
Vol.:(0123456789)1 3

Heart and Vessels (2021) 36:189–199 
https://doi.org/10.1007/s00380-020-01684-z

ORIGINAL ARTICLE

Comparison of drug‑eluting stents vs. drug‑coated balloon 
after rotational atherectomy for severely calcified lesions of nonsmall 
vessels

Yoshihiro Iwasaki1 · Jumpei Koike1 · Toshinori Ko1 · Atsushi Funatsu1 · Tomoko Kobayashi1 · Takanori Ikeda2 · 
Shigeru Nakamura1

Received: 10 April 2020 / Accepted: 14 August 2020 / Published online: 28 August 2020 
© Springer Japan KK, part of Springer Nature 2020

Abstract
Calcified lesion is a risk factor for adverse events, even in the drug-eluting stent (DES) era. Recently, drug-coated balloon 
(DCB) has been shown to have favourable results for in-stent restenosis and small vessels, but its results for calcified lesions 
are unknown. This study aimed to clarify the rotational atherectomy (RA) and DCB results for calcified lesions of nonsmall 
vessels. A total of 194 consecutive de novo lesions from 165 cases underwent RA for calcified lesions of nonsmall vessels 
between January 2016 and August 2018 in a single centre. Overall, 8 cases/10 lesions were excluded because of RA fol-
lowed plain old balloon angioplasty (POBA). Remaining lesions were grouped into the DES (88 cases/104 lesions) and DCB 
(69 cases/80 lesions) groups and then compared retrospectively. The primary endpoint was post-discharge major adverse 
cardiovascular events (MACE) at 1 year, and it was defined as cardiac death, noncardiac death, target-vessel-related myo-
cardial infarction, target lesion revascularization (TLR), and major bleeding (BARC ≥ type 3). There was no difference in 
the clinical follow-up rate between RA + DES (96/104 lesions) and RA + DCB (78/80 lesions). The post-discharge MACE 
values after 1 year of RA + DES and RA + DCB were 8% and 11% (P = 0.30), respectively, in terms of cardiac death (0% 
vs. 0%, respectively), noncardiac death (4% vs. 3%, respectively, P = 0.36), target-vessel-related myocardial infarction (0% 
vs. 0%, respectively), TLR (4% vs. 8%, respectively, P = 0.30), and major bleeding (1% vs. 0%, respectively). For calcified 
lesions of nonsmall vessels, RA + DCB showed good results as well as RA + DES. RA + DCB is a potential new strategy 
for these lesions.
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Introduction

Drug-eluting stents (DES) have improved the clinical and 
procedural outcomes of patients with coronary artery dis-
ease. At present, most percutaneous coronary interven-
tion (PCI) procedures have been accomplished with the 
use of DES. However, a calcified lesion is a risk factor for 
adverse events, even in the era of DES [1]. In fact, the rates 

of restenosis and stent thrombosis were higher for calcified 
lesions than for noncalcified lesions [2]. Rotational atherec-
tomy (RA) beneficial for severely calcified lesions, because 
it allows smooth delivery of the stent to the target lesions 
and has less incidence of stent under expansion, which is a 
risk for stent thrombosis [3, 4]. PCI without stent placement 
is expected to eliminate the disadvantage of longer dual anti-
platelet therapy (DAPT) with DES placement. Drug-coated 
balloon (DCB) is a new therapeutic coronary intervention 
that has been effective for in-stent restenosis, bifurcated 
lesions, and small vessels [5–9]. Recently, the use of DCB 
was associated with lower mortality when compared with 
control treatments [10]. However, a severely calcified lesion 
is a risk factor for DCB restenosis [11]. To address this issue, 
the new intervention strategy has been the reduction of the 
calcium volume using RA, followed by DCB. In the present 
study, we aimed to compare the clinical outcomes between 
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DES and DCB among patients undergoing RA for calcified 
lesions of nonsmall vessels.

Methods

Study design

A total of 1991 lesions (1441 cases) underwent PCI 
between January 2016 and August 2018 at Kyoto Katsura 
Hospital, Cardiovascular Center. Of these, 472 lesions 
(24%) were treated with RA. We retrospectively analysed 
194 consecutive lesions of 165 cases that underwent RA 
for de novo calcified lesions of nonsmall vessels, which 
were defined as those having a reference vessel diam-
eter (RVD) of ≥ 2.5 mm by quantitative coronary angi-
ography (QCA). RA was followed by DES placement in 
55%, DCB placement in 41%, and POBA in 4%. Patients 
were grouped into the RA + DES (88 cases/104 lesions) 
or RA + DCB (69 cases/80 lesions) group. Cases that 
underwent RA + POBA were excluded from the analysis 

because of the small number (Fig. 1a). The transition 
of our treatment strategy is described on the bar graph 
(Fig. 1b). RA + DES was the main treatment before 2016. 
If stent placement was to be avoided for several reasons, 
RA + POBA was performed instead. However, in this 
series, RA + POBA had a high restenosis rate of 70% (7/10 
lesions). When the effectiveness of DCB was proven, cases 
of RA + DCB gradually increased from 2016 and exceeded 
the number of RA + DES cases in 2018. We compared the 
acute and 1-year clinical outcomes between the groups.

PCI was performed after obtaining written informed con-
sent from each patient. Patients with symptomatically docu-
mented coronary artery disease with moderate or severely 
calcified de novo stenosis of > 50% were enrolled. The coro-
nary lesion type was categorized based on the American 
Heart Association/American College of Cardiology classi-
fication. The severity of calcification was classified as (1) 
severe, when a density was noted without cardiac motion 
before contrast injection and when both sides of the arterial 
wall were generally involved; (2) moderate, when the den-
sity was noted only during the cardiac cycle before contrast 

Fig. 1   a Flowchart of study 
population inclusion. The study 
population was identified from a 
percutaneous coronary interven-
tion database between January 
2016 and April 2018. b Trend 
of adjunctive strategy for Rota 
in nonsmall calcified lesions. 
PCI = percutaneous coronary 
intervention; Rota: rotational 
atherectomy; DES: drug-eluting 
stent; DCB: drug-coated bal-
loon
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injection; (3) mild, for lesions other than severe and moder-
ate; or (4) absent.

Six types of DES (Xience; Abbott Vascular, Abbott Park, 
IL, USA, Synergy; Boston Scientific, Natick, MA, USA, 
Nobori; Ultimaster; Terumo Corporation, Shibuya-ku, 
Tokyo, Japan, Resolute Onyx; Medtronic, CA, US and Biof-
reedom; Biosensors Interventional Technologies, Singapore) 
were used based on the operator’s judgement, and one DCB 
(Sequent Please; B Braun, Melsungen, Germany) was used. 
The PCIs were performed with image guidance using optical 
frequency domain imaging (OFDI; Lunawave; Terumo Cor-
poration, Tokyo, Japan) or intravascular ultrasound (IVUS; 
Atlantis; Boston Scientific Corporation, Natick, MA, USA). 
RA was performed using the Rotablator (Boston Scientific, 
Natic, MA).

Medications

Patients received dual antiplatelet therapy (DAPT) with 
oral aspirin (100 mg) and clopidogrel (75 mg) or prasugrel 
(3.75 mg). In case of emergent PCI, aspirin (300 mg) and 
prasugrel (20 mg) were administered before PCI. Heparin 
was administered to maintain an activated clotting time 
of > 300 s during the procedures. The minimum period for 
DAPT use was 10 months for DES and 3 months for DCB.

Quantitative coronary angiography analysis

Using QAngio XA version7.3 (MEDIS Medical Imaging 
System BV, Leiden, The Netherlands), QCA was performed 
at baseline, at the end of the PCI, and on follow-up after 
intracoronary nitrate injection. The minimum lumen diam-
eter (MLD), reference diameter (RVD), and % diameter ste-
nosis (DS) were measured. Acute gain was defined as an 
increase in MLD after intervention. Late lumen loss (LLL) 
was defined as a decrease in MLD on follow-up, compared 
with that after intervention. Restenosis was defined as %DS 
of ≥ 50%. Late lumen enlargement (LLE) was defined as 
negative LLL.

This study was approved by the Ethics Committee (IRB) 
of The Kyoto Katsura Hospital Ethic and Clinical Research 
Committee (IRB No: 693 and IRB approval date, March 
24, 2020).

Endpoint and definitions

Angiographic success was defined as a minimum DS 
of < 30%, as visually assessed on angiography, and a throm-
bolysis in myocardial infarction grade of III at the end of the 
procedure. Procedural success was defined as angiographic 
success without in-hospital complications of cardiac death, 
noncardiac death, QMI, NQMI, TLR, and emergency coro-
nary artery bypass graft surgery. MI was defined as elevation 

of CK-MB to greater than 10 times the upper limit of normal 
[12]. QMI was defined as development of a new Q wave 
(> 0.4 s) in the electrocardiogram.

The primary endpoint was major adverse cardiovascular 
events (MACE) at 1 year. MACE was defined as cardiac 
death, noncardiac death, target-vessel-related myocardial 
infarction or target lesion revascularization (TLR), and 
major bleeding (Bleeding Academic Research Consortium 
(BARC) ≥ type 3) [13]. Follow-up angiography was sched-
uled at 6–8 months.

Statistical analysis

Statistical analyses of the recorded data were performed 
using the Excel statistical software package (Ekuseru-Toukei 
2015; Social Survey Research Information Co., Ltd., Tokyo, 
Japan). Continuous variables were described as mean ± SD 
and were compared using t test. Categorical variables were 
described by the absolute counts and were compared using 
Pearson Chi square or Fisher’s exact test. P values of < 0.05 
were considered significant. Kaplan–Meier curves were used 
to visualize the time to events after discharge. Survival esti-
mates were compared using the log-rank test.

Results

Representative cases

Case 1 underwent RA + DES (Fig. 2). The patient was an 
80-year-old woman who was on haemodialysis and had 
risk factors of hypertension, diabetes, and diagnosed sta-
ble angina. Severe calcification was located in the mid left 
anterior descending (LAD) artery. OFDI showed a calcified 
plaque from the 12 o’clock to the 7 o’clock positions. The 
lesion was treated with RA (burr size of 2.0 mm), which 
increased the lumen area from 1.45 to 2.8 mm2. After the 
use of a cutting balloon plus DES, the final lumen area was 
5.60 mm2. Follow-up coronary angiography showed no 
restenosis. QCA showed a 0.03-mm LLL.

Case 2 underwent RA + DCB (Fig. 3). The patient was 
a 65-year-old man who had had hypertension, chronic kid-
ney disease (estimated glomerular filtration rate = 45 mL/
mm/1.73 m2), and diagnosed stable angina. Severe calcifica-
tion was located in the mid LAD. OFDI showed a calcified 
plaque from the 3 o’clock to the 6 o’clock positions. This 
severely calcified lesion was treated with RA (burr size: 
2.25 mm), which increased the lumen area from 2.07 to 
3.57 mm2. After the use of a cutting balloon plus DCB, the 
final lumen area was 5.20 mm2. Follow-up coronary angiog-
raphy at 6 months showed no restenosis. QCA data revealed 
a negative LLL of 0.10 mm.
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Patient and angiographic characteristics

The patient and angiographic characteristics are shown 
in Table  1. Compared with the RA + DES group, the 
RA + DCB group had frequent atrial fibrillation (28% vs. 
6%, P = 0.0090) but had more cases of multivessel disease 
(50% vs. 38%, P = 0.012). The other factors were similar 
between the groups. There were no significant differences 

in the angiographic characteristics between the groups at 
baseline.

Procedural data

The procedural data are shown in Table  2. Compared 
with the RA + DES group, the RA + DCB group had 
a higher rotational speed (155,000 ± 10,000  rpm vs. 

Fig. 2   Representative case of 
RA + DES in an 80-year-old 
woman with target lesion #7. a 
Baseline; b Rotablator, 2 mm, 
5 times; c Final angiography; d 
8M follow-up angiography



193Heart and Vessels (2021) 36:189–199	

1 3

160,000 ± 130,000  rpm, P = 0.0018, similar burr/artery 
ratio 0.64 ± 0.10 vs. 0.67 ± 0.11, respectively, P = 0.080), 
and higher predilatation balloon pressure (13 ± 3.9 atm 
vs. 11 ± 2.0 atm, P = 0.016). The rate of dissection after 
predilatation was not different between the groups. There 
was no dissection in the RA + DES group at the end. In the 
RA + DCB group, dissection (NHLBI classification) at the 
end was found in 15 lesions for type A, 10 lesions for type B, 
and 8 lesions for type C, and there was no type D or higher 
dissection.

In‑hospital results

The procedural results are shown in Table 3. The RA + DES 
and RA + DCB groups had no differences in angiographic 
success rate (98% vs. 96%, respectively) and procedural 

success (98% vs. 94%, respectively). There was one case 
of NQMI with a maximum CK-MB of 151 mg/dL in the 
RA + DCB group.

MACE at 1 year

The post-discharge MACE at 1 year is shown in Table 4. 
Clinical follow-up was similar performed in 95% (84/88) of 
the RA + DES group and in 98% (68/69) of the RA + DCB 
group. There was no difference in post-discharge MACE 
between the groups (8% vs. 11%, P = 0.30). There was 
one case on DAPT who developed cerebral haemor-
rhage at 9 months in the RA + DES group. Patients who 
were on DAPT for more than 1 year were predominant 
in the RA + DES group. There was no difference in the 

Fig. 3   Representative case of 
RA + DCB in a 65-year-old man 
with target lesion #7. a Base-
line; b Rotablator 2.15 mm; 3 
times; c Final angiography; d 
6M follow-up angiography
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Kaplan–Meier curve for post-discharge MACE between the 
two groups (Fig. 4).

QCA results

The QCA results are shown in Table  5. Compared 
with the RA + DCB group, the RA + DES group had 

similar preprocedural RVD (3.03 ± 0.36 vs. 2.97 ± 0.45 mm, 
P = 0.40) but significantly larger postprocedural RVD 
(3.39 ± 0.51 vs. 3.07 ± 0.48 mm, P < 0.0001), post MLD 
(3.01 ± 0.26 vs. 2.39 ± 0.56 mm, P < 0.0001), and acute 
gain (1.71 ± 0.62 vs. 1.04 ± 0.61 mm, P < 0.0001). Follow-
up CAG was performed in 70% (72/104) of the RA + DES 
group and in 73% (58/80) of the RA + DCB group (P = 0.69). 

Table 1   Patient’s characteristics (N = 157) and angiographical characteristics (N = 184)

Values are presented as mean ± SD or as n (%)
Chronic kidney disease was defined as estimated Glomerular Filtration Rate < 50 mL/mm/1.73 m2)
RA rotational atherectomy, DCB drug-coated balloon, DES drug-eluting stent, CABG coronary artery bypass graft, LAD left anterior descending, 
LCx left circumflex, RCA​ right coronary artery, LMT left main trunk, ACC​ American College of Cardiology; AHA American Heart Association
Prox was defined as LMT, LAD #6, RCA #1, and LCx #11

Variable (patient’s characteristics) RA + DES (N = 88) RA + DCB (N = 69) P value

Age (mean ± SD) 74 ± 8.4 76 ± 7.2 0.37
Male (n) 67% (58) 64% (44) 0.81
Diabetes mellitus (n) 47% (41) 54% (37) 0.18
Hypertension (n) 68% (51) 79% (54) 0.06
Dyslipidaemia (n) 59% (60) 50 (35) 0.19
Chronic kidney disease (n) 19% (17) 9% (6) 0.061
Haemodialysis (n) 9% (8) 11% (8) 0.36
Prior CABG (n) 5% (4) 3% (2) 0.33
Smoking history (n) 64% (56) 60% (41) 0.32
OMI (n) 13% (11) 26% (18) 0.054
Atrial fibrillation (n) 6% (5) 28% (19) 0.009
Diseased vessel
 Multivessel disease (n) 50% (44) 38% (26) 0.012

Clinical presentation
 Stable angina (n) 98% (86) 98% (67) 0.26
 Acute coronary syndrome, (n) 2% (2) 2% (2) 0.4
 LVEF, % 62 ± 10 61 ± 10 0.58

Laboratory data
 HDL (mg/dL) 40 ± 25 44 ± 20 0.37
 LDL (mg/dL) 99 ± 26 109 ± 33 0.055
 TG (mg/dL) 117 ± 67 128 ± 83 0.24

Dual antiplatelet therapy
 Aspirin + Clopidogrel (n) 27% (24) 37% (26) 0.08
 Aspirin + Prasugrel (n) 73% (64) 63% (43) 0.08

Variable (angiographical characteristics) RA + DES (N = 104) RA + DCB (N = 80) P value

Target vessel
 LAD (n) 60% (62) 59% (47)
 RCA (n) 15% (16) 23% (18)
 LCx (n) 22% (23) 16% (13)
 LMT (n) 3% (3) 2% (2)

Lesion location
 Prox (n) 51% (53) 54% (43) 0.38
 ACC/AHA type B2 lesions, (n) 44% (45) 44% (35) 0.49
 ACC/AHA type C (n) 56% (59) 56% (45) 0.46
 Severe calcification (n) 44% (45) 42% (34) 0.38
 Moderate calcification (n) 56% (59) 58% (46) 0.38
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Table 2   Procedural data

Values are presented as mean ± SD or % (n)
RA rotational atherectomy, DCB drug-coated balloon, DES drug-eluting stent, OFDI optical frequency 
domain imaging, IVUS intravascular ultrasound, NHLBI The National Heart, Lung, and Blood Institute

Variable RA + DES RA + DCB P value
(N = 104) (N = 80)

RA
 Maximum RA burr size (mm) 1.81 ± 0.27 1.90 ± 0.27 0.15
 Total number of Burr (n) 1.4 ± 0.50 1.5 ± 0.50 0.3
 Rotational speed (rpm) 155,000 ± 10,000 160,000 ± 13,000 0.018
 Use of > 1 burr (n) 53% (55) 58% (46) 0.23
 Burr/artery ratio 0.64 ± 0.10 0.67 ± 0.11 0.08
 OFDI/IVUS (n) 77/27 68/12 0.82

Post RA balloon type
 Scoring balloon (n) 89% (93) 90% (72) 0.25
 POBA (n) 6% (6) 8% (6) 0.36
 NONE (n) 5% (5) 2% (2) 0.11
 Balloon size (mm) 2.89 ± 0.41 2.88 ± 0.45 0.83
 Balloon length (mm) 11 ± 2.0 12 ± 3.2 0.75
 Balloon pressure (atm) 13 ± 3.9 11 ± 2.0 0.016
 Dissection (NHLBI classification) after predilatation
 A, B, C, D (n) 29% (30), 21% (22), 

5% (5), 1% (1)
26% (21), 13% (11), 1% (1), 0 0.52

STENT DCB
 Stent size (mm) 3.27 ± 0.36 DCB size (mm) 2.95 ± 0.40
 Stent length (mm) 27 ± 9.9 DCB total length (mm) 24 ± 6.56
 Total stent number (n) 1.2 ± 0.40 Total DCB number (n) 1.03 ± 0.17
 Post balloon size (mm) 3.5 ± 0.42 Pressure (atm) 9.1 ± 0.88
 Post balloon pressure (mm) 17 ± 3.2
 Dissection (NHLBI classifica-

tion) after stent implantation
 A, B, C, D (n) 0/0/0/0 A, B, C, D (n) 19% (15), 13% 

(10), 8% 
(6), 0

Table 3   Procedural results

Values are presented as n (%)
RA rotational atherectomy, DCB drug-coated balloon, DES drug-eluting stent, TIMI thrombolysis in myo-
cardial infraction, DCB drug-coated balloon, CABG coronary artery bypass graft

Variable RA + DES (N = 88) RA + DCB (N = 69) P value

Angiographic success (n) 98% (86) 96% (66) 0.18
TIMI flow
 2 2% (2) 4% (3) 0.18
 0/1 0 0 –

In-hospital complication (n) 0 1% (1) –
 Cardiac death (n) 0 0 –
 Noncardiac death (n) 0 0 –
 Target lesion revascularization (n) 0 0 –
 MI (CK-Mb > 10 × ULN)
 QMI (n) 0 0 –
 NQMI (n) 0 1% (1) –
 Emergency CABG (n) 0 0 –

Procedural success (n) 98% (86) 94% (65) 0.2
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Table 4   Clinical follow-up at 
1 year

Values are presented as mean ± SD or n (%)
RA rotational atherectomy, DCB drug-coated balloon, DES drug-eluting stent, BARC​ Bleeding Academic 
Research Consortium

RA + DES (N = 88) Rota + DCB (N = 69) P value

Follow-up rate (n) 95% (84) 98% (68) 0.26
Post-discharge MACE at 1 year (n) 8% (7) 11% (7) 0.3
 Cardiac death (n) 0 0 –
 Noncardiac death (n) 4% (3) 3% (2) 0.36
 Target lesion revascularization (n) 5% (4) 8% (6) 0.3
 Target vessel-related myocardial infarction (n) 0 0 –
 Major bleeding (BARC ≥ type 3) (n) 1% (1) 0 –
 Dual antiplatelet therapy at 1 year (n) 22% (18) 12% (8) 0.046

Fig. 4   Kaplan–Meier curve for 
post-discharge major adverse 
cardiac event [cardiac death, 
noncardiac death, target-vessel-
related myocardial infarction, 
target lesion revascularization 
(TLR), and major bleeding] at 
1 year

Table 5   Angiographic 
follow-up and QCA results

Values are presented as mean ± SD or %
RA rotational atherectomy, DCB drug-coated balloon, DES drug-eluting stent

Variable RA + DES (N = 104) RA + DCB (N = 80) P value

Pre, reference vessel diameter (mm) 3.03 ± 0.36 2.97 ± 0.45 0.4
Lesion length (mm) 19 ± 10 19 ± 11 0.83
Pre, minimal lumen diameter (mm) 1.29 ± 0.49 1.35 ± 0.49 0.52
Pre, diameter of stenosis (%) 60 ± 17 54 ± 14 0.053
Post, reference vessel diameter (mm) 3.39 ± 0.51 3.07 ± 0.48 < 0.0001
Post, minimal lumen diameter post (mm) 3.01 ± 0.26 2.39 ± 0.56 < 0.0001
Post, diameter of stenosis (%) 1.0 ± 8.6 22 ± 14 < 0.0001
Acute gain (mm) 1.71 ± 0.62 1.04 ± 0.61 < 0.0001
Angiographic follow-up
 Follow-up rate (n) 70% (72) 73% (58) 0.69
 Average follow-up period (days) 250 ± 84 230 ± 78 0.15
 Follow-up, reference vessel diameter (mm) 3.20 ± 0.52 2.96 ± 0.68 0.041
 Follow-up, minimal lumen diameter (mm) 2.68 ± 0.70 2.04 ± 0.52 < 0.0001
 Follow-up, diameter of stenosis (%) 18 ± 18 32 ± 14 < 0.0001
 Restenosis rate (n) 6% (6) 9% (7) 0.13
 Late lumen loss (mm) 0.29 ± 0.60 0.31 ± 0.67 0.83
 Late lumen enlargement (n) 0 20% (16)
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On follow-up, the RA + DES group showed large RVD, 
MLD and lower DS.

However, LLE was also similar between the groups 
(0.29 ± 0.60 vs. 0.31 ± 0.67 mm, P = 0.83). The binary reste-
nosis rate was similar between the RA + DES and RA + DCB 
groups (6% vs. 9%, respectively, P = 0.13).

Discussion

The Rotablator is an effective device for calcified lesions, 
but its ability to reduce calcium plaques can sometimes be 
difficult to judge. Moreover, slow flow during the use of the 
Rotablator in some cases is difficult to expect before the 
procedure. After the introduction of OFDI, with this, we can 
understand how the Rotablator works on calcified lesions 
more clearly than with IVUS [14]. Our RA strategy had been 
changed from modification to aggressive ablation. Previous 
studies on DES following the RA have shown a TLR rate 
of 6.8 to 11.7% [15–18]. Our data for the RA + DES group 
showed a TLR of 4%, which is lower than the previously 
reported rate. On the other hand, the TLR of our RA + DCB 
group was 8%, which was similar to the previous RA + DES 
results. RA + DCB results reported in 2017 by Rissanen 
showed an extremely low TLR rate (1.5% at 12 months) 
[19]. Subsequently, some studies in Japan also showed a 
TLR of 6–16%, which was similar to this data [14, 20, 21]. 
In Japan, high TLR rate was observed using follow-up CAG.

Few studies have reported the use of DCB for nonsmall 
vessels. It has been reported that with DCB treatment, the 
clinical outcomes in the calcified group were similar to those 
in the noncalcified group when treated with DCB [22]. We 
were confident to use DCB after effective calcium plaque 
reduction by RA.

The advantage of RA + DCB over RA + DES was the 
shorter DAPT and the fact that stent does not leave in the 
body. Basically, most patients with severely calcified lesions 
have high bleeding and thrombotic risks. Adapting the Credo 
Kyoto bleeding and thrombotic risk score [23] for this study 
population, 56% can be categorized to high bleeding risk, 
and 60% can be categorized to high thrombotic risk. Elderly 
patients who had relatively more chance of developing triple 
therapy-requiring atrial fibrillation after stenting can be cat-
egorized to the high bleeding risk group [24]. Bleeding after 
PCI can increase the risk for death [25]. In this context, DCB 
had a low event risk in the DEBUT trial [11]. In our study, the 
RA + DCB group showed relatively higher restenosis rate, but 
it did not have any risk for stent thrombosis. Although stent 
thrombosis has been rare recently, its mortality rate is very 
high once it occurs [26]. In addition, when the stent is not well 
expanded because of insufficient lesion preparation, the risk 
for stent thrombosis increases [27]. Another issue would be the 
possibility of DES inducing chronic vessel wall inflammation 

because of the existence of the polymer and the delayed inti-
mal healing, which can lead to neoatherosclerosis [28–30]. 
Neoatherosclerosis has been reported to be associated with 
subacute stent thrombosis, late stent thrombosis, and very late 
stent thrombosis. Therefore, patients in whom DES is placed 
are more likely to continue DAPT for 1 year to prevent stent 
thrombosis [31]. The presence of very large residual calcifi-
cation after RA increases the risk for stent under expansion. 
DCB is an alternative to stenting in cases of inadequate lesion 
preparation.

In this study, the RA + DCB group showed only low-grade 
dissection. In cases with type D or worse dissection, a bailout 
stent would have been required. In one report, the type A to 
C dissections that occurred in almost all lesions treated with 
DCB were shown to have healed on follow-up angiography 
[32]. Patients who underwent follow-up angiography showed 
that the dissection was healed, and there was no target-vessel-
related myocardial infarction, even though leaving dissections.

The rate of LLE was lower in this present study (20%) 
than in the previous report of Funatsu et al., who reported 
LLE in 56% of cases treated with DCB for lesions of small 
vessel disease [33]. In calcified lesions, LLE may not occur 
easily. It has been reported that LLE is likely to occur when 
dissection occurs, but the rate of dissection was low in this 
study [33].

The relatively high number of patients with multivessel 
disease in the RA + DES group in this study may have been 
because of our strategy on the selection of the secure PCI 
modality based on patient background.

To complete DCB use, it is necessary to acquire a larger 
lumen area and avoid recoil and dissection. Therefore, we 
determined calcification by control angiogram and selected 
OFDI or IVUS to check for wire bias. Imaging modality was 
used in 100% of patients, and 82% underwent OFDI. When 
the wire touched the surface of the calcified plaque, we 
applied RA to reduce the calcified plaque. This may have led 
to the relatively large burr/artery ratio. Moreover, we clearly 
understand the possible bias on residual calcium thickness 
and wire. A burr/artery ratio of > 0.6 was reported to be an 
indication for a less need for revascularization [34]. A burr/
artery ratio of > 0.6 might have led to the low restenosis rate 
in both groups of this study. In more than half of the cases 
in both groups (RA + DES group 53% and RA + DCB group 
58%), more than one burr was used. These data supported 
the aggressive debulking strategy to reduce the incidence 
of MACE.

Limitations

This study had several limitations. First was the single-cen-
tre, nonrandomized, retrospective design with a relatively 
small sample size and the absence of a full angiographic 
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follow-up. Second, the details of the procedures, such as the 
use of stent and standard or scoring balloon, were based on 
the operator’s judgement. Furthermore, although DAPT was 
administered in all cases, its duration was at the discretion 
of each doctor. Our strategy has gradually changed from 
DES to DCB, considering that the debulking effect can be 
assessed by imaging modality.

Conclusion

For calcified lesions of nonsmall vessels, RA + DCB showed 
good results as well as RA + DES. RA + DCB is a potential 
new strategy for these lesions.
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