8.6 30.4 12.0 2.0 0.0

Ullah, et al.[47] 36 months

DES + DCB NA NA NA NA 0.0 5.4
2-DES NA NA NA NA 7.7 10.3

DES + CB NA NA NA NA 10.0 5.0

Li, et al.[29] 12 months

DES + DCB NA NA NA 12.5 4.2 0.0
2-DES NA NA NA 10.3 5.2 1.7 (cardiac)

DES + CB NA NA NA 7.6 3.0 1.5 (cardiac)

*SD was unavailable. BVS: Bioabsorbale Vessel Scarfolding; CB: conventional balloon; CBL: coronary bifurcation lesion; DCA:
directional coronary atherectomy; DCB: drug-coated balloon; DES: drug-eluting balloon; LAD: left anterior descending; LCx: left
circumflex; LLL: late lumen loss; LM: left main; LMCA: left main coronary artery; MACE: major adverse cardiac event; MB: main
branch; MI: myocardial infarction; pDES: provisional DES; SB: side branch; TLR: target lesion revascularization.
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the 12-month follow-up.[48]

Lee, et al. and Kook, et al. compared the performance
of DCB to that of DES in dealing with ISR bifurcation le-
sions.[33,34] In Lee, et al.’s study, (0,0,1) was the most com-
mon type of bifurcation in the DCB group (accounting
for 37.3%), while in the DES group, (1,1,1) and (0,1,0)
were more common than other bifurcation lesions (to-
gether accounting for more than 40%). However, there
was no difference in bifurcation type between the two
strategy groups in the study by Kook, et al. with (0,1,0),
which was observed in more than 50% of patients, and
the DCB group tended to more frequently have stent-in-
stent cases (25% vs. 7.8%, P = 0.07) than did the DES
group. After the procedure, the MLD significantly im-
proved in the two strategy groups. Kook, et al.’s study
showed that the DCB group had smaller postprocedure
MLDs of the target lesions (P = 0.03), but the DCB tech-
nique resulted in a greater LLL than did the DES (1.06 ±
1.10 vs. 0.60 ± 0.85, P = 0.23). For clinical outcomes, the

two LM-ISR treatment studies reported a higher rate of
TLR in both technique groups, and a lower incidence of
mortality and MI was observed in the DCB group than
in the DES group at the 12-month follow-up.

In five studies, bifurcation lesions were treated with
DESs implanted in the main branch and DCBs used for
side branch angioplasty.

Ullah, et al.[47] included only de novo (1,0,0) bifurca-
tion lesions with a compromised left circumflex (LCx)
artery after stenting the main branch. Patients were di-
vided into two groups according to the fractional flow
reserve (FFR). Compromised LCx lesions with a low FFR
(FFR < 0.8) were treated with a DCB, DES or CB. With a
primary endpoint of MACEs at the three-year follow-up,
no deaths or TLRs were reported in the DES+DCB
group. There was no significant difference among the
three techniques in terms of the rate of MACEs
(DES+DCB: 8.1%; 2-DES: 20.5%; CB: 17.5%; P = 0.299).

Xiao, et al.[28] performed a prospective, single-arm

 

Table 4    Characteristics and angiographic results of nonselective bifurcation lesion studies.

Author Year Design TreatmentSimple
size

Lesion type LM
bifurcation

lesion
CBL Type
(Medina)

True
bifurcation

(%)
NOSRestenosis/de

novo

Schulz, et
al.[38] 2014 Retrospective,

single-arm study DCB 38 De novo 33.3 all type 28.4 6*

Harad, et
al.[36] 2017 Retrospective,

single-arm study DCB 177 ISR 45.8 all type 52.5 5*

Kitani,et
al.[41] 2021 Retrospective, multicenter,

single-arm study DCB 129 De novo 80.6 all type 14.0 6*

Okuts,et
al.[35] 2022 Retrospective,

single-arm study DCB 24 De novo 59.3 all type except
(0,0,1) 25.9 6*

Naganuma,
et al.[37] 2016Retrospective, multi-center,

comparative study study
DCB 73 ISR 24.4

all type
67.9

8
DES 85 ISR 23.6 57.3

Ikuta, et al.[40] 2021 Retrospective,
single-arm study

DCB +
DES 138 De novo 15.2 (1,1,1) (1,0,1)

(0,1,1) 100.0 6*

Zhao, et al.[31] 2017 Retrospective,
single-arm study

DCB +
DES 20 De novo 15.0 (1,1,1) (1,0,1)

(0,1,1) 100.0 5*

Elwany, et
al.[39] 2019Retrospective, multi-center,

single-arm study
DCB +

BVS 40 De novo 2.5 all type 72.5 6*

Li, et al.[43] 2021 Retrospective,
comparative study

DCB +
DES 102 De novo 58.8 (1,1,1) (1,0,1)

(0,1,1)
100.0

8
CB + DES 117 De novo 39.3 100.0

Herrador, et
al.[45] 2013 Prospective,

comparative study

DCB +
DES 50 NA 8.0

all type
56.0

8
CB + DES 50 NA 12.0 48.0

Yang, et al.[30] 2020 Retrospective,
comparative study

DCB +
DES 29 NA 3.4 (1,1,1) (1,0,1)

(0,1,1)
100.0

8
CB + DES 31 NA 3.2 100.0

*Evaluated without the scale entries of selection of the nonexposed cohort and comparability of cohorts on the basis of the design or
analysis. BVS: Bioabsorbale Vessel Scarfolding; CB: conventional balloon; DCA: directional coronary atherectomy; DCB: drug-coated
balloon; DES: drug-eluting balloon; LM: left main; NOS: Newcastle‒Ottawa Scale; pDES: provisional DES.
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study using the DCB + DES approach to treat de novo
true LM bifurcation lesions. They found that this strategy
was effective at reducing stenosis, with side branch dia-
meter stenosis decreasing from 97.1% ± 9.0% to 19.8% ±
10.6%. The follow-up angiographic results showed that
the side branch LLL was 0.30 mm, which was similar to
the performance of the pDES strategy in the study by
Chen, et al. (LLL = 0.28 ± 0.55 mm).[48] No deaths or TLRs
were reported at the 6-month follow-up.

Liu, et al. compared the angiographic and clinical out-
comes between the DCB + DES and 2-DES groups for
treating de novo true LM bifurcation lesions.[46] An in-
creasing trend in the DCB + DES group was observed,
which lasted through the follow-up period and resulted
in a larger follow-up side branch MLD (1.80 mm vs. 2.41
mm, P = 0.031) and a smaller LLL (-0.17 mm vs. 0.43
mm) than those in the 2-DES group. The incidence of
restenosis in the 2-DES group reached 30.4% at the 12-
month follow-up, while it was only 7.7% in the DES+
DCB group (P > 0.05). There was no significant differ-
ence in TLR or mortality between the two strategies.

Li, et al. performed a prospective study targeting
(1,1,1) LM bifurcation lesions with LCx diameters ran-
ging from 2.25 mm to 2.75 mm.[29] They found that for the

angiographic and clinical outcomes, both the DCB + DES
and 2-DES strategies obtained better results than did the
DES + CB approach. The DCB + DES strategy had an ad-
vantage in relieving side branch stenosis at follow-up
(percentages of LLL: 4% ± 5% vs. 11% ± 7% vs. 16% ±
11%). In the DCB + DES group, only 3.22% of patients
experienced in-stent restenosis at follow-up. However,
18.60% and 9.76% of patients experienced in-stent
restenosis in the 2-DES and DES + CB groups, respect-
ively, experienced in-stent restenosis (P < 0.05), which
was similar to the results in the study of Berland, et al.[49]

The DES + DCB group had the highest rate of MACEs
among the three strategies, which was mainly attributed
to a high TLR (12.5% vs. 10.3% vs. 7.58%, P > 0.05).

Erdoğan, et al.[44] performed a prospective, multicenter,
proof-of-concept study. They targeted patients admitted
with acute coronary syndrome (ACS) having a (0,1,0) or
(0,0,1) LM bifurcation lesion. Most of the SB bifurcation
lesions were treated with DCBs combined with provi-
sional DESs unless the patients refused or experienced
severe dissection, in which case the DES was placed after
DCB treatment. This strategy significantly relieved side
branch stenosis, with the MLD increasing from 1.00 ±
0.39 mm to 2.25 ± 0.50 mm and the reference vessel dia-

 

Table 5    Outcomes of nonselective bifurcation lesion group.

Author Follow up Treatment
LLL Restenosis MACE

MB (mm) SB (mm) MB (%) SB (%) TLR (%) MI (%) Death (%)

Schulz, et al.[38] 4M DCB NA NA 6.7 3.3 7.7 0.0 0.0

Harada, et al.[36] 6M DCB -0.1* 0.2* 7.2 16.8 22.0 0.0 2.0 (all cause)

Kitani, et al.[41] 12M DCB 0.3 ± 0.5 2.3 3.1 0.8 0.0

Okutsu, et al.[35] 3M DCB 0.2 ± 0.6 NA NA 0.0 0.0 0.0

Naganuma, et al.[37] 24M
DCB NA NA NA NA 16.6 0.0 5.0 (cardiac)
DES NA NA NA NA 17.6 0.0 2.6 (cardiac)

Ikuta, et al.[40] 12M DCB + DES 0.4 ± 0.7 -0.1 ± 0.4 4.3 8.0 2.1 0.7 0.7 (cardiac)

Zhao, et al.[31] 6M DCB + DES NA NA NA NA 0.0 0.0 0.0

Elwany, et al.[39] 6M DCB + BVS -0.2* 0.1* 0.0 2.5 0.0 2.5 0.0

Li, et al.[43] 12M
DCB + DES 0.1 ± 0.1 0.1 ± 0.2 NA 4.9 NA 2.9 1.0 (cardiac)
CB + DES 0.1 ± 0.1 0.2 ± 0.2 NA 7.7 NA 6.0 0.9 (cardiac)

Herrador, et al.[45] 12M
DCB + DES 0.5 ± 0.6 0.1 ± 0.4 12.5 7.5 12.0 0.0 0.0
CB + DES 0.6 ± 0.7 0.4 ± 0.5 18.6 20.9 22.0 2.0 0.0

Yang, et al.[30] 9M
DCB + DES 0.2 ± 0.4 0.0 ± 0.7 NA NA NA 0.0 0.0
CB + DES 0.3 ± 0.4 0.6 ± 0.6 NA NA NA 0.0 0.0

*SD was unavailable. BVS: Bioabsorbale Vessel Scarfolding; CB: conventional balloon; CBL: coronary bifurcation lesion; DCA:
directional coronary atherectomy; DCB: drug-coated balloon; DES: drug-eluting balloon; LAD: left anterior descending; LCx: left
circumflex; LLL: late lumen loss; LM: left main; MACE: major adverse cardiac event; MB: main branch; MI: myocardial infarction;
pDES: provisional DES; SB: side branch; TLR: target lesion revascularization.
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meter (RVD) decreasing from 2.81 ± 0.60 mm to 2.64 ±
0.48 mm after the procedure. This trend continued until
the 6-month follow-up, as the LLL was only -0.34 ± 0.48
mm, and no deaths, MIs or TLRs were reported.

Among the nonselective bifurcation lesion studies, five
studies utilized a DCB-only strategy.

Schulz, et al.[38] conducted a prospective, single-arm,
observational study that involved a DCB-only strategy to
treat de novo bifurcation lesions. The LM bifurcation le-
sions and the true bifurcations accounted for 33.3% and
38.4% of cases, respectively, of the lesions. The restenosis
rate (MB 6.67%, SB 3.33%), especially of the side branch,
was comparable to or even lower than that after DES
treatment, which reported the side branch restenosis rate
to be between 11.5% and 19.2% in the Nordic-Baltic Bi-
furcation Study III,[50] 2.8% and 3.6% in the British Bifurc-
ation Coronary Study.[51] The rate of MACEs was 7.7% at
the midterm follow-up, with no deaths or MIs occur-
ring.[38] However, the rate of MACEs at the midterm fol-
low-up varied widely among DES treatment studies,
which reported MACEs rates of 15%–15.8% in CACTUS,
and of only 2.1%–2.5% in the Nordic-Baltic Bifurcation
Study III.[50,52]

Harada, et al.[36] performed the DCB-only strategy for
ISR lesions that had been treated with a 2-DES approach
before. LM bifurcation lesions accounted for 45.76% of
the cases, and true bifurcations were present in 52.5% of
the patients. The incidence of restenosis was 24%, and
the rate of MACE was 24% at long-term follow-up,
which was comparable to the performance of DES in a
prior study reporting a MACE rate of 27.6%.[36,37]

Both Kitani, et al. and Okutsu, et al. treated de novo
bifurcation lesions with DCA first followed by DCB an-
gioplasty after sufficient debulking without severe dis-
section.[35,41] The proportions of LM bifurcation lesions in
each study were 80.6% and 59.3%, respectively. After the
treatment, both studies showed significant improve-
ments in target vessel MLDs (preprocedure 1.80 ± 0.40
mm vs. postprocedure 3.10 ± 0.50 mm, 1.20 ± 0.50 mm
vs. 3.10 ± 0.60 mm, respectively). In the study by Kitani,
et al., late lumen enlargement, defined as a negative
value of LLL, was observed in 28% of the patients.[41] Ok-
utsu, et al. reported that the rate of restenosis was 2.3%,
and no deaths were reported at the 3-month follow-up.[35]

However, the observation period was too short to reach
a conclusion. The overall target vessel LLL in the study
of Kitani, et al. was 0.29 ± 0.51 mm, and the incidence of
restenosis was 2.3%.[41] The TLR, especially the side

branch TLR, was low at the 1-year follow-up because it
was only 0.8%. The performance of DCB in Kitani, et al.’s
study was comparable to the performance of DES in the
PERFECT study, in which bifurcation lesions were also
prepared with the DCA technique.[41] In the PERFECT
study, the main branch LLL was 0.52 ± 0.53 mm, the side
branch LLL was 0.15 ± 0.44 mm, the rate of restenosis
was 4.5%, and the percentage of patients with TLR was
2% at the 12-month follow-up.[53]

Naganuma, et al.’s prospective study compared DCB
with second-generation DESs in treating ISR bifurcation
lesions.[37] Naganuma, et al. reported a higher rate of
MACEs in the DCB group than in the DES group (32.1%
vs. 27.6%, P = 0.593). This could be explained by the
higher incidence of stent-in-stent lesions in the DCB
group than in the DES group, which was an independ-
ent predictor of MACEs. Moreover, the high rate of
MACEs was mainly attributed to TLR, which reached
16.6% in the DCB group and 17.6% in the DES group.
Patients with restenosis caused by second-generation
DESs (26.9% vs. 6.7%, P < 0.001), restenosis caused by
both the MB and SB (42.3% vs. 25.8%, P = 0.025) or
restenosis caused by stent-in-stent lesions (25.6% vs.
14.6%, P = 0.074) were more likely to be treated with
DCBs in this study.

Among the nonselective bifurcation lesion studies, five
involve a DCB + stent strategy.

LM bifurcation lesions accounted for approximately
15% of the cases in the single-arm retrospective studies
by Ikuta, et al. and Zhao, et al..[31,40] In both studies, au-
thors were specifically concerned about de novo true bi-
furcation lesions and treated bifurcation with DCB an-
gioplasty for the side branch before or after main branch
DES implantation. Ikuta, et al. reported that the MLD of
the side branch increased from 0.69 ± 0.58 mm to 1.33 ±
0.47 mm with a 2.02 ± 0.66 mm preprocedure RVD after
DES + DCB treatment. In Ikuta, et al.’s study,[40] the
DES + DCB strategy achieved excellent angiographic
performance, with a side branch LLL at the 12-month
follow-up of only −0.14 mm, which was smaller than that
in prior studies in which the DES + CB strategy or 2-DES
strategy was conducted (the SB LLL was 0.05 ± 0.31 mm
in DES+CB, and the SB LLL was 0.29 ± 0.52 mm in 2-
DES).[52,54] A study by Ikuta, et al.[40] showed that the rate
of MACEs was 2.9%, with 2.1% of patients having TLR.
No MACEs occurred during the 6-month follow-up in
the study of Zhao, et al., which was more favorable than
that in the study involving the DES + CB or 2-DES stra-
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tegy. In the DES + CB strategy study, the rate of MACEs
was 14%, and TLR was 7%, whereas in the 2-DES study,
the rate of MACEs was 18%, and TLR was 7.3%.

Elwany, et al.[39] reported a retrospective, multicenter,
single-arm study in which de novo bifurcation lesions
were treated with a DCB + BVS strategy. At least one
BVS was implanted in the main branch followed by DCB
angioplasty of one or more side branches, and no bailout
stent was required in the side branch. LM bifurcation le-
sions were observed in only 2.5% of patients, but the
proportion of true bifurcation lesions reached 72.5%. The
angiographic outcomes showed that the main branch
LLL was -0.20 mm and that the side branch LLL was 0.12
mm. During the 6-month follow-up, no deaths or TLRs
were reported, and the rate of MACEs was comparable
to that in the studies using BVS to treat bifurcation le-
sions with or without DESs.[55–57]

Li, et al., Herrador, et al. and Yang, et al. compared the
performance of DES + DCB to that of DES + CB in treat-
ing bifurcation lesions with DESs implanted in the main
branch and DCBs or CBs used for side branch an-
gioplasty.[30,43,45] Li, et al.[43] and Yang, et al.[45] focused on
true bifurcation lesions, while all types of bifurcations
were included in the study by Herrador, et al.[45] The pro-
portions of left main bifurcation lesions differed widely
among the three studies (48.4% vs. 10.0% vs. 3.3%), al-
though they reached the same conclusion that the clinic-
al and angiographic results were favorable for the DCB
technique. In Herrador, et al.’s study,[45] DCBs per-
formed better at reducing adverse events at follow-up,
especially for reducing TLR (12% vs. 22%), than CBs did.
Regarding angiographic outcomes, an advantage of side
branch protection was observed in the DCB group, in
which the LLL was smaller (0.4 mm vs. 0.09 mm, P = 0.01)
and the rate of restenosis was lower (7.5% vs. 20.9%, P =
0.08). Similarly, Yang, et al.[43] also reported more favor-
able outcomes in the DCB group than in the CB group
(LLL 0.03 ± 0.74 mm vs. 0.62 ± 0.64 mm, P = 0.002;
MACEs 3.4% vs. 6.5%, P > 0.05). Li, et al. reported that al-
though no significant difference in the main branch LLL was
observed between the two groups (P > 0.05), the side
branch LLL in the DCB group was smaller than that in
the CB group (0.11 ± 0.18 mm vs. 0.19 ± 0.25 mm, P =
0.024). For the clinical outcomes, Li, et al. reported no sig-
nificant difference in the restenosis incidence between
the two strategies, but even after adjusting for compou-
nding factors, multivariate analyses showed that DCBs
still had a lower MACE risk than did CBs (P = 0.033). 

DISCUSSION

LM bifurcation lesions are a common type of LMCA
disease. Currently, the European Bifurcation Club re-
commends provisional DES or 2-DES as the standard
PCI strategy for LM bifurcation.[58] DCBs have the ad-
vantages of releasing drugs to the arterial wall to inhibit
endothelial hyperplasia without leaving stent struts and
leaving room for follow-up treatment.[60,61] The use of
DCBs is increasing in bifurcation lesions, but in LMs,
their usage is still limited, which is mainly attributed to
the unsatisfactory lesion preparation and the require-
ment for long inflation times considering the importance
of these anatomical sites. Several studies have explored
the use of DCBs in LM bifurcation lesions, but there are
no comprehensive analyses to support this strategy.
Thus, we performed this systematic review to evaluate
the safety and efficacy of DCBs in treating LM bifurca-
tion lesions.

The present systematic review involved a qualitative
analysis, which included 20 studies with a total of 2217
patients. Eighteen of the included studies were retro-
spective studies, and 2 were prospective studies. Meta-
analysis could not be performed due to the significant
clinical and methodological heterogeneity and a lack of
RCTs. The main findings of our systematic review can be
summarized as follows: (1) DCBs achieved noninferior
or even superior angiographic and clinical outcomes at
the midterm follow-up in treating LM bifurcation le-
sions compared with DESs or CBs, whether for de novo
or ISR lesions. (2) DCBs may have the advantages of side
branch protection and hold the potential in treating stent-
in-stent lesions.

For de novo bifurcation lesions, two different stra-
tegies are used to perform DCB angioplasty. Some of
these studies used a DCB-only strategy to relieve vessel
stenosis and completed at least a 3-month follow-up
period. Among those, Kobayashi, et al., Kitani, et al. and
Okutsu, et al. predilated the bifurcation lesions with
DCA and achieved good performance. The DCB-only
strategy resulted in a small target vessel LLL and a low
incidence of MACEs, which was reported to be only
3.2%-7.7%, with no deaths occurring at the 12-month fol-
low-up.[28,33,39,36,42] These results were comparable to the
performance of the provisional DES strategy in treating
de novo bifurcation lesions.[48] The other studies treated
the side branch with a DCB, DES or CB after main
branch stenting. Compared with DESs or CBs, DCB an-
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gioplasty resulted in a smaller side branch LLL and a
lower rate of restenosis and MACEs at the midterm fol-
low-up.[29,32,41,44,47] The incidence of MACEs in the in-
cluded studies was 1.4%–6.0% in the DES+DCB group,
15% in the DES+CB group and 14%–18% in the 2-DES
group, which was consistent with the results of a recent
meta-analysis regarding the LM bifurcation stenting
strategy. In this meta-analysis, the incidence rates of
MACEs in the groups treated with the DES + CB and 2-
DES strategies were 15.2% and 19.3%, respectively, at the
12-month follow-up.[59]

Several RCTs that excluded LM lesions evaluated the
efficacy and safety of DCBs for the treatment of ISR le-
sions, and the results were comparable to those of
DESs.[18,21,22,24] Similarly, no significant difference in an-
giographic or clinical outcomes was observed between
DCBs and DESs in this systematic review (P >
0.05).[34,35,37,38] ISR lesions had a higher rate of MACEs,
which was mainly attributed to a higher rate of TLR,
than that of de novo lesions. Furthermore, compared
with those in the DES group, the DCB group tended to
have more frequent the stent-in-stent cases, which were
reported to be approximately 25%. Although stent-in-
stent lesions are more prone to restenosis, the rate of TLR
in the DCB group remained lower than that in the DES
group.

Moreover, the MLD of the side branch was observed
to have a tendency to increase after DCB angioplasty,
which continued through the follow-up period and even
resulted in side branch late lumen enlargement, defined
as a negative value for LLL.[28,41,45,47] This finding sugges-
ted that DCBs may have the advantage of side branch
protection. There is no consensus on which group of pa-
tients would benefit the most from treatment with DCBs,
and these findings provide additional evidence for the
use of DCBs in affected side branches.

For the stenting strategy in LM bifurcation lesions,
Chen, et al. used the DEFINITION criteria to determine
complex lesions and guide PCI strategies (pDES vs. 2-
DES).[48] Despite the increasing usage of this approach,
criteria for the DCB strategy are still lacking. In most of
the included studies, DCB angioplasty was performed
unless there was evidence of satisfactory lesion prepara-
tion (i.e., thrombolysis in myocardial infarction (TIMI) III
flow, absence of residual stenosis > 30% of the MB or >
75% of the SB and dissection no more than grade B ac-
cording to the NHLBI classification).[60] Furthermore, the
use of DCBs may be more effective for some specific le-

sions (i.e., side branch lesions and stent-in-stent lesions)
than for others. Thus, a standard approach that takes
various factors into consideration is needed to guide
DCB angioplasty in LM bifurcation lesions.

Considering the importance and complexity of
LMCAs, many surgeons are worried about the uncer-
tain risks of DCB use and preferring to use stents.
However, our systematic review showed that the use of
DCBs for treating LM bifurcation lesions was compar-
able to the use of DCBs for treating non-LM bifurcation
lesions, even though LMCA lesions had an obviously
higher risk and poorer prognosis. Moreover, for both de
novo and ISR lesions, there were no significant differ-
ences in the angiographic or clinical results after treat-
ment with DCBs. Thus, the use of DCBs in LM bifurca-
tion lesions was safe and effective on the basis of satis-
factory predilation. However, this conclusion was based
on nRSs, which inevitably contain heterogeneity and
therefore require confirmation by large-scale RCTs; ad-
ditional studies are needed to provide solid evidence for
the use of DCBs in LM bifurcation lesions.

There were several limitations in our review. First, no
RCTs were available, and only studies published in Eng-
lish or Chinese were included in this systematic review,
which led to potential selection bias. Second, some of the
included studies were single-arm observational studies
with small sample sizes, and their rates of clinical events
were highly heterogeneous. Third, bifurcation lesions
were classified by Medina, and this standard does not
account for other important factors, such as the bifurca-
tion angle, extent of the main branch/side branch, vessel
diameter, TIMI flow or combined calcification. Fourth,
second-generation DESs may have better angiographic
and clinical outcomes than first-generation DESs.[18,61]

However, we did not report the specific types of DCBs or
DESs, which may hamper the interpretation of the in-
cluded studies.

In conclusion, this systematic review summarized and
qualitatively analyzed the study characteristics, baseline
data, and clinical and angiographic outcomes of DCB use
for LM bifurcation lesions. Based on our descriptive ana-
lysis, the DCB technique has favorable safety and effic-
acy profiles for the treatment of left main bifurcation le-
sions. More studies, especially randomized controlled
trials, are needed to help set standards for the use of the
DCB technique and to demonstrate the safety and effect-
iveness of DCBs in treating LM bifurcation lesions. 
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