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Abstract: Purpose: The combined use of drug coated balloon (DCB) and optical coherence tomography (OCT) for
the treatment of non-small coronary de novo lesion remains to be evaluated. We investigated the safety and efficacy of OCT-guided DCB in non-small coronary de novo lesion patients with predilation of cutting balloon. Methods:
https://clinicaltrials.gov/, ClinicalTrials.gov Identifier: NCT04795144. This study was a prospective, and open-label
study. We enrolled patients with non-small de novo lesions treated with OCT-guided DCB. The non-small de novo
lesions indicated vessel lesions with a diameter ≥ 2.5 mm. The primary endpoints were the success rate of the
procedure and the occurrence of target lesion revascularization. The secondary endpoints were myocardial infarction, cardiac death, and major adverse cardiac events (MACE) within 3 months after the procedure. Results: At the
Second Hospital of Jilin University, we enrolled 54 patients (54 lesions) with non-small de novo lesions who were
treated with OCT-guided DCB from October 2018 to June 2019. A total of 52 patients were successfully treated with
DCB-only strategy, while 2 patients turned to bailout stenting. A total of 21 patients had undergone angiography 3
months after the procedure with the late lumen loss of 0.24±0.57 mm. There was no statistically significant difference in minimal lumen diameter (MLD) between post-DCB and at 3-month angiographic follow-up (2.25±0.40 mm
vs 2.04±0.54 mm; P = 0.110). Only 1 patient developed restenosis with the incidence of MACE rate of only 1.92% (n
= 1). There was no significant difference in the stenosis of the lumen diameter of the target lesion vessel between 3
months after operation and immediately after operation. Conclusions: Our study showed that OCT-guided DCB with
cutting balloon under guidance may be a novel approach in non-small de novo coronary artery disease.
Keywords: Non-small Coronary de novo lesion, Drug coated balloon, cutting balloon, optical coherence tomography

Introduction
Drug-coated balloons were first introduced for
the treatment of instent restenosis and are recommended (European Society of Cardiology
[ESC] guidelines class IA recommendation) for
in
stent restenosis following treatment with
both baremetal and drugeluting stents [1]. The
safety and efficacy of drug coated balloon
(DCB) in de novo lesions such as small vessel
disease and bifurcation lesion has been demonstrated [2]. Recently, a REVELATION randomized trial has confirmed that DCB strategy was
noninferior to drug-eluting stent (DES) in primary percutaneous coronary intervention for
ST-segment elevation myocardial infarction 9

months later [3]. But there are few studies on
the feasibility of DCB in non-small de novo coronary artery disease. The primary concerns
about the use of DCB in non-small de novo coronary artery disease are insufficient predilation
of the lesion and dissection-associated acute
occlusion. Cutting balloon, on the other hand,
can mitigate the damage to the vascular wall,
reduce postoperative elastic recoil and improve
the success rate of predilation [4].
Coronary angiography (CAG) is a two-dimensional lumenogram that cannot depict coronary
artery wall. DCB percutaneous transluminal
coronary angioplasty (PTCA) is not effective in
evaluating postoperative dissections or hema-
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Figure 1. Flow chart.

ments of the ethics committee, and the ethics certificate
number is 2017-11-15.
Interventional procedures

tomas, which are predictors of acute coronary
occlusion. While optical coherence tomography
(OCT) is an emerging intracoronary imaging
modality with a high-resolution (10-20 μm),
which has been shown to be able to provide full
evaluation of the dissection after DCB PTCA
[5-8]. The aim of the present study was to
investigate the safety and efficacy of OCTguided DCB in the treatment of non-small de
novo lesions with predilation of cutting
balloon.
Materials and method
Patient selection
The study was a prospective single-center
study, which included 54 consecutive patients
scheduled to undergo elective percutaneous
coronary intervention for de novo lesions
between October 2018 and June 2019.
Patients with lesion diameter stenosis ≥ 50%
and reference diameter ≥ 2.5 mm, as well as
documented ischemia were enrolled in this
study. Exclusion criteria consisted of restenosis, left main disease, myocardial infarction
with STsegment elevation, severe heart failure
(left ventricular ejection fraction < 30%), life
expectancy < 1 year, and severe renal failure
(glomerular filtration rate [GFR] < 30 ml/min).
This study strictly complies with the require11618

All patients were treated with
the loading doses of 300 mg
aspirin (SFDA approval number H32026317, Jianke Pharmaceutical) and 300 mg clopidogrel (SFDA approval number
J20180029, Jianke Pharmaceutical), followed by aspirin
100 mg/day and clopidogrel
75 mg/day, until 3 months
after the procedure. During the
procedure, 100 U/Kg of unfractionated heparin (SFDA approval number H20053200, Kunming Jida Pharmaceutical Co.,
Ltd.) was injected intravenously to maintain the activated
clotting time > 250 s. OCT
(C7XR, LightLab Imaging, Inc.; Westford, Massachusetts, United States) was performed
after predilation, post DCB application and at
3-month follow-up. In terms of lesion preparation, the lesion was first dilated with an optimal
size cutting balloon with a diameter 0.5 mm
smaller than the reference diameter (Flextome
Cutting Balloon, Boston Scientific, Natick, MA,
United States). If the cutting balloon cannot
pass through the lesion, a small conventional
balloon was then applied. Successful predilation was defined as residual stenosis ≤ 30%, no
flow-limiting dissection displayed by CAG, and
no hematoma or dissection disrupting the
medial layer demonstrated by OCT. In the event
of a successful predilation, the ratio of the DCB
(SeQuent Please® B.Braun, Melsungen AG,
Vascular Systems, Berlin, Germany) to the vessel should be 0.8-1.0, and the balloon should
be inflated at nominal pressure for 30-60 seconds to avoid dissection, with the balloon
exceeding the pre-dilated area by 2 mm on
each side. A successful procedure was defined
as residual stenosis ≤ 30%, no flow-limiting dissection displayed by CAG and no hematoma or
dissection disrupting the medial layer demonstrated by OCT after DCB dilation (Figure 1).
The stenosis degree of the lumen diameter of
the target lesion vessel was calculated 3
months after operation (%): the degree of
Am J Transl Res 2021;13(10):11617-11624
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Table 1. Baseline information and characteristics of the procedure
Characteristics
Age, y
Male
Cardiovascular risk factors
Diabetes
Hypertension
Current smoker
Hyperlipidemia
Body mass index, kg/m2
Family history of coronary artery disease
Previous PCI
Previous CABG
Creatinine (mmoI/L)
Ejection fractions (%)
No. of patients
No. of lesions
Location of lesion DCB treated
LAD
LCX
RCA

Values
56±11
40 (74.07%)
8 (14.81%)
27 (50.00%)
18 (33.33%)
19 (35.19%)
26.17±4.07
2 (3.7%)
11 (20.37%)
0 (0%)
75.61±13.54
74.10±17.07
54
54
31 (57.41%)
9 (16.67%)
14 (25.93%)

Characteristics
Lesion type
A
B1
B2
C
Post-predilatation (n = 54)
Cutting balloon (% of all lesions)
Balloon diameter, mm
Balloon length, mm
Maximal infation pressure, atm
Inflated time, s
Dissection after predilatation
Type A
Type B
Type C
Type D-F
Bailout DES after predilatation

Values
7 (12.96%)
19 (35.19%)
22 (40.74%)
6 (11.11%)
51 (94.44%)
3.07±0.37
11.57±2.34
9.41±2.60
19.44±7.63
43 (79.63%)
23 (42.59%)
15 (27.77%)
4 (7.41%)
1 (1.85%)
2

Values are expressed as mean ± SD or n. CABG, Coronary artery bypass surgery; MI, myocardial infarction.

lumen diameter stenosis (%) = (1-minimum
lumen diameter/reference vessel diameter) ×
100%.
Statistical analysis
Continuous variables are described as mean ±
standard deviation, and discrete variables are
expressed as frequencies and percentages.
SPSS version 19.0 (IBM, Munich, Germany)
was used for statistical analyses. The Student’s
t-test was used for the comparison analysis. A
p-value < 0.05 was considered statistically
significant.
All data were analyzed by SPSS23.0 statistical
software. Count data were represented by n
(%), and comparison was performed by X2 test;
measurement data were represented by (x±s),
and comparison between groups was conducted using independent sample t test; A P-value
of < 0.05 was accepted as statistically significant; Kaplan-Meier was used to map the survival curve.
Results
Clinical characteristics of the patients
The characteristics of patients and lesions at
baseline are shown in Table 1. The mean age of
the patients was 56±11 years, and 40 of 54
11619

patients were male. Procedure characteristics
are shown in Table 1. 31 (57.41%) lesions were
found in the left anterior descending artery
(LAD), among which 19 (35.19%) were located
in the ostium or proximal of LAD; 9 (16.67%)
lesions were in the left circumfex artery (LCX)
and 14 (25.93%) were in the right coronary
artery (RCA). A cutting balloon was applied in
51 (94.44%) patients, but it failed in passing
through the severe stenostic lesions in 3
patients due to poor flexibility. Post-predilation
angiography revealed dissection in 43 (79.63%)
patients. Type A, B and C dissection were found
in 23 (42.59%), 15 (27.77%) and 4 (7.41%)
patients respectively. Type C dissection was
left alone because there was no hematoma
detected by OCT. Two lesions (3.70%) required
bailout stenting, one because of Type F dissection and the other because of OCT-confirmed
hematoma after predilation. The remaining 52
lesions had residual stenosis < 75% and a final
Thrombolysis in Myocardial Infarction (TIMI) 3
flow, which were successfully treated with DCBonly strategy. No acute obturation occurred in
these 52 patients, Table 2.
Quantitative coronary arteriographis analysis
and clinical outcomes
Quantitative coronary arteriographis analysis
and clinical outcomes are presented in Table 3.
Am J Transl Res 2021;13(10):11617-11624
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Table 2. Baseline characteristics of Post-DCB
PTCA (n = 52)
Characteristics
Reference diameter, mm
Minimal lumen diameter, mm
Lesion length, mm
Diameter stenosis,%
Minimal lumen diameter after DCB, mm
PCB diameter, mm
PCB length, mm
Maximal infation pressure, atm
Inflated time, s
Dissection after DCB
Type A
Type B
Type C
Type D-F

Values
2.88±0.41
0.82±0.40
10.47±5.09
71.59±13.48
2.23±0.41
3.12±0.33
21.15±4.58
8.79±2.23
57.40±7.64
41 (78.84%)
22 (42.31%)
15 (28.85%)
4 (7.69%)
0 (0%)

Values are expressed as mean ± SD or n.

21 patients underwent angiographic follow-up.
The reference vessel diameter was 2.86±0.46
mm. Late luminal loss was 0.24±0.57 mm.
Minimal lumen diameter showed no difference
between the post-DCB and at 3-month followup (2.25±0.40 mm vs 2.04±0.54 mm; P =
0.110). Among the 21 patients, 7 patients
(33.33%) showed late lumen gain (0.12±0.13
mm). One patient developed binary angiographic restenosis, requiring revascularization.
Follow-ups results
Follow-ups are shown in Table 4 and Figure 2.
At 3 months, all 52 patients treated with DCBonly strategy were followed up. No deaths or
STEMI were reported. TLR occurred in only 1
patient (1.92%) in the right coronary artery. The
incidence of MACE was only 1.92% (n = 1). At
12-month follow-up, however, MI occurred in 1
patient, TLR in 2 patients, cerebral hemorrhage
in 2 patients, and death in 1 patient. The incidence of MACE was 11.54% (n = 6).
CAG and OCT findings of the culprit lesion at the
time of percutaneous transluminal coronary
intervention (PCI) and follow-up are shown in
Figure 3. Pre-PCI CAG detected severe stenosis
at the proximal of the LAD (white arrow; Figure
3A); Figure 3B shows predilation with the cutting balloon (3.5*10 mm) and dilation with the
DCB (3.5*15 mm). CAG demonstrated the
absence of dissection after PCI (minimal lumen
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diameter: 2.53 mm; Figure 3C). At the 3-month
follow-up, late lumen gain (minimal lumen diameter: 2.68 mm; Figure 3D) was detected by
CAG. OCT image after DCB revealed severe dissection after DCB dilation (location a; Figure
3E). OCT image after DCB showed no hematoma at the distal of the lesion (location b; Figure
3F). CAG at follow-up showed the healing of the
dissection (location a; Figure 3G). CAG at follow-up revealed the healing of the dissection
(location b; Figure 3H).
Discussion
The present study demonstrated that (1) there
was significant difference between pre-procedure and post-procedure MLA in the quantitative coronary arteriography analysis, but no significant difference between post-procedure
and at 3-month follow-up. (2) TLR is not higher
than DES 3 months after DCB PTCA for nonsmall coronary artery disease. (3) Dissection
after cutting balloon is not a risk factor for
acute occlusion following PTCA. These findings
suggest that DCB combined with cutting balloon is safe and effective in the treatment of
non-small de novo coronary artery disease.
Successful predilation is the key to successful
use of DCB. The primary concerns about the
application of DCB in non-small de novo coronary artery disease are acute occlusion caused
by elastic recoil, dissection and hematoma.
According to the German Drug-eluting Balloon
Consensus Group, DES should be implanted in
case of flow-limiting dissection or severe residual stenosis [9]. Cutting balloon can reduce the
damage to the vascular wall and elastic recoil
after predilation. In order to achieve good angiographic results after predilation, we used cutting balloon and successful predilation using
cutting balloon were achieved in 96.30% of the
patients. None of the lesions had residual stenosis > 30% after predilation with cutting balloon (3 patients were treated with non-compliant balloon after predialtion with cutting balloon). Dissection occurred in 79.63% of the
patients. Bailout stenting was performed on
two patients: one with Type D dissection and
TIMI < 3 flow, and the other with OCT-confirmed
hematoma. Type A and B dissection were found
in 21 (42%) and 14 (28%) of the cases respectively; Type C dissection occurred in 4 (8.00%)
patients and were left alone because the TIMI
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Table 3. Quantitative coronary angiography and functional measurements
Pre-DCB
(n = 21)

Post-DCB
(n = 21)

At 3-month
follow-up
(n = 21)

P
Pre-DCB vs
post-DCB

Post-DCB vs at
Pre-DCB vs at
3-month follow-up 3-month follow-up

Reference diameter, mm

2.86±0.46

2.79±0.37

2.78±0.34

0.16

0.793

0.241

Minimal lumen diameter, mm

0.81±0.44

2.25±0.40

2.04±0.54

0.000

0.110

0.000

72.30±13.82

19.40±9.70

26.26±17.24

0.000

0.105

0.000

Diameter stenosis, %
Lesion length, mm

11.08±4.99

Acute gain, mm

1.44±0.50

Late-luminal loss, mm

0.24±0.57

Binary angiographic restenosis

1 (4.76%)

Clinical follow-up at 3-months.

Table 4. Follow-ups of all 52 patients
At 3-month follow-up
At 12-month follow-up

MI
0
1 (1.92)

TLR
1 (1.92)
2 (3.85)

Cerebral Hemorrhage
0
2 (3.85)

Death
0
1 (1.92)

Total Mace Rate
1 (1.92)
6 (11.54)

only strategy developed acute vessel occlusion, and complete vascular healing was observed in 20 patients (95.24%) by follow-up
with angiography follow-up. Author Cortese
revealed that the left dissection (Type A-C) was
healed in 94% of patients [15], which is consistent with our research. It is speculated that
dissection without flow-limiting after cutting
balloon predilation is not a risk factor for acute
occlusion following PTCA.

Figure 2. Asymptomatic survival curve of all 52 patients.

flow was normal without hematoma demonstrated by OCT, although the dissection flap
was severe. This may be attribute to adequate
antiplatelet and cutting balloon. Unlike plain
balloon, the dissection of cutting balloon after
predilation is regular and limited with less damage to the vascular wall [4]. OCT was used to
assess vascular wall injury after predilation and
DCB application. OCT is intracoronary imaging
modality that allows visualization of detailed
morphological characteristics after PTCA [10].
Acute vascular changes after PTCA such as dissection, thrombosis and hematoma can be
described in detail by OCT [11-14], but not by
CAG. Compared with dissection, hematoma is
more prone to acute occlusion because of
shear stress resulting from blood flow. In this
study, none of the 52 patients treated by DCB-
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Among the 21 patients followed-up by angiography, the late lumen loss was only 0.24±0.57
mm, and 33.33% showed late lumen gain. The
incidence of restenosis was 4.76%, which was
comparable to DES. According to these results,
DCB-only treatment is as effective as DES in
selected patients.
During clinical follow-ups, only 1 patient developed ischemia driven TLR in the right coronary
artery. Other DCB studies have shown that the
incidence of TLR is 3.4% in patients with smallvessel disease treated by DCB [2], 0% in de
novo lesions larger than 2.5 mm [1], and 3% in
primary percutaneous coronary intervention for
ST-segment elevation myocardial infarction [3].
All these studies suggest that DCB is safe and
feasible in de novo lesions, no matter in small
vessels or non-small vessels. In our study, predilation with cutting balloon yielded good angiographic results. The dissection caused by cutting balloon dilation facilitates the absorption
of antiproliferative drugs delivered by DCB,
thereby reducing restenosis.

Am J Transl Res 2021;13(10):11617-11624
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Figure 3. Coronary angiography and OCT findings of the culprit lesion at the time of PCI and follow-up. Note: Pre-PCI
CAG detected severe stenosis at the proximal of the LAD [white arrow; (A) a = (2.53±0.06) mm; b = (3.51±0.12)
mm]; (B) shows dilation with a DCB (3.5*15 mm) after predilation with a cutting balloon (3.5*10 mm). CAG demonstrated the absence of dissection after PCI (minimal lumen diameter: 2.53 mm; (C)). At the 3-month follow-up, late
lumen gain (minimal lumen diameter: 2.68 mm; (D)) was detected by CAG. OCT image after DCB revealed severe
dissection after DCB dilation (location a; (E)). OCT image after DCB showed no hematoma at the distal of the lesion
(location b; (F)). CAG at follow-up showed the healing of the dissection (location a; (G)). CAG at follow-up revealed
the healing of the dissection (location b; (H)).

At 3-month follow-up by angiography, some rare
phenomena were observed under OCT. In one
patient, the control angiography revealed an
aneurysm at the place of DCB inflation.
Aneurysm formation after DCB implantation is
a rare event, which has only been reported in a
few studies [16-19]. Franz X. Kleber found the
probability of aneurysm formation after DCB
implantation was approximately 0.8%, and that
PCI with DCB does not cause an unexpectedly
high incidence of coronary artery aneurysm
[20]. Dissection, arterial wall injury, perforation
and high-pressure inflation may contribute to
the formation of aneurysms [21, 22]. Neointimal
bridge caused by dissection is also a rare complication after DCB treatment [23]. In our
research, neointimal bridge was found in one
patient by OCT, but was left alone because it
did’t limit the blood flow. In addition, there was
no statistically significant difference in stenosis
degree of the lumen diameter of the target
lesion vessel 3 months after operation.
Studies have confirmed that the cutting balloon
has immediate good vascular parameters,
which can significantly reduce the incidence of
restenosis and the incidence of immediate and
11622

long-term cardiovascular adverse events. The
microblade attached to the cutting balloon can
cut the proliferated endometrial tissue longitudinally while expanding. It can firstly cut the
plaque fiber, elastic fiber and smooth muscle;
then push the plaque out of the stent. Compared
with ordinary balloons, cutting balloons can
reduce helical tears and loss of lumen geometry during expansion, and reduce the risk of
treatment. Due to the large contour of the cutting balloon and the three blades attached to
the surface, safety must be paid attention to
during the operation, generally following the
principle of expanding the distal end first and
then the proximal end. The cutting balloon is
not resistant to high pressure and should prevent the balloon from rupturing becase of
excessive pressure. A catheter with good support should be selected to ensure the successful rate of cutting balloon. The results of this
study show that the cutting balloon is safe and
effective for small vessel disease, and can significantly reduce the rate of restenosis compared with ordinary balloons, and is worthy of
clinical application. At present, technical examinations such as coronary angiography and
intravascular ultrasound are commonly used
Am J Transl Res 2021;13(10):11617-11624
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clinically to identify vulnerable plaques. However, due to the low resolution, these examinations cannot identify vulnerable plaques in
advance to prevent the occurrence of acute
coronary syndromes. The OCT has a very high
resolution of 10×20 μm, which can clearly analyze the structure of organs and tissues, and is
considered as the most excellent examination
for identifying vulnerable plaques [24]. The limitation of the study is that the initial design of
the trial did not prepare for a controlled study
but only a single-center prospective study. In
the future, traditional treatment methods in
Non-small De Novo Coronary Artery Lesion will
be included for comparison. The results
obtained in this study are indicative of its values for further research.

[2]

[3]

In summary, to our knowledge, this is the first
trial testing the safety and efficacy of DCB combined with cutting balloon in non-small de novo
coronary artery lesions guide by OCT. Our study
argues that DCB combined with cutting balloon
is feasible, with low incidences of acute occlusion and TLR at 3-month follow-up, so DCB
maybe a a novel approach for the treatment of
non-small de novo coronary artery disease.
However, this study also has some limitations.
First, the number of patients included in this
study is relatively small and our trail was
a singe-center, single arm study. Second,
DCB used in this study was only the SeQuent
Please® DCB, and therefore, it might not be
possible to generalize the results to other
DCBs. Larger trials are warranted to confirm
the equivalence or even superiority of the DCBonly strategy compared to a treatment with
DES.

[4]
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