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Background: Drug-coated balloon (DCB) treatment for de novo coronary artery disease has demonstrated late
lumen enlargement (LLE) in mid-term follow-up and it was considered as clinical benefit; however, its mecha-
nism and the predictive factor remains unclear.

Methods: This study enrolled 46 consecutive patients (54 lesions) treated with DCB, using intravascular ultra-
sound (IVUS) at the index procedure and at the 9-month follow-up. We measured IVUS parameters at 1-mm in-
tervals and calculated the mean volume of the external elastic membrane (EEM), lumen, and plaque. We
calculated the dissection index (DI) defined as summation of the following points, 2: dissection over EEM, 1:
intra-EEM dissection, 0: no dissection at every 1-mm interval, and divided by lesion length.

Results: IVUS showed that there was no flow limiting dissection just after DCB treatment, the mean EEM and
lumen volume (LV) had significantly increased while mean plaque volume had significantly decreased at 9
months, and 74.1% lesions exhibited LLE. We divided the patients into three groups according to delta mean
LV. Mean EEM volume significantly increased and mean plaque volume significantly decreased in the larger
and smaller LLE groups, but not in the non-LLE group. The DI was higher in a descending order in the three
groups. The multiple regression analysis demonstrated that the DI was the strongest predictor of the change in
mean LV.

Conclusions: LLE after DCB treatment may be caused by vessel enlargement and plaque regression. The non-flow
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limiting larger dissection just after DCB treatment may strongly associate with the intending LLE.
© 2020 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Percutaneous coronary intervention (PCI) is an effective treatment
for patients with ischemic heart disease. Recent advances in drug-
eluting stent (DES) technology have entirely succeeded in reducing
the restenosis rate [1,2]. However, some concerns on PCI using DES per-
sist. The treatment of small vessel coronary artery disease with DES is a
challenging problem. It has been associated with an increased risk of ad-
verse clinical events even with newer-generation DES implantation, be-
cause late lumen loss is relatively less well tolerated in such vessels
[3-5].

Recent reports have shown that chronic late lumen enlargement
(LLE) after drug-coated balloon (DCB) treatment for de novo coronary
artery disease (CAD) has sometimes been observed to contribute to
good results following DCB treatment [6,7]. Thus, DCB is now emerging
as an effective and alternative treatment for de novo lesions especially
in small coronary arteries [8,9].
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However, the precise mechanism of LLE following DCB treatment re-
mains unclear. This study aimed to uncover the possible mechanism of
LLE following DCB treatment for de novo CAD using intravascular ultra-
sound (IVUS) and to elucidate the predictive factor of the intending LLE.

2. Materials and methods
2.1. Patient population

This was a prospective, observational, and single-arm study aimed at
assessing intravascular geometric and compositional characteristic
changes induced by DCB in de novo lesions. Our study was conducted
between May 2017 and April 2019 at Hyogo Prefectural Himeji Cardio-
vascular Center and included 46 consecutive patients with 54 lesions,
treated with DCB for de novo native CAD using IVUS guidance. Patients
older than 18 years with stable or unstable angina, documented silent
ischemia at their significant luminal narrowing de novo lesion, and de-
fined as having >75% stenosis by visual estimation were considered eli-
gible for this study. Exclusion criteria were presence of; 1) ST-segment
elevated myocardial infarction within 48 h, 2) condition requiring he-
modialysis, 3) restenosis lesion, 4) significant left main coronary artery
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disease, 5) ostial lesion and additionally, 6) life expectancy of <1 year
and 7) contraindication or suspected intolerance to paclitaxel, aspirin,
and prasugrel.

The Ethics Committee of Hyogo Prefectural Himeji Cardiovascular
Center approved this study, which was carried out according to the
guidelines of the 1975 Declaration of Helsinki. Before participation, in-
formed consent was obtained from all eligible patients.

2.2. PCl procedures

The guidelines of the American College of Cardiology/American
Heart Association, European Society of Cardiology, and Japanese Circu-
lation Society recommend preprocedural dual antiplatelet therapy
with aspirin and a thienopyridine as a class I indication [10-12] and
we wanted to confirm the safety of dual antiplatelet therapy especially
in patients with stable angina. Patients experiencing side effects from
the dual antiplatelet therapy would have been excluded from enroll-
ment in this study. Therefore, all patients were pre-treated with aspirin
200 mg and prasugrel 3.75 mg at least 14 days prior to the procedure or
with a loading dose of prasugrel 20 mg just before the intervention; dos-
ages approved for patients undergoing PCI in Japan [13]. Furthermore,
100 U/kg of unfractionated heparin was injected intravenously to main-
tain an activated clotting time > 250 s during the procedure.

In all procedures, scoring balloon, Lacrosse NSE™ (Goodman Co.,
Ltd., Nagoya, Japan) or cutting balloon (Boston Scientific, Marlborough,
MA, USA) was used for pre-dilatation under IVUS guidance. This was be-
cause previous studies have shown significantly lower incidences of
major dissection in target lesions treated with the scoring balloon
than with other devices, and the optimal lesion preparation using a
scoring balloon is essential for ensuring a low incidence of target lesion
failure after DCB treatment [14,15]. Further, appropriate lesion prepara-
tion was performed, after which, the lesion was dilated once for at least
30 s with the paclitaxel- coated (3 pg/mm?) balloon catheter based on
Paccocath Technology (SeQuent Please™, B. Braun Melsungen AG, Ber-
lin, Germany) for drug delivery. Balloon size and inflation pressure were
selected at the operator's discretion.

N =
“0 point:
No dissection

2.3. Quantitative coronary angiographic measurements

Baseline post procedural and follow-up coronary angiograms were
analyzed offline using a validated edge detection system (CMS-Medis
Medical Imaging Systems, Leiden, Netherlands). The outer diameter of
the contrast-filled catheter was used for calibration and the minimal
lumen diameter (MLD) was obtained from the single worst view.
Acute gain was defined as the difference between the MLD pre- and
post- PCL. Late lumen loss was defined as the difference between the
MLD immediately after the procedure and at the follow-up. The lesion
type was also assessed according to the American Heart Association /
American College of Cardiology classification [16]. Dissection type was
assessed according to the National Heart, Lung and Blood Institute clas-
sification [17].

24. IVUS acquisition and analysis

Two hundred micrograms of intracoronary nitroglycerin were rou-
tinely administered before the image acquisition at the baseline and at
repeat assessment at 9-month follow-up. Baseline IVUS assessments
were performed before and after DCB dilatation. We obtained images
of each lesion using the IVUS imaging catheter (AltaView Terumo
Corp., Tokyo, Japan) with the motorized transducer pullback system
(9 mm/s). Offline analyses were performed with the computer echo
plaque (INDEC Medical Systems, Santa Clara, CA). Geometric character-
istics of the DCB-treated lesions were analyzed according to the criteria
of the IVUS clinical expert consensus document [18], and each lesion
was confirmed with side by side angiography of distinguished branches.

The cross section was measured by IVUS at every 1-mm interval
throughout the length of the treated lesion. The external elastic mem-
brane (EEM), lumen, and plaque areas (EEM area - lumen area) were
obtained by manual contour detection. Mean volume (sum of parame-
ters at every 1-mm interval cross section / DCB treatment lesion length)
and delta (A) values (9-month follow up value - post-procedure value
of each parameter) were calculated. The remodeling and eccentricity in-
dices were calculated as previously described [19,20].

2 points:

Dissection intra EEM Dissection over EEM

Dissection index=

Sum of each dissection point in every 1-mm interval / legion length

’ Legion length of DCB site |

Fig. 1. Measuring method of the dissection index. Red-dot line indicates the lumen area, yellow-dot line indicates the EEM area. Dissection index was calculated as sum of each dissection
point in every 1-mm interval cross section / lesion length. EEM: external elastic membrane. (For interpretation of the references to colour in this figure legend, the reader is referred to the

web version of this article.)
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Table 1

Baseline patients, lesion and procedural characteristics and clinical outcome.

Baseline patients characteristics (n = 46 patients)

Age (y.0) 653 + 114
Sex male, n (%) 37 (80.4)
Coronary risk factor, n (%)
Hypertension 31(67.4)
Dyslipidemia 37 (804)
Diabetes mellitus 24 (52.2)
Current smoker 10 (21.7)

Low density lipoprotein cholesterol level (mg/dL) 107.7 + 38.7

High density lipoprotein cholesterol level (mg/dL) 442 + 9.5

HbAlc (%) 6.6 +13

Stable angina pectoris, n (%) 31(67.4)

Acute coronary syndrome, n (%) 15(32.6)

Prior percutaneous coronary intervention, n (%) 15(32.6)

Prior coronary artery bypass surgery, n (%) 0 (0.0%)

Chronic kidney disease, n (%) 13(28.3)

Estimated GFR (ml/min/1.73m?) 69.9 4+ 16.3

Left ventricular ejection fraction (%) 534 + 109

Medications at discharge
Aspirin, n (%) 46 (100)
P2Y12 receptor antagonist, n (%) 46 (100)
ACEi/ARB, n (%) 31(674)
B-blocker, n (%) 23 (50.0)
Statin, n (%) 43 (93.5)

Baseline lesion and procedural characteristics (n = 54 lesions)

Target vessel, n (%)

Left anterior descending artery 10 (21.3)
Left circumflex artery 19 (40.4)
Right coronary artery 18 (38.3)

Lesion type (B2/C), n (%) 35 (64.8)

Chronic total occlusion, n (%) 13 (24.1)

Use of rotablator, n (%) 4(7.4)

Use of scoring balloon, n (%) 54 (100.0)
Scoring balloon diameter (mm) 2.51 + 0.56
Scoring balloon maximum pressure (atm) 9.0+ 3.7

DCB diameter (mm) 2.60 + 0.53

DCB length (mm) 193 £ 5.0

DCB inflation pressure (atm) 79+23

Clinical outcome at 9 months (n = 54 lesions)

Major adverse cardiac events, n (%) 2(3.7)

All cause death, n (%) 0(0.0)

Cardiac death, n (%) 0(0.0)

Myocardial infarction, n (%) 0(0.0)

Thrombosis, n (%) 0(0.0)

Target lesion revascularization 2(3.7)

GFR; glomerular filtration rate, ACEi; angiotensin converting enzyme inhibitor, ARB; an-
giotensin receptor blocker, DCB; drug coated balloon. Bold values signifies the Dissection

index.
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Table 2

Quantitative coronary angiography data and intravascular ultrasound parameters in pre procedure, post DCB and 9 months follow-up.

Pre procedure Post DCB 9 months
Quantitative coronary angiographic data (n = 54 lesions)
Reference diameter (mm) 212 +£0.73 2.40 + 0.66 237 £0.55
Minimal lumen diameter (mm) 0.44 + 0.44 1.90 + 0.71" 1.86 + 0.55"
% area stenosis (%) 85.9 + 25.8 36.2 + 20.6 34.8 +22.7°
Acute gain (mm) NA 1.47 4+ 0.53 NA
Late lumen loss (mm) NA NA 0.04 + 0.63
Binary restenosis, n (%) NA NA 4(74)
Angiographical dissection, n (%) NA 28 (51.9) 6(11.1)
NHLBI classification (A,B,C,D,EF), n NA (10,7,11,0,0,0) (6,0,0,0,0,0)
Balloon size to reference diameter ratio values NA 1.08 & 0.20 NA
Intravascular ultrasound parameter (n = 54 lesions)

Mean EEM volume (mm?/mm) NA 8.72 (6.98,11.67) 8.92 (7.37,12.09)
Mean lumen volume (mm?®/mm) NA 4.04 (3.51,5.33) 4.75 (4.00,5.95)
Mean plaque volume (mm?/mm) NA 4.89 (3.37,6.29) 430(3.106.53) T
Mean %plaque volume (%) NA 53.8 (46.5, 57.6) 47.8(39.2,545) T
Minimum lumen area (mm?) NA 3.00 (2.56, 3.63) 3.74 (2.99,5.05) T
Late lumen enlargement, n (%) NA NA 40 (74.0)
Balloon / lumen ratio NA 1.06 (0.97,1.19) NA
DCB / lumen ratio NA 1.09 (0.99, 1.20) NA
Dissection in IVUS image, n (%) NA 43 (79.6) NA
Dissection index NA 0.44 (0.17,0.8) NA
Remodeling index NA 1.05 (0.88, 1.15) NA
Eccentricity index NA 0.69 (0.34,0.94) NA

NHLBI; The National Heart, Lung and Blood Institute, EEM; extra elastic membrane, IVUS; intravascular ultrasound.

* P <.05 vs pre procedure.
T P< .05 vs post DCB.

|
1:
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Table 3
Comparison of patient, lesion and procedural characteristics, quantitative coronary angiography data and intravascular ultrasound parameters among three tertile groups of Amean lumen
volume.

Variable non LLE group (n = 18) smaller LLE group (n = 18) larger LLE group (n = 18) P value
Baseline clinical characteristics

Age (y.0) 66.1 + 12.0 65.8 +£12.3 64.8 + 10.0 0.94
Sex male, n (%) 15 (83.3) 12 (66.7) 16 (88.9) 0.24
Coronary risk factor, n (%)

Hypertension 12 (66.7) 13(72.2) 12 (66.7) 0.92

Dyslipidemia 14 (77.8) 16 (88.9) 13 (72.2) 0.47

Diabetes Mellitus 11 (61.1) 8(44.4) 8 (44.4) 0.53

Current smoker 3(16.7) 5(27.8) 3(16.7) 0.65

LDL level (mg/dl) 110.2 £ 459 105.5 4+ 38.2 107.4 + 354 0.94

HDL level (mg/dl) 447 + 9.3 446 + 9.6 4344103 0.91

HbA1c (%) 6.8 +1.2 64+ 1.1 6.7 +1.7 0.61
Acute coronary syndrome, n (%) 5(27.8) 5(27.8) 6(33.3) 0.92
Prior PCI, n (%) 7 (38.9) 6(33.3) 4(222) 0.56
Chronic Kidney Disease, n (%) 9 (50.0) 2(11.1)" 6(33.3) 0.04
estimated GFR (ml/min/1.73m?) 64.4 + 19.7 744 + 16.0 66.1 & 15.0 0.18
LVEF (%) 549 + 11.1 529+ 9.2 50.2 +£13.8 0.47

Lesion and procedural characteristics
Target vessel, n (%)

Left anterior descending artery 5(27.8) 6(33.3) 3(16.6)

Left circumflex artery 6(33.3) 7(38.9) 8 (444)

Right coronary artery 7 (38.9) 5(27.8) 7 (38.9) 0.79
Calcification, n (%) 9 (50.0) 8 (444) 4(22.2) 0.20
Use of rotablator (%) 2(11.1) 2(11.1) 0(0.0) 0.35
Use of Scoring balloon, n (%) 18 (100) 18 (100) 18 (100)

Scoring balloon diameter (mm) 2.54 + 0.58 239+ 049 2.61 £ 0.63 0.49

Scoring balloon pressure (atm) 9.83 + 5.00 9.00 + 2.59 8.28 +3.25 047

DCB diameter (mm) 2.68 £+ 0.51 2.53 4+ 0.62 2.60 + 0.49 0.70

DCB length mm) 18.7 £ 42 20.1 £ 5.5 192 £ 55 0.71

DCB pressure (atm) 7.89 £ 2.17 8.31 + 3.05 7.61+1.75 0.68
Quantitative coronary angiographic data

Post PCI

Minimal lumen diameter 2.06 + 0.76 1.70 & 0.65 1.95 4+ 0.73 0.31

% area stenosis (%) 38.4(21.1,48.8) 35.5(25.2,61.9) 27.3 (15.7,40.7) 0.23

Acute gain (mm) 141 £ 0.54 1.47 + 0.59 1.52 + 0.50 0.83
Angiographic dissection, n (%) 6(33.3) 11 (61.1) 11 (61.1) 0.16

NHLBI classification (A, B, C, D, E, F), n (%) (3,1,2,0,0,0) (4,2,5,0,0,0) (3,4,4,0,0,0) 0.79
Follow up

Minimal lumen diameter 1.54 + 0.41 1.78 + 0.39 2.25 + 0.60° <0.001

% area stenosis (%) 41.8 (31.8,72.3) 29.3 (27.1,51.0) 17.1 (9.85,24.6) f 0.0002

Late luminal loss (mm) 0.52 + 0.65 —0.08 + 0.60" —0.31 + 033" <0.001

Intravascular ultrasonography parameters
Post PCI

Mean EEM volume (mm?>/mm) 9.82 (8.16, 12.56) 7.70 (6.81, 9.64) 8.98 (6.83,11.75) 0.09

Mean lumen volume (mm?/mm) 4.34 (3.70,5.72) 3.60 (3.30,4.32) 4,08 (3.08, 5.46) 0.09

Mean plaque volume (mm>/mm) 5.36 (4.17,7.34) 4.19 (3.00, 5.00) 4,97 (2.96, 6.29) 0.18

Minimum lumen area (mm?) 2.98 (2.69, 4.48) 2.77 (2.62,3.31) 3.31(2.31,4.87) 0.57

EEM area at MLA site (mm?) 8.97 (8.35,11.5) 7.67 (6.14,9.20) 8.54 (6.14,13.3) 0.10

Plaque area at MLA site (mm?) 5.90 (4.93,8.91) 5.03 (3.52, 6.73) 5.52 (3.97,7.62) 0.12
Follow up

Mean EEM volume (mm?/mm) 9.71 (7.82,12.48) 7.93 (6.99, 9.64) 9.47 (7.47,14.08) 0.2

Mean lumen volume (mm?/mm) 4.37 (3.51,5.39) 443 (4.26,4.91) 5.74 (4.64, 7.59) T 0.03

Mean plaque volume (mm?/mm) 5.13 (4.04,7.33) 3.38 (2.61,4.76) 4.30 (2.44, 5.95) 0.06

Minimum lumen area (mm?) 3.22 (2.38,3.52) 411 (2.97,4.89)" 5.26 (3.65,6.45) “T 0.0005

EEM area at MLA site (mm?) 8.18 (7.62,9.32) 8.33(7.21,9.95) 8.85(8.17,14.1) 0.49

Plaque area at MLA site (mm?) 5.13 (4.78,5.81) 433 (3.51,6.21) 3.99 (3.61,7.02) 0.36
Absolute A

AMean EEM volume (mm?/mm) —0.24 (—0.63, —0.02) 0.38 (—0.0047, 0.62)" 0.99 (0.6, 1.5) “T <0.0001

AMean lumen volume (mm?®/mm) —0.21 (—0.28, —0.04) 0.75 (0.53, 0.84)" 145 (1.24,2.18) “T <0.0001

AMean plaque volume (mm?/mm) —0.038 (—0.28, 0.26) —0.42 (—0.72, —0.08)" —0.59 (—1.12, —0.007)" 0.04

AMinimum lumen area (mm?) —0.29 (—0.90, 0.37) 0.92 (0.44, 1.49)" 1.41 (1.00, 2.07) *F <0.0001

AEEM area at MLA site (mm?) —0.66 (—2.16, 0.26) 035 (—0.42,2.15)" 0.85 (0.57,1.18)" <0.0001

APlaque area at MLA site (mm?) —0.93 (—2.57,0.27) —0.49 (—1.41,0.84) —0.46 (—1.38,0.07) 0.52
Balloon / lumen ratio 0.99 (0.91, 1.06) 1.15 (1.00,1.23)" 1.11 (0.98, 1.20)" 0.02
DCB / lumen ratio 1.05 (0.99, 1.16) 1.13(1.02, 1.28) 1.11 (0.98, 1.21) 0.28
Dissection in IVUS image, n (%) 8 (44.4) 17 (94.4)" 18 (100)" <0.0001
Dissection index 0.00 (0.00, 0.24) 0.46 (0.31,0.80)" 0.81 (0.70,0.93) *T <0.0001
Remodeling index 1.08 (1.03,1.17) 1.07 (0.84, 1.34) 0.90 (0.83,1.04) " 0.04
Eccentricity index 0.56 (0.14, 0.85) 0.77 (0.49, 1.06) 0.69 (0.36,0.93) 0.20

LLE; late lumen enlargement, PCI; percutaneous coronary intervention,

EEM; external elastic membrane, MLA; minimum lumen area.

DCB; drug coated balloon, NHLBI; The National Heart, Lung and Blood Institute.
* P<.05 vs non LLE group.
T P <.05 vs smaller LLE group.
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Variable Univariate Multivariate

t p-value t p-value
Minimal lumen diameter of post DCB  —1.504 0.14
% area stenosis of post DCB —0.099 0.92
Acute gain 0.081 0.94
NHBLI dissection classification 1.901 0.06
Mean EEM volume of post DCB —2.080 0.04 —0.342 073
Mean lumen volume of post DCB —2.231 0.03 —0.571 057
Mean plaque volume of post DCB —1.816 0.08
Mean %plaque volume of post DCB —0.131 0.90
Minimum lumen area of post DCB —1.794 0.09
Balloon / lumen ratio 2.531 0.01 —0295 0.77
DCB / lumen ratio 1319 0.19
Dissection in IVUS image 5.114 <0.0001 4.647 <0.0001
Dissection index 7.349 <0.0001 7.249 <0.0001
Remodeling index —1.425 0.16
Eccentricity index 0.921 0.36

NHLBI; The National Heart, Lung and Blood Institute, EEM; external elastic membrane.
DCB; drug coated balloon, IVUS; intravascular ultrasound.

Avolume change(mm3/mm)

x

A mean lumen volume R=0.713 p<0.0001
A mean vessel volume R=0.602 p<0.0001

A mean plaque volume R=-0.232 p=0.082

0.0 02 04 06

08

10

The dissection index

12

14
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rapid washout of the agent from the target vascular wall after delivery
[38]. Intriguingly, a previous study showed that intra-pericardial deliv-
ery of paclitaxel in large doses led to an increase in vessel enlargement
and decrease in neointimal massed by apoptotic cells [39]. Similarly, fa-
vorable local pharmacokinetics and consistency of tissue loading have
also been demonstrated after pericardial delivery compared with
those after endoluminal delivery [40]. These results suggested that the
effect of paclitaxel was more enhanced when it was filtrated and
reached near the adventitia of the coronary arteries. Dissection can
help transmural diffusion of the drug and additionally force paclitaxel
to be delivered in high doses near the adventitia, such as in intra-
pericardial paclitaxel delivery. This may be another reason why dissec-
tion adjunctive drugs are more conducive to vessel enlargement and
plaque regression than POBA alone.

4.1. Limitations

Since this study was a single-center study with a small sample size, a
prospective randomized multicenter trial with a large number of partic-
ipants will be needed to confirm the mechanism of LLE. This study was
not conducted comparing only the POBA arm because we wished to an-
alyze just serial change of lesions and assess the mechanism of LLE after
DCB treatment. In this study, we used IVUS for all PCI procedures and
evaluated vessel dissection. However, dissections are more clearly de-
tected by optical coherence tomography than by IVUS. Therefore, the re-
sults might be attenuated when IVUS is used. Nevertheless, we used
IVUS in this study because we wished to examine the correlation be-
tween vessel change and dissection. Due to the complementary nature
of IVUS and optical coherence tomography [41], future studies combin-
ing their will be warranted.

5. Conclusion

LLE after DCB treatment for de novo CAD was caused by both vessel
enlargement and plaque regression. Dissection without flow limitation
after the use of a pre-dilatation balloon of sufficient size may cause
the intending LLE after DCB treatment.
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