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Abstract: Objective: The study was designed to analyze the efficacy and safety of domestic and imported rapamycin
drug-eluting stents (DES) and paclitaxel drug-coated balloons (DCB) in the treatment of coronary bifurcation le-
sions. Methods: A total of 98 patients with coronary bifurcation lesions treated in our hospital from January 2019 to
December 2019 were recruited as the study cohort and divided into four groups according to the different treatment
method each patient underwent, including group A (n=25, treated with domestic rapamycin DES), group B (n=21,
treated with imported rapamycin DES), group C (n=29, treated with domestic paclitaxel DCB), and group D (n=23,
treated with imported paclitaxel DCB). The minimum lumen diameters (MLD), the diameter stenosis rates, the late
lumen losses (LLLs), and the incidence of adverse events in each group were compared. Results: The MLD in the
four groups were increased immediately after the surgeries and at nine months after the surgeries (P<0.05), and
the diameter stenosis rates were decreased (P<0.05). However, there were no significant differences in the MLD or
the diameter stenosis rates among the four groups before the surgeries, immediately after the surgeries, or at nine
months after the surgeries (P>0.05). The LLLs of groups A and B were significantly higher than the LLLs of groups
C and D (P<0.05). Compared with the incidences of major adverse cardiovascular events (16.00% vs. 14.29% vs.
13.79% vs. 17.39%) and the incidences of restenosis (8.00% vs. 4.76% vs. 6.90% vs. 4.35%) in groups A, B, C, and
D, there were no significant differences (P>0.05). Conclusion: Domestic and imported rapamycin DES and paclitaxel
DCB can effectively improve MLD, reduce the diameter stenosis rate, and have fewer adverse events in the treat-
ment of coronary bifurcation lesions, and domestic and imported paclitaxel DCB have lower LLLs.
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Introduction nosis of DES has been significantly reduced,
and patient prognosis has also been significant-

A study has shown that about 15%-20% of ly improved after the treatment. However, some

coronary artery diseases are coronary bifurca-
tion lesions [1]. Coronary artery disease is a
common disease in percutaneous coronary
intervention (PCI), accounting for about 15%-
20% of PCI [2]. Due to its special anatomy and
hemodynamics, coronary bifurcation lesion
surgery has a low success rate and a high rate
of postoperative restenosis and complications.
In recent years, drug-eluting stents (DES) have
been used in the interventional treatment of
coronary bifurcation lesions. Compared with
bare metal stents (BMS), the incidence of reste-

problems - such as late thrombosis and late
restenosis of the side branches - have not been
effectively resolved.

Although the DES double stent surgery has
good results immediately after the surgery, the
operation is difficult, the radiation dose is rela-
tively large, and the long-term effect is equiva-
lent to that of the single stent surgery. Therefore,
there is still a tendency to choose single stent
surgery for coronary bifurcation lesions, that is,
stent implantation in the main branch [3]. Drug-
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coated balloons (DCB) provide a new treatment
option for coronary bifurcation lesions. The bal-
loon catheter is used as a drug release carrier
to release anti-proliferative drugs into the coro-
nary arteries when the balloon is expanded,
which inhibits vascular intimal hyperplasia [4].
Compared with DES, the release of DCB is more
uniform, and there is no foreign body implanta-
tion, so the incidence of blood vessel formation
is relatively low, and the duration of dual anti-
platelet therapy is relatively short [5].

Rapamycin can inhibit the proliferation and
migration of the endothelial cells, reduce the
intimal proliferation after vascular injury,
decrease the concentration and duration of the
drug acting on the lesion, and reduce the risk of
intravascular restenosis [6]. Compared with
paclitaxel, rapamycin has the advantages of
safety, a wider treatment range, anti-inflamma-
tory effects, and a unique inhibitory effect on
the cells [7]. At present, our hospital has
rapamycin DES and paclitaxel DCB, and there is
still controversy about the choice of treatment
for coronary bifurcation lesions. Based on this,
this study compared the efficacy and safety of
domestic and imported rapamycin DES and
paclitaxel DCB in the treatment of coronary
bifurcation lesions, in order to provide a refer-
ence for the clinical treatment of coronary bifur-
cation lesions.

Information and methods
General information

A total of 98 patients with coronary bifurcation
lesions treated in our hospital from January
2019 to December 2019 were recruited as the
study cohort and divided into four groups
according to the different treatment methods,
including group A (n=25), group B (n=21), group
C (n=29), and group D (n=23). Inclusion criteria:
(D Patients with coronary bifurcation disease
confirmed using coronary angiography, and @
Patients between 18 and 80 years old.
Exclusion criteria: (D Patients with severe calci-
fication or acute myocardial infarction, @
Patients with persistent atrial fibrillation, 3
Patients with severe renal failure, heart failure,
or other organ dysfunction, @ Patients with
malignant tumors or a survival time less than
one year, ® Patients unable to be treated with
DCB or DES, ®) Patients who were intolerant to
the dual antiplatelet therapy, and (@ Patients
who were lost to follow-up or who withdrew
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from the study. This study was approved by the
Ethics Committee of The Third Affiliated
Hospital of Nanchang University. The patients
and their families were informed of the study,
and they signed the informed consent forms.

Methods

Group A was implanted with Paclitaxel DCB
(Orchid & Dhalia) from Beijing Acotec Scientific
Co. Ltd, and group B was implanted with
Paclitaxel DCB (SeQuentPlease) from B. Braun
Melsungen AG Germany. Before the surgeries,
200 ug of nitroglycerin was injected intrave-
nously into the coronary artery. The diameter of
each DCB was 0.8-1.0 of the diameter of the
blood vessel. Adhering expansion was carried
out for at least 45 seconds. When the DCB was
expanded, a nominal pressure of 7-8 atm was
used. The DCB had to cover the length of the
pre-treated neck and 2-3 mm beyond the edges
of both sides. Within two minutes of opening
the DCB, it was delivered to the lesion and
released. Dual antiplatelet therapy (100 mg/d
aspirin + 75 mg/d clopidogrel) was used after
the surgeries for at least six months, after
which 100 mg/d aspirin was used for the
long-term.

Group C was implanted with rapamycin DES
(Nano) from Beijing LEPU Medical, and group D
was implanted with rapamycin DES (Xience
Xpedition series) from Abbott, USA. A stent of
appropriate length was selected according to
the length of each patient’s blood vessel. The
surgeons determined the opening or the pre-
cise positioning of the bifurcation during the
surgery. According to the stent adhesion, the
appropriate pressure was selected for expan-
sion, and the surgeons decided whether to use
non-compliant balloon expansion and the
expansion pressure based on the actual situa-
tion of the patients. Criteria for successful sur-
gery: there was no obvious stenosis in the post-
operative angiography, no occlusion of the
branch vessel opening, no thrombosis or inti-
mal tearing, and the blood flow of the throm-
bolysis in the myocardial infarction (TIMI) of the
main branch and branch vessel was grade 3.
After the surgeries, dual antiplatelet therapy
was used for 12 months, after which aspirin
was used long-term.

Observation indices

The quantitative results of the coronary angiog-
raphy before the surgeries, immediately after
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Table 1. Comparison of the baseline data among the four groups (X s; n, %)

Group A

Group B

Group C

Group D

Groups (n=25) (n=21) (n=29) (n=23) e P
Age (year) 58.66+8.55 59.15+10.02 58.33+9.45 59.14+10.34 0.044 0.988
Gender Male 13 (52.00) 11 (52.38) 15 (51.72) 12 (52.147) 0.135 0.713
Female 12 (48.00) 10 (47.62) 14 (48.28) 11 (47.83)
BMI (kg/m?) 25.55+3.21 26.44+2.99 26.61+3.74 25.37+2.35 0.969 0.411
PCI history 14 (56.00) 12 (57.14) 17 (58.62) 14 (60.87) 0.038 0.845
Myocardial infarction 13 (44.83) 9 (42.86) 14 (48.28) 11 (47.83) 0.165 0.684
Hypertension 13 (52.00) 12 (57.14) 15 (51.72) 14 (60.87) 0.165 0.684
Diabetes 8 (32.00) 6 (28.57) 9 (31.03) 6 (26.09) 0.041 0.839
Smoking 9 (36.00) 8(38.1) 10 (34.48) 9 (39.13) 0.031 0.861
CCS classification Grade | 9 (36.00) 7 (33.33) 10 (34.48) 8(34.78) 1.056 0.304
Grade Il 13 (52.00) 11 (52.38) 16 (55.17) 14 (60.87)
Grade lll 2 (8.00) 2(9.52) 2 (6.9) 2(8.7)
Grade IV 1 (4.00) 1(4.76) 1(3.45) 1(4.35)
Medina type 11,1 20 (80.00) 16 (76.19) 22 (75.86) 18 (78.26) 0.341 0.559
1,1,0 3(12.00) 3(14.29) 4 (13.79) 3(13.04)
1,0,1 2 (8.00) 2(9.52) 3(10.34) 2(8.7)
Target vessel LAD 21 (84.00) 17 (80.95) 24 (82.76) 19(82.61) 0.140 0.708
LCX 4 (16.00) 4 (19.05) 5 (17.24) 4 (17.39)

Note: LAD is the anterior descending branch, and LCX is the circumflex branch.

the surgeries, and at nine months after the sur-
geries were recorded, including the minimum
lumen diameters (MLD), the target reference
vessel diameters (RVD), and the diameter ste-
nosis rates = (RVD-MLD)/RVD x 100%; late
lumen loss (LLL) nine months after the surger-
ies, the restenosis rate (after the interventional
treatment, the coronary angiography showed
that the blood vessel diameter re-narrowed >
50%), and the incidence of major adverse car-
diovascular events (MACE) during the 1-year
follow-up were recorded.

Statistical methods

The statistical analysis of the data was pro-
cessed using SPSS 22.0. The count data were
expressed as (n, %) and x° tests were used. The
measurement data were expressed as Xizs.
One-way analyses of variance (ANOVA) were
used for the comparisons between multiple
groups, and LSD-t tests were used for the pair-
wise comparisons between groups. For the
comparisons at different time points, the vari-
ance analysis of repeated measurement data
was used to analyze the inter-group differences
and the time differences of the measured val-
ues at each time point, and LSD-t tests were
performed afterwards. The statistical graphs
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were plotted using GraphPad Prism 8. P<0.05
was considered statistically significant.

Results
Baseline data

There was no significant difference among the
four groups in terms of the baseline data, such
as age, gender, body mass index (BMI), PCI his-
tory, myocardial infarction, hypertension, dia-
betes, smoking, Canadian Cardiovascular
Society (CCS) angina pectoris classification,
Medina type, or target vessel (P>0.05) (Table
1).

MLD and the diameter stenosis rates

Repeated measurements showed that the MLD
and diameter stenosis rates were significantly
different in terms of their time-points and inter-
group interactions (P<0.05). The LSD-t tests
afterwards showed that the MLD of the four
groups were increased immediately after the
surgeries and at nine months after the surger-
ies compared with their pre-surgery levels
(P<0.05), and the diameter stenosis rate was
decreased compared with its pre-surgery rate
(P<0.05). However, there was no significant dif-
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Table 2. Comparisons of the four groups’ MLD

at different time points (mm; X +s)

Groups Number of patients Before surgery Immediately after surgery 9 months after surgery
Group A 25 0.39+0.13 2.82+0.292 2.48+0.46°
Group B 21 0.42+0.14 2.78+0.322 2.26+0.532
Group C 29 0.45+0.15 2.77+0.342 2.45+0.53°
Group D 23 0.38+0.12 2.76+0.312 2.41+0.442

F wme point—3493.946, F_ - 10n=0-946, F . gmup=0.433

P P <0.001, P. =0.464>0.05, P. =0.730>0.05

time po

int interaction inter-group

Note: Compared with before the surgeries, 2P<0.05.

Table 3. Comparison of the diameter stenosis rates of the four groups at different time points (%;

X 1S)
Groups Number of patients Before surgery Immediately after surgery 9 months after surgery
Group A 25 77.35+13.65 9.42+2.87° 13.03+3.58°
Group B 21 78.85+13.63 9.95+2.56° 12.24+3.79°
Group C 29 78.68+13.39 9.58+2.13¢ 12.51+3.13°
Group D 23 78.28+13.01 9.66+2.97° 12.46+3.042
F Fiime o= 1277-190, F, - =0.335,F _ =0.023
ime point interaction inter-group
P Piine ot <0-001, P, - =0.918>0.05,P___ =0.995>0.05
ms polnt interaction mtergroup
Note: Compared with before the surgeries, ?P<0.05.
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& Figure 2. Comparison of diameter stenosis rates

Figure 1. Comparisons of the four groups’ MLD at the
different time points. This figure shows that the differ-
ences in the four groups’ MLD before the surgeries,
immediately after the surgeries, and at nine months
after the surgeries were not significant (P>0.05).

ference in the MLD or the diameter stenosis
rate before the surgeries, immediately after the
surgeries, or at nine months after the surgeries
(P>0.05) (Tables 2 and 3; Figures 1 and 2).
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in the four groups at the different time points. This
figure shows that the differences in the four groups’
diameter stenosis rates before the surgeries, im-
mediately after the surgeries, and at nine months
after the surgeries were not significantly different
(P>0.05).

LLLs

Compared with group C [(0.37+0.12) mm] and
group D [(0.35+0.11) mm], the LLLs of group A
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Figure 3. Comparison of the four groups’ LLLs. This
figure shows that the LLLs in groups A and B were
significantly higher than the LLLs in groups C and D
(P<0.05). #P<0.05.

[(0.61+£0.14) mm] and group B [(0.56+0.17)
mm] were significantly higher (P<0.05) (Figure
3).

The incidence of adverse events

Compared with the incidences of MACE
(16.00% vs. 14.29% vs. 13.79% vs. 17.39%)
and the incidences of restenosis (8.00% vs.
4.76% vs. 6.90% vs. 4.35%) among groups A, B,
C, and D, there was no significant difference
(P>0.05) (Table 4).

Discussion

The most commonly-used standard treatment
for coronary bifurcation lesions is sent place-
ment in the main branch of the vessel, and sent
placement on the side branches when neces-
sary, safe treatments that have a good clinical
effectiveness. However, there is no standard
treatment method for coronary bifurcation
lesions of the distal main branch. The main rea-
son is that the distal main branch lesions are
mostly small blood vessels and orifice lesions.
It is difficult for the stent to be accurately fix-
ed, and it is prone to plaque displacement.
Therefore, the treatment plan needs to be for-
mulated according to the actual situation of
each patient. Rapamycin is a new type of coat-
ing drug for DES. It is a fat-soluble macrolide
antibiotic with a strong immunosuppressive
effect. It can bind to FKBP12 and inhibit the
activity of the protein kinase of the target of
rapamycin (TOR), and it can enhance the activ-
ity of P27 and hinder the transformation of the
cell cycle from the G1 phase to the S phase,
thereby inhibiting the migration and prolifera-
tion of the smooth muscle cells (VSMC), and
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ultimately and effectively preventing restenosis
in the stent [8-11].

DCB spreads the drug evenly on the surface of
the balloon, delivers the drug to the lesion
through the catheter, and expands the balloon
coated with the anti-VSMC proliferation drug,
releases drugs to the lesions of the vascular
wall in a short time, and allows the tissue to
absorb the drugs, thus playing a role in the
treatment of the bifurcation lesions [12-14].

This study compared domestic (Nano from
Beijing LEPU Medical) and imported (Xience
Xpedition series from Abbott, USA) rapamycin
DES, domestic (Orchid & Dhalia from Beijing
Acotec Scientific Co. Ltd) and imported
(SeQuentPlease from B. Braun Melsungen AG
Germany) paclitaxel DCB in the treatment
of coronary bifurcation lesions. The results
showed that the MLD of the four groups was
increased, and the diameter stenosis rates of
the four groups were decreased immediately
after the surgeries and at nine months after
surgeries. However, there were no significant
differences in the MLD or diameter stenosis
rates of the four groups before the surgeries,
immediately after the surgeries, or at nine
months after the surgeries. The results of the
study showed that the four methods of domes-
tic and imported rapamycin DES, and domestic
and imported paclitaxel DCB for the treatment
of coronary bifurcation lesions can effectively
reduce MLD and the diameter stenosis rate,
and the treatment effect is significant. Cai et al.
[15] reported that DES has a better effect on
reducing the diameter stenosis rate than DCB,
which was somewhat different from this study,
and this may be caused by the small sample
size included in this study. LLL is an indicator
used to evaluate intimal hyperplasia [16]. In
this study, the LLLs of groups A and B were
significantly higher than the LLLs of groups C
and D. The results of the study showed that
paclitaxel DCB is better than rapamycin DES at
inhibiting intimal hyperplasia, and both the
domestic and imported paclitaxel DCB have
the same effect. This can be attributed to the
fact that the balloon is placed on the lesion
after the drug application, and then it is expand-
ed and its pressure is increased to tear apart
the diseased blood vessels and the vascular
intima, allowing the drug to combine with the
subunits of cell tubulin, causing microtubule
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Table 4. The MACE and restenosis incidences in the four groups (n, %)

Groups Number of patients - - MACE - Restenosis
Angina pectoris Heart failure Total MACE

Group A 25 3(12.00) 1(4.00) 4 (16.00) 2 (8.00)
Group B 21 2(9.52) 1(4.76) 3(14.29) 1(4.76)
Group C 29 3(10.34) 1(3.45) 4 (13.79) 2(6.9)
Group D 23 3(13.04) 1(4.35) 4 (17.39) 1(4.35)
X? 0.071 0.692 0.064 0.247

P 0.790 0.405 0.800 0.619

dysfunction, thereby exerting the anti-vascular
intimal hyperplasia effect [17, 18]. Paclitaxel is
the most-commonly used drug for DCB coat-
ings, as it can reduce the proliferation of the
neointimal membrane and inhibit cell prolifera-
tion. It not only has the characteristics of tis-
sue retention and high lipophilicity, it can also
quickly pass through the cell membrane and
bind to the subunits of the cell tubulin, thus
inhibiting cell proliferation, division, and migra-
tion [19, 20]. This study also analyzed the inci-
dence of restenosis and MACE and followed up
the patients for 1 year at 9 months after the
surgeries. The results showed that there were
no significant differences in the incidences
of MACE (16.00% vs. 14.29% vs. 13.79% vs.
17.39%) or the incidences of restenosis
(8.00% vs. 4.76% vs. 6.90% vs. 4.35%) in gro-
ups A, B, C, and D. Studies have shown that
rapamycin DES can effectively reduce the inci-
dence of MACE and restenosis [21, 22]. DCB is
not implanted with a stent foreign body, which
can reduce the inflammatory reaction of the
intima and greatly reduce the incidence of
thrombosis. The duration of the dual antiplate-
let therapy after DCB is shorter than it is with
DES, and it can reduce the risk of bleeding [23-
25]. Therefore, the above four methods for
treating coronary bifurcation lesions have low
incidences of restenosis and MACE, and they
are safe.

In summary, the four methods of domestic and
imported rapamycin DES and domestic and
imported paclitaxel DCB for the treatment of
coronary bifurcation lesions can effectively
improve MLD, reduce the diameter stenosis
rate, and have fewer adverse events and hig-
her therapeutic effects and safety. The domes-
tic and imported paclitaxel DCB have lower
LLLs. Therefore, for the clinical treatment of
coronary artery bifurcation lesions, domestic
rapamycin DES and paclitaxel DCB can be as
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safe and reliable as imported rapamycin DES
and paclitaxel DCB, so patients can choose the
appropriate treatment method according to
their actual situations. However, this study’s
cohort was relatively small, so there may be
some data bias. In addition, the study lacked
intravascular ultrasound imaging data, so fur-
ther study cannot be carried out. Therefore, fur-
ther studies with large study cohorts and intra-
vascular ultrasound data are needed to verify
our conclusions.
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