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ABSTRACT
Objective: Drug eluting stent (DES) can significantly reduce the incidence of vascular restenosis. However, the efficacy of DES in
the treatment of small vessel diseases needs further exploration. We conducted this retrospective study to evaluate the efficacy of drug
coated balloon (DCB) in small vessel de novo lesions.
Methods: This study was a retrospective non-randomized trial. 167 patients with small vessel diseases were enrolled in the research. The vessels involved in small vessel diseases are arteries with a diameter of less than 2.8mm. The occurrence of major adverse
cardiac events (MACE) was assessed within 6 months after treatment.
Results: At the Second Hospital of Jilin University, 167 patients (177 lesions) with small vessel diseases were randomly selected
from patients who received DCB treatment from April 2014 to April 2017. There was no statistically significant difference on minimal
lumen diameter (MLD) between post-procedure and angiographic follow-up (1.28 ± 0.45 mm vs. 1.30 ± 0.24 mm, P=0.756). The late
lumen loss was only 0.02 ± 0.41 mm. The lumen increase was found in 15 lesions, with the late lumen gain of 0.31 ± 0.39 mm in this
subgroup. 2 patients developed restenosis and the incidence of restenosis was 6.5%. Myocardial infarction (not related to lesions) occurred in 3 patients and target lesion revascularization in 3 patients. The incidence of MACE was only 5.6% (n=7).
Conclusion: DCB was shown to be safe and effective in the treatment of small vessel diseases and was able to increase the inner
diameter of vascular lumen. A DCB-only approach might be an alternative strategy to DES.
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Introduction
Restenosis, an arterial healing response after
injury, is one of the most common complications
for percutaneous coronary intervention (PCI).
Percutaneous transluminal coronary angioplasty
(PTCA) has been considered to be a breakthrough
for coronary artery disease (CAD) treatment.
However, the high rate of vascular restenosis
limits the application of PTCA. Bare metal stent
(BMS) reduced the restenosis rate to 25% by
avoiding vessel elastic recoil, but was still unable to
solve the practical clinical problem(1-4). Nowadays,
drug eluting stent (DES) has become the main
interventional device to reduce restenosis in clinical
practice. However, DES may not be useful in all
clinical settings, such as intro-stent restenosis (ISR)

and small vessel diseases. Small vessel diseases
account for nearly 35-40% of all CAD treated by
PCI(5). Up to 31% restenosis has been reported in
small vessel diseases with diameters of 2.8mm or
less treated by DES(6-11). The mechanism by which
DES reduces restenosis is the use of antiproliferative
agents. However, the application of antiproliferative
agents on the arterial wall after DES implantation
is not homogenous. Polymeric coating used in
combination with antiproliferative agents and stent
struts can induce local inflammation and restenosis
after PCI.
Drug coated balloon (DCB), a kind of non-stentbased local delivery of antiproliferative drugs, may
show its advantage in such clinical settings. DCB
delivers antiproliferative drugs to coronary artery
wall without the help of metal struts and polymeric
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coating(12). After dilatation, more than 90% of the drug
can transfer to the lesion vessel wall. Unlike DES,
the application of the antiproliferative agents on the
arterial wall after DCB implantation is homogenous
and disappears quickly. The animal experiments
have confirmed that short-term exposure of injured
arteries is sufficient to inhibit restenosis(12).
Previous clinical evaluations have shown
that DCB is effective and feasible in the treatment
of ISR lesions, which is endorsed by European
guidelines(3, 4, 11, 13, 14). However, the efficacy of DCB
in small vessel diseases needs to be further studied.
Currently, conflicting results have been observed
in randomized trials and large registries in small
vessel diseases. The PICCOLETO study failed to
demonstrate any equivalence between PCB and
DES stent for the treatment of small coronary artery
disease in terms of angiographic restenosis(15), while
PEPCAD I study confirmed that treatment of small
vessel coronary artery disease with DCB yielded
good six-month angiographic and one-year clinical
data that persisted during the three-year follow up
period. To further evaluate the efficacy of DCB in
small vessel de novo lesions, we conducted this
retrospective study in a Chinese population.
Methods
Patients
This study was a retrospective non-randomized
trial conducted in the Second Hospital of Jilin
University. A total of 1480 patients were screened
and 167 patients with small vessel diseases were
enrolled in this study between April 2014 and
April 2017. The vessels involved in small vessel
diseases are arteries with a diameter of less than
2.8mm. Restenosis was defined as diameter stenosis
percentage more than 50% in the angiographic
follow-up. The study received ethical approval from
the site.
Procedure
A loading dose of 300mg clopidogrel and
300mg aspirin is recommended before procedure.
During the procedure, intravenous heparin was
given to maintain an activated clotting time more
than 250 seconds. Before the application of DEB,
the lesion was predilated with a balloon to 0.81.0% of the vascular diameter. The procedure was
considered to be successful if a residual stenosis of
not more than 30% with thrombolysis in myocardial
infarction (TIMI) III flow was achieved and no major
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dissections (type C or higher)(16, 17) were detected.
DCB was inflated more than or equal to 60s with low
pressure (4-18 atm). Geographical mismatch should
be avoided.
Follow-up
Occurrence of major adverse cardiac events
(MACE) was assessed 6 months after treatment.
Target lesion revascularization (TLR), myocardial
infarction (MI), and/or death was considered to be
MACE. Angiographic outcome was valued through
quantitative coronary analysis (QCA).
Statistical analysis
Continuous variables were statistically
analyzed using the unpaired two tailed Student’s
t-test. Continuous variables were expressed as mean
± standard deviation. The statistics were analyzed by
SPSS 20.0 (SPSS Inc., Chicago, IL). P values less
than 0.05 were considered statistically significant.
Results
Basic Characters of the study population
As shown in Table 1, a total of 167 patients (177
lesions) with small vessel diseases were enrolled, and
2 of them were patients with chronic total occlusion.
All lesions were in native coronary artery and the
vascular diameter was less than 2.8mm. The mean
age of patients was 61.0 ± 9.6. 67.7% of patients
were male and 33.5% suffered from diabetes.
Clinical characters

Patients (n=167)

Number of lesions

177

Age(years)

61.0±9.6

Male (%)

113 (67.7)

Hypertension (%)

96 (57.5)

Hyperlipidemia (%)

91 (54.5)

Diabetes mellitus (%)

56 (33.5)

Smoke (%)

66 (39.5)

Previous MI (%)

25 (15)

Previous PCI (%)

38 (22.8)

BMI (kg/m2)

24.6±5.1

EF (%)

62.2±8.1

Table 1: Baseline clinical characters of the study population.

Most of the lesions (40.7%) were located on
left circumflex artery (LCX). Dissection occurred
in 10 lesions after DCB dilatation. A total of 3 lesions were levelled A and the other 7 were levelled
B. No major dissections (type C or higher) were
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found. Thrombosis occurred in 1 patient with TIMI
I flow, and the prognosis was good after anticoagulant and PTCA in the target lesion again with TIMI
III flow (Figure 1).

Fig. 1: Acute thrombosis after drug-coated balloon coronary angioplasty. a: Coronary angiography showed a
severe stenosis in the posterior branch of left ventricle
artery; b: Dilatation with a B.Braun Sequent Please 2.0
× 20 mm balloon; c: Angiography after DCB showed no
residual stenosis or thrombosis; d: Coronary angiography
showed acute thrombosis (white arrow) 5 minutes later
after DCB angioplasty; e: Angiography after PTCA with
conventional balloon showed the target vessel flow with
TIMI III flow.
Variables
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significantly larger than that of pre-procedure
(1.32 ± 0.25 mm vs. 0.57 ± 0.23 mm, p<0.01). The
diameter and length of DCB were 2.10 ± 0.10 mm
and 17.99 ± 3.72mm separately with a dilatation
time of 58.4 ± 7.3 mm.
Angiographic follow-up results
A total of 27 patients (31 lesions) underwent
angiographic follow-up for 13month (Table 2).
MLD of post-procedure was 0.54 ± 0.23 mm, 1.30
± 0.24 mm in angiographic follow-up and 1.28 ±
0.46 mm in angiographic follow-up subset. There
was no statistical difference on MLD between
post-procedure and angiographic follow-up (1.28
± 0.45 mm vs. 1.30 ± 0.24 mm, P=0.756). The late
lumen loss was only 0.02 ± 0.41 mm. The lumen
increase was found in 15 lesions (Figure 2) and the
late lumen gain was 0.31 ± 0.39 mm in this subgroup. Restenosis occurred in 2 patients and the
incidence of restenosis was 6.5%.

Number

Lesion location
LAD (%)

59 (33.3)

LCX (%)

72 (40.7)

RCA (%)

46 (26)

Reference diameter (mm)

1.80±0.30

Lesion length (mm)

11.95±4.53

Minimal lumen diameter before intervention (mm)

0.57±0.23

Minimal lumen diameter post intervention (mm)

1.32±0.25

Acute lumen gain (mm)

0.75±0.30

Deployment pressure (atm)

9.0±2.3

Balloon inflation time (s)

58.4±7.3

Follow-up angiography (%)

27 (16.2)/31 (17.5)

Minimal lumen diameter (mm)

1.28±0.45

Late lumen loss (mm)

0.02±0.41

Binary restenosis rate (%)

6.5

Table 2: Baseline angiographic and procedural data of the
study population.

As shown in Table 2, the mean vessel diameter
was 1.80 ± 0.30 mm with a lesion length of 11.95
± 4.53 mm. The minimal lumen diameter (MLD)
was 0.57 ± 0.23 mm. MLD of post-procedure was

Fig. 2: Angiographic follow-up showed positive remodeling of the treated vessel in a patient treated with DCB
in a small left circumflex coronary artery. a: The initial
angiogram showed LCX was occluded; b: Dilatation with
a B.Braun Sequent Please 2.0 × 20 mm balloon; c: MLD
of post-procedure was 1.22mm; d: The angiographic follow-up showed MLD was 1.80mm, late lumen gain was
0.58mm.

1-year Clinical follow-up results
As shown in Table 3, 126 patients (75.4%)
underwent clinical follow-up for 1-year and 41 patients were lost to follow-up. Only 1 patient died
during follow-up. Myocardial infarction (not lesion related) occurred in 3 patients and target lesion revascularization in 3 patients. The incidence
of MACE was only 5.6 % (n=7).
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Discussion
Vessel diameter is related to the effect of PCI.
DES reduces the restenosis rate more significantly compared to BMS. However, the application of
DES on certain clinical settings, such as small vessel disease, is still barely satisfactory. Some trails
reported that restenosis rate of DES in small lesions was as high as 31%(6-8, 18).
DCB is characterized by non–stent-based local delivery of antiproliferative drugs, which can
deliver antiproliferative drugs to the lesion vessel
wall directly without metal stent struts and polymeric matrix(19). The application on the arterial
wall after DCB implantation is homogenous and
the concentration of antiproliferative drugs in the
vascular wall after DCB use is higher than that
after DES implantation(20,21, 22). For these reasons,
DCB shows its superiority in treating ISR (11, 13,
14). However, studies on the treatment of small
vessel de novo lesions with DCB showed conflict
results(23-26).
In this study, the immediate effect after DCB
dilatation was good. MLD of post-procedure was
significantly larger than that of pre-procedure
(1.32 ±0.25 mm vs. 0.57 ± 0.23 mm, p<0.01), and
late lumen loss was only 0.02 ± 0.41mm. The lumen increase was found in 15 lesions and the late
lumen gain was 0.31 ± 0.39 mm in the angiographic follow-up of 27 patients (31 lesions). The incidence of restenosis was only 6.5%, which was
similar with the recently published clinical trial
results(6-9, 18, 27).
The major limitation of PTCA is elastic recoil and dissection associated with balloon dilatation. Although animal research had indicated that
balloon inflation time should be reduced from 60s
to 30s to eliminate the injury to the vessel wall
brought by PTCA (28), the inflation time in our
study reached 60s in most patients to ensure sufficient antiproliferative drugs delivery to the vessel
wall. The incidence of dissection in our study was
6% and no one needed additional stent implantation as all dissection was under level C. The incidence of MACE was only 5.6 % (n=7) and only
one patient died in the follow up.
It was important to underline that 48.4 %
(n=15) of the lesions showed late lumen gain at
angiographic follow-up, which was in accordance
with the results of Philine and Kleber. Philine et
al found that 67.6% patients showed a luminal
increase and even 44.1% developed a late lumi-
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nal gain of more than 0.2 mm in the patients with
chronic total occlusion treated with DCB. Late luminal gain was 0.11 ± 0.49 mm at angiographic
follow-up(17).
Similarly, Kleber found the same phenomenon in the patients treated with DCB in de novo
CAD lesions. In their studies, 69% of the patients
showed a luminal increase (1.75 ± 0.55mm vs.
1.91 ± 0.55 mm, p< 0.001) and a total of 33 % of
patients had a late lumen gain over 0.2 mm (29). In
our study, the rate of LLG was 48.4% in small vessel disease lesions treated with DCB, and 25.8%
lesions showed a late luminal increase over 0.2
mm. This may be due to the sheer stress and wall
strain induced by increased blood flow and blood
pressure, which could lead to the enlargement of
vessels via growth stimuli(17). Positive vessel remodeling, plaque regression and vascular healing
are all possible explanations.
However, there are several limitations on
this study. Firstly, although our conclusions provide guidance for clinical practice and treatment
of small vessel diseases, the low angiographic follow-up rate and the lack of case-control group are
the main limitations in our study(30). Secondly, the
sample size is still small and it is a single center
study. A larger sample size and multiple-center
study will provide stronger evidence. More research is essential to further prove the effectiveness of DCB.
In general, the present study provides the real-world clinical evaluation on a paclitaxel-coated
balloon catheter in small vessel de novo lesions in
Chinese population. It will provide the rationale
and clinical support the local application.
Conclusion
This study revealed that the treatment of
small vessel disease with DCB showed certain advantages such as positive remodeling with similar clinical outcome. DCB showed to be safe and
effective in the treatment of small vessel diseases
and was able to increase the diameter of vascular
lumen. A DCB-only approach might be an alternative strategy to DES.
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