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Abstract: Objective: To investigate the efficacy of cutting balloon (CB) versus plain balloon (PB) in percutaneous
coronary intervention (PCI) in the management of coronary artery bifurcation lesions patients complicated with
diabetes mellitus (DM). Methods: From May 2015 to May 2016, 88 coronary artery bifurcation lesions patients with
DM admitted to our hospital were recruited in this study. The participants were assigned to undergo pre-dilation
of bifurcation lesions with CB alone (the CB group) or with PB alone (the PB group). Stents were implanted into the
main coronary artery lesions after pre-dilation among all the patients in the two groups. The clinical data at baseline
and the characteristics of bifurcation lesions were compared between the two study groups. The primary outcome
measures included minimal lumen diameter (MLD) of the main vessels and the side branches, side branch extru-
sion and occlusion, while the secondary outcome was perioperative complications. Results: No striking differences
in gender, age, comorbidities of hyperlipidemia and hypertension, the left ventricular ejection fraction and the
number of diseased arteries, bifurcation site, lesion classification, DM stage, fasting blood glucose, fasting insulin
and glycosylated hemoglobin were observed between the two groups (P>0.05). Before PCI, the differences in MLD
of main vessels and side branches were insignificant among the patients in the two groups (P>0.05); but after the
procedure, MLD of main vessels and side branches increased markedly, with a greater magnitude of increase in the
MLD of side branches among the patients in the CB group (P<0.05). According to the results of immediate postop-
erative angiography, the rates of side branch extrusion and occlusion were smaller but the number of unaffected
side branches was larger in the CB group than in the PB group (P<0.05). All the patients in the two groups had no
perioperative death, arrhythmia, heart failure or other complications, but the episodes of perioperative myocardial
infarction in the CB group were fewer than those in the PB group (P<0.05). Conclusion: CB pre-dilation of bifurca-
tion lesions applied in PCI for artery bifurcation lesions patients with DM is associated with better protection of side
branches, reduction in side branch occlusion and perioperative complications. Thus, CB is of greater significance
in clinical practice than PB.
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Introduction

Percutaneous coronary intervention (PCl) has
become one of the most effective surgical tech-
niques for treating coronary bifurcation lesions,
but it often comes along with complex proce-
dure, high risk and postoperative restenosis
[1]. Treatment of coronary bifurcation lesions
with PCl is difficult and at high risk because the
release of stents to the main branches extrudes
stenotic side branches, resulting in further ste-
nosis of side-branch ostium, or even occlusion,
which has become one of the decisive causes
for the occurrence of major adverse cardiovas-

cular events in the patients undergoing PCI [2].
The main purpose of PCI for treating coronary
bifurcation lesions is to ensure the patency of
the main coronary arteries and side branches,
reducing the occurrence of postoperative reste-
nosis in the side branches. Clinically, the kiss-
ing balloon technique is a preferred technique
for protecting the side branches of coronary
arteries. For the rich and smaller target branch-
es, however, it is difficult to achieve dilation of
the stenotic segments by using plain balloon
(PB), with low rate of procedural success [3].
The above dilemma has allowed the develop-
ment of cutting balloon (CB). With metal blades
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evenly distributing on the surface of the bal-
loon, the CB can cut, separate and displace
the plaque, preventing displaced plaque from
occluding the vascular branches [4]. Compared
with PB, CB can make the stenotic segments of
coronary artery regular in shape, minimize the
damages to the intima and media in the pro-
cess of stent expansion, so as to protect the
side branches and diminish the incidence of
perioperative complications. As a result, CB is
particularly suitable for the treatment of the
rich and small side branches [5]. In addition, for
coronary artery disease patients complicated
with DM, which is a common coexisting dis-
ease, coronary artery disease often manifests
as multiple vessels, diffuse stenosis at many
sites, and poor vascular compliance. Such
patients are at higher risk in the case of PCI
with PB. Nevertheless, few reports have con-
cerned with CB use. Therefore, in the current
study, we compared the efficacy of CB and PB
for PCl in the management of coronary artery
bifurcation lesions patients complicated with
DM.

Materials and methods
General data

From May 2015 through May 2016, a total of
88 coronary artery bifurcation lesions patients
with diabetic mellitus undergoing PCI, who were
admitted to the Department of Cardiovascular
Medicine in our hospital, were selected as sub-
jects in this study. A total of 96 coronary bifur-
cation lesions of Stage D or F on Duke’s classi-
fication were identified. The patients were ran-
domly divided into the CB group and the PB
group. The patients were eligible for inclusion if
they had coronary artery bifurcation lesions on
coronary angiography, branch vessel diameter
of 2-3 mm, with stenosis higher than 75%, side
branches in need of protection as a result of
extrusion of side branch ostium from stenting
release. They were also requied to have DM at
the intermediate or advanced stage, without
severe complications including diabetic neph-
ropathy, ocular complications or diabetic foot,
with the blood glucose levels which could be
stabilized after hypoglycemic therapy. In addi-
tion, the study obtained approval from the
Hospital Ethics Committee, and each patient
and (or) their families supplied us with written
informed consent. The patients were excluded
from the study if they had target lesions which
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were restenosis lesions or graft lesions with
serious calcification, angulation and flexure,
ST-segment elevation acute myocardial infarc-
tion, previous PCIl procedures or contraindica-
tions to antiplatelet drugs.

Study method

All the patients underwent coronary angiogra-
phy via the transfemoral or transradial app-
roach. The angiograms with regard to the left
and right main coronary arteries at different
sites of the patients were acquired. Before and
after the PCl procedure, they received quantita-
tive measurements of the main and side branch
arteries in size. Before the PCI procedure, they
were given aspirin, plavix, statins lipid-lowering
agents, and hypoglycemic therapy to stabilize
blood glucose and pressure. During the PCI
procedure, they received intravenous infusion
of the above drugs at 100 U/kg, and heparin
was added when the PCI procedure was longer
than 2 h. Stenting was performed for the main
artery bifurcation lesions, and stenting was
also applicable for the side and main coronary
artery if necessary. Appropriate balloons were
selected based on lesion length and the ratio
of balloon diameter to reference diameter (1.0-
1.1:1.0). The patients in the CB group receiv-
ed pre-dilation of artery coronary bifurcation
lesions with CB alone whereas those in the PB
group received pre-dilation of the lesions with
PB alone. After full pre-dilation of bifurcation
lesions with balloons, stents were implanted
into the main vessels. The treatment regimen
decision, primarily kissing-balloon dilatation
technique or stent implantation, was made on
the basis of the degree of extrusion to the side
branch from the implanted stent at the main
artery. When the side branches showed benefi-
cial hemodynamics and stenosis diameter of
less than 50%, the patient needed close obser-
vation but no treatment. In case of evident
abnormal hemodynamics in the side branch,
with thrombolysis in myocardial infarction
(TIMI) flow lower than Grade 2, and stenosis
dimeter no less than 50%, kissing-balloon dila-
tation or stent implantation was performed
based on the dissection and occlusion profiles.
In the process of pre-dilation with CB, CB was
sure to maintain in a negative pressure state,
without containing any gas or liquid and with
the blades uniformly distributing on the surface
of the balloon. To ensure a good support, the
CB was delivered by appropriate catheters or
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Table 1. Clinical and baseline data of patients

CB (n=44, 47 PB (n=44, 49

plications including death, arr-
hythmia, heart failure, and myo-

Variable bifurcation bifurcation 852?:20 valrue cardial infarction were also
lesions) lesions) observed [6, 7].

Male (%) 26 (59.09) 25 (56.82) 0.745 0.586 Statistical analysis

Age (year) 58.9+0.35 59.2+0.41 0.415 0.745

Hyperlipidemia (%) 13 (29.55) 14 (31.82) 0.625 0.632 Experimental data were proce-

Hypertension (%) 24 (54.55) 22 (50.00) 0.952 0.452 ssed using the SPSS software,

LVEF (%) 0.584+0.084 0.592+0.091 1.044 0.145 version 18.0. Measurement da-

Diseased vessels ta with normal distribution and
One-vessel 12 13 homogeneity of variance were
Two-vessel 25 23 1.239 0.095 represented as mean + stan-
Three-vessel 7 8 dqrpl deviation, and a t-test was

Bifurcation site ut|l|zgd for between-group co-
ADR/FDB (%) 31 30 0.145 0.984 mparisons, V\./hereas measur-e-

ment data without normal dis-

LCA/FOMB (%) 5 6 tribution were expressed as M
RCA/PLVB or PDA (%) 11 13 (Q1, Q3), and a Mann-Whitney U

Lesion classification test was applied for between-
Duke D (%) 35 34 0.412 0.824 group comparisons. Enumerati-
Duke F (%) 12 15 on data was assessed with the

DM stage (n) chi-square test. Ordinal data
Intermediate 18 20 0.624 0.541 was measured with the rank
Advanced 26 24 sum test. E<0.05 indicgted Sig-

FBG (mmol/L) 5.81+0.022 5.68+0.019 1.065 0.241 nificant differences in  data

FI (mU/L) 249+40.016 25.3+0.014 1.159 0.124 between groups.

GH (%) 6.21+0.023 5.96+0.015 0.965 0.136 Results

Note: With the use of a t-test, a chi-square test and a rank sum test. LVEF de-

notes left ventricular ejection fraction, ADR, anterior descending artery, FDB, first
diagonal branch, LCA, left circumflex artery, FOMB, first obtuse marginal branch,

Clinical data of patients at
baseline

RCA, right coronary artery, PLVB, posterior left ventricular branch, PDA, posterior
descending artery, FBG, fasting blood glucose, Fl, fasting insulin, GH, glycosylated

hemoglobin.

guide wires. Pressure in the course of CB pre-
dilation should be gradually increased, then
released and removed.

Outcome measures and outcomes-related
criteria

The primary outcomes included the minimal
lumen diameter (MLD) of the main vessels and
the side branches, side branch extrusion and
occlusion and perioperative complications. Cor-
onary angiography was performed before and
after stent implantation; the software specified
for quantitative analysis was applied for mea-
surement of the MLD of the main vessels and
the side branches; whether there was extrusion
or occlusion at the side branch ostium was
observed. In the first 48 h after PCI, regular
monitoring of myocardial predictors was made
among all the patients, and perioperative com-
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The clinical data including sex,

age, comorbidities of hyperlip-

idemia and hypertension, left
ventricular ejection fraction, the number of dis-
eased vessels, bifurcation site, lesion classifi-
cation, DM stage, fasting blood glucose, fasting
insulin and glycosylated hemoglobin were com-
pared between the two groups, indicating no
striking differences (P>0.05, Table 1).

MLD of the main vessels and side branches

The MLD of the main vessels and side branch-
es among all the patients after PCl increased
significantly than those before PCI, with a mark-
edly greater increase in the CB group instead of
in the PB group (P<0.05, Table 2).

Immediate postoperative angiography

The immediate postoperative angiography of
the CB group showed that the rates of side
branch extrusion and occlusion were substan-
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Table 2. Minimal lumen diameter of the main vessels and side branches before and after PCI (mm)

MLD of main vessel

MLD of side branch

Case Pre-PClI Post-PCl Difference Pre-PClI Post-PCl Difference
CB 44 2.224+0.19 3.3940.15 1.25+0.09 1.41+0.09 1.94+0.14 0.59+0.05
PB 44 2.19+0.23 2.91+0.26 0.71+0.08 1.39+0.11 1.76+0.08 0.31+0.07
t 0.716 1.514 0.698 1.842 6.845
P 0.095 0.074 0.098 0.062 0.024

Note: With the use of a t-test.

Table 3. Immediate postoperative angiographic results

(%)

case, stent implantation may give rise to
distal vascular no-reflow and restenosis

Extrusion of  Occlusion of Unaffected SB

Variable Case

[8]. Moreover, plaque displacement may

SB (%) SB (%) damage the side branch ostium, and
CB 44 Q.09 (4/44) 2.27 (1/44) 88.64 (39/44) even result in severe stenosis and occlu-
PB 44 27.27 (12/44) 11.36 (5/44) 61.36 (27/44) sion in side branches. Ina stud){ condu_ct—
2 12.045 15.845 11.045 ed by Zhao et alg'?mong 8€|3 pgtlents Wl.th
p 0.041 0.026 0.048 coronary artery bifurcation lesions receiv-

Note: With the use of a chi-square test.

Table 4. Perioperative complications in the
two groups (%)

Variable Case Perioperative myocardial infarc-

tion (%)
CB 44 4.55 (2/44)
PB 44 11.36 (5/44)
X2 11.465
P 0.045

Note: With the use of a chi-square test.

tially lower, but the rate of unaffected side
branches was markedly higher compared to the
PB group (P<0.05, Table 3).

Perioperative complications

As for complications, no death, arrhythmia and
heart failure occurred among the all patients in
the perioperative period, but fewer episodes of
perioperative myocardial infarction occurred in
the CB group versus the PB group (P<0.05,
Table 4).

Discussion

In the treatment of patients with coronary bifur-
cation lesions complicated with DM by PCI, the
dilation mode with CB is different from that with
PB. Dilation with PB only leads to plaque extru-
sion, which is prone to rupture or dissection in
the vascular walls, thereby damaging the endo-
cardium and promoting thrombosis. In such
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ing CB or PB, a greater number of patients
with CB had successful bifurcation oper-
ations and their incidence of postopera-
tive restenosis was significantly lower than
those with PB [9]. It is generally believed that
the effect of dilation with CB or PB is similar in
large bifurcation lesions. When it comes to
lesions in rich and small side branches, espe-
cially for diffuse bifurcation lesions patients
with DM, however, the use of CB for pre-dilation
can effectively reduce the chance of occlusion
in small side branches [10-12]. Xiong et al., also
found that CB dilation used in patients with dif-
fuse coronary artery bifurcation lesions could
significantly reduce the rates of side branch
restenosis and occlusion [13]. Zimarino and
colleagues argued that the use of CB in PCI
for patients with coronary artery bifurcation
lesions had better effect of revascularization
in the patients after 6 months of follow-up.
According to Xu et al., in a study with regard to
87 patients with coronary artery bifurcation
lesions undergoing PCl with CB or PB, a higher
rate of procedural success but a lower rate of
restenosis were present in patients with CB as
compared to those with PB [15]. In the current
study, a total of 88 coronary artery bifurcation
lesions patients with DM were treated with PCI.
All the patients had lesions in the side branch
ostia and received CB or PB pre-dilation. Among
them, the patients receiving pre-dilation of the
main vessels and the side branches with CB
greatly improved protection of side branches,
side branch extrusion and blood flow and peri-
operative complications.
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In the present study, we found that all the
patients in the two groups had significantly
larger MLD of the main arteries and side
branches after PCI. The magnitude of increase
in MLD of side branches was substantially
greater among the patients in the CB group
than those in the PB group. What’s more, the
immediate postoperative angiography demon-
strated lower rates of extrusion and occlusion
in the side branches but a higher rate of unaf-
fected side branches in the CB group. This
might be attributable to the afore-mentioned
mechanism of action of CB. A study conducted
by Sakamoto et al., has also confirmed the
mechanisms of CB [16]. Unlike PB, CB mainly
cuts and extrudes plaques, rather than dilates
the vessel walls mechanically, which is related
to the structure of CB. A great number of metal
blades distribute on the surface of CB. In the
process of CB dilation, the metal blades accord-
ingly cut longitudinally to separate the plaque;
metal blades diminishes gradually in size with
the full dilation of CB and then evenly extrudes
the vascular walls to reduce vascular adventi-
tial injury; after repeated cutting (with each cut-
ting at different location), the plaque is seg-
mented, which can preclude displaced plaque
from blocking the side branch ostia in the pro-
cess of stent release. Moreover, the reason
why CB dilation can reduce restenosis and
occlusion of side branches is that CB can seg-
ment the plaques and reduce the chance of
vascular elastic retraction. In previous PCI, it
was believed that repair of the main vessels
could guarantee the myocardial blood supply,
so no attention was paid to repair of side
branches, especially the rich and small side
branches. In recent years, however, multiple
studies have indicated that it is of great clinical
value to ensure the patency of small branches
in the course of PCI [17-19]. Given that coro-
nary artery bifurcation lesions patients with
DM tend to have multi-vessel, multi-location
and diffuse pathologic characteristics, com-
pared with those with coronary artery lesions
alone, their vascular compliance was signifi-
cantly reduced, CB in them thereby can realize
its unique value as PB dilation is more prone to
coronary artery dissection, rupture, and even
acute occlusion [20]. For coronary artery bifur-
cation lesions patients complicated with DM,
PClI following CB pre-dilation can largely protect
side branches and reduce stenosis or occlu-
sion in the side branch ostia while reducing the
occurrence of perioperative myocardial infarc-
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tion, which may be due to the mechanisms of
CB. The latest research shows that after PCl, a
large number of patients with coronary bifurca-
tion lesions were complicated with stenosis or
occlusion in the small side branches, and sec-
ondary to symptoms of chest pain, with strik-
ingly higher levels of myocardial predictors,
which might be due to the unprotected side
branches in the process of PCI. In the present
study, no perioperative death, arrhythmia,
heart failure and other complications occurred
in all the patients in the two groups, but signifi-
cantly lower rate of perioperative myocardial
infarction was observed in the CB group (P<
0.05), which is consistent with the above theo-
ry. This fully demonstrates that the use of CB
for pre-dilation of bifurcation lesions in PCI for
treating patients with coronary artery bifurca-
tion lesions and DM has good prognosis and
significantly reduces the occurrence of periop-
erative myocardial infarction than PB.

The results of our current study indicates that
pre-dilation of bifurcation lesions with CB in PCI
for treatment of coronary artery bifurcation
lesions patients with DM is effective in protect-
ing side branches, reducing the incidences of
side branch occlusion and perioperative com-
plications. As a result, it is of greater value in
clinical practice compared with PB. Surely,
there were several inevitable limitations in this
study due to the small sample size and a pau-
city of data on long-term follow-up and intravas-
cular angiography. In addition, with diverse
sites of the lesions and differences in individual
patients, it is difficult to come to an accurate
conclusion. Whether CB would cause plaque
rupture and lead to side branch restenosis or
occlusion remains controversial. Therefore, it is
necessary for us to further increase the sample
size and prolong the follow-up time to validate
the efficacy and safety of CB pre-dilation in PCI,
so as to provide more evidence for the improve-
ment in the efficacy of PCl in the treatment of
patients with coronary bifurcation lesions.
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